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e EAT (Enhanced Ames Test)

What next for Nitrosamines




Where it all started — :ZH:O
Valsartan recall ~ %

H

» 0n 6 June 2018, Zhejiang Huahai 'ﬁ/N Q
Pharmaceuticals, was informed by a customer N~

Of an unexpected impurity in the » Home P News and Events » News and press releases
manufacturer’s valsartan API. el EMA reviewing medicines containing valsartan

Events from Zhejiang Huahai following detection of an
e ey . . . — i it Email () Print @ Help & Share
> After an initial investigation, on 20 June 2018  “ e ’
.e . . Committee highlights Draad falisis Related information
Zhejiang Huahai sent a letter to its customers """

roducts: Article 31 referrals
latest updates 05/07/2018 P

o o (
Informlng them Of the presence Of a o EMA reviewing medicines containing valsartan from Zhejiang
. I k . . h h Publications Huahai following detection of an impurity
p reVIO u S y u n n OW n I m p u rlty t at m ay ave Press and social media Some valsartan medicines being recalled across the EU Tel.
. . E- H @ z i
ge n OtOXI C pote nt I a |’ Open consultations The European Medicines Agency (EMA) is reviewing medicines containing the active FOT:\:, UZTE;ST:Q,:;Q;(E?.?: T\‘uews;,'

substance valsartan that is supplied by Zhejiang Huahai Pharmaceuticals, a company in
RSS feeds Linhai, China.

> re q U ested th at t h ev i m m ed i ate |v p ut O n The review was triggered after the company detected an impurity,

N-nitrosodimethylamine (NDMA), in the valsartan active substance which the company

h O I d th e u Se Of its Va | Sa rta n AP | ] Zu.:fphes to manufacturers producing some of the valsartan medicines available in the

NDMA is classified as a probable human carcinogen (a substance that could cause
cancer) based on results from laboratory tests. The presence of NDMA was unexpecter

» Zhejiang Huahai contacted its customers s
again, stating that the impurity in question e s ety e e
was N-Nitrosodimethylamine [NDMA]) and  _N
that this was likely to be ‘process related’ '\IJ/

Contact point:
EMA Press office

“0
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Evolution of the Problem

Nitrosamine Drug Substance Related impurities =
(NDSRIs)

§ ATCMC sol



NDRSIs (Complex nitrosamines
in finished product,
Unknown carcinogenic risk

Industry Risk
Assessments

Step 1 —a new
phase - NDSRIs

NDMA in
Sartans
EMA, HC ask for EU Article Risk assessment Testing Remediation
portfolio risk 5(3) deadlines deadlines deadlines
assessment
FDA ask for portfolio :
risk assessment ;
N,,O O H
~ N~ » NSy O . . . . .
o l/\m 0 First issue associated with chemistry — A
oH O
NDEA Second - focused on Drug Product
Mitroso-Enalapril

NDSRI (Novel Drug Substance Related Impurity) § ATCMC solutions Ltd



Nitrosamine Challenge — NDSRIs : the problem statement

The Ames test Regulatory challenge Control Limit Chall implicati
e Ames tes ontrol Limit Challenge mplications
& Health Authority Differences 5 )

The bacterial Ames test is used to Regulators have concerns about Unlike simple dialkyl amines — nanogram limits were enforced
assess mutagenic potential of validity of Ames tests to determine NDSRIs have limited / no carc.

chemicals and drugs mutagenicity of nitrosamines* Data - it essentially impossible to

manufacture to these limits
Initially Negative Ames test for
complex nitrosamines, used for r
some products to justify no risk

§ ATCMC sol



Reflections / Opinion Pieces

* Both industry and regulators have published a lot of material over the
5-6 yr. period, this includes

* Horne et al. and Bream et al. Provide a regulatory context.

* The Landscape paper of Schlingemann et al provides a good overview of

the extent of the risk - particularly NDSRIs :
https://doi.org/10.1016/j.xphs.2022.11.013

* The saga paper — provides an overview of progress made since the -
the Nitrosamines crisis https://doi.org/10.1021/acs.oprd.3c00100

& ATCMC sol


https://doi.org/10.1016/j.xphs.2022.12.022
https://doi.org/10.1016/j.xphs.2022.12.022
https://doi.org/10.1021/acs.oprd.3c00153
https://doi.org/10.1016/j.xphs.2022.11.013
https://doi.org/10.1021/acs.oprd.3c00100

Overview of industry perspective — narrative

The saga paper.

We showed that even ppm levels of nitrite may be enough to create
concerning amounts of N-NO in a drug product,

that limits like 18ng/day are challenging/impossible as they

Ve
_\
require sensitivity beyond what’s currently achievable, :

) ATCMC solutions Ltd



Outstanding Issues and Priorities — pre July 2023

Focussing and prioritising control and remediation resources

»General remediation of NDSRIs to 18ng/day not technically feasible

» Implementation of CAPAs / remediation, when possible, will likely
take several years.

» Analytical capacity for NDSRI testing under real strain especially
where there is a need for low level routine testing.

§ ATCMC sol



Sensitivity

Analytical Procedure — What should be the sensitivity?

1500 -

Methylphenidate
7 3

required LOQ
B <1ppb
B <5ppb o :
<10 pd With increasing MDD, the
= 1 250 ppb LOQ. (<1ppb) requirement
<100 ppb HH
4 [Fuoeine Do exceeds jche capability of
§ = d_Losarlan Nizatidi_Ranitidine % [ Metformin | the InStrument'
<

A

371
A NDSRI
&l IO
VAL Propranolol Wi NMBA
18- A A &
Quinapril Orphenadrine
8- A
5 20 50 150 300 500 1500 3000

Maximum daily dose [mg]
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https://doi.org/10.1021/acs.oprd.3c00100

What was needed

» Maintain benefit / risk-based and science-based regulatory oversight
»Many of the medicines are vital.

»GLOBAL ALIGNMENT

supply of products potentially containing structurally-complex

FWithout some changes we faced a crisis and an inability to maintaﬁ
nitrosamines

& ATCMC sol



Agency

»Agreeing Acceptable Intakes (Al) for NDSRI’s was a significant
Acceptable bottle neck

INnta kes »FDA/HESI/trade associations meeting (May 31/Jun 1)
Backlog of “60 NDSRI’s requiring assessment

" »Led directly to the introduction of the Carcinogenic Potency\
Categorisation Approach (CPCA) intended to address this

» Allows SAR to be used to define an Al for a given structure

.

§ ATCMC sol



Agency

Acceptable
NELES

Table 1. The Five Predicted Potency Categories and Associated Al Limits for N-Nitrosamines

otency
“ategory

(ng/day)

kecommended Al Limit L

~omments

The recommended Al limit of 18 ng/day is equal to the class-specific TTC for N-nitrosaming
pmpurities.” N-nitrosamines assigned to Category | are predicted to have high carcinogenid
potency: however, the class-specific TTC for N-nitrosamine impurities is considered sufficiently
protective to patients.

o

The recommended Al limit of 100 ng/day is representative of two potent, robustly tested N
hitrosamines, N-nitrosodimethylamine (NDMA) and 4-(methylnitrosamino)-1-(3-pyridyl)-1-
[butanone) (NNK), which have recommended Al limits of 96 ng/day and 100 ng/day
respectively. N-nitrosamines assigned to Category 2 are predicted to have carcinogenic potencyf
ho higher than NDMA and NNK.

Compared to Potency Category 2, N-nitrosamines in this category have lower carcinogenid
potency due to, for example, the presence of a weakly deactivating structural feature. Thd

recommended Al limit was set to reflect a 4-fold decrease in carcinogenic potency from Category]
D

-

1500

V-Nitrosamines assigned to Category 4 may be metabolically activated through an o
hydroxylation pathway but are predicted to be of low carcinogenic potency, for example, becausd
phe pathway is disfavored due to steric or electronic influences, or becanse clearance pathways

pre favored. The recommended Al limit of 1500 ng/day is set at the TTC per JC** **7 =%

1500

V-Nitrosamines assigned to Category 5 are not predicted to be metabs
hydroxylation pathway due to steric hindrance or the absence of a-b’
form unstable species that will not react with DNA. The recomme
s set at the TTC per ICH M7.™"

§ ATCMC sol



Mechanism — Activation

Nitrosamines require metabolic activation

-0 [ OyH | (* |
N CYP N Jd el ®
N H ——— . ,N%) - l R{—N=N
R Ky NappH, 0, |R H (L = /NQ
R2 R2 H 1 H20
N-Nitrosamine Fwi;]/g o Diazohydroxide Diazonium
Aldehyde
R4, R, = alkyl or aromatic
R4 = alkyl, R, = aromatic
R4 = aromatic, R, = alkyl
R4 & R, - part of cycloalkyl motif 14

ATCMC solutions Ltd



CPCA

Carcinogenic Potency
Categorisation Approach

Figure 2. Flowchart to Predict the Potency Category of an N-nitrosamine

Does N-nitrosamine No i N .
have any hydrogens pAI =1 5%13;;?1::}'5
on its g-carbons?
i Yes
Does M-nutrosamine
have more than one No Potency Category 5
a-hydrogen on one or AT = 1500 ne/day
both sides of the N- B e
nitroso group?
Yes
Does N—nilroamine Yes Potency Category 5
have a tertiary Al =1500 ng/d
a-carbon?* e
No
L
Calculate Potency Yes Potency Category 4
i
Score Al=1500 ng/day
Is score =47
No
Is Potency Yes Potency Category 3
Score =137 | AI=400 ng/day
l No
Is Potency Yes o] Potency Category 2
Score = 27 AT =100 ng/day
No
v
Is Potency Yes Potency Category 1
Score =17 Al=18 ng/day

* A tertiary a-carbon is defined as an o-carben atom in an sp® hybridisation state, bonded to three other

carben atoms.

** To calculate Potency Score, see Annex A.

In basic terms this is an
empirical model that relates
to the mechanism of action of
N-Nitrosamines —this is tied
the number of protons on the
alpha carbon.

Figure 1. Structural Representation of a- and B-carbons on an N-nitrosamine

ATCMC sol



Table 2. Count of hydrogen atoms on each a-carbon (lowest count first) and
corresponding a-Hydrogen Score. Examples are intended to be illustrative only and are not
intended to be exhaustive.

Count of Hydrogen Atoms on Each Example a-Hydrogen
a-Carbon, Lowest First P Score
n=°
0,2 N 3+
o

CPCA

0,3 @lzﬁ:-‘ 2
Potency Score
g

3
\7<HHH
NO

1,3 N__H 3
KK
HH H
w2

2,2 M 1
HHH-XI-IJ
o

2,3 N _H 1
.y
HHHH

* A score of 3 applies when the methylene a-carbon is not part of an ethyl group. If the methylene a-
carbon is part of an ethyl group, a score of 2 should be applied.

The more protons the higher the potency and the |c

e Start here then adjust for Activating and Deactiv:
& ATCMC sol



Table 3. List of deactivating features and associated scores. To calculate Deactivating Table 4. List of activating features and associated scores. To calculate Activating Feature

Feature Score, sum the individual scores for all listed features present in the N-nitrosamine Score, sum the individual scores for all listed features present in the N-nitrosamine structure. Each
structure. Each deactivating feature row in the table may only be counted once. For N-nitrosamines activating feature row in the table may only be counted once. Examples are intended to be
where the N-nitroso group is within more than one ring, the feature score for only the smallest illustrative only and are not intended to be exhaustive.

miatching ring should be applied. Examples are intended to be illustrative only and are not intended
to be exhaustive.

Individual

Activating Feature Activating
Feature Score

Individual

Deactivating Feature Example Deactivating —
Feature Score Aryl group bonded to a-carbon (i.e., benzylic or N\ ,:}'-n N"G 1
pseudo-benzylic substituent on N-nitroso group) o LY A
e .,
Carboxylic acid group anywhere on molecule | HO S | +3
o Methyl group bonded to B-carbon {(cyclic or 1
acyclic) N-N
i
N-nitroso group in a pyrrolidine ring _N/\] +3 2
o
C P ‘ \ N-nitroso group in a 6-membered ring N-N s +3
. . containing at least one sulfur atom o
A g -
N-nitroso group in a 5- or 6-membered ring” ,N—N NH +2
and °
. . ! \
N-nitroso group in a morpholine ring M—N o] +1
eactivating §
F e at u re S N-nitroso group in a 7-membered ring N—N +1
o -
-0
N,
4
5 a3 ~1 N 0., 4
Chains of 25 consecutive non-hydrogen | T TL': NS
atoms (cyclic or acyclic) on both side of - i
acyclic N-nitroso group. Not more than 4 +1
atoms in each chain may be in the same o N"'O
ring. Jl 2
~ A7l N
5 5 i “
t'.qd .
w2
s B
Electron-withdrawing group™ bonded to o- O‘_:(
carbon on only one side of N-nitroso group ; +1
(cyclic or acyclic) ,N-N/ﬁ
o A
o n°
Electron-withdrawing groups”™™ bonded to a- Ly
rarhnne nn hath cidec Af A-nitroen armon R L R +7




Example 5 = N-Nitroso-meropenem

Example 5 shows how the potency categorisation approach flow chart (Figure 2) can be applied to
the A-nitrosamine, N-nitroso-meropenem. A Potency Score of 4 is calculated for N-nitroso-
meropenem, resulting in its placement in Potency Category 4 with an associated Al limit of

1500 ng/day.

Count of e-Hydrogens Score Feature Highlighted in Red

0.
N

[+]

W, M. _H OH
N YL H J“ !
) T | "

CPCA ; 3 S
E Xa m p | e S Deactivating Features Score Feature :]jghljghmdinRed

Q

N
N _H

fro m E I\/I A Carboxylic acid group anywhere on molecule | +3 o Wi : H‘\__:' ?j'
b "'(J
Appendix 2

=

) W, M :\ M rp.)n
N-nitroso group in a pyrrolidine ring +3 i H o d 1—{
I N Q
HO™ =g
o n r
Electron-withdrawing group bonded to a-carbon N N ::\ noo g
on onlv one side of AN-nitroso group (cvelic or +1 H A Y. '-;—J,r
acyclic) TN o]
HO 0
No Activating Features Present | |
Potency Score=3+3+3+1=10 Potency Category 4 Al =1500 ng

§ ATCMC sol



How widespread is the issue?

« Up to 40% of APIs and 30% registered
iImpurities may be susceptible!

 Significant improvement following
introduction of CPCA. 66% of secondary

amines result in a 1500 ng/day limit.

Burns et al. 2023 https://doi.org/10.1016/j.xphs.2023.10.001

n = 1364

n = 5074

§ ATCMC sol



https://doi.org/10.1016/j.xphs.2022.11.013
https://doi.org/10.1016/j.xphs.2023.10.001

e Enhanced Ames Test Introduced at same time as

CPCA
* Essentially “Enhanced” OECD 471 conditions
EAT * Use of Rat S9 and Hamster S9
Enhanced Ames Test * Many companies already using both Rat and Hamster

* However, recommended at 30%
Most companies had been using 10%

* Two N-nitrosamines that are known to be mutagenic in
the presence of S9 should also be included as positive
controls.

§ ATCMC sol



Content

EMA position (HC)

FDA position

Comment

Carcinogenicity Potency
Characterisation Assessment
(CPCA)

Fully adopted

Fully adopted

Identical text - only difference - less
examples used in FDA guidance

Enhanced Ames Test (EAT)

Based on 30% rat / hamster, 2
positive controls, preincubation, use
of water (preferred vehicle). EMA
position - if negative Al = 1500ng

Based on 30% rat / hamster, 2 positive
controls, preincubation, use of water
(preferred vehicle). Negative position -
less clear

In vivo data

Negative TGR = Q3A/B limits

In-vivo mutagenicity: No mention of
what to do with a negative in vivo
study.

FDA concern over correlation between in
vivo mutagenicity data and carcinogenicity

Comparison between Guidelines

ATCMC sol




Nitrosamines

Risk Assessment

§ ATCMC sol



Not all Amines can lead to a Nitrosamine

B) Fischer-Hepp Rearrangement

NaNO, (1.1 equiv)

‘ . MeG N._Me 2MHCI (Bequiv)  MeO HvMe
e O'":rﬂsatm" U H,0 (0.3 M), 5°C, 2 h O“NU
(é éa via: N"O 90% yield
l ) NaNO MeO N__Me
i @ aiNL2 complex reaction U
-ni ion~" g mixture
C-nitrosation ACOH or HCI
N-nitrosation R
Scheme 3. C-Nitration Facilitated by Reaction with
Potassium Nitrite and Sulfuric Acid
H‘ NO, H
O Me  KNO, (1.05 equiv) Z\WN‘Me
: : L : o’N“ conc. HySO, '
Approaches and Considerations for the Investigation and Synthesis NZ 0°C.4h

of N-Nitrosamine Drug Substance-Related Impurities (NDSRIs)

lan W. Ashworth, Alexander Blanazs,* Jonathan ]. Byrne, Olivier Dirat, Jared W. Fennell, Nadine Kuhl,
Stuart L. Wells, and Matthew P. Whiting

Cite This: Org. Process Res. Dev. 2023, 27, 1784-1791 I: I Read Online




Basics behind the EFPIA Drug Substance and
Product Risk Assessment workflows

[ Promoting ]

conditions

Reagents, Solvents, Catalysts Excipients

) Drug =) Bulk Product

Chemistw process SUbSta nce Manufacturing process
Formulation type

Packaging materials
Packaging process Nitrosamine

* Workflows and comprehensive guidance notes are compiled from:
* risk factors reported by health authorities,
* experiences from industry following root cause investigations and
 scientific studies

Storage

FP atEnd of shelf-life =~ 4mm  Finished Product

§ ATCMC sol



Drug Substance Risk Assessment Workflow

https://www.efpia.eu/media/tkbnsicy/efpia-nitrosamines-risk-management-
workflows-jun-24-udpate.pdf

EFPIA Workflows

Drug Substance Manufacturing Process Risk Assessment
Part 1 - Risk Identification

Assess all stages of the drug substance manufacturing route after the registered starting materials. The synthesis
routes for registered starting materials also need to be assessed, particularly when they contain amine, nitro
functionalities, use nitrosating agents or are introduced late in the synthesis

Drug Substance Manufacturing Process Risk Assessment
Part 2 - Characterisation and Confirmatory Testing

Potential N-nitrosamine risk identified

Risks associated with the drug substance and associated impurities / degradants containing vulnerable amines in

Nitrosating agents can be
used in the process during a
reaction or work-up,
introduced as impurities in
input materials or
processing environment or
generated during the
process (see DS Guidance
1). Other root causes
included in regulatory
guidance should also be
considered (see DS
References 1, 2, 16 and

Certain secondary and
tertiary amines are
vulnerable towards reaction
with nitrosating agents to
form nitrosamines. They can
be part of the core
structures, used in the
process as reagents or
solvents, introduced as
impurities in input materials
or generated during the
pracess as impurities. In
rare instances, other
functional groups may
directly lead to a
introsamine (see DS
guidance 3). Other root
causes included in
reqgulatory guidance should
also be considered (see DS
DS References 1, 2, 16 and
17).

Could a
nitrosamine or a
nitrosating agent be
introduced to the
manufacturing
process?

No

Could a
secondary or
tertiary amine be
introduced to the process in
proximity to the
nitrosating
agent?

Proceed to
Part 2

Hazard
Identification

 — Determine the predicted levels of all identified nitrosamines

L the drug product are addressed in the Drug Product Workflow 4

Determine acceptable level in drug substance

Determine acceptable level for each potential nitrosamine in
drug substance. The CPCA framework is the default method,
but other methods/data may be used.

Seek guidance from safety group (see DS guidance 4)

:

Conduct formation, fate and purge assessment(s)
as described in ICH M7 and Q&A

potentially formed, then assess their fate and purge in the
downstream process using the approaches described in ICH M7
and Q&A (see DS guidance 5)

ICH M7 Option 4
NOT supported

Assess whether the nitrosamine can be formed
from the vulnerable amine and whether it is
sufficiently stable? Y/N

(see DS guidance 6)
Certain vulnerable amines do not form the expected
nitrasamine. Certain nitrosamines are unstable and readily
revert to the parent amine and/or by-products.

No

ICH M7 Option 4 Y
supported

ICH M7 Option 4
supported

Risk Analysis

Level
less than
acceptable
limit

Level less than

10% of acceptable limit
(see DS guidance 7)

CPCACat.4o0r5 ]

Risk
Control

Further testing required
(analytical or toxicological)
Nitrosamine could be added to the specification (drug

substance, intermediate or starting material), and/or

added to the drug substance specification using skip lot
testing and/or ather controls options (ICH M7 options
1-3) and/or further actions or toxicological studies
performed (see DS guidance 4 and 7)

|

Risk

Analytical Testing ] Evaluation

CPCACat. 1,2
or3

4 ICH M7 Option 4 r
NOT supported

Optionally conduct an Enhanced Ames Tes
and reassess the acceptable level in drug -
A negative EAT result may allow fo a different accept

Review the risk assessment outcome with the new li

proposed (see DS guidance 4).

R

ATCMC sol


https://www.efpia.eu/media/tkbnsicy/efpia-nitrosamines-risk-management-workflows-jun-24-udpate.pdf

Vulnerable Amines and Nitrosating Agents

/

. [
Vulnerable amine s
1
A

- ———
- .
- -~

e Solvents S,
td
/’ Reagents

API \

Starting materials \
1
1
!

Intermediates APl impurities

Novel
excipients

ﬁ\\

sources \ A

\\ By-products API degradantf/ DP degradants
\ \“"u.,u Impurities -
,r" Purchased solids
2’
,f' Water |
Nitrosating i | Use of nitrosating ';
agent sources \, | asents NOx

N

S Nitric acid

-

-
S —

AN

Very common
* Vulnerable amines

* Trace nitrosating agents (e.g. in
reagents/inorganics and water)

Less common

* Deliberate use of nitrosating
agents

* NOx (DS processing operations
mostly performed under inart
atmosphere)

J

Potential sources for vulnerable amines and nitrosating agents

ATCMC sol




N-Nitrosamine formation in drug product

3 risk factors — ALL required

Nitrosamine

Secondary amine

Tertiary amine
Aliphatic/aromatic

Free base/salt

APIl/degradant/
contaminant from:

- Solvents

N CHNEGIEICS
- Reagents

- Catalysts

olg
Temperature

Nitrosation
catalysts

Water presence
Drying process

Equipment
cleaning prog

Reagents:

Nitrites, Nitric acid
Nitrosyl ion

Nitrite in
excipients
Nitrite in water

(API) degradation
to NOx

Secondary Amine
Nitrosating Agents
Conditions

Formation of N-Nitrosamine Drug Substance Related Impurities in Medicines: A Regulatory Perspective on Risk Factors and Mitig
Strategies, 2023, Org. Process Res. Dev https://doi.org/10.1021/acs.oprd.3c00153 § ATCMC sol



https://doi.org/10.1021/acs.oprd.3c00153

Basics behind the Drug Product Risk Assessment
Workflows

[ Promoting ]
conditions

Reagents, Solvents, Catalysts Excipients

—. Drug =) Bulk Product

Chemistry process SUbSta nce Manufacturing process
Formulation type

Packaging materials : :
Nitrosamine

Storage

FP atEnd of shelf-life = 4mm  Finished Product

Packaging process

* Focus on workflows for formulation process, finished products, and subsequent packaging and shelf-life
evaluation — this can be based on

o Review of some published works on formulation and packaging
Importance of predictive models for formulation
Wet chemistry can be used to predict solid chemistry
Enhanced Ames Test
Packaging
Analytical Testing

O O O O O

§ ATCMC sol



Drug Product (DP) Workflow: Risk ID @ o more info

' More detail to
1) Evaluate for NA

come
2) Evaluate for vulnerable amine —
« If DS risk is
. . identified refer to
3 Evaluate nitrosamine (CPCA '
) ( ) S Potential N-nitrosamine risk identified?
i ) ‘ Is there a risk for the DS, excipient or water to contain any
4) klthe pred k|cted level < 10% of NTe— hirosamines? (Y/N)
—noris risk is identified (Guidance Note 1)
. . refer to Guidance v
5) Obtain experimental data | Note4 ) g e
: Potential N-nitrosamine risk identified?
6) If formed, IS the. NA sfca ble? lf Does DS, DP, impurity, degradant or excipient contain a
cannot form or if NA is not secondary or tertiary amine? (Y/N) -
stable - no risk (Guidance Note 2)
.. Yes
7) Perform Toxicity study (EAT L
Ames) Define acceptable intake [Al] Is it present> N
for potential N-nitrosamine using EMA in silico CPCA approach. 10% of the Al (Y/N)
8)  If negative, and predicted level e (s tos )
7
<10% of 1.5 mcg/day (for cat {
4,5) based on dosing regimen-
no risk; consider packaging e preicted eve 3 Analytical Assessment
. it i 10% of th
9)  If positive EAT Ames or - Alfor & maimum daily dose of the s e
predicted level 2 10% of 1.5 e O 4 Yes
mcg/day (for cat 4,5), then you
have identified a risk and move >
into Analytical Assessment. No Yes “Is it Ames positive
. Y or is new predicted level >
(SeSSIOn 2) 10% of 1.5 mcg/day for a No-/
Evaluate whether N-nitrosamine can form? (i) mat;:imumddaitlg ?\9/?\18) of
i i i i iti ro [
10) s the level £10% of AI? No e e e
risk; consider packaging e,
11) Isthe level 2 10% of Al?
] Consider conducting Enhanced Ames Test
Can it form for higher potency N-nitrosamines

and is it stable? (Y/N) Yesr
(Guidance Note 5)

CPCA categories 1, 2 and 3 (ii)
(move to Analytical Assessment if Ames test is not conducte
(Guidance Notes 3 and 4)




What if levels of a Nitrosamine are predicted
to be above Al?

Firstly — check — can the nitrosamine form?

Next — model it

Control it — reduce levels of Nitrite

Consider scavengers

Additional Safety testing

§ ATCMC sol




How to determine if a nitrosamine can be formed?

Approaches and Considerations for the Investigation and Synthesis
of N-Nitrosamine Drug Substance-Related Impurities (NDSRIs)

lan W. Ashworth, Alexander Blanazs,* Jonathan J. Byrne, Olivier Dirat, Jared W. Fennell, Nadine Kuhl,
Stuart L. Wells, and Matthew P. Whiting

Cite This: Org. Process Res. Dev. 2023, 27, 1784-1791 I: I Read Online

N-Nitrosation ?
. A negative outcome for all
®\ X Condition 1 ®\ _N._| 3 conditions leads to a no risk
ITIH X Condition 2 ITI o Ezl}f)l;j::gg)(nitrosamine cannot
R? X Condition 3 R?

Optimal nitrosating

conditions 1.5 equiv. NaNO, 1.5 equiv. NaNO, 1.5 equiv

AcOH/H,0 1/2 (v/v) aqueous. HCI (pH 3-4) or
Nitrite 106 times amine free base or salt amine free base or salt al
higher than at ppm

levels Reactions are performed at room temperature and analyzed by LCMS down to at

§ ATCMC sol



Aqgueous Nitrite / Nitrous Acid Based Nitrosation

* Nitrous acid is not a nitrosating

. N,O; +H,0
agent. It needs to react with at

least one other reactant to form a HNV
nitrosating agent
* Reaction with itself generates H*
dinitrogen trioxide (N,0,) HNO, e NO" +1,0
e Reaction with HX generates nitrosyl
nucleophile adducts such as nitrosyl H+N

chloride (CINO)
e Reaction in the presence of H* can

generate NO* All react rapidly with the free
secondary amine to produce

Williams, D. L. H. ‘Nitrosation Reactions and the Chemistry of Nitric Oxide’ Elsevier, 2004, Chapter 1.

CINO +H,0

oy

Ashworth, |. W. et al. Org. Process Res. Dev., 2020, 24, 1629.



Nitrite In Process Water

* Nitrite is known to be present in potable water — But how much is actually
present?
 WHO established a safety based limit of 3 ppm
e Typical data from local water companies indicates levels below 0.01 ppm

/° Pfizer has developed an ultra sensitive method for trace nitrite in water and found that\
potable water is typically below 0.001 ppm nitrite (method LOQ) (highest data point being
0.003 ppm) and purified water is typically below 0.0001 ppm (method LOQ) from 42
samples in 9 locations

Nitrite in Pharmaceutical Manufacturing Water: Development of an
Ultra-Sensitive Analytical Method, Typical Data, and Discussion of
Potential Nitrosamine Formation in Drug Substance and Drug
Product from Water

A. B. Suresh Kumar, Debasis Dey, T. S. Balaji, Haridoss Karthik, K. Sathishkumar, Paul McDaid,*
Brian Fitzpatrick, Atul Awasthi, Simon Davies, and Olivier Dirat

K Cite This: https://doi.org/10.1021/acs.oprd.4c00037 I: I Read Online
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Validation example : Beta blocker NDSRI

formation model predictions

* Simulating NDSRI formation over the shelf life led
to the prediction that ~2300 ng would be present
in the MDD

* Less than the theoretical maximum yield but > than
the Al of 1500 ng/day

* Proceeded to develop an analytical method and test
for the NDSRI

B-blocker

oY

X

ATCMC sol



Validation example : Beta blocker NDSRI
product testing data

* Product testing showed level of NDSRI to be less B-blocker
than the Al and to increase over time in the
packed product

Y

2500

2 2000 MOdel 3 years
= Al . "NO*™| in pack
= 0 overpredicts @25°C
8 1000 Versus
= observed . A

0 X~ :

0.0 0.5 1.0 1.5 2.0 2.5 3.0
Time (years)

® 51 52 53 54

Model

& ATCMC sol



Substantial differences in average nitrite content from different excipient
suppliers

Microcrystalline cellulose nitrite results divided by excipient supplier

Nitrite results (ppm)

Excipient suppliers

Nitrite database version 2024.1



3. The overall nitrite contribution is typically dominated by the highest formula %
excipient.

Nitrite results for 8 commonly used excipients Nitrite contribution to the drug product
15
g 20
= 35
(S
Q 1 g ...
L10] 1.5 EA
n = .
= et
a ©
[<}]
= E 1.0
o e
s ° 2
Z =
x 05
" Z
e S,
sl
0 *=H= 0.0
BE¥ Crospovidone B2 Mmcc E2 Corn starch B3 Lactose B Crospovidone[5%] E3 MCC[54%] E3 Corn sta
BE Magnesium stearate ES Hypromellose E2 Povidone E3 Croscarmellose B Magnesium stearate[0.5%] B2 Hypromellose[5%] E2 Povidone

Nitrite database version 2024.1



Inhibition of N-Nitrosamine Formation in DP

Journal of Pharmaceutical Sciences 110 (2021) 3773-3775

Contents lists available at ScienceDirect

Journal of Pharmaceutical Sciences

journal homepage: www.jpharmsci.org

Rapid Communication

Inhibition of N-Nitrosamine Formation in Drug Products: A Model ’ ) Check for updates

Study

Kausik K. Nanda®”, Steven Tignor®, James Clancy®, Melanie |. Marota®,
Leonardo R. Allain”, Suzanne M. D’Addio®
2 Discovery Pharmaceutical Sciences, MRL, Merck & Co., Inc., West Point, PA 19486, USA

Y Analytical Sciences, MRL, Merck & Co., Inc., Rahway, NJ 07065, USA
©Oral Formulation Sciences, MRL, Merck & Co., Inc., Rahway, NJ 07065, USA

Inhibition of NA Formation in Soln

Reaction condition:

100 vulnerable amine 5 mM, NaNO, 20 mM

amino acid 100 mM

c 60C,23h

L2 8o

L

£ HO

3 _~° i

% 60 HoN Glycine

=4

k]

S a0 HO

2 o

] HoN Lysine

= H

£ 20 2

=

H,N  OH
0 N s
[~ Histidine
Glycine Lysine Histidine HN_/

Accelerated Studies (50 °C/75% RH, 1 mth): Tablet

100

W 0.1% inhibitor spike
W 1% inhibitor spike

%inhibition of NA formation
[ne] = (3] [e2]
o o o o o

et 2 3
N s 2 S Q\é’\o HCl
o < .
By (Q’b N & ¢ hH
v = 2
SF <
L o
inhibitors

e Study using tablets containing 4-PP HCI
e OSD and solution formulation

 Showed that at 1% level in OSD co-
inhibit NA formation

* In solution phase, 12 amines co
NA formation

§ ATCMC solutions Ltd



Quality Concerns and Conclusions

All evaluated nitrite scavengers lowered
formation of NA in solution

ascorbic acid cysteine propyl * Ascorbic acid, L-cysteine and PABA effective in
sodium gallate solid
control ascorbate maltol PABA » Each scavenger is case-by-case (empirical)

* Chemical compatibility of the scavenger, DS
and excipients

 Appearance attributes can be an issue

N-Me Aniline HCI

N-Me Aniline HCI| —
NaNO, spike

Phenyl Pip HCI

Phenyl Pip HCI -
NaNO, spike
& ATCMC soll




Nitrosation by NOx — now raised by FDA

* Nitrosation by N,0, (and N,0O;) which

are components of NOx are well

i . NO, + NO N,O
precedented in the synthetic 2+ NO, 20,
chemistry literature I

 Reactions of gaseous N,O, with amines
in organic solvents and under basic
aqueous conditions are rapid

* Limited published evidence that l RoNH (fast)
exposure of drug products to
atmospheric NOx during processing can
lead to nitrosamines (NDMA)

* Also an API risk — more on this later.. solution

N,O,

R,NNO + HN"

Challis, B. C.; Kyrtopoulous, S.A., J. Chem. Soc., Perkin Trans.1, 1979, 299 & J. Chem. Soc., Perkin Trans.2, 1978, 1296 — gaseous nitrogen o.

Fukumoto, S. et al. Org. Process Res. Dev., 2023, 27, 2123 — NDMA in metformin product ; ATCMC sol



Other risk factors? NOx

* Evidence recently published
showing potential risk

 Fukumoto et al Org. Process Res.

Dev. 2023, 27, 2123-2133

* Found that dimethylamine (DMA)
in the active pharmaceutical
ingredient (API) used in the
manufacturing process and
nitrogen dioxide (NO2) in the
atmosphere had considerable
influence on the formation of

NDMA in metformin drug products.

e Under further investigation....

NDMA (ppb)
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Nitrosamines - Future

ICH M7 addendum is critical

CPCA helps but it is not a long term solution

Key areas for ICH M7 to address

Durational Limits — Haber’s Use of modelling and other Scavengers — better Additional in vitro and in Appropr
Law approaches — purge understanding vivo testing and correlation |

§ ATCMC sol
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