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Huzeyfe Yilmaz, PhD: 

Over the next several hours, we will hear from a distinguished group of speakers on two 
interconnected areas of focus: the ongoing scientific and practical challenges with 
mitigating the formation of nitrosamine impurities in drug products, and current research to 
advance our scientific understanding of carcinogenicity risks associated with nitrosamine 
exposure. We have a full program of presentations, which will be followed by a panel 
discussion. We welcome your engagement throughout. My co-moderator Dongmei is going 
to introduce our speakers.  

Dongmei Lu, PhD 
Hi, good morning and good afternoon, everybody, and welcome to today's nitrosamine 
session. My name is Dongmei Lu, and I am going to provide a brief navigation for everybody 
on the covered topics in this session. 

Since the discovery of nitrosamine impurities in drug products back in 2018, FDA has 
already made significant progress, including the two major guidances — one is a real 
guidance, and the other is a quality mitigation guidance — which have helped industry 
resolve significant issues. It is really meaningful progress. However, at the same time, some 
really important challenges still remain, including two broad areas. 

The first is the pharm/tox area, and the second is quality mitigation. This is going to frame 
everything you are going to hear today for this session. In terms of the pharm/tox area, 
carcinogenicity data are largely really limited to small molecule nitrosamines, which 
means we need alternative methods to assess the risk posed by NDSRIs — that is 



nitrosamine drug substance-related impurities — where the data landscape is really 
limited. For the second part — it is quality mitigation — because nitrosamine formation can 
occur at multiple steps during the manufacturing process, making risk assessment, root 
cause determination, and mitigation efforts really complicated. There is no clean, and 
single-point solution that fits all situations. 

Today's session is organized around these two pillars. In the first area — the pharm/tox area 
— you are going to hear from four speakers. Dr. Bob Dorsam is going to frame the 
challenges that FDA and industry are navigating together, from CPCA refinement to the 
potential application of less-than-lifetime approaches and the relationship between the 
mutagenicity and the carcinogenicity. Dr. Joel Bercu will then take us into the HESI 
Nitrosamine Research Program, which is really actively advancing mechanism-based 
genotoxicity assessment and shaping the global regulatory guidance through the ICH M7 
addendum. Dr. Bob Jolly and Dr. Stephanie Simon will walk us through the use of the TGR 
assay — that is the transgenic rodent assay — and the error-corrected sequencing (ECS) 
approaches for mutagenic potency assessment. 

On the quality mitigation side, six speakers are going to cover the landscape of challenges, 
including the following: first, from the FDA perspective on mitigation strategies and 
challenges from Dr. Diaa Shakleya; and also from the industry perspective from Dr. Filip 
Geert A De Bock, that one-size-fits-all does not exist as a solution; also pitfalls of different 
antioxidant approaches in real case studies by Dr. Valerie Niddam-Hildesheim; and 
analytical challenges specific to NDSRIs by Dr. Houri Simonian; and also nitrosamine risk 
from atmospheric NOx and solvent recovery by Dr. Joerg Schlingemann; and lastly, Dr. 
Ulrich Reichert will close the quality segment with an excipient-focused perspective on risk 
mitigation. 

You will notice that actually our speakers span both the generic and new drug sides. The 
consideration is this: because the science of AI determination and nitrosamine mitigation 
actually applies very similarly to each other, and the efforts through HESI and ICH M7 
reflect a push toward global harmonization. This is a topic actually that generic industry 
colleagues have specified and want to hear about at this GDUFA workshop. Ultimately, the 
insights from both the new drug side and the generic side are going to strengthen our 
collective understanding about nitrosamine risk and is going to help us identify the most 
pressing research gaps. This will enhance our ability to support generic drug applications 
— all in service of the core GDUFA mission. 

Without further ado, let's welcome our first speaker, Dr. Bob Dorsam, he is the division 
director of the Division of pharmacology and toxicology review in the office of safety and 
clinical evaluation in the office generic drugs in FDA.  Welcome.   



 

 

Presentation 1: Nitrosamines in Drugs: A Regulatory Perspective on Research Progress 
and Opportunities 

Robert Dorsam, PhD (Division Director, DPTR/OSCE/OGD/CDER/FDA) 

Thank you, Dr. Lu, and good morning. It is my pleasure to talk about research progress and 
opportunities in the area of nitrosamines in drugs. By disclaimer, the views and opinions 
expressed here are my own and do not necessarily represent those of the FDA. 

By way of introduction: the presence of nitrosamines in drugs continues to present 
challenges and impacts drug supply. I made a very similar statement in 2022 in this very 
forum. However, I am happy to state that we have made some progress, and there are 
some continued opportunities that we are very much going to discuss and look forward to 
hearing insights on from our colleagues here today. 

As Dr. Lu mentioned, today's session has two major areas. The first is regarding safety 
assessment of nitrosamines — the so-called pharm/tox assessment. Nitrosamines have 
basically two categories: the small molecule nitrosamines, and these are NDMA and 
NDEA, and we have carcinogenicity data to determine acceptable intakes for these small 
molecule nitrosamines. However, we also have complex nitrosamines, so-called NDSRIs, 
these more so look like the API structure with a nitroso group. We do not have 
carcinogenicity studies for those, so we need alternate methods to assess their risk of 
these nitrosamines. The second area is regarding nitrosamine formation, which occurs 
during manufacturing and during drug product formulations. There are various factors 
beneath that, and there really is a challenge in looking at all of the various steps, making 
root cause determinations, and mitigation — which is very complex but is also the subject 
of much research. 

Regarding the safety assessment of nitrosamines, the FDA has a recommendation which I 
would say is a stepwise approach — and this approach is actually the subject and the 
product of research and collaboration. We suggest starting with the Carcinogenic Potency 
Categorization Approach, or CPCA. This allows for an acceptable intake (AI) determination 
based solely on the chemical structure. You can take the chemical structure and, then 
based on a series of activating and deactivating structural features around the nitroso 
group, you can come up with a score and then a category which gives you an AI for that 
compound without any additional data. This was a significant advancement, and the 
framework is described in the Krulak et al. paper. If an applicant wants to go beyond the 
CPCA AI limit, they can then look toward in vitro characterization, which includes the 



enhanced Ames assay, in vitro mammalian assays, and then a metabolism assessment — 
and that will allow up to a 1,500 nanogram AI. If an applicant wants to go above the 1,500 
nanogram per day AI limit, they can then go on towards an in vivo mutagenicity assay, 
which is generally a TGR — transgenic rodent assay — to qualify levels above 1,500 
nanograms. 

Regarding the CPCA, this is something that we are currently discussing. Towards the right 
you’ll see a table which defines the current CPCA categorization approach. And in this case 
we are looking toward enhancements of the CPCA. Refinement of CPCA categories based 
on new data as well as existing data. Currently, subject matter experts are looking at 
including new activating as well as deactivating features for the CPCA scoring, and also 
considering the use of molecular weight as part of the determination. There is significant 
ongoing work through HESI to advance structure-activity relationship research to inform 
CPCA changes, including using quantum mechanics-based methods. But challenges do 
remain, including limited access to computational resources and the expertise to use them 
is relatively limited. There is a lack of new carcinogenicity data to validate these methods 
and then helps us expand the SAR knowledge for complex nitrosamine risk assessment. 
Here’s an opportunity to advance our alternative testing methods so that we can use that 
data to inform CPCA — and I would say this is a high-value item, because if we are 
enhancing CPCA, that is really allowing risk assessment to be expanded for many 
compounds, rather than just creating compound-specific data that is good for one 
compound. 

The acceptable intakes can be the limit which a patient can receive an acceptable 
exposure to a nitrosamine. When we look toward non-nitrosamine impurities, we actually 
have a less-than-lifetime approach. The theory behind this is that if a patient is taking a 
therapy for less than lifetime, they can allow a higher dose — a higher exposure — while 
having an acceptable risk profile. FDA has not applied the less-than-lifetime approach to 
nitrosamines, but they are involved in collaborations that are looking at whether this is an 
acceptable approach to apply to nitrosamines, and that would impact the acceptable 
intakes. This collaboration has resulted in the Felter et al. paper under the HESI 
collaboration, which has looked at this to some degree for a subset of nitrosamines and 
determined that lifetime cumulative dose is informing carcinogenic potency — and not 
necessarily the daily dose. There are some data gaps. This group is continuing to look at 
this area, and these gaps were noted in the first publication, including: the potential for 
high daily exposures to overwhelm the DNA repair mechanisms; the potential for 
polypharmacy to result in exposure to multiple nitrosamines; and is the overall approach is 
sufficiently protective for polypharmacy — when a patient takes more than one medicine, 
are they still safe? Taking a look at some findings where a few doses of nitrosamines have 



been resulting in tumors within carcinogenicity studies, and making sure that anything we 
adopt is going to be sufficiently safe for patients considering the available data. There is 
continued research and data analysis focused on addressing the data gaps for 
nitrosamines as well as non-nitrosamines. 

Regarding the in vitro mutagenicity assessment, there is ongoing research as well as 
opportunities. There has been substantial progress in this area. We do have an enhanced 
Ames assay, where various conditions have been worked out by Heflich et al. as well as the 
Bercu et al. ring trial paper, so that we know the assay is sufficiently sensitive — so that 
when there is a negative response in an assay, it is properly sensitive to inform whether a 
compound is actually mutagenic. We also need to know what’s an appropriate positive 
control, so there is work ongoing that’s taking a looking at when an applicant does a study, 
what should they choose, and is that appropriate and well supported as a positive control 
to inform sensitivity. There is also a lot of work going on with in vitro mammalian assays, so 
that we can consider various in vitro assays and then which ones can inform how these 
NDSRIs are operating in terms of mutagenicity, and what is a sufficient battery of these 
studies in order to say whether something is actually mutagenic or not. There are also 
opportunities with mechanistic studies on the metabolism of these NDSRIs, and hopefully 
that information can feed forward into the CPCA to better inform what is an appropriate AI 
in that framework. 

One of the challenges is that this is in vitro data — generally it is positive or negative — and 
it does not necessarily inform potency. So we look toward the in vivo mutagenicity 
assessment for that sort of potency estimate. One of the opportunities is to leverage in vivo 
mutation assays for quantitative assessment. Typically, we have been looking at thee 
rodent carcinogenicity studies to assess carcinogenic potency, but leveraging the in vivo 
mutation assay may be an opportunity — that instead of using it just as positive or negative, 
we actually say this NDSRI has a certain potency based on the data. Studies are underway 
to take a look at that, and you will hear more about that today in the presentations. And 
then what study design elements are critical to support that sort of quantitative 
assessment.  That is an ongoing area of interest. Correlating a mutation response to 
carcinogenic potency using benchmark dose analysis is an ongoing area. There are also 
efforts to assess the utility of error-corrected next-generation sequencing to quantify 
mutation response compared to our TGR assays, and there is the opportunity to 
standardize the study design elements as well as the overall protocols for using these TGR 
and ECNGS endpoints for assessing potency. 

The second half of our presentations today will focus on nitrosamine formation and 
mitigation. Nitrosamines may form at various stages in drug manufacturing and during drug 



shelf life. Specifically, in the active pharmaceutical ingredients, factors such as 
contaminated raw materials or recovered solvents may increase the risk. There are other 
areas that are detailed in guidance. But also, in drug products, the nitrite impurities in 
excipients can react with the APIs which contain amine groups, in this case it may result in 
the formation of NDSRIs. And then also container closures and various manufacturing 
processes can also promote nitrosamine formation. There is an opportunity for continued 
research on the root causes and mitigation strategies. 

Substantial work has been done and published, including to show that the addition of 
antioxidants can mitigate the formation of NDSRIs — that’s work that has been published 
by Dr. Shakleya et al. and that you will hear more about later today — as well as 
modification of pH to neutral or basic using excipients like sodium carbonate, and then 
there are various processes and container closures that might minimize nitrosamine 
formation. All of these would be tools in the toolbox that any particular applicant could 
then assess and determine which are most viable for their particular situation. 

In conclusion, I’d like to say that we do have some challenges with nitrosamines that 
remain; however, there has been substantial research and collaboration that has resulted 
in some progress. On the safety assessment front, CPCA enhancement is a big-ticket item, 
as well as is maximizing the value of in vitro and in vivo assays for the hazard and risk 
assessment of NDSRIs. For nitrosamine formation, again, substantial progress — the 
effects of antioxidants, pH control and management, and heat and moisture control 
throughout the manufacturing process have shown substantial progress. However, there 
are continued efforts that are needed to understand how manufacturing processes as well 
as container closures contribute to nitrosamine formation. These are areas you are going to 
hear about in more detail today from each of our speakers. We very much look forward to 
hearing about the progress as well as the challenges that remain, so that it can inform 
some of the GDUFA research funding that goes forward. I would like to finish by 
acknowledging the nitrosamine safety team, my colleagues in the Office of Pharmaceutical 
Quality for their collaboration, the excellent research support by Dr. Heflich et al. from 
NCTR, and the substantial collaborations listed here as well. Thank you. 

 

Dongmei Lu, PhD 
Thank you very much, Dr. Dorsam. Next speaker is Dr. Joel Bercu and he’s going to give an 
Overview of the HESI Nitrosamine Research Program and Research Initiatives. 

 



Presentation 2: Overview of the HESI Nitrosamine Research Program and Research 
Initiatives 

Joel Bercu, PhD, MPH, DABT (Executive Director, Gilead Sciences) 

Thank you, Dr. Lu, and I appreciate the introduction from Dr. Dorsam as well — it provided a 
nice overview of what I am going to talk about today and the corresponding speakers as 
well. 

My name is Joel Bercu. I am from Gilead Sciences. I head up the Nitrosamine Research 
Program as part of HESI, which is the Health and Environmental Sciences Institute. This 
has been a great collaborative process between industry, academia, and regulators to 
actually advance the science of nitrosamines. If you go to the QR code, you can find out 
more about our nitrosamine research program and get more resources as well. 

Just to give you a little bit of background on where this fits into HESI: it fits under the HESI 
GTTC — which is the Genetic Toxicology Technical Committee — under the Mechanisms-
Based Genotoxicity Risk Assessment Group. The whole goal is to bring scientists together 
to really improve the safety sciences of different areas. Within genetic toxicology, 
nitrosamines were seen as a great fit under this group as well. We launched in 2022, sorry, 
the MGRA was launched in 2022 but the nitrosamines were seen as a great case study to fit 
within this mechanistic group. What I want to highlight is that there is a lot of activity from 
government, regulatory groups, private industry, academia, and non-governmental 
organizations and consultants as well. We brought in some of the best minds in this field to 
really advance this area as well, and it has been a very rewarding opportunity to be a part of 
this and to share resources together. 

Just to highlight the different working groups under the Nitrosamine Research Program: it is 
broken up into four different key activities — and actually, we have launched one more 
activity, and I will talk about in a second. The first is the Ames Optimization Program, and 
again Dr. Dorsam has kind of explained some of the results that came out of that. The Ames 
Optimization Program, which is really about finding out what is the best way to detect the 
hazards of a nitrosamine using the Ames test — the in vitro test strategy — and looking at it 
not just from a hazard identification perspective, but asking whether we can use it for some 
sort of quantitative risk assessment. The second is in vivo Ames follow-up: with the results 
of the in vitro assays, how do you follow up with an in vivo assay to either further 
characterize the hazard identification or again further your risk assessment as well? And 
then the QSAR — which I quantitative structure-activity relationship — or quantum 
mechanical modeling, which has really been working on how do we advance the CPCA, the 
Carcinogenic Potency Categorization Approach as well. 



I am highlighting the slide just to show that there are a lot of people that are involved in the 
process — these are just the leaders of each of the sub-teams as well, and underneath that 
is a large amount of people working on these areas. It really does take a village to move this 
along, and there has been a lot of hard work involved in this effort as well. 

I also want to announce that we have launches because of some concerns around other N-
nitrosos, these are not just nitrosamines, but other N-nitrosos, to really advance the safety 
science around that, to be able to address what are the specific concerns and 
mechanisms around that as well, and to address the data gaps for other N-nitroso 
compounds. 

I think one of the biggest achievements here as well in terms of what we are doing within 
HESI is that we are taking all of this information and we are helping feed it into decision-
making and regulatory guidance, and then also getting feedback back from this group to 
say, "Here are some of the things we want you to look at as well." 

I am going to talk about a couple of things today. Unfortunately, each one of these sessions 
could take lots and lots of time to explain, but I want to just highlight some examples with 
the enhanced Ames test and less-than-lifetime. Things like in vivo mutagenicity, CPCA 
development, and quantum mechanics — there is more — and these are all being fed 
within the ICH M7 framework, I think really helps the body make science-based decisions 
for process and policy. 

This is just an example for the enhanced Ames test. This was from the HESI ring trial that 
was mentioned before, and it really showed that the enhanced Ames test was highly 
sensitive for the detection of carcinogenicity for nitrosamine impurities. Now, where we 
have most of our carcinogenic data is for the small molecule-related nitrosamine 
compounds — that is where a lot of the data was generated. So the question was: what 
about the more complex, or as we call them the NDSRIs, the Nitrosamine Drug Substance-
Related Impurities? How does that relate? We took the Ames test results that had been 
conducted through submissions to HESI and we compared that to an in vivo model. Since 
we do not have carcinogenicity, but we do have in vivo mutagenicity data — which is highly 
correlated with carcinogenic outcomes — what we found was that the sensitivity and 
concordance was still very, very high for those molecules as well. 

Where are we going forward in the Ames space? We have worked out a lot of the protocol 
and how to conduct that protocol, but one of the gaps that was identified is: what is an 
appropriate positive control? A positive control is used to understand the performance of 
that test. In this case, we are really looking at identifying some key positive controls, and 
one of the important things is: are these results reproducible? We are doing this testing in 



multiple labs to identify what are some key positive controls are that you can test to say, 
"Does this positive control show the performance of the enhanced Ames test for a 
nitrosamine specifically?" The overall goal is to say: does that enhanced Ames test show 
proper metabolic activation to cause a mutagenic response for these key positive controls? 
This will help with the protocol design moving forward for the enhanced Ames test. 

One of the key outcomes that we did — and Dr. Dorsam highlighted this — was the concept 
of less-than-lifetime for nitrosamines. One of the things we wanted to look at was: is 
lifetime cumulative dose a critical factor in nitrosamine carcinogenicity? And the answer 
was definitively yes. These are some examples. But we looked at more nitrosamines as part 
of the Felter et al. paper, and it was supported that these nitrosamines — plus another 
cohort of concern compound, aflatoxin B1 — really did exhibit that lifetime cumulative 
dose was a critical factor for the overall carcinogenic outcome. 

As a follow-up, and for future work going on with HESI — and I am proud to say that this 
work is actually being wrapped up and submitted for publication — we are addressing other 
key data gaps that were identified in the process. We looked at things like single 
intermittent exposure: can you overwhelm DNA repair capacity? We also wanted to look at 
polypharmacy scenarios and look at more complex nitrosamines as part of the process to 
see if they would actually be a concern as well. We really looked at this in a good amount of 
detail. The overall conclusion of that was that ICH M7 is very protective in its process and 
would actually be very protective for potential carcinogenic outcomes for nitrosamines. I 
want to highlight that this is being submitted for publication and should come out relatively 
soon — exciting results there as well. 

In conclusion, the HESI NRP Nitrosamine Research Program has been advancing multiple 
scientific initiatives to support ICH guidance on nitrosamines. A couple of milestones that 
we highlighted: the enhanced Ames test showing that it is highly sensitive for nitrosamines; 
we are doing ongoing work on positive controls; and the less-than-lifetime concept 
showing that lifetime cumulative dose is a critical concept that holds true for nitrosamines, 
and ongoing work to address other gaps as well. With that, I am going to close my 
presentation and move on to our next speaker. Thank you. 

 

Dongmei Lu, PhD 
Thank you very much, Dr. Bercu. Our next speaker is Dr. robert Jolly Bercu and he’s going to 
give to present online. Dr. Jolly is a Senior Advisor on Risk Assessment in Toxicology in Lilly 
Research Labs. 

 



Presentation 3: Using In Vivo Transgenic Rodent (TGR) Data to Evaluate Mutagenic 
Potency 

Robert Jolly, CPH, MPH, DABT (Sr. Advisor, Risk Assessment, Toxicology, Lilly Research 
Labs) (Presenting online) 

Can you hear me? You can hear me, ok, thank you. Just trying to share my slides here. And 
now can you see my slides? Ok, all right, well thank you very much for the opportunity to 
come discuss some of this HESI data. I really appreciate that. 

I am going to be talking about using in vivo TGR data to evaluate mutagenic potency. When I 
talking TGR, I am talking about the transgenic Big Blue rat and MutaMouse particularly — so 
the 28-day study that allows us to evaluate mutant frequency in vivo. I will discuss the TGR 
and why the TGR for mutagenic potency, talk about TGR and ECS briefly, although this talk 
will focus mostly on TGR data, TGR study design very briefly, and then get into some of the 
data around TGR potency and carcinogenicity, and discuss potential applications moving 
forward, conclusions, and future directions. 

As Joel alluded to, this is a group effort. The HESI group on the left there is over 40 
organizations — industry, academia, and also government health authorities. I am just a 
co-leader of the in vivo sub-team, one of the four to five teams that Joel was discussing. 
The goal of the in vivo sub-team was to generate in vivo mutation data for seven model 
nitrosamines. We focused on seven molecules that had very robust carcinogenicity data — 
NDEA, NDMA, NPIP, and more — molecules for which the carcinogenicity data really did 
give more of a quantitative TD50 value, or a quantitative value for where you might see 
carcinogenicity in long-term bioassays. We were confirming that the TGR assay, when we 
run those molecules, was a good surrogate for the carcinogenicity data and really trying to 
provide evidence and information to show that you can assess relative potency for those 
molecules. Concurrently, we were also collecting tissues and running ECNGS data and 
showing that that is a viable endpoint moving forward. 

This is the slide that just discusses some of the methodology. On the left, you have the 
standard bioassay, which is really impractical for assessing impurities. In the middle, you 
have the reporter assays — the in vivo reporter systems like the Big Blue or MutaMouse — 
where you can assess mutant frequency by following essentially a transgenic plaque assay. 
On the right, you have the ECS methodology, which I like to think of as new, but it has really 
been around for 10-plus years. With duplex sequencing, you are able to really fine-tune and 
assess mutation frequency. In addition to mutation frequency, you can assess mutation 
spectrum, so it gives you more mechanistic information. The tools are there, they are fit for 
purpose, and the quantitation is applicable for these assays. 



This was a slide I borrowed from George Johnson — this is not a new idea, doing 
quantitative genotoxicity assessment. There is a rich history and a lot of really good science 
behind it. The references are all listed on the slide. Why TGR for mutagenic potency? Well, 
the nitrosamines are highly potent mutagens — we know this — and we have a lot of 
carcinogenicity data for those molecules, but it is impractical to do a qualification using a 
two-year bioassay for these impurities. The Ames and in vitro screens do a really good job 
assessing hazard, but do not really address potency. You cannot do a full TD50 derivation 
— that requires a full bioassay. We need shorter fit for purpose studies to anchor for 
carcinogenic risk and risk assessment, so TGR, in terms of a solution, it’s OECD-validated, 
is an in vivo endpoint, is the gold standard for assessing GTIs, and directly measures gene 
mutations. The four-week study generates high-quality data that allows for BMD analysis. 
We know that mutation is a precursor event for the nitrosamine carcinogenicity — it is an 
established mechanism of action. And I am going to show you data from these seven 
molecules showing that the mutation sits right on top of the TD50 data from the bioassays. 

I am not going to spend a lot of time on study design — I realize how important it is, and it is 
being discussed within the ICH EWG quite a bit — except to say that when you are doing 
the potency analysis, when you are trying to do BMD, more dose groups is better in terms of 
really characterizing your curve. And I’ll just leave it at that. But this is its own subject that 
could be a whole discussion or seminar by itself. 

I am going to talk about the nicotine-derived nitrosamine ketone data that we generated 
(NNK). This data is actually in review in CRT right now, so I am hoping to get it published 
very shortly. You are looking at the 28-day Big Blue rat data — really the cII locus — and you 
are looking at the TGR data in the upper left and the ECS data on the right. We looked at 
seven groups with the control, and I wanted to make sure we captured the response. We 
dosed to an MTD, and the far right graph is the ENU positive control. You essentially see the 
same dose response in both methodologies, so you have really good concordance 
between the methodologies. The summary of that data is down below in the table. Lung is 
in blue and liver was orange. Essentially, you see that lung is more sensitive than liver at the 
28-day, and that corresponds to the carcinogenicity data as published by Rivenson in 1988, 
where you generate the TD50 for NNK. And then if you look at the TGR benchmark dose 
values, they align with the NOGELs but also align with the Lhasa TD50 values from the 
carcinogenicity data — you are essentially 1- to 2x off. The ECS data might be about two 
times more sensitive than the TGR, but it is pretty close in this instance. The ratio of the TGR 
BMDLs to the TD50 values are also within 2x, so you have a really good approximation of 
the carcinogenicity TD50 values from the benchmark dose 50 values. 



That was the specific case of NNK that we contributed to the HESI group. But the HESI 
group published this earlier this year. This is the table from the paper we published looking 
at the seven exemplar nitrosamines. There are more than seven listed because some 
companies ran both rat and mouse. In general, this is all liver data, with the exception of 
NNK, where we ran liver and lung because lung was the more relevant tissue or endpoint 
organ. This is a summary of all the NOGELs, LOGELs, and BMDL values from that study. 

But this was the money shot from that. We are now taking the log TD50s from those seven 
exemplars and correlating that to the log benchmark dose 50% from the 28-day TGR 
studies. What you can see is that we had an incredibly good R-squared of 0.95 — so 95% of 
the variation between these variables was captured in this curve — and the Pearson's 
correlation was 0.97. We did have CIs on this graph for both metrics, but it got really busy, 
so I will show you that on the next slide. Why this is important is because it shows that the 
four-week TGR study can replace — or at least predict and be a good surrogate for — the 
two-year bioassay estimation. The BMDL is as or more conservative than the TD50 in some 
cases, and enables a science-based, compound-specific AI derivation beyond just the 
default TTC, and it can support regulatory submissions where you want compound-specific 
data. 

The same data is broken out into high potency, low potency, and less complex nitrosamines 
on the far right in blue. The bottom graph is showing the confidence intervals for these 
data, with NDMA, NDEA, and NNK representing high-potency nitrosamines, and NPIP and 
NDELA representing lower-potency nitrosamines that are at or around the TTC. You can see 
with these confidence intervals that we can differentiate between those two groups. 

As an additional part of this paper, industry folks submitted 33 NDSRIs or complex 
nitrosamines that had TGR data associated with them. Of those 33, only nine were positive 
in the TGR assays, and those are represented in blue in the lower right graph there. You can 
see that relative to these high- and low-potency small molecule nitrosamines, none of the 
NDSRIs would be considered particularly potent. 

In addition, a final thing we provided in the paper were ways that we would suggest that you 
might use the TGR data. First, you might do a direct extrapolation — if you had an unknown 
complex nitrosamine with TGR data, you could essentially put that into the equation 
presented and get an estimation of a TD50. You could separate these BMDLs into bins — 
that is the middle box there —is fairly arbitrary but more consistent with what you see in a 
lot of guidances. You could set those into bins that would then allow you to set a TD50 and 
then estimate an AI. A then a final approach we suggested was an anchor approach, where 
if you have the BMDL from the complex nitrosamine and you are comparing that to a known 
comparator with a BMDL, you could ratio those two, multiply by the AI anchor, and get 



essentially an AI for the NDSRI. These are just suggestions and this is being evaluated 
moving forward as part of the ICH EWG. 

In conclusion, the in vivo TGR mutagenic potency is highly correlated with the carcinogenic 
potency — the R-squared was 0.95. The four-week TGR data provide BMDLs that are as or 
more conservative than the TD50s from the two-year rodent bioassays. We are generating 
ECS from all these studies — I did not focus on that, but others will at least discuss that — 
and in general, as I have shown for NNK, but with other molecules and data has already 
been published, the ECS data correlate to the TGR data. It is a really promising not just a 
complimentary tool but a tool moving forward once it gets OECD approval. We showed 
three frameworks for this, how you might use this data, and hopefully demonstrated that 
you can do this for NDSRIs or complex nitrosamines. 

Future studies include splitting the dose from the 28-day studies to show that cumulative 
dose is the more relevant metric — that has actually been done and published for several 
of these, NDMA and NDEA to cite a few, but we are doing it for all the remaining exemplar 
nitrosamines, and it supports cumulative dose and the idea of less-than-lifetime. We are 
expanding the NDSRI training set — well, Pfizer has done that with the recent publication of 
over 20 complex nitrosamines. And as I said, we are doing ECS sequencing for these 
studies, so we will have that same linear plot with ECS as well as with TGR data. We are 
doing additional quantitative work in collaboration with Silvia Balbo at the University of 
Minnesota looking at ACT analysis. 

A key point that should be highlighted is the last bullet: regulatory acceptance of this idea 
of potency using the mutation studies isn’t there yet. But hopefully, as we continue to build 
data and generate more data, we will get to the point where we can use this, because I 
really do think that this is a better way of estimating AI derivation. That is all I have. And I 
just realized my camera wasn’t on, so my  apologies for that.  

 

Dongmei Lu, PhD 
Thank you very much, Dr. Jolly. Our next speaker is Dr Stephanie Simon. She is going to 
present online as well. She is a Senior Toxicologist and Associate Scientific Director from 
Merck (EMD Serono) 

 

Presentation 4: Deriving Scientifically Sound Acceptable Intake Limits for N-Nitroso-
Bisoprolol Using Error-Corrected Sequencing (ECS) and Benchmark Dose (BMD) 
Analysis 



Stephanie Simon, PhD, ERT (Sr. Toxicologist, Associate Scientific Director, Merck (EMD 
Serono)) (Presenting online) 

Thank you very much. Can you hear me and see my slides? Is it ok now? 

Good morning, everyone, and thank you very much to the organizers for giving me the 
opportunity to present at this workshop. Before I start, and to avoid any confusion, I would 
like to mention that the healthcare business of Merck KGaA, Darmstadt, Germany, 
operates as EMD Serono in the U.S. and Canada. 

Today, I will talk about how we derived a scientifically sound acceptable intake limit for 
nitroso-bisoprolol by using error-corrected sequencing as a readout and by applying 
benchmark dose analysis to positive in vivo mutagenicity data for quantitative risk 
assessment. During my talk, I will briefly review the concordance between mutagenic and 
carcinogenic potency, compare two key methods for assessing in vivo mutagenicity, and 
present a practical example illustrating how quantitative mutagenicity data can be used to 
derive safe, acceptable intake limits for human risk assessment. I will conclude with key 
takeaways and an outlook on future directions and research proposals. 

Over the recent years, substantial effort has been devoted to evaluating the concordance 
between in vitro and in vivo mutagenicity outcomes and their relationship to 
carcinogenicity data from rodent studies. Some of this work has already been highlighted in 
the presentations by Joel and Bob, and the concepts behind it were already introduced. 
Recent publications also demonstrate a strong correlation between error-corrected 
sequencing and in vivo transgenic rodent mutagenicity results. In addition, for a range of 
representative nitrosamines, a high concordance has been observed between mutagenic 
potency derived from BMDL values in TGR studies and carcinogenic potency based on 
TD50 values from carcinogenicity studies — as was already shown by Bob in detail. 
Analysis of samples from transgenic animals using both traditional TGR endpoints — the 
mutant colony counts — and the error-corrected sequencing approaches shows 
consistent results, with error-corrected sequencing exhibiting higher sensitivity. 
Importantly, when comparing mutagenicity data obtained from transgenic models with 
error-corrected sequencing data generated in wild-type animals for similar compounds, 
there is also good overall agreement. These correlations are highly significant as they 
support the use of mutagenicity as a surrogate endpoint for predicting carcinogenicity and 
demonstrate that error-corrected sequencing is a robust and sensitive method for 
accurately detecting mutagenicity. 

Since many years, carcinogenicity studies and transgenic rodent assays have been the gold 
standard for assessment of carcinogenicity and mutagenicity.  I also use this nice little 



graph that was also used by Bob before.  However, carcinogenicity studies require 
hundreds of animals and take years until a result becomes available. TGR assays are the 
current gold standard for mutagenicity endpoints and have broad acceptance by health 
authorities. However, they require transgenic animals, which are challenging to breed and 
maintain. Additionally, it is a complex experimental procedure and the global testing 
capacities are limited. A major weakness is that it cannot be integrated into other toxicity 
studies. In contrast, error-corrected sequencing can be conducted with any species and 
can be easily combined and integrated into toxicity studies. Error-corrected sequencing 
has also proven to have high sensitivity and accuracy as it directly detects gene mutations. 
However, OECD test guidelines are not yet available and it is not yet generally accepted for 
regulatory purposes by health authorities. 

On the following slides, I will walk you through a case study we conducted. Nitroso-
bisoprolol is a nitrosamine drug substance-related impurity of bisoprolol, which is a widely 
prescribed beta-blocker for the treatment of cardiovascular diseases. After identifying this 
impurity, we performed a standard in vitro test battery, which yielded negative results for 
mutagenicity, both in bacteria and mammalian cell tests. Based on this data package, we 
proceeded with in vivo mutagenicity testing using an error-corrected sequencing readout in 
combination with the enhanced Ames test, for which a protocol become available in the 
meantime. Both the enhanced Ames test and the in vivo mutagenicity assessment were 
positive. We then used the positive mutagenicity data for benchmark dose modeling and 
derived a new safe acceptable intake limit using the BMDL as the point of departure for 
human risk assessment. 

The study we conducted was, to our knowledge, among the first in vivo mutagenicity 
investigations using standard wild-type mice with error-corrected sequencing as the 
readout. The study design was aligned with the OECD 488 guideline for transgenic rodent 
assays, and we included five dose levels of nitroso-bisoprolol to enable robust dose-
response analysis. We analyzed liver and bone marrow samples and observed statistically 
significant increases in mutation frequencies in both tissues. The resulting dataset was 
then subsequently subjected to benchmark dose modeling. 

For the benchmark dose analysis, we used the PROAST software with a model averaging 
approach. A covariate analysis was applied comparing our dataset — which is shown as 
the black curves — with reference data for N-nitrosodiethylamine (NDEA), a potent rodent 
carcinogen, represented by red curves for mouse data and green curves for rat data. In line 
with recent publications, a critical effect size of 50% was selected for the benchmark dose 
modeling, corresponding to a 1.5-fold increase in mutation frequency over the concurrent 



negative control. Using these parameters, a lower bound of the benchmark dose 
confidence interval — the BMDL50 — of 96 mg/kg body weight per day was derived. 

As highlighted earlier by Bob, the strong correlation between mutagenic and carcinogenic 
potency allows the derivation of an acceptable intake limit through triangulation using the 
BMDL of the test compound — so the NDSRI — and the acceptable intake limit of an 
appropriate anchor compound, to ensure a conservative and protective approach. NDEA 
was selected as a highly potent anchor compound. Based on this approach, an acceptable 
intake of 64 micrograms per day was calculated, which is substantially higher than the 
currently published AI of 1.5 micrograms per day for nitroso-bisoprolol based on the CPCA 
approach. 

Coming to the conclusions from our work: so in conclusion we used an integrated 
approach for hazard identification and quantitative risk assessment, combining in vitro and 
in vivo mutagenicity data. Based on our data and investigations, and by using the anchor 
approach, we calculated a new safe AI limit of 64 micrograms per day for nitroso-
bisoprolol. Comparing this limit to the benchmark dose limit 50 — the human equivalent 
dose of that — a safety margin of 6,000-fold could be derived. 

The key messages I want to provide today are: that mutation is a relevant endpoint for 
carcinogenicity prediction; and that error-corrected sequencing is a highly sensitive and 
accurate method. Various investigations by other labs and also within the HESI groups have 
shown high concordance between the gold standard TGR assay and the error-corrected 
sequencing readout. In addition, we could show that using wild-type animals is an 
appropriate model that allows integration of mutagenicity testing into toxicity studies and 
thus reduction of animal testing, which is also in alignment with FDA strategy. 

In summary, our data support human risk assessment by using positive quantitative 
mutagenicity data to calculate safe, acceptable intake limits. Future directions for 
mutagenic impurity and nitrosamine assessment could aim for moving from TGR toward 
wild-type studies with quantitative mutagenicity assessment, facilitating further reduction 
of animal testing. Additionally, acceptance of the error-corrected sequencing approaches 
as a regulatory tool and consideration of positive quantitative in vivo mutagenicity data for 
human risk assessment would be highly beneficial. Further research could aim for more in-
depth analysis of samples from TGR or wild-type studies to inform on concordance 
between the methods and the animals used. Last but not least, as there are various 
software platforms available for benchmark dose modeling — such as PROAST or EPA's 
benchmark dose software — development of guidance on harmonized BMD approaches 
would be beneficial to support comparability. With that, I would like to say thank you to all 
my colleagues and collaborators, and to you, the audience, for attending. Thank you. 



Dongmei Lu, PhD 
Thank you very much, Dr. Simon. Next we are going to have a 5 minute break and please 
come back at 10:20 am on time.  

 

Presentation 5: Nitrosamine Mitigation Strategies: Insights from the FDA and Emerging 
Challenges 

Diaa Shakleya, PhD (Sr. Research Scientist, DPQR V/OPQR/OPQ/CDER/FDA) 

..Scientist at the OPQ CDER.  

This is the slide that talks about the pharmaceutical quality — which is to assure the 
availability, safety, and efficacy of every dose. And this is my disclaimer: this presentation is 
not intended to convey any formal FDA policy. 

My presentation outline today I will touch base on the main root causes — and I know there 
are so many root causes of nitrosamine contamination, so I will take the main ones — and 
then move to the control strategies, followed by the insights from the FDA research work we 
did here, mitigation strategies, and then finally talking a little bit about the mitigation 
challenges. 

To talk about the root causes: the main root causes of the drug products across the life 
cycle — this is one important lesson learned from our recent research investigation into the 
nitrosamine contamination — it is rarely caused by a single factor. So it’s not just a single 
factor that cause nitrosamines formation. Instead nitrosamines can arise from multiple 
stages throughout the product life cycle. During manufacturing, reaction conditions, 
solvents, catalysts, and process parameters may create favorable conditions for 
nitrosamine reactions. Raw materials are another important source: APIs and excipients 
may contain nitrite impurities or precursor compounds that contribute to nitrosamine 
formation. Another important aspect is storage conditions: storage conditions also play a 
major role also including elevated temperature, humidity, and long-term aging can increase 
nitrosamine formation over time, even after manufacturing has been completed. Cross-
contamination from shared equipment or inadequate cleaning practices can introduce 
additional risk. Finally, process changes — such as supplier changes, scale-up activities, 
or manufacturing transfers — can unintentionally introduce new pathways for nitrosamine 
generation. The key takeaway here is that nitrosamine risk must be evaluated 
systematically across the entire life cycle, rather than focusing on a single manufacturing 
step. 



To address these risks, several control strategies can be implemented. First is the supplier 
qualification: understanding nitrite variability among excipient suppliers and even between 
lots can significantly reduce risk, and we have seen this when we those excipients in our in-
house manufacturing. The second is the use of antioxidants and pH modifiers: these 
materials can interrupt nitrosamine chemistry or reduce the formation of reactive 
intermediates. Third, strong manufacturing controls are essential —process parameters 
such as blending, granulation, drying, and environmental conditions must be carefully 
monitored and controlled. Finally, packaging should not be overlooked: an appropriate 
packaging system can help protect products from moisture and oxygen exposure, 
preserving stability throughout the shelf life. Together, these controls form a layered 
defense against nitrosamine formation. 

Now moving to the mitigation strategies. Our research has provided several important 
insights into mitigation strategies. One of the most promising approaches involves 
antioxidants. We observed that antioxidants can effectively inhibit nitrosamine formation 
by intercepting reactive species before they react with susceptible amine-containing 
compounds. Among the materials evaluated, ascorbic acid, caffeic acid, and ferulic acid 
demonstrated measurable mitigation effects. Another important factor is pH control: 
nitrosation reactions are generally favored under acidic conditions. By maintaining a more 
neutral environment, the generation of reactive nitrosating agents can be reduced. We also 
found that heat and moisture control is critical. Elevated temperature and humidity 
significantly accelerated nitrosamine formation. Manufacturing operations such as wet 
granulation and drying can create localized hot spots where conversion rates increase 
drastically. Therefore, process design and environmental control remain essential 
components of any mitigation strategy. 

Just walk you through the experimental workflow that we designed here. To better 
understand these factors, as mentioned here, we developed an experimental workflow. We 
began by selecting a marketed drug product for a particular API and characterizing both the 
drug substance and excipients for nitroso compounds and also for the precursors — which 
was nitrite levels. Next, we prepared multiple formulations in-house. Learning from our 
screening studies, we started in-house formulation using different antioxidant 
concentrations and pH conditions. The resulting tablets were characterized and analyzed 
at different manufacturing stages — and this is important to understand the stage of 
nitrosamine formation— and finally the products were subjected to various stability 
conditions to evaluate nitrosamine formation over time. This approach allowed us to 
examine not only whether nitrosamines formed, but also when and under what conditions 
formation occurred. 



One interesting finding came from our screening study is the nitrosobumetanide formation. 
We evaluated several drug products — this was one of the drug products that we 
published. We observed that certain excipients contributed more significantly to 
nitrosamine formation under stress conditions. This is a binary mixture that we evaluated 
over I think a month, doing those binary mixtures to understand the effect of each excipient 
by itself on the formation of nitrosamines with the API. So we observed that certain 
excipients contributed more significantly to nitrosamine formation under stress conditions. 
In this case, Avicel PH101 and formulations containing combined excipients showed the 
highest levels of nitrosamine formation. In contrast, when we tested also magnesium 
stearate, it showed only a minimal increase. Another key observation was the strong 
impact of environmental stress: when samples were exposed to elevated temperature and 
humidity, impurity formation increased drastically. This reinforced the importance of 
understanding excipient contributions and stability conditions when assessing nitrosamine 
risk. 

I apologize — this is a busy slide. Here I am just trying to show the design of the experiment 
that we did. On the left-hand side, we have three stages of tablet manufacturing: the 
intragranular stage, followed by the granulation, and then finally adding the extragranular. 
We evaluated each stage by itself for any nitrosamine formation before going for tableting. 
In the middle of the presentation is how we designed our different antioxidant 
concentrations, and we also included the design of adding the pH modifier — as well as 
basic pH modifiers. On the right-hand side showing the stability conditions that we 
evaluated for six months. 

This is an important slide showing the percent inhibition of each antioxidant that we 
evaluated. The first set is the importance of titrating the antioxidant percent that you are 
including in the drug product: it showed at 0.1% of ascorbic acid over six months of 
stability, showed 71% inhibition of nitrosobumetanide formation; at 0.5%, 86% inhibition; 
and at 1%, we could maintain it for six months at 92% inhibition. The second set is for 
caffeic acid, and we see here now the difference between the first set — ascorbic acid — 
compared to caffeic acid: it moves from 18% to 48% to 57%, from 0.1% to 0.5% to 1%. 
Then we did the same for ferulic acid, and we also demonstrated here how the effect of 
alkaline pH can really inhibit the formation of nitrosamines. 

And the mitigation strategies and the challenges that we face: despite these advances, 
important challenges that remain. The most important, from an analytical perspective, 
detecting nitrosamines at very low levels requires highly sensitive instrumentation — this is 
one of the important challenges. The second challenge is that matrix interference can 
complicate measurements, and in some cases, reference standards are unavailable, 



which is a big challenge. Another challenge that we have faced in some of the drug 
products is in situ formation during sample preparation and analysis, that can create 
uncertainty in analytical results. From the manufacturing standpoint, we continue to face 
challenges related to the API stability. Currently, we are working on one drug product and 
we have seen that multiple antioxidants that are unstable under that drug product's 
conditions. Selecting those antioxidants is really essential, and understanding the stability 
of those antioxidants is critical. On the other side, managing the risk requires a 
comprehensive workflow that integrates raw materials control, process understanding, and 
analytical testing. The ongoing risk reduction activities require all of these together. 

To summarize my presentation: antioxidant optimization can significantly reduce 
nitrosamine formation, but selection must be tailored to the formulation. Second, pH 
management is a powerful preventive tool, with the neutral or slightly basic conditions 
often reducing nitrosamine potential. And also the process and life cycle controls remain 
essential — effective mitigation requires attention to the raw materials, manufacturing 
operations, packaging, and long-term stability. The strongest defense against nitrosamine 
formation comes from combining all of these approaches into an integrated risk 
management strategy. 

Finally, just to acknowledge my colleagues from OPQR — it took many of our staff to keep 
working on this kind of mitigation — OPQR management and the OPQ Nitrosamine Working 
Group. I thank the GDUFA workshop for inviting me. Thank you. And moving to the next 
speaker. 

Dongmei Lu, PhD 

Thank you very Dr. Shakleya, and the next speaker is Dr. Valerie Niddam-Hildesheim and 
she is the senior Director and Global Nitrosamine Project Lead from Teva Pharmaceuticals  

 

Presentation 6: Antioxidants in Nitrosamine Risk Mitigation: Challenges and 
Considerations 

Valerie Niddam-Hildesheim, PhD (Sr. Director, Global Nitrosamine Project Lead, Teva 
Pharmaceuticals) 

Thank you, thank you Dr. Lu. Good morning, everybody. I will share with you experience in 
Teva of the introduction of antioxidants when remediating commercial products. I will go 
around the remediation strategy — what is on the table when you try to remediate a 
commercial product — and I will share with you several case studies, the outputs, what 
they mean in terms of timelines, the challenges, and the conclusions. 



So when you try to remediate a commercial product, you have mainly three options. One — 
and the simplest one — is to introduce remediated excipients. It is always what you will try 
to do. The work with excipient suppliers started in 2020. It was a long way because at the 
beginning, excipient suppliers did not really realize the impact of excipients and the 
contamination with nitrite mainly. So it took some time also for them to understand the 
root cause and to eventually find a solution, and mainly having a really substantial financial 
effort to remediate. You also sometimes have the API that is contaminated, although not 
very often, but it happens. The second option — which we will speak about today — is the 
use of an additive. FDA just enabled in 2024 and presented the framework that enabled the 
addition of an additive and having a shortcut to accelerate introduction. The last option — 
and really the one we do not want to go to — is a full reformulation, because it also means 
that you use R&D headcount to remediate commercial products in place of developing new 
products. 

Here is the guidance that everybody is aware of — issued in September 2024, mainly for 
BCS classes 1, 2, and 3 — with a framework with four antioxidants, and under certain 
conditions you could avoid a PK study, which will accelerate the remediation. 

I will present the first case study, that was for an IR product. We had two different 
formulations — same impurity, it was an API nitrosoamine with an acceptable intake of 100 
nanograms. We had different dosage forms: one product was a capsule, the other was a 
tablet. Both of them dry process. You can see on the table that one was with 90% of 
pregelatinized starch, and the second one with 90% of MCC. At the end of the day, when we 
made the screening, we saw that the same amount of cysteine would enable remediation 
of both products. 

Now, if we go to the case study two — again, an IR product, same impurity, acceptable 
intake of 100 nanograms per day — the two products are tablets, wet process, different 
formulations. You see that the first formulation is with 40% of MCC, PVP, and calcium 
hydrogen phosphate, while the second one has mainly lactose and 14% of MCC and PVP. It 
was very surprising that for one formulation, we had to introduce 2% of propyl gallate in 
order to prevent formation of nitrosamine, while in the second one, propyl gallate was not 
working, and it was with 1% of cysteine that we were able to remediate the product. These 
already indicate that we cannot — even if it is the same impurity — extrapolate the findings 
from one formulation to another. 

The last case study — again, an IR product, same impurity, API-related impurity, 100 
nanograms per day, same dosage form, same process. I forgot to say that in all the cases 
we used remediated excipients. You will see that with one formulation that had 70 to 75% 
of pregelatinized starch, we had to introduce 2% of cysteine in order to eliminate the 



nitrosamine, while the other one — a very similar formulation with 60 to 92% depending on 
the strength PG starch — we did not need to remediate, only the remediated excipient it  
was enough to remediate the product. Yeah. So that's very interesting because at the 
beginning we thought first that we can extrapolate when it's the same impurity and that the 
magic powder will work for everything, but it does not. 

So I want to explain a little bit how we, what is the working flow when you try to remediate. 
So first you try and you will always try to introduce remediated excipient because it's the 
simplest way. And you will put in stability. Usually you put it for three months. We have to 
be also very careful because 40 degrees is not always representative of the RT condition. 
So we will check for three months if we see a trend, an increase. And if we see an increase 
in a trend, then we will probably go to a screening of different antioxidants with different 
amounts. So you make a very simple one, you know, like a compatibility to at least identify 
one of the antioxidants that will work. And here also you will need to wait for three months 
to see which one is the best. Once you have identified what is the best antioxidant, you will 
try on trial batches, you will take this weaning antioxidant, and you will refine the amount to 
try to have the lowest amount possible in your formulation. And here you will be a bit more 
cautious. You will go to three to six months stability. At this time, you will test also RTN 
accelerated condition. And only then you will be able to say that you have the good 
antioxidant with the right amount. Then you will need to go to eventually commercial batch 
manufacturing, three-month stability, and to submit. If we take the whole process, you will 
find out that only for stability, it will take between 12 to 18 months per formulation, 
because as we saw in the case study, you cannot extrapolate, even if it's the same impurity, 
you cannot extrapolate to another product that has the same impurity. So each time, you 
will need to make the whole process per formulation. Now, altogether, this means that per 
formulation it would take you between 24 to 30 months to remediate 1 formulation. 

 

So I want also to speak a little bit about the challenges. Everybody knows the challenge of 
ascorbic acid with a discoloration and out of the fact that it is a reactive entity. So we might 
also observe some by-product. I will say maybe a compliance issue with odor that we do 
see after a few months instability. If it's a pack, I mean a closed bottle, you might have 
some odor and maybe required to change your packaging. Tocopherol is only for certain 
dosage form. Basically, we see that we don't have a universal antioxidant given an impurity. 
This is what we saw in the case study. Now, on the top of that, we have some challenges if 
it's also not very often sterile products. When you have a terminal sterilization, you might 
have decomposition and also challenge to be Q1 to Q2 for generic product. 

 



I want to emphasize that for the excipient, as of today, we don't have all the excipient 
remediated. We still have, I mean, a limited number of them. The current experience is that 
for CPCA1, API associated with nitrosamine, we cannot remediate only by the introduction 
of remediated excipient. And we really need to think about the predictive framework and 
maybe health authority by compiling all the data they have can eventually develop a model, 
maybe using AI, to predict what will be the best antioxidant that we can use for remediating 
a product. So as a conclusion, I want to emphasize, as you saw, that reformulation requires 
substantial development and validation effort. That remediation timeline are really 
significant per formulation because we will each time need to have stability to confirm the 
success that we will need to prioritize, prioritize activity. Yeah, we cannot do everything at 
the same time. And this means that we will be forced to prioritize and we will probably have 
non-essential products that will be discontinued. The minimum timeline to remediate the 
product will be five years with some products that we will need to drop. Basically, we 
should be more close to 10 years in order to remediate a significant portfolio. So this is it. 
Thank you. Here I just want to acknowledge the team that is working, the core team, and 
the supportive team with all the really matrix work here. Thank you. 

 

Dr. Dongmei Lu: Thank you very much Doctor Niddam -Hildesheim. So, next speaker is 
Doctor Filip Geert A De Bock, and he is the lead of a Global Center of Excellence for 
Mutagenic Impurity from Sandoz. He will present online. 

 

Presentation 7: Cracking the NDSRI Code: Mitigation in Generic Drugs — A Mission 
Impossible? 

Filip Geert A De Bock, PhD (Global Center of Excellence for Mutagenic Impurities Lead, 
Sandoz) (Presenting online) 

Hello, good morning everyone. I hope you see my slides. First of all, thanks a lot for the, 
sorry, for the organizers to invite me to have a presentation. I will be having some overlap 
with what Valerie already said, so but we are, I think, quite aligned. So my presentation will 
be about cracking the NDSRI code. Is it mitigation in generic drugs a mission impossible? 

Okay, so I will have a first introduction, then I will discuss about the control challenges, and 
then I have two case studies and I will have conclusion and potential gaps. Also would like 
to have a disclaimer that these views and opinions are my own and not necessarily reflect 
those of Sandoz. 

 



Maybe just a very quick introduction, and I'm sure you all are aware of this, but in order to 
have a nitrosamine formation, you need several base elements, let's say. One of them is, of 
course, the availability of a vulnerable amine, which can come from raw materials, 
solvents, reagents from the drug substance and the related impurities from excipients, 
from packaging material, leachables, and from water, for example, during the water 
purification process. The second element are nitrosating agents that are required to 
nitrosate your vulnerable amine, which can come from raw materials, water again, 
excipients, and also maybe which will be addressed later on, air and NOx more specifically. 
And then finally, you need certain manufacturing or certain conditions that needs to be 
applied, for example, manufacturing step, wet process steps, specific conditions that 
influence the formation, the formulation which will have certain pH and moisture and also 
your stability might have impact on or your storage might have impact on your nitrosamine 
formation. 

It is, however, important to note that not all vulnerable amines will form nitrosamines. Also, 
not all nitroamines will or can react with DNA. And what also needs to be mentioned is that 
you have multiple sources of nitrosamine, multiple sources of nitrosating agents, multiple 
conditions which could contribute for the nitrosamine formation. So we have basically 
multiple contributing factors, which, as already mentioned by previous speakers, might 
require control or remediation on multiple levels to assure an acceptable or an effective 
outcome. 

As a generic developer or manufacturer, not all of the potential control mechanisms are 
within our control. And for example, I select a few contributing factors where we do not 
have full control and for example, control of vulnerable amines, if they are coming from the 
drug substance and you're not your drug substance manufacturer, you will rely on the 
support of your drug substance manufacturer to address this. Same with what Valerie also 
highlighted is the nitrite levels in excipients. Yes, there has been efforts made to control 
nitrites in excipients. Several manufacturers are controlling nitrite on their COAs, but not all 
of them. So same with changing a drug substance manufacturing process, changes in the 
API synthesis to reduce levels of nitrite or levels of deformable amine. So this makes it all 
quite challenging to have a proper control because not everything is possible in a short 
time period. 

I will now go a bit more in details about the different elements of a drug product where 
certain root causes are there and what are the controls and what are the challenges we 
face related to that. So first of all, one of the root causes, your drug substance itself is a 
secondary amine. Basically, you cannot have a control, at least on reducing your vulnerable 
amine. So you need to manage this in another way based on reducing your nitrosating 



agents or try to change your control, your conditions. Second thing is, second source could 
be impurities of your drug substance. Here we face the challenge that in general, those are 
controlled if identified as per Q3A thresholds. In some cases, levels of these impurities 
require to be much below these thresholds, and this requires additional purification and 
process controls, etc. But as mentioned before, this then relies on support of your drug 
substance manufacturer or developer to manage these impurity levels and this would 
potentially also increase the cost. 

Carry-over recycling of reagent solvents is also one of the root causes that has been 
identified. Recently, a publication was published specifically on this topic, concluding that 
control of recovery risk or mitigation of recovery risk could be managed. But in some cases, 
you will need to establish specific controls again to ensure the levels of your nitrosamines 
or your vulnerable amines remain below a certain threshold. 

And then something which is, in my opinion, sometimes underestimated is the presence of 
nitrosating agents in your drug substance. So a lot of attention is going to your excipients, 
but in our experience, there is also a risk that your drug substance contains fairly high 
levels of nitrosating agents, NOx more specifically. We then also require specific controls in 
the drug substance, which again depends on your drug substance manufacturer for 
support. 

The other root cause mainly then for nitrosating agents is your excipients. Here I will not go 
too much in detail because it was already addressed, but excipients could contain nitrites. 
We have the case of MCC, which is a quite well-known case, which is also one of the few 
excipients which were which are mitigated and now low nitrite MCC variants are being 
offered by the vendors. There are also cases where your excipient is a secondary amine. I 
think meglumine is one example here. You basically have, if you want to remediate or that is 
your root cause, you need to look into changing either your excipient or looking into your 
specific conditions or presence of nitrosating agents. And then you also, some excipients 
could contain due to their manufacturing process secondary amines, where then controls 
should be then established in the excipient. But again, here you will rely on the support of 
your excipient manufacturer to manage this. 

The final slide on specific control challenges is related to manufacturing process 
formulation and packaging. One of the root causes is that you have an acidic pH. You could 
modify your pH by changing or adding excipients. But here then, questions will raise, might 
be raised regarding the impact on Q1, Q2 on your bio-equivalence, on your stability, your 
general quality of your product. For example, also impurity profile changing your pH might 
result in different impurity profile, which are all things to keep in mind. Also, maybe here 
one of also highlight that in some cases, even in a basic pH, you might have nitrosamine 



formation. So it's not the gold standard that if you have a neutral or a basic formulation that 
you will not have nitrosamine formation and there are several cases being published about 
that. 

Similar with the wet process step, it's considered in general to accelerate or stimulate 
nitrosamine formation. Here you could change to a dry process. Again, questions can be 
raised about bioequivalence, stability, impurity profile. But also be aware that some 
nitrogen, some that nitrogen could also be formed in so-called dry process, dry products or 
products which are formulated in a dry way. And I think it was mentioned before, it could be 
related to moisture content, etc. 

Then we have presence of nitrosating agents due to the formulation excipients. Scavengers 
have been addressed already before as well. This could work, but again, this is a 
formulation change. It might have an impact on Q1, Q2. Bioequivalence is a big question 
mark. So there is limited guidance on how to deal with that, especially for marketed, 
already marketed products, and your quality could be affected as well. Also, maybe like 
also Valerie pointed out, not all scavengers work in each product, so it's basically a trial 
and error process. 

Something which has been looked into more recently is the impact of NOX, and there is a 
publication recently published by colleagues of mine who basically investigate this. And 
there is a potential impact of NOX, although how large this impact is still being 
investigated. But this is one element that is difficult to control. You might need to establish 
specific process controls, air filtration systems, etc. And then you get also what is the cost 
benefit of such controls. And finally, you have the packaging, which also could have an 
impact. Okay, change of packaging might be a fairly straightforward element, but again, we 
should look at what is the impact on stability and the impurity profile and also what is the 
potential cost. 

To illustrate this, I have two case studies I would like to present. One is a case study of a 
product where the vulnerable amine is a process and degradation impurity. Main source of 
nitrite was MCC, but also the API. pH is around 5 and the acceptable intake was 100 
nanograms per day. We managed to control the nitrosamine formation by controlling the 
nitrite in the MCC and the API below 50 PPB. We also had to establish a control of the 
nitrosamine itself in the API below 10% of the acceptable intake. And finally, we had to 
establish as well a control of the secondary amine in the API at levels below the Q3A 
reporting threshold. Only in this case where all three elements were controlled, we were 
able to be confident that the nitrosamine levels on stability were not exceeding the 
acceptable intake or the acceptable limit. We did verification by kinetic modelling and also 
mainly by lab/tech batches and also establishing a stability program to monitor the 



nitrosamine formation on the release and stability for the selected remediated product. So 
here this is a case where we had no composition change, which then in the end was for us 
the most favorable way, but it took quite some efforts to align with our API manufacturer 
and the excipient manufacturer to establish these controls. 

The second case is a case of mitigation by use of a scavenger. So here the API itself is a 
secondary amine. We identified as main nitrosating agents an excipient, which also 
showed uptake of nitrite on storage and basically on handling and also the presence of 
NOX in the air. We had a fluid bed process and which, yeah, we saw nitrosamine, which 
was correlated with the ambient NOX in the air at different times of the day. So depending 
on when the batch was produced, we saw different levels of nitrosamines formed on 
stability. And there was also high variability. Here, interestingly, the pH of our formulation 
was 9, so it's not an acidic, but we still had significant levels of nitrosamines being formed. 
So how we remediated or at least we addressed the remediation in that way was handling 
restrictions of the specific excipient to ensure that there was no increase of nitrite on 
storage. And also we introduced a scavenger. We examined three different scavengers and 
we chose in the end, L-cysteine as the one which was most suitable. We did different 
studies with regards to solubility, permeability, etc. and also in vitro and also modelling to 
prove or try to prove that BE impact, bioequivalence impact was limited. So we did in vitro 
and in vivo correlation and PBPK modelling. We did also release and stability testing, but 
unfortunately the project was stopped because the efforts to fully complete the mitigation 
or remediation was not supported by a business case and also there was uncertainty 
because this was not an immediate release formulation. The regulatory requirements were 
unclear with regards to BE requirements. 

So to conclude my talk and lessons learned, mitigation or remediation of NDSRIs is not a 
mission impossible, but there is no one-fits-all solution. Remediation is not 
straightforward. It can impact drug product efficacy, quality and cost, it takes time because 
you need monitoring and stability. You need to assess your BE study, bioequivalence. You 
need to check your efficacy and the risk for failure remains high. 

Potential gaps that were identified during our, yeah, based on our experiences, limited 
guidance concerning bioequivalence, especially for non-IR or immediate release 
formulations and also impact on deviating from Q1 to Q2, understanding impact of NOX, 
pH and stability, especially in solid dosage forms, actually understanding the formation 
kinetics of complex nitrosamines, and finally also the lack of guidance concerning need of 
control for vulnerable amines below Q3A / Q3B limits. And with this, I would like to thank 
my team and also my colleagues who contributed to all the knowledge we gathered over 
the years. Thanks a lot. 



 

Dr. Dongmei Lu: Thank you very much Filip, and we are going to have our next speakers, 
Doctor Houri Simonian, and she is the Senior Director of Analytical Research and 
Development from Apotex. 

 

Presentation 8: Analytical Methods for NDSRIs: Challenges and Troubleshooting 

Houri Simonian, PhD (Sr. Director, Analytical Research and Development, Apotex) 

Thank you, Doctor Lu, for the introduction. Thank you for the invitation, as well. So, I'm 
going to start by moving this forward. Okay. Just maybe shifting a little bit to starting, we 
started with establishing and assessing the safety limits for nitrosamines and looking at 
control strategies and what's associated with that. I'm just going to shift the focus a little bit 
and just touch on the analytical methods and the challenges that we run into with the 
analytical methods and how we troubleshoot some of these, provide some framework 
around that, look at the how we target what the profile is for that method, the method 
validation, and some of those challenges. 

So building on this, we know that the NDSRIs are a little bit more of a challenge in that we 
do have some guidances that give us a range or a direction in terms of how we can 
establish the specification for these, specifically using the CPCA. This has been a good 
framework for us to establish what the AI limits will be and what our allowable daily intake 
is. Based on that, we do need to set specifications, which we do based on obviously 
individual molecules, but also taking into account what that LOQ and AI limit and 10% of 
that AI limit is, because we want to establish these methods throughout its shelf life as 
well. These pose some challenges for us for the analytical method, and I'll walk you 
through some of those. So having the specs on one side is fine. Aiming for a low LOQ is a 
challenge, but taking us through what that target method profile should be, taking through 
what the robustness of that method is in terms of the operation design and the operational 
range of that method, and then taking it through validation where we do have a fit for 
purpose method, which gives us accurate, precise, as well as selective and specific 
methods. 

So from a technology platform or a methodology platform for the small molecule 
nitrosamines, we do have the volatiles and non-volatiles, and these have been established 
in terms of methods which have been published. So there's several methods, whether it's 
regulatory guidances that have published methods or pharmacopoeias that have methods 
already established, which makes it much easier for us to have a starting point to develop 
and validate those methods. However, when it comes to the NDSRIs, we do have a slightly 



different challenge in that each NDSRI, each molecule has its own NDSRI, and it's very, 
very specific, which means that we can't use the platform method to use to detect, 
analyze, and test for these. The challenge here is that the typical GCMS and LCMS 
technology platforms that exist are probably not suitable considering the levels of NDSRIs 
that we're looking at. We are in the PPM range or lower. So we do make a shift towards more 
of high-end analytical equipment such as LC-MS/MS and typically high resolution mass 
specs such as your Orbitraps or QTOFs. You do need to make sure that you enable that you 
have capability to confirm what the actual NDSRI is, you do need the accurate mass to 
support identification for these, so that there is no false negative or false positive results. 

So how do we go about this and what is our target profile for the NDSRIs? So we know we've 
established this through either CPCA or the known limits that have been published. We 
know what the target analyte is. And I'm just going to highlight a couple of the parameters 
that we need to focus on. One is the sensitivity. The LOQ is critical. We do want to see low 
LOQs because you are already in the low ranges of a reportable analyte, but you do want to 
see as low as you can possibly get, preferably at 10% of your AI. As well as that, the 
accuracy and the specificity becomes critical. Accuracy in terms of your recovery, we don't 
want to suppress the analyte of interest. We want to make sure that we're actually 
accurately and precisely determining this. And specificity becomes a challenge because 
you are seeing, you are detecting these NDSRIs in amongst the not just the drug substance, 
but also the excipients and the matrix that you have. So, specificity, sensitivity, accuracy, as 
well as all the other parameters, obviously, which are critical. 

So what are some of the challenges, and I'll get into more details, and I'll pick on a few of 
these. One is the artifact formation. I think that was alluded to in earlier presentations as 
well. So in situ formations of the nitrosamines is a challenge. When we use specific sample 
solvents, especially when we're in the acidic range, the amount of contact time you have 
with the molecule and sample solvent that you're using, the amount of nitrites that are 
present potentially, can lead to either false positive or false negative results, which has its 
own risk. 

In a lot of the solid dose formulations, we also have the matrix effect or the ion 
suppression. So you are dealing with a high level of excipients, especially where you have a 
low dose drug or where we have a higher portion of excipients. Your sample concentration 
and your load on your LC-MS method becomes very, very critical. And you do tend to lose 
sensitivity in these cases, leading to some quantitation bias as well, typically on the lower 
end. The other challenge that we run into with NDSRI methods are the analyte itself in 
terms of instability in solution. So storage of these solutions, handling of the solution itself, 



selecting your solvents, the exposure to air, light, et cetera, becomes critical as we develop 
the methods, test, and then you end up losing either your accuracy or recovery. 

The reference standards is another challenge. In some cases, these are not available, or 
they have to be synthesized specifically. There is complexity with these. There is complexity 
with purifying the standards themselves. And sometimes we do end up with challenges 
with standards where we have 50% purity for the standard itself, which adds additional 
challenges to your method as you're doing your recoveries, and it leads to even more 
quantitation uncertainty. 

Your chromatography selectivity as well is another challenge. One of the things that we 
have seen in mass specs, especially as we're moving to more sensitive equipment, we do 
see small changes in whether it's the gradient, the mobile phase, or the pH of the solutions. 
We do see a lot of co-elution that can happen, especially where you have isobaric species 
as well within that same molecule. 

Solvents, reagents, anything that we are introducing into the mass spec, anything that we 
are introducing into the sample solvents, where they're not of high quality can also lead to 
either having elevated backgrounds or blanks in your mass spec, which again leads to false 
negative or false positive results. So looking at the full method development, the sample 
preparation becomes a critical portion of the NDSRI method and development, especially 
when there is in situ formation of potential nitrosamines, as we don't want to lead to false 
positive results and have elevated amounts of these in our testing. 

So some of the mitigations or the troubleshooting that we've introduced for sample 
preparation and optimizing these. Direct dilution is the ideal. It works great when you have 
a pure drug substance or an API. You do still have to take into account that you minimize 
the artifact. You still don't want to form the nitrosamine in situ. For solid dose products, it is 
a little bit more challenging. We do take more of the liquid-liquid extraction approach or a 
solid phase approach. These themselves present other challenges. Specifically, how do we 
clean up these samples so that we do extract the nitrosamine at 100%? However, we can 
eliminate a lot of the matrix and a lot of the excipients. In these SPE case, there is a lot of 
analyte to, the analyte of interest and to your excipients compatibility that we have to look 
at as well and ensure that we do get that full recovery. 

So as a summary for the in situ formation and the mitigation and some of the 
troubleshooting that we can do, ultra pure sample solvents, ultra pure water, nitride free 
water is one approach, minimizing the pH of the solutions that we use. So moving away 
from the acidic sample solvents, even though these are easier to use and handle for the 
extractions. Keeping preparation time very short. So we tend to move a lot more to fresh 



prepare and inject, simply because we need to ensure that we've got the true results versus 
in situ or artifact results. Controlling sample preparation, obviously, in terms of 
temperature. And then evaluating the stability storage of both sample solutions and how 
we handle the reference standards as well, in terms of stability. 

So having considered some of the sample preparation challenges and hopefully resolving 
those, we move on to the chromatography and the mass spec conditions. And I've just 
highlighted a few examples here, and not necessarily confined to these. On the 
chromatography side, we tend to evaluate a number of obviously columns and column 
chemistries. You're looking typically at gradient programs. You're looking at more of a UPLC 
method just to make your runtime shorter, exposure times shorter with low injection 
volumes and trying to ensure that you do have resolution so you don't have any 
interference. On the mass spec side, your typical mode of ionization is ESI in the positive 
mode. You always tend to run MRM because you do need to make sure that you quantify 
your ion of interest. And you also confirm that you don't actually have any of your NO loss 
during that process. So specificity becomes critical. Your source parameters, your dwell 
time and diversion valves becomes critical. You want to minimize contamination of your 
source, contamination of your background as well. And then you want to achieve as low 
LOQs as possible. 

So having achieved a method that is fairly robust and will allow day-to-day elimination of 
any variability in the analytical lab and establishing low LOQs, making sure it's specific, 
accurate, precise, and covering a wide linearity range, we move into testing, and obviously 
we want us to remain within the acceptable intake guidance to be below that level and 
preferably to be below the 10% of the shelf life. That is not always the case. We do run into, 
as part of the continuous improvement and method life cycle, where we do see changes in 
AI over the course of the product life cycle. This typically means that we have to go back 
and redevelop a method. We do see a tendency that it's lower AIs that we go to versus a 
higher range, so we end up having to develop even more sensitive and robust methods on 
the LCMS. Or we run into challenges as generic, where we're developing one formulation 
for multiple regions, multiple areas, where there is some differences in some cases 
between, say, an FDA CPCA calculation, sorry, where it's 1500 nanograms per day versus 
an EMA calculation where they recommend it's a non-mutagenic impurity. So now we have 
two different specification levels, same molecule, same formulation, where we have to 
develop two types of methods to cover the analytical testing. 

So in conclusion and summary, some of the challenges and how we mitigate and 
troubleshoot the challenging analytical methods. We do need ultra-sensitive methods for 
these. We do need to move to high-res mass specs or whether it's QTOFs or Orbitraps. We 



want to maximize the API load. However, we want to make sure that we still have sensitive 
methods. The in situ artifact formation is critical to control. We want to make sure that 
we're not generating any false positive or false negative results. The matrix complexity and 
suppression of the ions and making sure that we eliminate that during sample prep. The 
NDSRIs are all unique, so we do need unique methods and product-specific methods for 
each of these. The reference standards are another challenge which give us either not 
commercially available or we have to synthesize these ourselves. How we handle and store 
these becomes another challenge. Instrument contamination, making sure that we don't 
introduce anything into the instrument, especially the mass spec source where we can see 
higher levels in the background, and we continually monitor that. And then finally, the 
different AI limits that we get across different regions, which gives us a challenge, whether 
we're developing a simple HPLC UV method and controlling it as an ICH Q3 impurity versus 
a very low PPM level where we need to move to an LCMS or a high-res mass spec method. 
And with that, I think I'm going to conclude and thank everybody for their attention. 

 

Dr. Dongmei Lu: Thank you very much, Doctor Simonian. And the next speaker is Doctor 
Joerg Schlingemann, and he is the Director and Global Quality Control Principal Expert 
from Merck EMD Serono. 

 

Speaker: Joerg Schlingemann, MB, PhD, Director, Global Quality Control Principal 
Expert, Merck (EMD Serono) 

Thank you, and thank you to the organizers for inviting me and giving me the opportunity to 
speak. Isn't it a bit cold in here? But I think presenting this to you will warm me up again, 
anyway. 

Okay, so I think this disclaimer was already made by my colleague Stephanie, so I don't 
have to do it again with the German work. There's an American work as well, which is even 
bigger. And the content of my talk will be two recent publications that I was involved in. And 
I noticed that Filip has already referenced both of those, so thanks a lot, Filip. And the first 
one deals with nitrosamine risk in industrial solvent recovery, the second with our famous 
topic, nitrogen oxides and nitrosation by nitrogen oxides. 

Coming to the solvent recovery. This work was prompted by the fact that both the FDA, the 
EMA, and also the WHO list recovered solvents as a root cause for nitrosamine 
contamination. And to be honest with you, what really prompted me to engage in this work 
was when I reviewed the WHO nitrosamine guideline, or the draft, where I think recovered 
solvents were mentioned more than 50 times, and I thought, are they really that critical? So 



we wanted to take a look at this, and we did this with 32 common solvents and three model 
nitrosamines. And we also did a case study with acetonitrile. The exact workflow of the 
paper is too complex to present it here, so I would refer you to the publication. But I cannot 
spare you a little bit of background. Let's take this diagram here on the left, which 
represents the vapor-liquid equilibrium in this case of a mixture that you might be familiar 
with. It's ethanol and water. And just to show you if nitrosamines would behave ideally 
according to Raoult's law, it would look like the dashed lines here, the vapor-liquid 
equilibrium, but most systems actually don't behave ideally. They don't follow Raoult's Law. 
They require activity coefficients to accurately describe the vapor-liquid equilibrium. In 
case of ethanol water, it's here the solid lines, and here you also see what can happen. The 
cross, that's an azeotrope where the composition of the vapor phase is identical to the 
composition of the liquid phase, and you cannot further purify by distillation or by repeating 
the distillation. 

Here you have some examples of vapor liquid equilibria we calculated for NDMA and 
nitrosomorpholine for some common solvents. And in general, when you have a bubble like 
this, it means that you have very good separability, whereas here in this case, there's 
basically no separability, and this is also an example you might be familiar with, NDMA in 
DMF solvent that was right at the beginning of the nitrosamine saga. We also confirmed 
selected VLEs experimentally, but most of them we actually calculated, because 
determining them experimentally is basically a big mess, right? Involving carcinogenic 
compounds, having to distill them, that's not what you want to do. So we did this in silico. 
And we also took it a step further. We calculated average relative volatilities. So relative 
volatility, that's basically the ratio of the composition of the vapor phase versus the liquid 
phase of the one compound divided by the other compound. And the higher the ratio, the 
better the separability. We did this in a concentration range that's most relevant for 
nitrosamine, 0 to 1000 PPM. And we also did this with two models to calculate the activity 
coefficients and by that the vapor liquid equilibria. We used COSMO-therm and HANNA. 
And you see here the bars, that's the average relative volatilities of the three model 
nitrosamines, NDMA, NDEA, and nitrosomorpholine. NDMA being the most volatile 
nitrosamine is also the most critical one, so it's hardest to separate. 

And we did some simulations, so we calculated how the different solvents, if they were 
spiked with NDMA, NDEA, and nitrosomorpholine, how the separation would turn out, so 
we changed process parameters by Monte Carlo simulation. And what we found is that 
basically in 100% of the simulated processes, we achieved a purge factor of more than 
1000, so 1000-fold depletion, when the average relative volatility was at least three. And in 
almost all of the simulated processes, we even achieved a purge factor of 1 million if the 
average relative volatility was above 3. And this affects many of the industrially relevant 



solvents like DCM, chloroform, acetone, MTBE, ethanol, isopropanol, so they're all among 
the solvents which you can effectively separate from nitrosamine contamination should it 
be present in the first place. We also did a case study, acetonitrile recovery from 
oligonucleotide production waste streams. There's a published process by Mandra et al., 
and so our simulation showed that we would have at least one million-fold reduction of 
NDMA, NDEA, and nitrosomorpholine should they be present at all. And we confirmed this 
experimentally, could only confirm a 200,000-fold reduction of NDMA, but that was 
basically limited by the method sensitivity and the real depletion was probably higher, like 
the simulated one. And there's not much, not enough time for all the conclusions, so I will 
just focus on three. We believe that the blanket classification of recovered solvents as 
nitrosamine risk is not scientifically justified. That science-based process-specific risk 
assessments enable safe and sustainable solvent recovery. At the same time, robust 
quality oversight remains essential to minimize cross-contamination and ensure 
compliance. 

Second topic is NOX. So the second research paper that was recently published, this is a 
collaboration with colleagues from Sandoz. Actually, the first author, Rok Grahek, is also 
from Sandoz. Then we had people from AstraZeneca involved and also from Pfizer. And 
what we did, we did some forced incubation of five model amines, five model APIs that 
contains vulnerable amines. We had their free bases and their salt forms. And some 
interesting observations. First of all, there's a huge difference between the free base 
reactivity and the salt reactivity. Free base forms reacting much more readily. And there 
was also a big difference between the different APIs. So we had APIs that readily formed 
NDSRIs, like the nortriptyline here, whereas safinamide hardly formed any NDSRIs. 

NO alone, which makes chemically sense, NO alone did not induce any nitrosation. We 
believe that the process involves hydrogen, sorry going to go back, the abstraction of a 
hydrogen atom and then it's a radical mechanism that leads to the nitrosamine formation. 
Interesting experiment under ambient air when we used different sample sizes, so 5 
milligrams to 300 milligrams, we observed that the nitrosamine concentration in the 
samples after, I think this was 10 days, right, 10 days open vial incubation was the highest 
in the small sample and the lowest in the big sample. We could actually see a nice 
correlation here, and we made a calculation based on the regression. So, if we had a 200 kg 
API drum, so after 10 days, the NDSRI concentration would be 9.5 x 10^-5 PPM. So 9.5 PPB 
only after 1000 days of open storage, which indicates that for APIs, the storage under NOx 
atmosphere or under ambient air containing NOx is probably not an issue. Another 
interesting experiment when we stuffed plastic tubes with vulnerable APIs, incubated them 
for 12 days in the ambient air, and then we analyzed the NDSRI content in the different 



segments. So we cut this into 1 centimeter segments. And we observed that the NDSRI was 
only formed in the outermost segments, so there was no penetration deep into the tube. 

We also looked at protective properties of HDPE bottles, found that they were protective for 
two weeks. We don't know yet what the long-term protective properties are. And we also do 
not yet know what repeated opening means. So when you have a tablet bottle with 100 
tablets and you replenish the air inside 100 times with fresh air containing fresh NOx. So 
that could in principle also lead to increased nitrosation. API drums probably non-critical 
because of the large amount of API, but also the thick plastic material. Alu/alu blisters 
most likely impermeable to NOx, but PVC-alu or PVC-PVdC blisters still needs to be 
studied. This is currently under investigation. And another interesting thing to look at are 
pillboxes. They are certainly not airtight on the one hand. On the other hand, tablets are 
usually not stored in such pillboxes for more than a week. Also, this is currently under 
investigation. 

So summary and conclusions. Yeah, so free base forms are significantly more reactive than 
salts. Small samples probably present a higher risk. Bulk API storage, most likely not 
critical. What is critical certainly are forced air operations like fluid bed drying or jet milling. 
They may increase the risk, especially for high dose APIs with high potent NDSRIs. 

Okay, and then just one more thing. So this last work, it was about the nitrosation of APIs, 
but in the finished dosage form, you also have excipients. So what happens with the 
excipients when they are exposed to atmospheric nitrogen oxides. We incubated some 
excipients under dry conditions with NO and NO2 and wet conditions, we blew away. And 
also we looked at how permanent the nitrite was by blowing the exposed excipients with 
nitrite, sorry nitrogen, and we did the same incubations also under wet conditions. 

Maybe just as a summary, you see here calcium carbonate, basic excipient, showed very, 
very much almost 30 ppm of nitrite increase after 24 hours incubation. Potassium 
carbonate, likewise, another basic excipient showed very much nitrite accumulation. At the 
other end, sugars, lactose, sucrose, hardly any nitrite uptake. When you also consider how 
much of these excipients is actually typically contained in the formulation, you see that 
calcium carbonate could be a problem. On the other hand, it's a basic excipient that's also 
used as a pH modifier. So even if it would bring or take up some nitrite, it would probably be 
not problematic due to the high pH it brings to the formulation. Then on the other hand, 
when you have, what is this here, it's starch, right? So starch, it did not pick up that much 
nitrite. On the other hand, you have it as a filler, so you have quite high percentage of the 
formulation. So the contribution of nitrite from starch could be significant. Likewise, from 
the microcrystalline cellulose here. And these data are after 24 hours incubation with 900 
ppb of NOx, that's approximately 100 times the normal concentration in air. So you could 



also say this represents maybe 100 days incubation under ambient air conditions. Yeah, 
different excipients exhibit markedly different capacities to convert NOX species to nitrite 
and to retain them. And an acknowledgement. So, these data come from the lab of Sandoz 
in Ljubljana. This brings me already to the acknowledgements. So nothing of what I've just 
shown was my work alone, the work from Merck. It always involved collaboration partners 
from other pharmaceutical companies, but also from USP. Naiffer Romero, I think he's 
here, and Naiffer, thanks for collaborating with us. And yeah, that's all. Thank you. 

 

Dr. Dongmei Lu: Thank you very much, and so our last speaker is Doctor Ulrich Reichert, 
and he is the head of CDMO and the Bio Process Materials Regulatory Management from 
Merck. 

 

Presentation 10: The Role of Excipients in Nitrosamine Risk Mitigation: Nitrite Control 
and Scavengers 

Ulrich Reichert, PhD, MDRA (Head of CDMO & Bioprocess Materials, Reg. Mgmt., Merck 
(MilliporeSigma) 

Yeah, thank you, thank you, Lou, for inviting me here for this session, and thank you for 
having also a session now for specifically for excipients on this topic. And, could I have the 
slides also on the screen. 

All right, thank you. So, excipients and nitrosamine risk mitigation, I would like to talk about 
the role of excipients, and we heard a lot about excipients, and also here's a disclaimer 
that's the life science business of Merck KGaA, Darmstadt, Germany operates as 
MilliporeSigma in the US and Canada. And I would like to divide the talk into, let's say, two 
main topics: first, about the control of nitrites, and also would like to share our experience 
specifically to excipients, also in the second topic about formulation strategies to prevent 
nitrosamine formation, that is, scavengers and pH modifiers. 

So when we look at the current FDA guidelines, the strategies for NDSRI prevention are 
basically 3 strategies. The first one is being having low nitrite levels, because nitrites can 
produce nitrosating agents, specifically in slightly acidic conditions, and low nitrite level 
reduces the risk of NDSRI formation. Second point is scavengers, so have designed drug 
product formulations incorporating antioxidants because small amounts of antioxidants 
could already inhibit NDSRI formation. And last but not least, are pH modifiers and 
increased pH may have unfavorable conditions for the NDSRI formation, and so 
modification of the microenvironment to neutral or basic pH may also be beneficial to 
prevent nitrosamine formation. 



And now to our experiences that we conducted in our laboratories for more than 450 
products, we measured the nitrite levels and we identified as a result that about 67%, that 
meaning two-thirds of the product, the nitrite level is below 0.1 microgram per gram, which 
is, let's say 100 PPB and even 62% are even below 50 PPB. And that means all these 
products are typically below the LOQ and there are no concerns. But having said that, if 
two-thirds are below, that means one-third is even higher than 100 PPB, and there are, let's 
say, two groups. When we looked into this data, that we found that 28% is in the middle 
group, higher than 0.1 to 0.5 microgram per gram as a nitrite level. And that can be two 
topics. Either the effective values could be measured, like polymers could be also neutral 
or basic substances, or even the limit of quantitation could not be below that level because 
there are reducing agents or in some polymers would also be difficult to identify the nitride 
levels. And there are also about 5% of the products having effective values higher than the 
500 PPB, basically basic substances or salts. 

I would like to start first with those where we have not identified any nitrites. So nitrites 
were not detected basically in two group of substances, all the acids, either liquid acid and 
solid acid. So that is explainable because nitrite actually decomposes over time in acidic 
mediums, and even at mildly acidic condition, it forms, nitrite is unstable and may 
evaporate and decompose over time, so acids are not problematic. Also, organic solvents 
are unlikely to result in nitrite present, that is maybe due to the raw materials, which are 
often not basic raw materials and is not water and are not prone to NOx or nitride 
contamination and the manufacturing process typically includes distillation that we heard 
just before is also suitable to separate from nitrites. 

What are the sources of the nitrites in excipients? Basically, the raw materials, maybe one 
topic. The raw materials used in the manufacture of excipients can contain nitrites, like 
basic metal salts, like hydroxides, carbonates, acetates, phosphates, or stearates. Also 
process management in the manufacturing process is very important. So process 
impurities may be introduced due to application of direct heat or even spray drying that is 
known to have nitrite levels to be present. Important even to lower the nitrite level are purge 
activities, washing steps to remove nitrite. So that means that overall the nitrite level 
depends on the manufacturing process and also on the supplier. The control of nitrite 
therefore is actually key for manufacturers and they should limit nitrite in case nitrite are 
present and there may be a risk for nitrosamine formation during the process if a vulnerable 
amine is present. So presence of nitrites is basically hard to predict and analytical testing 
actually is necessary. 

 



Coming to the formulation strategies, meaning scavengers and pH modifiers, I just would 
like to introduce a model that we used. So we used a vulnerable amine, which is bisoprolol, 
and measured the formation to nitroso-bisoprolol. So, first we have this amine, then so the 
bisoprolol, the vulnerable amine itself, then the mixture of the bisoprolol with sodium 
nitrite in a molar ratio 1 to 4, and then added also the scavengers, incubated this at 60 
degrees over 3 hours only to have a screening model. And just would like to present 
actually the results of the efficiency to prevent nitrosamine formation. And I would like to 
group this into basically three groups. First, the antioxidative vitamins, like ascorbic acid, 
which is very effective with having a complete inhibition of nitrosamine formation, and also 
vitamin E. We used it in powder form, so as a powder mixture, and as is, as an oily liquid, 
which was half of the effectiveness like ascorbic acid. Very effective also have been 
cysteine and glutathione, both have this mercapto group, which is a reductive agent, so 
that this helps to prevent reducing the nitrosating agent before it gets nitrosating the 
vulnerable amine. As well tryptophan has also been effective as a scavenger. Also the 
phenolic compounds which are caffeic acid or ferulic acid are effective nitrosamine 
scavengers. 

We used also here tablet formulations to see how the scavengers are effective in a tablet 
formulation. And we see that also here, cysteine has been very effective as to completely 
inhibit nitrosamine formation, as well as ascorbic acid and tryptophan. However, with 
ascorbic acid and with tryptophan, we specifically with ascorbic acids, we saw what has 
also been described earlier, coloration of the tablets that led to these brownish sprinkles 
on the tablet surface or with tryptophan also getting a brownish coloration. With that, 
showing that cysteine, this was not showing cysteine to be suitable because that was not 
observed with that. 

And also to pH modifiers. So with pH modifiers, we also did the same experiments and we 
tested this four weeks after storage at accelerated storage conditions. And we saw that all 
the pH modifiers that we tested, so like sodium bicarbonate, sodium acetate, as well as 
trisodium citrate and disodium hydrogen phosphate, all modifiers increase the pH of the 
dissolved tablets. However, the most effective one, only effective one in here was sodium 
bicarbonate and sodium acetate, although with sodium citrate nearly also a similar pH was 
observed. However, it was not effective. So meaning it is like this is a microenvironment. 

And with that, I would like to come to the summary. First, nitrite is challenging to be 
controlled or even detected to the PPB levels. It is challenging from an analytical 
perspective, and we need very low levels for nitrite control for having nitrosamine for 
controlling nitrosamine to the low nanogram per gram levels, and also a large portion of API 
molecule contain secondary or tertiary amine moieties, so that even with a very low nitrite 



level, it may not be suitable to have this as the only remediation activity. That means that 
incorporation of scavengers or pH modifiers provide another option to significantly reduce 
the risk of nitrosamine formation. And with that, I would like to thank you for your attention. 
I would also like to thank all the colleagues who helped to get this data created and 
specific Thomas Kipping, Sebastian Hickert and Eric Alter. Thank you. Thank you very 
much. 

Dr. Dongmei Lu: Thank you, Dr. Reichert. And I want to thank all 10 speakers for the very 
nice presentation. So in addition to our presentation, we also have three public comments. 
And there are three public commenters will present online. So they are the first one is 
Doctor Rafael Nudelman from Nudelman Camp Talks Consulting, and the second one is 
Doctor George Johnson from Swansea University, Wales, United Kingdom, and the third 
one is Doctor Frank Bringezu, from EMD Serono. 

 

Public Comment: Dr. Rafael (Rafi) Nudelman, Nudelman GMP-Tox Consulting 

Hello, my name is Rafi Nudelman. I was formerly the impurity expert of Teva 
Pharmaceuticals, and since my retirement a year and a half ago, I've been consulting on 
the topic of impurities in pharmaceuticals. Today, I'd like to briefly discuss other nitroso 
compounds as impurities in drug products. 

The ICH M7 guideline defines several classes of potent carcinogenic mutagens as cohort of 
concern compounds that need to be controlled at levels significantly lower than the default 
limits for mutagenic impurities. One class of cohort of concern compounds are the N-
nitroso compounds, which includes N-nitrosamines that by definition are N-nitroso 
compounds bearing a carbon atom directly bonded to both sides of the N-nitroso group 
and where the carbon atom is not directly double bonded to a heteroatom. Other N-nitroso 
compounds, or in short, ONOs include nitrosamides and nitrosamide-like compounds, 
such as nitroso ureas, nitroso guanidines, nitroso carbamates, and also a class of nitroso 
indoles. 

ONOs are not expected to follow the alpha hydroxylation metabolic activation pathway as 
in nitrosamines, which is assumed to be responsible for the highly potent mutagenic and 
carcinogenic activity of nitrosamines. As such, they are excluded from the carcinogenicity 
potency categorization approach, the CPCA, that was developed by regulatory agencies to 
set default limits or buckets based on structure activity relationships. On the other hand, 
ONOs are still considered cohort of concern compounds and they are receiving increasing 
attention from some agencies. Therefore, it is essential to establish robust science-based 
methods to set limits for ONOs. 



FDA currently do not relate to ONOs other than them being part of the cohort of concern. 
EMA recently added to their spreadsheet in their nitrosamine guideline a new tab with 
limits for a small group of ONOs. These include one nitroso urea, namely nitroso-biotin, 
that has negative Ames data and as such has an acceptable intake of 1,500 nanogram per 
day. There are several other known nitroso ureas, such as NMU and MNU, that have been 
thoroughly investigated some years back, but are currently not included in the EMA table. 
Other ONOs listed by EMA include eight nitroso guanidines, where one of them, MNNG, 
has robust carcinogenicity data enabling the linear extrapolation to derive an acceptable 
intake of 553 nanogram per day. The other seven nitroso guanidines listed by EMA are read 
across from MNNG and have limits also of 553 nanogram per day. The last class of ONOs 
listed by EMA are several nitroso indoles, that they're all considered to be non-cohort of 
concern based on structural activity relationship, physical chemical features, and weight of 
evidence. And as such, they're all limited at 1,500 nanogram per day. No representatives of 
nitrosamides or nitrosocarbamates are currently listed. 

The HESI has recently established an ONO working group that are aiming to develop a 
science-based framework for evaluating the genotoxic and carcinogenic potential of 
ONOs. The working group is assessing current scientific data regarding genotoxicity and 
carcinogenicity of ONOs and will identify data gaps, generate experimental evidence, and 
develop predictive models to inform quantitative risk assessment and safety limit setting. 
The current resources available to this working group are experts in genetox and quantum 
mechanics and structural activity relationship, modelers and chemists. 

The working group three-year research plan consists of four steps. Step one, which is 
where we currently are, is focusing on knowledge assessment and determining data gaps. 
We have two sub-teams working in step one, a safety team and a mechanism team. Once 
the goals of step one are completed, we'll move on to step two, which is intended to 
determine sensitivity, specificity, and other metrics, and to determine which compounds 
need to be tested in the Ames test. Following that, step 3 is planned to close the in vivo-in 
vitro data gap in order to better understand SAR, quantitative risk assessment (QRA) from 
potency ranking and in vitro-in vivo correlation. Finally, in step 4, we will hopefully be able 
to build a QM, quantum mechanics, SAR, CPCA models for hazard identification and 
quantitative risk assessment based on the data collected in steps one and three for ONOs. 
From a practical perspective, we propose that GDUFA participate in the work plan for step 
three of this work plan. With that, I'd like to thank you for your attention. 

 

 



Public Comment: Dr. George Johnson, Swansea University, UK 

Hello, my name is George Johnson. I work at Swansea University in the UK, Wales, and I'm 
talking about using in vivo mutation data for risk assessment of nitrosamine impurities. I'll 
get straight to it, realizing 5 minutes is a short time, so I'm going to be succinct. 

Within our expertise in these different frameworks of genetic toxicology, we've got the HESI, 
Health Environmental Science Institute, Genetic Toxicology Technical Committee, easy for 
some to say, IWGT, International Workshop of Genetic Toxicology. The 2 main expert groups 
that have focused in on this quantitative analysis of genotoxic data for use in risk 
assessment purposes. We started off with these early papers around 2013, where we were 
looking at which metric could be defined and how and best practices. And now we're at the 
stage of extrapolating those mostly BMD metrics from these rodent mutation endpoints to 
human risk with some discussion around the best ways to do this, the worst ways to do this 
to avoid, and then some uncertainty factor adjustment and things like that, specific for 
genetic toxicology based on data sets that we've got. So we've been doing this a while. 
We've progressed the story quite considerably. And if you have access to these slides after, 
you can look into these publications a bit more. 

Within GeneTox, we usually have quite straightforward follow-up to our in vitro tests, 
micronucleus being standard. And then if you've got an Ames positive and you need to find 
something further, then the transgenic gene mutation test is the current best practice 
version. And then the error corrected sequencing approach is hot on its heels and has 
many benefits, including more sequence analysis for mechanisms and increased 
sensitivity and precision. So this is what we're doing. We've been defining how to define 
metrics from genetic toxicity data. These are the metrics coming from these different 
endpoints, mostly transgenic gene mutation tests and some emerging error-corrected 
sequencing metrics too. 

We want to get these metrics from these rodent studies and extrapolate them to humans. If 
there's non-linear based assumptions with threshold mechanisms, then you can do 
something like the PDE or say the margin of exposure, for example. If it's based on more 
linear assumptions, you're going to draw a straight line back in a more conservative and I 
would say less precise way, but currently accepted for nitrosamines as being the default for 
that scenario. So within GeneTox, we've got these different approaches that we've been 
considering based on other best practice with other endpoints, mostly the cancer bioassay 
that we'd be comparing it to from this perspective. 

So with that PDE type calculation within the ICH framework, there's discussion of threshold 
mechanisms. So these would be low concentrations, low number of molecules. These 



DNA adducts can be repaired by DNA repair pathways. This has been proven time and time 
again. This is not crazy science or anything. This is very standard science. Yeah, from nearly 
every substance I've ever looked at, there'll be a threshold mechanism. I just need to prove 
it with the science. And this has been done in these scenarios below and accepted for 
these scenarios below. We're going to revisit this in our IWGT paper that will be coming up 
on this sort of topic as well, where have regulatory practices accepted these threshold 
mechanisms and directed which decisions would be made for the type of risk assessment 
approach. 

One thing would be what does it actually mean to do a risk assessment on gene tox data? 
And this is a nice paper for that, where we were stating that toxicological mutation as a 
toxicological endpoint for regulatory decision making protects for, again, cancer, but also 
for other genetic conditions induced in humans as well. If we're going to follow this through 
for nitrosamines, we would follow an adverse outcome pathway type approach and see 
that mutations are just one of the steps, key events along the way to carcinogenicity. Again, 
nothing out of the ordinary, quite straightforward science and biology. And then just saying, 
if we're going to do risk assessment at this stage of the adverse outcome pathway, would 
you protect for cancer as the adverse outcome? And the answer would be yes. And we've 
been proving that with further data along the way too, including the Bob Jolly paper, which 
you will have seen or will see after my talk, hopefully today. 

So conclusions from me are today. I've never really seen a linear mechanism for a 
genotoxic substance. They've always had threshold mechanisms and for DNA reactive 
substances, that's normally been DNA repair that's been massively well characterized with 
nothing confusing about it at all. Current regulatory practices assume a linear approach for 
mutagens, in particular ones within the cohort of concern. So these more potent 
substances with the badge of the cohort of concern, because nitrosamines are very potent, 
really chucks this linear default approach at the nitrosamines. So because of that, the PDE 
probably won't be accepted. And that's potentially fine, although I still think it's the best 
way forward for substances that do have a DNA repair pathway well characterized, like 
these nitrosamines, but accepting that that's not going to happen in this scenario. 

So if you've got this rejection of the PDE approach and you've got mutation data, no cancer 
data, what can you do with it? You need to first show that mutation correlates to potency, 
correlates to cancer potency, and that's been done from the Bob Jolly paper in 2026. And 
then you need to find a way to calculate an acceptable intake from your mutation data. And 
that's been well characterized in the Jolly paper too, which was a HESI paper that I was a 
part of and fully support and are fully engaged with that and carried out scientific reports 
and different submissions using that as well because it's such a good approach. So 



emerging data has shown that these complex nitrosamines are not potent mutagens or 
carcinogens and they were not in line with the cohort of concern. Some smaller 
nitrosamines potentially remain there, but realizing these larger ones do not remain there. I 
hope I've been okay for time and yeah, thank you very much. 

 

Public Comment: Dr. Frank Bringezu (EMD Serono)  

The comment provides a concise briefing on the VICT3R project and the concept of virtual 
control groups for toxicology studies. My name is Frank Bringezu, and I am the industry co-
lead of the VICT3R Consortium. 

The concept of VCGs was described in 2020 in the literature. It defines how virtual control 
animals can be generated from a large pool of control animals by statistically matched or 
AI-generated controls. The purpose is to replace concurrent controls, reducing costs and 
timelines, and improving the quality of statistically underpowered classical tox tests. With 
these ambitious goals, a proposal was submitted to IHI and endorsed by the Innovative 
Health Initiatives, and VICT3R started to explore the potential for using VCGs. The project 
received funding of 30 million euros, and the partners from industry, academia, CROs, and 
regulators started to work on this topic, in which we are summarized on this slide and 
includes major players in pharma and chemical industry on a global scale. As you may 
acknowledge, there are also major CROs involved and many academia and SME partners 
contribute to the project. The project developed and is recognized as a flagship for the 
application of virtual controls. In total, 10 work packages are actively contributing to data 
ingestion, curation, the creation of the VICT3R database, and expansion to additional data 
types. They provide statistical evaluation engines to create VCGs. Two work packages focus 
on the qualification and the retrospective and prospective evaluation of the VCG 
performance, and regulatory outreach and dialogue — which is of utmost importance for 
achieving the project goals. Therefore, VICT3R operationalizes validation from the upload of 
the data through the curation pipeline up to the generation of VCGs for the different 
contexts of use. 

VICT3R leverages the existing SEND data standard for population of the VICT3R database. 
Curation is applied to achieve controlled terms and standardization of numeric values. 
Initial focus was on repeated-dose toxicology studies, but the scope of the studies is 
expanding to other study types, which are supported by a dedicated work package. Control 
data has been provided by the different sponsors for more than 8,000 studies, including 
different species. Rats provide the largest part of the control animal datasets, but there are 
also more than 7,000 dogs and more than 5,000 monkeys included in the repository, as 



published in May 2026. Additional data are provided, so the repository will continuously 
grow in all dimensions — meaning study types, species, and contributing industries and 
sectors with interested parties. 

The acceptance of VCGs under defined contexts of use: therefore 28 studies have been 
evaluated using virtual controls, with the aim to demonstrate the performance of virtual 
controls constructed after a matching procedure considering initial body weight. The 
evaluation was done using subject matter experts. The analysis should show if the NOAEL, 
the MTD, or any other limit value defined in the study is the same using VCGs or concurrent 
control groups. The results have been compiled in a briefing book and submitted to the 
EMA for context of use #1 — application of VCGs for dose range-finding studies. EMA 
published a draft opinion based on our submission. In this opinion, they summarize: based 
on the evidence presented by the applicant and reviewed by the Scientific Advice Working 
Party Qualification Team, the CHMP considers that virtual control groups can be used to 
substitute for concurrent controls in non-clinical, non-GLP rat dose range-finding studies 
to inform on dose selection for the subsequent pivotal GLP-compliant repeat-dose 
toxicology studies, when applied in accordance with the SOP. Advice was received from 
CHMP advising us to directly pursue context of use number three — meaning the full 
replacement of concurrent controls in pivotal GLP-compliant repeat-dose toxicity studies. 

The questions we would like to ask FDA: Question number one — would FDA support the 
use of virtual controls in dose range-finding studies? Question number two — what is FDA's 
perspective on a path forward toward using virtual controls in pivotal toxicology studies? 
Question number three — would FDA support EMA-FDA engagement meetings and outline 
a regulatory roadmap? Thank you. 

 

Session 1 Panel Discussion 

Panel Discussion 

Huzeyfe Yilmaz, PhD (Moderator): Thank you to all of our presenters for their informative 
talks. We'll now move into our panel discussion. Joining our speakers on the panel today, 
I'd like to introduce three additional panelists: Dr. Lance Molnar, Head of Non-Clinical 
Operations and Risk Assessment and Global Pharmacology and Toxicology at Viatris. Dr. 
Kelly Brandt, Master Toxicologist in the Division of Pharmacology, Toxicology for Infectious 
Diseases at Office of New Drugs at FDA. And Dr. Joanne Chia, Division Director of the 
Product Quality Assessment IX at Office of Pharmaceutical Quality at FDA. Before taking 
questions, I want to inquire with the panel on the public comment presentations, seeing if 



you have any comments and if any of the questions or comments that were raised resonate 
with you, please feel free to comment. 

 

Bob Dorsam, PhD (FDA): Hi, this is Bob Dorsam from FDA. So I'd like to thank the 
presenters from the public comments. I think that they have proposed some innovative 
ways, and certainly we share some of the principles of wanting to reduce animal use. I 
understand that they have a package which they propose to EMA. I would just say that 
these are compelling ideas and that certainly we want to make sure that we consider these 
sort of innovative ideas as well as also have studies that are maintaining interpretability. 
And so I can work offline with the organizers for any package that was submitted to EMA to 
see if such could also be considered by FDA. Thank you. 

Joel Bercu, PhD, MPH, DABT (HESI): So there were two other presentations, you know, 
with the, and one of them was mentioning the HESI initiative through ONOs, which I 
thought had a good ring to it, but the other nitrosamines, and you know, one thing I think, 
hopefully through this effort, this could be a little bit more proactive on the safety approach 
so that we're better able to inform versus kind of, you know, when we actually saw the 
problem to advance from the safety sciences. And then the second one, you know, kind of 
supported a lot of what Bob was presenting as well, which is the in vivo studies being used 
for more of a quantitative risk assessment. So, you know, and we've worked with George as 
part of the HESI quantitative dose response modeling group, and there's been, you know, 
quite a number of advancements in that area in the last 10, maybe plus years in that 
regard. So it's a good, it was good to kind of see that snapshot over the period of time. 

Huzeyfe Yilmaz, PhD: Thank you for those comments. Are there any comments from the 
virtual panelists? Okay. If no, let's start with on-site questions. So if you are here in person 
and you have a question for the panel, please make your way to one of the microphones 
and ask a question. 

Audience Member 1: This is a question more for the quality end of things. Given the 
discrepancies between the different additives we've seen within the remediation sphere, 
and there hasn't been much comment on the nature of the nitrosating agent, i.e. nitrite, and 
the differences between excipients, et cetera. Does anyone, and there hasn't been a lot in 
the literature either on what actually is your nitrite form in your different excipients. Is it the 
same across all the different nitrite, all the different excipients? And could that be a 
possible explanation for some of the differences we see with remediation of the additives. 

Huzeyfe Yilmaz, PhD: Dr. Reichert, do you want to take this question? 



Dr. Ulrich Reichert: So this is a good point. So the nitrite analysis mostly then identifies a 
nitrite, rather if it is an inorganic nitrite or if it is an organic nitrite, maybe your question aims 
at this. If you see organic nitrites being esters of, let's say, nitride with alcohol and an 
inorganic nitride, what we see in that analysis is that we always detect the nitrites itself. So 
the question is absolutely justified because some nitrites seems to be hotter than others in 
nitrilating activity. However, I think that is a subject for further research doing on that. 

Huzeyfe Yilmaz, PhD: any input from the FDA side on that question? No? Ok.. go ahead 

Joel Bercu, PhD, MPH, DABT (HESI): I had a question that may be somewhat tangential to 
that in regards to the antioxidants. One thing that we've kind of noticed with some of the 
antioxidants, like, you know, vitamin C, et cetera, is potential for forming adducts with the 
active substance or in creating new impurities. Has this been, I guess, has that been 
observed by others and when or in experience, has this been kind of something that you've 
seen with antioxidants forming adducts with your with your drug. 

Diaa Shakleya, PhD (FDA): This is Diaa Shakleya from FDA. So, regarding the, we use a 
mass spec and the mass spec we targeted species on the mass spec, so we do not, we 
never used a scan to look for all of these, but I remember some of my colleagues, they did 
see some other adducts with the excipients, and they looked at them, but we did not go 
much further with that. We looked only on targeted nitrosamines NDSRIs. Thank you. 

Audience Member 2: Good morning. I’m assuming you are going for further questions by 
the audience.  Thanks everyone for very informative presentations this morning. I guess I 
have a question directed towards the toxicologists on the panel. The topic of potential 
applicability of LTL from ICH M7 to nitrosamines is a topic of great discussion, also with the 
working group for ICH. I wonder if someone could elaborate on the concerns raised about 
nitrosamines as having applicability to LTL, one being the potential overload of DNA repair 
mechanisms and also the other of polypharmacy. The question I have is, if that is a concern 
for nitrosamine compounds, why isn't that a concern for other classes of mutagens? 

Joel Bercu, PhD, MPH, DABT (HESI): If you wanted to take this too, Kelly, we can as well. 
When I think some of the concerns around that is specifically for nitrosamines, I think the 
concern centered around these being kind of the potent carcinogens and and, you know, 
being cautious for that. I think, though, I mean, you're right, these might have kind of 
potential impact for other mutations. What I could say from the HESI effort, fortunately, is 
that, you know, when we've when we looked at those potential scenarios, you know, the 
margin of safety when looking at, you know, what would be the ICH M7 LTL scenario. So one 
thing I do want to highlight is that in ICH M7, we apply, there's what's called dose rate 
correction factors or safety factors. And so those values that are derived are actually lower 



than what if you were to linear extrapolate that over a less than a lifetime period. What we 
found was those dose rate correction factors were protective for things like threshold 
related mechanisms and even polypharmacy where we had scenarios where we assumed 
somebody would take 10 drugs per se, right? So while it's not, I would say, unique to 
nitrosamines, it was a concern because these are kind of potent carcinogens, but are 
potential potent animal carcinogens. What I would also say, though, is even when you ran 
through those analyses, and this is what's being published in the updated HESI work, we 
found that, you know, we were still below levels that we would be concerned about 
comparing to the animal studies. Kelly, I didn't know if you wanted to add anything to that 
as well. 

Kelly Brandt, PhD (FDA): I think you've covered it nicely. Thank you.  

Lance Molnar, PhD (Viatris): One thing I think that we could add to that, Joel, too, would 
be the concerns, I think the initial concerns, and as far as just kind of checking the boxes to 
make sure everyone is comfortable, is that one, you have a group of chemicals working by 
the exact same mutagenic effect, right? So you have that greater potential especially with 
the potent compounds, to overrun a singular mechanism of repair. So a matter of checking 
the boxes to make sure good to go in that case. But I'll also say I don't think the LTL 
concept, even from a regulator standpoint, was ever thought as not applicable, just for the 
safety margins that are included in that with M7, are they sufficient for this class of 
compounds? And that's where I think a lot of the discussion has been just to make sure, 
okay, obviously the principle, I think everyone agree, the data you look at it, you don't have 
to dig very far to see, you know, bigger dose, short time, lower dose, long time. There's a 
relationship there. But it's really going through specifically with this class of chemicals and 
making sure that that same, the identical approach in M7 as far as the safety margins, et 
cetera, are still applicable. 

Huzeyfe Yilmaz, PhD: For some of the questions, if you want to follow up and if you have 
put your email in the question, we will make sure to connect offline afterwards. Any other 
on-site questions? Okay, I will move on to some of the online questions we had. The first 
one is for Dr. Simon. The question is regarding the AI limit that was found that was higher 
than the CPCA. I wanted to ask this question, how can positive quantitative mutagenicity 
data, such as what you presented, Doctor Simon, for nitroso-bisoprolol be used to drive 
limits for human risk assessment? 

Stephanie Simon, PhD, ERT (Merck/EMD Serono): So, as I presented, thanks a lot for this 
question. These higher limits are based on data. So the CPCA approach was based on 
structure activity relationships, and our investigation was based on data. So really having 
these five dose groups in the study and then calculating the benchmark dose. So this is the 



dose where a 1.5-fold increase above the concurrent negative control was observed. So 
using this limit that was derived by the dose response analysis, and then applying the 
anchor approach that was also explained by Bob Jolly and also in George's talk, it was 
introduced. So using this comparison to a known potent carcinogen can be used to 
calculate a new acceptable intake limit. So this is based on the potency comparison 
between these both compounds. 

Huzeyfe Yilmaz, PhD: I want to redirect that question for my FDA colleagues on the 
pharmtox side. As that is a study and it's a new method, and what are some future studies 
or alternative studies that we want to see to move in that direction and make those 
considerations for those AI limit derivations. 

Kelly Brandt, PhD (FDA): Hi, thanks. This is Kelly Brandt from the FDA. I think just one thing 
that we're kind of considering, and important to acknowledge what comparator would be 
used to rank potency of a complex nitrosamine or NDSRI, because that could impact how 
the AI is derived. Like how would we bucket those? You know, would we use a comparable 
complex nitrosamine that we might have CARC data for or, you know, looking how they 
might fit within certain CPCA categories? Like how would we choose the anchor protein or 
how would we choose the compound, the nitrosamine that we're using to compare against 
the NDSRI or complex nitrosamine of interest in order to appropriately rank that? And I 
think those are things that we're certainly working on within ICH M7 group and with HESI to 
kind of make sure that that's, you know, makes the most sense and is the best path to move 
forward. Thank you. 

Bob Dorsam, PhD (FDA): Thanks. I agree with what Dr. Brandt said. And I just wanted to 
also mention that, you know, aside from the technical part, there's also the access to the 
actual data that would be a consideration for us to use the data. And so if it was submitted 
under an individual application, we couldn't necessarily use that to build out, you know, a 
framework. However, if it is published information that's well robustly reported, we might 
be able to leverage that for the broader use for other compounds. So that's more of a 
regulatory perspective, but also important.  

Huzeyfe Yilmaz, PhD: Oh, I also think that it's also identifying that as a research need to 
put it out there to generate a framework is one of the goals of this workshop, Doctor Simon, 
we have another question was both, I think, for Bob Jolly and you. A comment, good to see, 
in vivo wild type ECS coming up along with the in vivo TGRSA. Is next step going for in vitro 
assays to avoid animal usage? Can we use primary human hepatocytes exposed to 
nitrosamines and do ECS human liver for detecting cancer-directed mutations? If tested 
non-mutagenic, can we use it to overrule in vivo TGR mutagenicity assay? 



Robert A. Jolly, CPH, MPH, DABT (Lilly Research Labs): I can take a stab at that. I mean, I 
know that there have been several publications using alternate in vitro systems for 
predicting potency, and there's been a few publications out there. My sense is that they 
can, maybe from a relative potency perspective, they can be used to rank, but my sense is 
that we're not really there yet using the in vitro assays for direct potency correlation. I think 
that was kind of borne out in the ring trial paper as well with the enhanced Ames. So we're 
continuing to work on that. I know we have studies ongoing to look at that using the Toxys 
platform and others have work as well, but I think it certainly can be used from a hazard ID 
perspective, but I don't think we're there yet from a risk characterization perspective. 

Stephanie Simon, PhD, ERT (Merck/EMD Serono): Maybe also a quick comment to add 
on the question, transgenic animals versus the wild type animals. So as we heard, the 
transgenic animals are really challenging to breed and maintain and using the wild type 
animals would really have the advantage that these animals are available, quickly available 
and these are standard laboratory animals. So I think this could also be a huge step moving 
from the TGR animals towards the wild type animals, because this also opens the options 
to integrate this endpoint into ongoing general toxicity studies. And I think this is an 
important point that really supports the reduction of animal testing. So using wild type 
animals, I think this is an important point to consider here. And also our investigations have 
shown that, for example, the basic mutation frequencies in either transgenic mice or the 
wild type mice are pretty much comparable. So this also confirmed that the method using 
in wild type animals is really applicable to that. 

Huzeyfe Yilmaz, PhD: Thank you both. Few more questions that we have that are online. 
For Doctor Niddam-Hildesheim, for stabilities, the question is hypothetical. It's say it's only 
a source change of excipient, not a formulation reformulation. Could less than three 
batches with the changes implemented be enough for stabilities and a real experience with 
regulators on this. 

Valerie Niddam-Hildesheim, PhD (Teva): Yeah, usually, you know, I mean, you submit 
your, if it's for US, your PAS, so you follow the regular way. We do, we do see that you can, 
you know, it's trustable results. When you have a trend in stability, you know that you have a 
trend. And if you don't, you will not have, I mean, it's really representative of what you will 
get for X-batches. So you follow the PAS requirement and that's trustable results. 

Joanne Chia, PhD (FDA): Yeah, I just wanted to add for the nitrosamines, in our guidance, 
we do recommend that there's three batches for the drug product when it comes to 
stability results. 



Huzeyfe Yilmaz, PhD: With that question, I wanted to make a segue to the analytical side a 
little bit. Dr. Simonian, you showed us quite a few challenges, but if you were to see, if you 
were to think about this in terms of priority, where do you see the most research need in 
addressing the challenges that you had on your last slide? 

Stephanie Simon, PhD, ERT (Merck/EMD Serono): So, I, I would release. Was it the 
question to me? 
Huzeyfe Yilmaz, PhD: No, for Dr. Simonian 
Stephanie Simon, PhD, ERT (Merck/EMD Serono): Okay, so.. 
Houri Simonian, PhD (Apotex): I’ll let Stephanie go first.  

Huzeyfe Yilmaz, PhD: Yeah, I think the question is not for you, Doctor Simon, it's for Doctor 
Simonian. 

Stephanie Simon, PhD, ERT (Merck/EMD Serono): Oh yeah, thank you 

Houri Simonian, PhD (Apotex): So I think the most challenging is the sample preparation, 
especially when you have that matrix and there's a matrix effect. It becomes really 
challenging as you get lower and lower in terms of the AI and looking at, you know, PPM and 
in some cases actually we're in PPB levels. It's a real challenge. And, you know, technology 
is moving fast, but we haven't kept up with it in terms of where we're looking for detection of 
nitrosamines. And, you know, when we move, and I mentioned liquid-liquid extractions 
versus solid phase extractions, it's a huge challenge because it does add burden to how 
you extract and make sure that you have consistency batch to batch and no variability from 
the lab testing. 

Lance Molnar, PhD (Viatris): One thing kind of thinking about that with your question, like 
what could we look into as far as that goes and kind of combining what Valerie was 
mentioning about the kind of the repeatability, we don't see the large ranges, you have 
relatively tight data across batches. You know, I think lucky, you know, currently has been in 
a couple of things, we're looking at 10% of the AI as really at the LOQ. And whether such a 
low value is really needed to establish that you're not at a concern level, I think would be 
valuable from an analytical perspective. Because when you are looking at, you know, in 
some cases, 1.8 nanograms per day, low PPB levels and then having to go to 1/10th of that 
even analytically, there would definitely be for certain products for sure a lot of value if you 
know that was that that threshold so to speak was able to be a bit higher. 

Huzeyfe Yilmaz, PhD: on the mitigation and  analytical side, Dr Shakleya did you have nay 
comments? 

Diaa Shakleya, PhD (FDA): Yes, actually, this is a very valid point. And we have difficulties 
to analyze those nitrosamines, especially using the mass spec, the triple quad mass spec. 



And when we start adding those metrics, really, we have a big issue of how to eliminate 
these metrics, especially if we use liquid-liquid or solid phase. But again, we were 
successful sometime when we used GCMS because we have a head space and that can 
separate the metrics from the analyte, but when we use LCMS-MS, that's where we have 
some issues in reproducibility of those extractions, as you mentioned. Thank you. 

Huzeyfe Yilmaz, PhD: A question for Doctor Schlingemann: What key knowledge gaps 
remain for a comprehensive risk assessment of NOx-mediated nitrosamine formation? 

Joerg Schlingemann, MB, PhD (Merck/EMD Serono): For example, the protective 
properties of packaging materials. So we don't know the long-term protection properties of 
blister packaging, for example, or also of pill bottles. I think this really needs to be studied 
to be able to assess if NOx is only problematic maybe during drug product manufacturing 
when you handle large amounts of air in unit operations such as the coating, or if NOx can 
also be a problem during long-term storage. I think that's really a knowledge gap that we 
still have. Thank you. 

Huzeyfe Yilmaz, PhD: Another question for Bob Jolly. So we heard compelling, we saw the 
correlation between TGR benchmark dose and TD50 today. What do you think, can you dive 
a little bit deeper on the future research that's planned and how that is going to address any 
concerns regarding the robustness and acceptability of this method as a quantitative 
method from a regulatory perspective. 

Robert A. Jolly, CPH, MPH, DABT (Lilly Research Labs): Yes, good question. You know, we 
focus on those 7 exemplars because of the robust data. I mean, there's a lot of, there's a lot 
of data out in the literature about nitrosamines that spans 40, 50 years, and there are lots of 
opportunities to do additional molecules, but we were really trying to focus on the 
molecules that had the most robust data. As part of the ICH EWG, others have done quite a 
lot of research, thinking Paul White at Health Canada, where they've extended that analysis 
to not just other nitrosamines, where we would expect the correlation to be maintained, 
maybe not at 0.95, but at a very strong level because you're sharing that MOA, but he's 
extended to other GTIs and he sees a positive correlation. Granted, the R-squared value 
does drop, but it's still a positive correlation, as you would expect. And I do want to add, 
just because it keeps coming up, that, you know, the Jolly paper, you know, all that previous 
work by George Johnson and other supports the Jolly paper. It's actually the other way 
around, right? That HESI work that we've done actually supports that really rich literature 
that George and others have done over the last 13 plus years. So all we've done is taken 
that smaller group of molecules and shown that the correlation is very high. And 
correlation isn't causation, but we have more than correlation. We have biological 
plausibility, we have a mechanism of action, et cetera. So I don't know how much we'd add 



in terms of additional nitrosamines to that data set. We're doing the ECS data, we're looking 
at other mechanistic work. I don't know how much more we add, because it's kind of a 
never-ending expectation where you just have to add more and more molecules. I think that 
I think it's very clear that the correlation exists, but you know, we are we are open to those 
sorts of suggestions in terms of if if there's a clear path forward that or clear lack or deficit 
that we can address, that's something that we are certainly always open for. 

Huzeyfe Yilmaz, PhD: In addition to testing for other nitrosamines, are there other aspects 
of the method that require future studies to improve its robustness? 

Robert A. Jolly, CPH, MPH, DABT (Lilly Research Labs): Well, I alluded to, I alluded to the 
fact that we're doing split dose studies. So we've taken the 28-day data and we've 
demonstrated for many of these nitrosamines that the NOEL and the BMDL value, the no 
effect level holds, right? So those studies have been done. They've already been published. 
Some of them have been published, but we're following up with the same exemplars. And 
we have that data and we're publishing that as well. And then again, we're going back and 
doing the ECS on all of those as well to essentially reproduce that figure that I showed for 
TGR. So you would have those. And you could see using ECS in shorter term studies, to try 
to get a quick look, maybe not just on hazard, but on potency. 

Huzeyfe Yilmaz, PhD: Yeah, so that's a very, I think, good complementary use of the two 
methods. I know we, I know we addressed this question to my FDA colleagues on the 
PharmTox side for the ECS, but are there any comments on for the TGR for future work and 
some research needs on that? 

Kelly Brandt, PhD (FDA): I think a lot of the ongoing questions are kind of being addressed 
within the HESI research program that Joel and Bob have already discussed. 

Huzeyfe Yilmaz, PhD: Thank you  Kelly. 

Joel Bercu, PhD, MPH, DABT (HESI): Maybe Stephanie and Bob also, if you don't mind, you 
know, one of the advantages of ECS is it does provide kind of a richness in terms of data 
set. We only are kind of reporting mutations, right? But maybe describe some of the, you 
know, especially you can kind of see how the mutation shift in the mutation spectrum 
changes per dose as well. So I wondered, Bob and Stephanie, if you could comment on 
some of the other data that you can get out of ECS, not just, you know, total mutations, et 
cetera, that might be valuable moving forward. 

Robert A. Jolly, CPH, MPH, DABT (Lilly Research Labs): Stephanie, do you mind if I jump 
in real quick? I would say that the NNK is a really great example of that, right? So the ECS 
profile in lung, not only was the lung the more sensitive tissue as we expected relative to 
liver, but the ECS profile, what mutation frequency we saw was pretty dramatically different 



in lung versus liver. And it was consistent with some of the scientific literature, but it was 
the first time in a dose responsive fashion that we've seen that. But you do get to look at the 
profiles. And again, that data is under review and hopefully gets published in the next 
month or so. So we are trying to publish all this data, but that was a clear example where 
the profile gave you additional information. We're actually hoping the adduct work provides 
even more insight to that. 

Stephanie Simon, PhD, ERT (Merck/EMD Serono): Yeah. Also adding to that, what we saw 
in our investigations with nitroso-bisoprolol, we also compared the mutation spectra of 
NDEA and the nitroso-bisoprolol. And what we saw was that these two spectra were 
completely different. So this supports the argument that the nitroso-bisoprolol is really 
distinct from a known potent carcinogen, also the NDEA. So also this spectra might help to 
argue also that these complex nitrosamines, these NDSRIs, might have different potency 
and also a different mutation spectra compared to known mutagens, and also supporting 
that these are not in the cohort of concern. 

Bob Dorsam, PhD (FDA): Hi, this is Bob Dorsam. If I could follow up a question to our 
speakers. When you were doing the ECNGS analysis, I'm just thinking about the tissue's 
sensitivity. So you saw with NNK, it was more sensitive in lung when compared with liver. 
And perhaps that's based on published information, you know, it's a known sensitivity. And 
so would you suggest that such analysis be conducted across a number of tissues to get 
the most sensitive? Are we thinking about a battery of tissues or some sort of science-
driven way to look at the, you know, where we would predict the ADME to bring this? And 
consider that the most sensitive organ. Just interested in your thoughts there. 

Joel Bercu, PhD, MPH, DABT (HESI): I might take that on because we've got some efforts 
going on for tissue analysis. I know at least EMA is in the Mutagen project, which we haven't 
really talked about here, but they're looking, they're doing kind of a literature review of the 
different tissues that may be affected by nitrosamines from a carcinogenicity perspective. 
But then also, you know, HESI, we're actually kind of exploring this as well. There through a 
couple kind of tests that we're doing with, you know, things that are specific to like the GI or 
the esophagus. So I think that there is some more things that we can do to think about 
tissue selectivity. In general, it's usually the GI tract and the liver are the most sensitive, but 
there's exceptions. There are certain ones that, you know, if they're more polar, they're 
more bladder sensitive. The NNK is kind of a unique story. It's its own unique story. I would 
say it's relatively potent in the liver and the lung, but because it gets metabolized using the 
CYP2A13, which is a specific lung cytochrome P450, and that's a specific pathway for NNK. 
That's why they, and it's the repair pathway is, it's got a much, you know, bulkier DNA 
adduct. That's probably why you see that it's a little bit more sensitive. So I guess to answer 



your question, I did this in a way, way too long fashion. There's more that we can look at and 
we are looking at that. So I think it is an important question moving forward. 

Robert A. Jolly, CPH, MPH, DABT (Lilly Research Labs): If I could add to that, the split 
dose data actually supports that the sensitivity in lung and liver at shorter duration is 
equivalent. 

Joel Bercu, PhD, MPH, DABT (HESI): Yeah, and that it's more of the repair, right? Or longer 
term dosing, right?  

Robert A. Jolly, CPH, MPH, DABT (Lilly Research Labs): Correct.  

Joel Bercu, PhD, MPH, DABT (HESI): Okay. But to your point, Bob, I think we do need to 
kind of characterize that and come up with the tissues. What we do know, too, is one is 
bone marrow is not sensitive, but we do know liver and GI tract are fairly sensitive. We want 
to do a little bit more work on characterizing the esophagus, which is not necessarily 
something that you would look at from a TGR perspective, it's what we found from CROs 
that there may not be enough DNA, but that's something you can look at from an ECS 
perspective. And then we're looking at, you know, relative importance of things like the 
bladder or, you know, other types of tissues. So I think it's a very important question and 
something that we're looking at as well. 

Kelly Brandt, PhD (FDA): And I think another thing too that might be a data gap is when we 
consider those drugs that are administered, you know, not through the oral route and 
making sure that we've adequately addressed what the most sensitive tissue would be for 
use in this analysis, like a pulmonary delivered agent or other, you know, atypical routes of 
administration. 

Joel Bercu, PhD, MPH, DABT (HESI): I think that's an important point. And I think in the 
OECD 488 guidance, it kind of says, you know, you need to focus on the relative, relevant 
route of administration. So I think that that's something that could be looked at as well. 

Huzeyfe Yilmaz, PhD: For the sake of time, I'll ask one more question. Filip, this one is for 
you. When establishing controls to remediate nitrosamine formation, what do you consider 
the most challenging aspect, particularly for generic drug products? 

Filip Geert A De Bock, PhD (Sandoz): Yeah, thank you for the question. So the most 
challenging is like what I also mentioned in my presentation, there is no one-fits-all 
solution. So you basically always need to start from scratch and do your whole 
investigation, find your root causes. And then the second maybe challenging part is control 
of certain, like your nitrosating agents or your vulnerable amines, where you are depending 
on basically your suppliers in a lot of cases, where this often takes some time, a lot of time 



as well to establish appropriate controls there, because this is not directly impacting your 
formulation. And I maybe want to add something about this nitrite scavengers, which was 
mentioned before. There is some, or our experience is basically that your formulation can 
influence how the scavengers or the efficacy of the scavengers, pH can affect how the 
efficacy of your scavengers. So that is maybe also maybe part of the explanation why 
certain scavengers might work in one formulation and not in another, because it needs to 
be chemically compatible with your formulation. 

Huzeyfe Yilmaz, PhD: Thank you, Filip. Thank you to all of our panelists and everyone who 
submitted questions, both in person and virtually. I think this discussion today highlighted 
just how multifaceted the nitrosamine challenge remains. It spans risk methodology, risk 
assessment methodology, mitigation, analytical challenges, and regulatory framework. 
This, the breadth of collaboration that we saw, I think, in HESI and it's presented in this 
room across FDA, industry, and academia, I think will drive this science forward. We'll now 
break for lunch and reconvene at 1:30 P.M. Just some logistics. The coffee will only be 
available now during lunch break, no kiosk in the afternoon breaks. And just one reminder 
for future panel discussions, please consider what we're really looking for here is what new 
research, we're trying to identify research areas that FDA should prioritize to address 
current challenges in development of generic products. Thank you all.  

Sam Raney, PhD (FDA): Just a quick note. Have a good lunch, but for the next session, we'd 
ask that all the faculty are here promptly for the beginning of the session because you'll be 
seated at the panelists' tables from the very beginning of the session while the 
presentations are going on. So we'd ask please be back promptly before the session starts, 
so that you're fully seated and we're ready to go. We will start exactly on schedule. Thank 
you so much. 

 

 


