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The Nitrosamine Saga‘*
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1. The Nitrosamine Saga: Lessons learned from five years of scrutiny, R. Nudelman et al, Org. Process Res. Dev.,

2023, in press. Lhasa
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Challenges: what, where, who?

What?

N-nitrosamine formation in drug substance and drug product:
3 risk factors - ALL required:

Secondary amine | Nitrosating agent |
o . R! _R? NOX R1_ S ,
» aliphatic/aromatic N N « reagents:
* free base/salt H . I:IO - nitrites, nitric acid
e APl/degradant/ Conditions - nitrosoalkyls, nitroalkyls
contaminant from: * inorganic nitrite
- solvents in excipients
- intermediates | Conducive conditions | « nitrite in water
- reagents  pH e concentration * (API) degradation to NOx
- catalysts * temperature « water presence
« nitrosation catalysts e kinetic energy

2. Formation of N-Nitrosamine Drug Substance Related Impurities in Medicines: A Regulatory
Perspective on Risk Factors and Mitigation Strategies, Cioc et al, Org. Process. Res. Dev., 2023, in press.

Where?
v Route of synthesis API
v" Drug manufacturing process
v’ Degradation — DS or DP (DS + Impurity)
v’ Primary packaging materials

?
R Lhasa
: z Zeneth Limited

Lhasa Limited | Shared Knowledge, Shared Progress
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How can an in silico tool help?

-
Drug substance or product
I ]

| T
E J
; A
N
(0}

In silico theoretically predicted
degradation products aim to inform
the potential space

Pl

Actual degradation products as seen in
final packaging and storage conditions

Potential Theoretical
space space

API

Accelerated stability studies aim to identify

likely degradation products Forced degradation studies aim to identify

potential degradation products

Lhasa
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How does this tool work?34

-

' Knowledge base

= (kB

Does a rule match?

Prediction Likelihood (score)

Theoretical prediction of
degradation pathways

3. An expert system to predict the forced degradation of organic molecules, Parenty et al, Mol. Pharm., 2013, 10, 2962-2974.
4. Chapter 3: In silico drug degradation prediction. Ali et al, in: Methods for Stability Testing of Pharmaceuticals. Editors: Bajaj Lhasa
and Singh, 2018, pp 53-73. Limited

7 Lhasa Limited | Shared Knowledge, Shared Progress
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Methodology

Input

Score threshold Reaction conditions

Water, pH 4
Knowledge base

E’I Transformation Library |
c
S
‘él Pattern match I
sl !
4
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[ |

Degradant

Output

Lhasa
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Methodology

Input

Score threshold

——— . .
Reaction conditions 1 »

2 :------- Knowledge base -
E 9 Transforn ““on Library
5 ol
%G Gl
gl Pattern match and
E : Score calculation *Information from Q3B guideline
1
EEEEEEEEEE = CONDITIONS GENERALLY EMPLOYED FOR FORCED DEGRADATION
1
2 Degradation Type = Experimental Condition Storage Condition ~ Sampling Time
S Control API
OL (no acid or base) . 40°C,60°C 1, 3, 5 days
________________________________ Hydrolysis 0.1N HCI 40 °C, 60 °C 1,3, 5days
0.1N NaOH | 40°C,60°C 1,3, 5days
\ 4 __Acid Control (no AP) | 40°C,60°C | 1,3, 5days
Base Control (noAPl) 40 °C, 60 °C 1, 3, 5 days
Conditions Transformations Other Settings % | . pH:2,4,6,8 . _40°C,60°C 1, 3, 5 days
3% H,0, 25°C,40°C 1, 3, 5 days
Condition set  Temperature (°C) pH Water Oxygen Metal Radical initiator Peroxide Light ‘ Oxidative misd'seomgmme - 25 nc‘ 40°C . 1- 3' 5 days
(AIBN) . 40°C,60°C | 1, 3, 5days
AIBN | 40 ° :
] 20 ; BN Control 0 °C, 60 °C 1,3, 5days
- tolyti | Light, 1 X ICH __NA 1,3, 5days
£ Light, 3 X ICH NA 1,3, 5days
__Light control ~NA 1,3, 5days
Heat Chamber . 60°C | 1,3, 5days
Thermal Heat Chamber . _60°C/75%RH | 1,3, 5days
Heat Chamber . 80°C . 1,3, 5days
Heat Chamber . 80°C/75%RH 1,3, 5days
Heat Control Room Temp. 1,3, 5days

Lhasa Limited | Shared Knowledge, Shared Progress Limited
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Methodology

Score threshold

Knowledge base
Transformation Library

Pattern match

bnsformation Engjp

pH dependence:
real pH = getpH();

setScore(min(0.9, max(16 - pH,
pH - 2) / 10));

R1, R2 = carbon or hydrogen
R3 = aliphatic carbon (not multiply bonded and not attached
to another heteroatom) or aromatic carbon

Degradant

The C=N bond cannot be in a ring.

10O
p— Sew

10 Lhasa Limited | Shared Knowledge, Shared Progress
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Output: Results tree

Representative example: APl bromazepam

1000 1000
800-999

600-799
500 400-599 Equivocal

200-399

1-199
0 0 Impossible

Knowledge base version: 2023.1.1

Q - Bromazepam

A ) ®
Parent API %ﬁ

051 - Hydrolysis of Degradation reaction 094 - N-Oxidation of
cyclic imine pyridine-type nitrogen
. . ~
Likelihood scores >
. e . ® s @
First generation, %
degradant{¢hild) p
- o 4
7N\ 7 \:
D2 1 D4
233 - Oxidation of alpha- 234 - Oxidation of alpha-car] 5 236 - Oxidatiye,cleavage of alpha- 187 - Oxiclation of phenol or aniline 094 - N-Oxidation of 051 - Hydrolysis of 187 - Oxidation of phenol or aniline
carbonyl amine or alcohol amine, amide, alcohal, or ebeg ra d at | 0 nﬂ?&aﬁ i@n acid or amide to guinone or iminoquinone pyridine-type nitrogen cyelic imine 1o quinone or iminoquinone

706

Second generation™ o o 653 693

7 RS 7 L0 7 © 7 o) - 0 7 o - ® 2 o
~ degradant (grandchild) /N i Y : 5 9 : /%

/;\4 /'7\4 \\0 4 _\ /'7\ z\él ’ // 5 i \/ 5

013 11 1 D14 [ D15 1 s [ D19 [ D21 D 28 1 D29 0
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Coverage within Zeneth

Knowledge base version: 2023.1.1

How “good” is this knowledge base?

E'L’;irlalt:)“s 2014: 54% sensitivity 5
2020: 70% sensitivity ©

Total = 635 rules

5. In Silico Prediction of Pharmaceutical Degradation Pathways: A Benchmarking Study, Kleinman et al, Mol.

Pharm., 2014, 11, 4179-4188.

6. In silico prediction of pharmaceutical degradation pathways: a benchmarking study using the software program Lh

Zeneth, Hemingway et al, submitted for publication. ed. asa
Limited

12 Lhasa Limited | Shared Knowledge, Shared Progress
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Coverage of nitrosation reactions

N-N bond formation

Hydroxylamines and
Hydroxylamine ethers

> Stronger > Weaker.
nucleophiles nucleophiles
> Higher /'—d\ > I..ow?r
likelihood “V:;Zj'anz‘fj:s" likelihood
scores H scores
N
R” "NH,
(0]
NH
R)]\N/ 2
\ H J

Tertiary amines
bearing an electron
rich benzylic group

e.g. Ry

Lhasa
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Coverage of nitrosation reactions

N-O bond formation

Hydrazines ,!l —_— |
R{” "R,  Base R1/N\R2
N-C bond formation
o} (o} o}
H
Enols R)‘\’<H —_— R)‘\(N%o —_— R)‘\KN\OH
R1 R1 R1
CnC SN
Enamines ~_H N
R R NN
R1 R1
c\N c\N C.
Amidines ¢ | H —— C | N, =—~ C | N
>N N Yo >N Z OH
| H | |
C R, C R, C R,
Lhasa Limited | Shared Knowledge, Shared Progress Limited
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Nitrosamine degradant generation

Secondary amine

« aliphatic/aromatic

« free base/salt

« APl/degradant/
contaminant from:
- solvents

R 2
.N,R
H

3 risk factors - ALL required:

R, .R?
NOx ,,Il
Conditions NS

N-nitrosamine formation in drug substance and drug product:

Conducive conditions |

* pH

+ temperature
 nitrosation catalysts

= concentration
« water presence

Nitrosating agent

« reagents:
- nitrites, nitric acid
- nitrosoalkyls, nitroalkyls
« inorganic nitrite
in excipients
« nitrite in water
« (API) degradation to NOx

s kinetic energy

- intermediates

- t

2 Zeneth s

Nitrous acid
N
/ N— - + N
HN
/ Water HN / OH
Gramine Acidic pH
850 (very likely)

.0
N/

PN

NDMA

/
T Cah
NO

e

>
é Zeneth - assess the theoretical potential of your API to form a nitrosamine

15
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NDSRIs

Nitrosoorphenadri
NZ
2 e
2
NDSRIs  ~~ 7 o (]

Nitrosoquinapril 2 ] )
E/Z-oxime of irbesartan
“ 4

Nitrosodoxylamine Nitrosopropanolol

I
é Zeneth - assess the theoretical potential of your API to form an NDSRI

Lhasa

Limited
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Predictions at acidic pH

Doxylamine: N-Nitrosation of a tertiary amine

Doxylamine Nitrous acid
l _N o}
(R N~
o/\/N ~ OH
Acidic pH

7. Pathways for N-Nitroso Compound Formation: Secondary Amines

and Beyond, Lopez-Rodriguez et al, Org. Process Res. Dev., 2020, 24,
1558-1585.

17 Lhasa Limited | Shared Knowle

Irbesartan: C-Nitrosation of an amidine

Irbesartan Nitrous acid
0
OO
\ OH
FN O N
\
N,
N Acidic pH

8. Reaction of Irbesartan with Nitrous
Acid Produces Irbesartan Oxime
Derivatives, rather than N-
Nitrosoirbesartan, Lin et al, Org. Process

0 ghes. Dlava 202, PEEE123651246.

Lhasa

Limited



https://www.lhasalimited.org/

The [andscape

“In total, 40.4 % of the analyzed APIs and 29.6 % of the API impurities are
potential nitrosamine precursors”

Journal of Pharmaceutical Sciences
Volume 112, Issue 5, May 2023, Pages 1287-1304

Global Health

The Landscape of Potential Small and Drug
Substance Related Nitrosamines in
Pharmaceuticals

Joerg Schlingemann °? B =, Michael]. Burns b1 2., David]. Penting 5

Carolina Martins Avila ® f, Naiffer E. Romero %, Mrunal A. Jaywant %, Graham F. Smith ¢,

Ian W. Ashworth ®, Stephanie Simon ®, Christoph Saal ®, Andrzej Wilk *

Show mare »

+ Add to Mendeley of Share 99 Cite

https://doi.org/10.1016/j.xphs.2022.11.013 A Get rights and content A Lhasa

Limited
18 Lhasa Limited | Shared Knowledge, Shared Progress
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Regulators

“Cooperation between some drug product manufacturers, marketing
authorization holders and excipient suppliers has allowed for a better
understanding of the nitrite content of various excipients.”

LDEe®606
pubs.acs.org/OFRD m

Formation of N-Nitrosamine Drug Substance Related Impurities in
Medicines: A Regulatory Perspective on Risk Factors and Mitigation
Strategies

Razvan C. Cioc, Ciardn Joyce, Monika Mayr, and Robert N. Bream™

Cite This: https://doi.org/10.1021/acs.oprd.3c00153 I : I Read Online

Lhasa

Lhasa Limited | Shared Knowledge, Shared Progress Limited

19


https://www.lhasalimited.org/

Risk factors

N-nitrosamine formation in drug substance and drug product:
3 risk factors - ALL required:

itrosating agent |

Secondary amine

« aliphatic/aromatic R1‘|~|’R2 NOx R1‘N’RE
» free base/salt H g ﬁo
« APl/degradant/ Conditions
contaminant from:
- solvents
- intermediates | Conducive conditions |
- reagents e pH e concentration
- catalysts « temperature « water presence
» nitrosation catalysts e kinetic energy /7 N

2. Formation of N-Nitrosamine Drug Substance Related Impurities in Medicines: A Regulatory Perspective on Risk Factors and
Mitigation Strategies, Cioc et al, Org. Process Res. Dev., 2023, in press.

Lhasa

Lhasa Limited | Shared Knowledge, Shared Progress Limited
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The Vitic Nitrites Consortium

/I“.
W Polpharma MRERRCK ) PAR
SERVIER: RN CIMERCK (Tareiin

VE%EX U Bristol Mvers Sauibb
GSK
0 GILEAD
orsia U
AstraZenecaéé'
@Pﬁzer -
Raleniciiih janssen J
ZeNTIVA abbvie
APOTEX
b |
B .
A \ reckitt

%ib NOVARTIS r‘{‘h BAYER
sanofi L4

Generate a comprehensive and robust dataset of the level of nitrites in a
broad range of excipients, reagents and solvents to aid in compiling
for drug products and drug substances.

' Vitic Lhasa
nitntes Limited

21 Lhasa Limited | Shared Knowledge, Shared Progress
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Data sharing initiative

Number of excipients Number of results
120 1600
1400
100 92
79 84 1200
77
80
71 1000 966
60 62 804
52 800 678
600
40 600 497 I I
423
21 PN — .
20 Table?7
Nitrite Results of Eight Selected Excipients in the Database and the Number of Excipient Suppliers the Excipients were Sourced from.
0 Excipients Nitrite Results (pg/g) No. of Suppliers No. of Results
Min Mean Median Max
Corn starch 0.055 021 0.15 0.61 6 20
Croscarmellose sodium 0.17 0.42 0.33 1.0 4 14
Crospovidone 0.79 6.5 83 14 5 15
Hypromellose 0.01 0.80 1 5.0 5 49
Lactose monohydrate 0.07 0.54 0.5 1.7 8 34
Magnesium stearate 0.1 26 2.4 6.1 9 44
Microcrystalline cellulose 0.04 0.70 0.5 24 9 73
Povidone 0.10 0.83 05 23 5 52

10. A Nitrite Excipient Database: A Useful Tool to Support N-Nitrosamine Risk Assessments for Drug Products,

Boetzel et al, J. Pharm. Sci., 2023, 112, 1615-1624. Lhasa

Limited
22 Lhasa Limited | Shared Knowledge, Shared Progress
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Calculating nitrosamine formation

Component of the formulation Comtp:sli:iton in Mean nitrite Er:::izi:trii;?\
API 15% - -
Microcrystalline cellulose 50% 0.76 ppm 0.38 ppm
Mannitol 22.5% 0.31 ppm 0.07 ppm
Hypromellose 5% 0.6 ppm 0.03 ppm
Crospovidone 3% 6.4 ppm 0.19 ppm
Colloidal silicon dioxide 1% 0.93 ppm 0.009 ppm
Sodium stearyl fumarate 3% 0.28 ppm 0.008 ppm
Magnesium stearate 0.5% 2.1 ppm 0.011 ppm
Lhasa Limited | Shared Knowledge, Shared Progress Lhal-lﬁtead
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Calculating nitrosamine content

Nitrosamine [ng/g] = Nitrite content [ppm] * 1000 * MW Nitrosamine [g/mol]
/' MW of nitrite [g/mol]
Average nitrite level

W, vitic

N N
HN j ~ N-N _
N7 0 N

Varenicline Nitrosovarenicline
240 g/mol

Safe limit (considering chronic use) =200 ppm (6 months @ 2 mg/day)

Nitrosamine [ng/qg] = * 1000 * 240 [g/mol] = 3.65 ppm

46 [g/mol]
10. A Nitrite Excipient Database: A Useful Tool to Support N-Nitrosamine Risk Assessments for Drug Products,
Boetzel et al, J. Pharm. Sci., 2023, 112, 1615-1624. Lhasa
Limited
24
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Excipient selection

pharmaceutics mfy

Article
Modeling the Impact of Excipients Selection on Nitrosamine
Formation towards Risk Mitigation

Alberto Berardi ¥, Maarten Jaspers "' and Bastiaan H. J. Dickhoff

B MCC M Lactose Hypromellose

Croscarmellose sodium ® Silicon dioxide Sodium stearyl fumarate

B Magnesium stearate

350
300
250
200

+151%,

ADI 178 ng

Nitrosamine intake (ng/dose

Average Worst case

Nitrites levels in our excipients are among the lowest in the industry

Lhasa

Limited

25
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FDA comments

“Regulatory bodies (FDA) indicate supplier qualification (e.g., a
change of excipient supplier) and formulation design (e.g., a
change of excipient type) as the main mitigation strategies to

reduce nitrosamines, it is key to understand the extent that these

strategies can reduce the risk of nitrosamine formation.”

12. US FDA. Updates on Possible Mitigation Strategies to Reduce the Risk of Nitrosamine Drug Substance-
Related Impurities in Drug Products. Internet 2021. Lhasa
L Limited
26 Lhasa Limited | Shared Knowledge, Shared Progress
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Excipient interaction predictions

» Potential API-excipient interactions can be predicted by Zeneth

» Database of ~350 structures (excipients, and their associated degradants and impurities)

» This can allow a risk-based stability assessment to be done

@)
$ NS i O\SI//ZO 2 Ny
"N /j NO @ NN j
L N K > O/ N/

Varenicline © , N-Nitrosation of a
acesulfame potassium . . o
secondary amine Nitrosovarenicline
O+ _OH
N
Impurity

» Nitrite as an impurity has been added to excipients in Zeneth’s excipient database in line with
data from the Vitic Nitrites database

> Quantitative data from the Vitic Nitrites database could then be used to calculate the
potential amount of nitrosamine in your formulation

2 Zeneth <+ leitic =) |nform and support mitigation strategies Lhasa

Limited
27 Lhasa Limited | Shared Knowledge, Shared Progress
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Conclusions

Nitrosamine formation remains a challenge to assess and mitigate for all
organisations involved in the drug development process, including regulators

The in silico tool Zeneth can assess the theoretical potential of an API to form a
nitrosamine or an NDSRI via a degradation pathway

A database of nitrite levels can be used to understand the impact, and potential
amount of nitrosamine formation in your formulation

> "
é Zeneth + Vrlv'iﬁﬂn‘e;s === |nform and support mitigation strategies

Lhasa

28 Lhasa Limited | Shared Knowledge, Shared Progress Limited
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