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[SUMMARY: Z#]

The Food and Drug Administration (FDA, Agency, or we) is announcing the establishment of a
docket to solicit public comments on the identification, assessment, and control of N-nitrosamine
(nitrosamine) drug substance-related impurities (NDSRIs) that may be considered by the Agency
in its regulation of these types of impurities in drug products.

This notice identifies scientific and regulatory considerations regarding the identification,
assessment, and control of NDSRIs, including areas that may benefit from collaborative efforts,
and requests comments on these topics. This notice is not intended to communicate FDA's
regulatory expectations on these issues but is instead intended to seek input from the public to
inform scientific and/or regulatory approaches as appropriate.
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()
SUPPLEMENTARY INFORMATION: i ‘& i
I. Background 5 =

A. Nitrosamines, Including NDSRIs, in Human Drug Products
b MAEELFO= ke Y7 (NDSRIs % 5ir)

FDA has been investigating the presence of nitrosamine impurities in certain drug products
since June 2018. Nitrosamines are common in water and foods, including cured and grilled
meats, dairy products, and vegetables. Nitrosamines may increase the risk of cancer if
people are exposed to them above acceptable levels.

The acceptable intake (Al) limit is a level that approximates an increased cancer risk of one
additional case in 100,000 people based on a conservative assumption of daily exposure to
the impurity or impurities over a lifetime (70 years) (See FDA guidance for industry
“Control of Nitrosamine Impurities in Human Drug Drugs” (Nitrosamine Guidance) at 10,
available at https://www.fda.gov/ media/ 141720/ download (Ref.
3).(https://www.fda.gov/media/141720/download)

FDA I3, 2018 4 6 HLLK, FrEDEEMLICEEND = Y7 I U A OFEEZHAE L
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(FDADPEZES T D A 4 2 A ; “Control of Nitrosamine Impurities in Human Drug Drugs” ™5 |
FHSCHR 3 (https://www.fda.gov/media/141720/download) O 10 B H % Sl S 7=\,

When FDA was informed of the presence of an impurity identified as N-
nitrosodimethylamine (NDMA) in valsartan, an angiotensin Il receptor blocker (ARB), it
began an investigation in which it determined that numerous lots of valsartan and a few
other ARB drug products from different manufacturers contained unacceptable levels of
nitrosamines. The drug product manufacturers voluntarily recalled the affected batches of
these drug products, which led to a drug shortage in some of the affected products.

In addition, FDA evaluated processes used in synthesis of the active pharmaceutical
ingredient (API) and learned that common synthetic pathways could also introduce other
types of nitrosamine impurities besides NDMA. FDA has continued to learn of the
existence of nitrosamine impurities such as NDMA in drug products in several drug classes
(see Ref. 3 at 2-3).

FDA X, 7o X473 v 1| ZFEAHERHE (ARB : angiotensin 11 receptor blocker) T % /31
PN N-= hr VP AF LT 2> (N-nitrosodimethylamine : NDMA) & 557E S 7= Rl
PEIET DL ambEaN- L &, RELZHIB L, O, N ALZ L DEHDOR > |
&L BRA IR A =T —DARBEEL DV 2nITIE, FFATE RV LU= b Y7 I NG E
NTWe, BRRMA—I—IX, ZNODOEFRLOEEZZ T2y F & BIAIZEIR L7272
R RSB0 CEIELOTE KA (drug shortage) 2334 L 7=,

HIZ, FDA ZESMANIT (APl) OERICER S D 7 ut AZaH i L, —fRi)7a a6 pik
A NDMA DISAOMOFEEO =t V7 I U R EZEANT L REEENRH D Z L 2T,
FDA 1%, &-o0DEKL 7 7 ADEIMIZ NDMA 72 ED=hr Y7 I U AR TFET 5
ZlERBIEREERELTWD (BB 3 D 2 ~ 3 25,

FDA originally published the Nitrosamine Guidance on September 3, 2020 (85 FR 55017 ),
and updated the guidance on February 24, 2021 (Ref. 3). The guidance provides
recommendations for industry regarding nitrosamines, and NDSRIs are a subcategory of
these impurities that share structural similarity with the active pharmaceutical ingredient in
drug products.

In the Nitrosamine Guidance, FDA recommends manufacturers of APIs and drug products
should take steps to detect and prevent unacceptable levels of nitrosamine impurities in drug
products, or avoid their presence when feasible.[1]

FDA 3%, 2020 4 9 H 3 HIZNitrosamine Guidance# %17 L (85 FR 55017), 2021 4 2
H 24 RICHA X A%HH L= (Ref.3), ZDHA KX AL, nitrosamines (25 2 FESHmT
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OHELTFIEAARHEL L TH Y, LT NDSRIs [ZZNHDOARMPOY 7 hT TY Th Y| EHE
i D E LA 7N ST (active pharmaceutical ingredient) & FERYIZFARL L TV D

Nitrosamine Guidance (23 CTFDA 1%, APl B L OERGOREEF N, ERLFOFRTE
RN D= k1 TR AR (nitrosamine impurities) Z AR L. & L CRHIET B 720 DHE
B LD, AR THIUL, TNOLDOFELERET 2720 OHEZH L 5 2 L 2L Tn
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Specifically, FDA recommends a three-step process that manufacturers should take to
mitigate nitrosamine impurities in their products: (1) conduct risk assessments for
nitrosamines in their products; (2) conduct confirmatory testing if risks are identified; and
(3) report changes implemented to prevent or reduce the presence of nitrosamine impurities
in drug products in approved and pending new drug applications (NDAs) and abbreviated
new drug applications (ANDAS). The Nitrosamine Guidance describes some conditions that
may introduce or create nitrosamine impurities (a nitrosating reaction between secondary,
tertiary, or quaternaryamines and nitrous acid (nitrite salts under acidic conditions)) and
provides FDA-recommended Al limits for six nitrosamine impurities that could be present

in drug products (see Ref. 3 at 10).

HAREIZIX, FDA X, L& N8 F o nitrosamine impurities (= kv 7 3 o B A #4)
AT DO DNE 3 O T n b A2 L TV D
1) ®Etho=ta 7T I 00 A7 % FEET 5
(2) VR BREINT-HE, MRRABRE FEiT 5
(3) KGR A M MR TR DFHEHFE (NDA : new drug applications) 36 JX OMEIGAL B 3 B 75
(ANDA : abbreviated new drug applications) (ZFW\\C, [EHimFO=ra V7 I ANl D
718 %, Bk E 38T 2 72O EE S - AR 25T 5
Nitrosamine GuidancelZ, = hw V7 I U Affi# (nitrosamine impurities ; (2 #%. 3 #k, F£72iZ
4 #R%T I L AR (BRrESRfE N COHEMEEE) L oM D= hr VURIE) ZEANEITARRK
THRREMERH DN OPOEEEZHHIL, 6 2O=Fr Y7 I VA HHIZBEL T, FDA 2
HeLE9 % EEINTIFET DFAEHE (Al : acceptable intake) Z #2fl: L Cu % (see Ref. 3 at
10).

More recently, and often in response to the risk assessment recommended in the
Nitrosamine Guidance, FDA has received an increasing number of reports of certain types
of nitrosamine impurities that have formed in drug products across multiple drug classes.
These NDSRIs are a class of nitrosamines sharing structural similarity to the API, and thus,
differ in certain respects from small molecule nitrosamine impurities ( i.e., nitrosamine
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impurities that do not share structural similarity to the API, and are therefore, not
considered NDSRISs) identified in the Nitrosamine Guidance (see Ref. 3 at 10). NDSRIs can
be generated during manufacturing, or during the shelf-life storage period of the drug

product.

X VT, %< D% A, Nitrosamine Guidance THERE S LTV A U A7 FHli~D U AR A
T, FDA I, HEOERM Y 7 A Zblco> T, EEMITTEM S L2 FeE OFEFEO nitrosamine
impurities (2R3 2 2 OMEEZITE-> T 5, Zhbd NDSRIs 1X, ZDAPI () &
HIENELEE AT 2= YT I 007 T ATHSHH, £ Nitrosamine Guidance T#&
EDORR Lo TWLINGF= a7 I AH (DF V. API EHEEREEE 2 3047 L 722
Wz, NDSRIS (N-= ke vy oxFa7 v &I > TS (see Ref. 3at 10) ., NDSRIs (&,
RED, FFERLORFHRTICRET D WREEL D 5,

They can also be generated during the synthesis of the drug substance. In some cases, the
root cause of NDSRI formation has been attributed to nitrite impurities present in excipients
at parts-per-million amounts. Nitrite impurities have been observed in a range of commonly
used excipients (as well as water) and may lead to the formation of NDSRIs in certain drug
products. In general, there is a risk of generating nitrosamine impurities when nitrites are in
the presence of secondary, tertiary, or quaternary amines. Secondary or tertiary amines are
known to be part of the chemical structure of several hundred APls. Accordingly,
depending on the formulation and manufacturing process for the drug product, as well as
ongoing oversight of the quality of materials produced by suppliers, there may be a risk of
nitrosamine formation in a substantial number of drug products.

FhbiE, FEOAHRTICHERSI S AREEN S S, BAIC L > TiE, NDSRI FEHEOBA
7R, BHS0 1 ORTRIBANCAAET 2 BMBIEAMICER T 5 & ShTna,
ARSI HEA (nitrite impurities) 1, —ARAGICHE ) X402 85 & 72 RN (excipients) (KIZZ0FHOD =
LThAHN) THEISNTHEY . BEOEEST NDSRIs OIGHICSM 35 AR 5 5.
R, EEES 2 B 3 B T 4 BT IVOFETEHLBE, = FRYTIVA
SR AERT DU R RS, RETIESRT I 0. BEO APl (EE) OfbZEEEGE D —
MG DI EBRHB TG, LERoT. EERLOMELBEF a2, BEOYTFI A ¥
—RRET D HEO BB ORI R BRI Ko T 2 R0 ORDEERBT= hr Y7 IR
TR S D U R 27 R HILD FTREMEN & 5.,

In November 2021, FDA alerted the public regarding the presence of NDSRIs and indicated
that manufacturers could ascertain the presence of NDSRIs using the same three-step
process identified in the Nitrosamine Guidance (Ref. 4). As discussed further below, FDA
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also conveyed possible mitigation strategies, and encouraged applicants to develop control
strategies or design approaches to reduce NDSRIs to acceptable levels or eliminate them
(where feasible).

2021 4 11 HIZ. FDA 1% NDSRIs DIF{EIZOWNWT—fRICEALE L, EEH I tn YT 3
VAT ATRESNTEOEFL 3 D7 ot 221 LT NDSRI OFFELHERTE
52 E%&RLiz (Ref.d), LATTELITHEMmT DK D2, FDA [ ATREZRFEAFNHLMS  (mitigation
strategies) (2D THinz, NDSRIs ZFFAL~ILETFIT 50, (FIRERLEIR) RET LD
DOE PG F 713G e —F R T 5 L O HEEE IR L7z,

NDSRIs present unique scientific and regulatory challenges for FDA because each NDSRI
is unique to the API, and there is limited compound-specific data that is available to inform
safety assessments. Additionally, design of validated test methods for identification of
NDSRIs and modification of existing test methods for assessment of their mutagenic
potential may raise novel scientific considerations.

NDSRIs|E, FDA |ZFF7e B #H3 KO EOBMEA R LTS, L) Dl &
NDSRIs X ZNZENDAPI (53) IZEADOLOTH Y, & L TLEEMFHZ 24t 57291
FIACE 2{LEMEAOT —ZIFRBOLITVELLTHSDH, HIZ, NDSRIs Z[FIET H72HD
ARVRBITIEORGEE . F D OB RJFEMED ATRENE 2 FEAT 7 2 72 9 OBEAF OB L DIELE
E. T LWE PR BERZ S S E TN & 5

B. Safety Assessments of the Potential for Mutagenic and Carcinogenic Risk
PERIENE « FERANMEY R 7 O A[REMEIC B3 5 22 A AT

In the Nitrosamine Guidance, FDA recognizes that nitrosamine compounds are potent
genotoxic agents in several animal species, and some have been classified as probable or
possible human carcinogens by the World Health Organization's International Agency for
Research on Cancer (see Ref. 3 at 5).

The framework for identifying, categorizing, qualifying and controlling DNA reactive
(mutagenic) impurities to limit potential carcinogenic risk is provided in FDA and
International Council for Harmonisation guidance for industry entitled “M7(R1) Assessment
and Control of DNA Reactive (Mutagenic) Impurities in Pharmaceuticals To Limit Potential
Carcinogenic Risk” (ICH M7(R1) Guidance), available athttps://www.fda.gov/ media/ 85885/
download (Ref. 5).(The ICH M7(R1) Guidance was prepared under the auspices of the ICH).
Nitrosamines as a structural group are referred to as “cohort of concern” compounds in the
ICH M7(R1) Guidance because of their classification as high-potency mutagenic
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carcinogens. It is currently unknown if all or some NDSRIs are associated with this
classification.

Nitrosamine GuidancelZ 33\ C, FDA Z nitrosamine L5230 < D OB FE Tk ) 70 i85 75
MMETHLZ L ERHLTEBY ., oL, AR DERRD AMFFERERIC L > T
NENAYE Th D HEMEZ 7270 (probable) . (E#Z) T Z EWAHETH A D (possible) &
SEEEN TS (Ref. 3aths),

BAER 72 A0 U A7 ZHHIIR9 5 7212 DNA SOk (28 5% mutagenic) % [F] & (identifying)
L. Z0%H (categorizing) L. ¥&fFiF (qualifying) . &= L T EE (controlling) 95 7 L — AU —7 (#
A 1E. FDAL ., ROBOTRELE N TND ;

+ International Council for Harmonisation guidance for industry :

“M7(R1) Assessment and Control of DNA Reactive (Mutagenic) Impurities in Pharmaceuticals To

Limit Potential Carcinogenic Risk” (ICH M7(R1) Guidance)
BIERR P A Y A7 2 KT 5 72D O EHE T DNAKIGYE (ZERFME) Y O G & OVE
HAUA FIA D& (X7 v 75 ;201846 H27H)

EEREE LTCoO= Y7 I 03, MARERFEMRNAME L LTHEINTWADT=S, ICH
M7(R1) TA X AT MEEENLamR—F GEzR) | (LEMEMHETNATWD, 2To, £
721X —H > NDSRIs 28 Z O ¥EICEHEAT T BTV A0 E 9 i, BIERHTH 5,

FR¥E . 24—k “cohort” ML : agroup of people with a shared characteristic.

The ICH M7(R1) Guidance provides guidance to derive Al limits for some chemicals that are
considered mutagens and carcinogens and are also commonly used in the synthesis of
pharmaceuticals or are useful examples to illustrate the principles for deriving compound-
specific intakes otherwise described in the ICHM7(R1) Guidance (see the Federal Register
notice issued March 14, 2018 (83 FR 11210).

ICHM7(R1) #A XA GRESE) 13, ZRRFEWEB LORPAWE L AnSh, EEGHOE
IS b — AN SN bFWE D Al GFREBIED) REMZEE oo l(A ¥
AT D0 B D5 WML EME A OEIE A E X T 72D DRI Z G 5 DI
Thbd, ICHM7(RL) HA X A (2018 4F 3 H 14 HIZHFAIT SN HEMAEHu@mE (83 FR
11210) =),

FR¥E : PMDAD Y > 71X ko@D THDH (FaRbETe)
https://www.pmda.go.jp/int-activities/int-harmony/ich/0036.html

Specifically, the ICH M7(R1) Guidance recommends applicants use a hazard assessment,
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which involves an initial analysis of actual and potential impurities by conducting database
and literature searches for carcinogenicity and bacterial mutagenicity data, to classify
impurities into one of five classes and proposes action for control based on the resulting class
(with Class 1 being known mutagenic carcinogens and Class 5 being impurities with no
structural alerts, or alerting structure with sufficient datato demonstrate lack of
mutagenicity or carcinogenicity) (see Ref. 5 at 10).

BRI, ICHM7(RY) A X A%, HiE&IZ T —F 7EA A L (hazard assessment)
EHERHTDHZEEHIREL 0D, Zhud, BRAMEB I OMEELREMET — % OF7 — X _X—2
BLOXMMREEZERT 25D THY . Fflis 5507 7 ADNWTRMNIHEL, £05EH
NT=7 T ACESWTEEOBELZIRET SO THD (Class 11%, BEMOZEBJFMER AW
BThHY, 7T A5 ITHEERREL (structural alerts) D72V, F 72138 BIFME F 72 133858
PEDRINZEFEST D DI+ T — 2 2 AT 285HETH D) ((see Ref. 5at 10)

If data are not available for such a classification, a computational toxicology assessment
should be conducted using two (quantitative)structure-activity relationship ((Q)SAR)
methodologies that can predict the outcome of a bacterial mutagenicity test (see Ref. 5 at 9-
10).

In the ICH M7(R1) Guidance, FDA recommends that impurities foreach class be controlled
at specified limits; for example, it recommends Class 1 impurities be controlled at or below
compound-specific acceptable limits, and Class 5 impurities be controlled as non-mutagenic
impurities (see Ref. 5 at 10).

L L, ZOXIBRGEDIDOT = PFIHTE RWGEICIE, MEEREMERBROSRZ T
WTED 250 (EEM) HEIEMEMER (QSAR) HiEkmasMH L T, 2 Ea—¥—ItL5d
mr R 2 e D LB H 5 (see Ref. 5 at 9-1),

ICH M7(R1) #A %> ATiZ, FDA 1347 T 2D %2 K& OIREE TEHT 5 2 L 2 H#EE
LTW% ; BIZIEX, 77 1 ORMIIMEEWEA OFFARFLLTICERT 2 2 & 41

7 T A5 ORMPITIERFERMBD E L CTEHT D2 L2 HEL T D (see Ref. 5at 10),

1. ASSESSMENT OF POTENTIAL MUTAGENICITY AND CARCINOGENICITY
WAERY 72 2 BRI d L OV 8 AME DR

FDA typically requests that applicants assess the potential for an impurity to be mutagenic by
conducting a standard in vitro bacterial reverse mutation test (Ames test). If this in vitro
mutagenicity testing is negative for a nitrosamine impurity, FDA has requested further testing
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because standard methods used for the Ames test may not be adequate to characterize the
mutagenic potential of nitrosamines, in some cases producing negative results with known
mutagenic nitrosamines.

FDA [dil%, HEEEICxh L, ¥R 7 in vitro bacterial reverse mutation test (il 18 )7 225828 FL
AR Amestest =4 AX FR b REBR) 2FEMTAHI LT MNP ERFEETH D
AIREMEZ T2 £ 2 Bk 95, 2@ invitro BEFHERBR T= bt Y7 I U ARHY (nitrosamine
impurity) 7% F2METH 555, FDA ITER LR AZERT 5, L0 o DiF, Ames RERIZAEH =
NDEERER 22 7L TIE, = b Y 7 v OB RIFNED FREME & FFT T 5 DI +43 TikAe\a]
RRMERDH Y, JBEICL > TE, BEMmOERFM = e YT I 0T, BHEORENGOLND NG
Thod

FRIE : Amestest A LR TABR (UA4FXFNT 4T ED) ; =4 L X T AL (Amestest) &1, WEDE
BIFEZ T 5720 DAL X T v v A RMBRIETH D1, B 74 V=T RFEA=T L—D 7L
— A « A LA (Bruce N. Ames) #iZ 512XV 1970FEMRICBAR I NIZ720, A LA T A NDAN
b5, ERFUHEWEIIREEYDE (=vxz—F—) THLHDLILONE VD, T LA TA b
I EETRHOBKRTHLEMINTND, HE LA LR T A MNEEWE & 3EEDEITER O
WS B %0 [2],

Information in published scientific literature suggests that some Ames tests ( e.g., those
conducted with rat S9) may not be sensitive enough to assess the mutagenicity of nitrosamine
compounds because of species-specific differences in metabolic activation of potential
mutagens. Additionally, there is limited experience on the sensitivity of these tests for
NDSRIs, which are more complex structures than the more commonly identified
nitrosamines in the Nitrosamine Guidance.

AR INTERFOROEHRTIE, —HOTA LXK TAK (T b S9 ZHNTTo 73R 72 L)
X, WTERN R ZERFORBNEMAEDNEIC L - TR D720, = be Y7 I ALEW O RRME
Z RIS D IR E DN+ TRWATREMER & 5 Z L AR STV 5, BT Nitrosamine
Guidance T, £V —HIZRESNTVWDH=rr YT I 10 bEMEREETH S NDSRIs (2
DI NEOT A NORKEIZET HFBRIL, RETWD,

Therefore, FDA's National Center for Toxicological Research has been testing different
conditions to develop an enhanced Ames test that is intended to provide a more reliable

assessment of potential mutagenicity in small molecule nitrosamine impurities and NDSRIs.

Zhwwz. FDA ®National Center for Toxicological Research (N7 #tEffset > #—) | HEx 7t
7T ANLT, K F=hra Y7 I A% (small molecule nitrosamine impurities) 33 X T8 NDSRIs
DIFIERI R RIFMED LV EE T o2t 2 2 L 2 BV & Lok &7z AmesT A b
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ZRFELTWA

In some circumstances in which the results of an enhanced Ames test are negative, the
mutagenic potential of the impurity was further assessed in an in vivo transgenic gene
mutation test to confirm the in vitro findings. If further in vivo testing is to be conducted, the
selection of the in vivo mutagenicity tests should be scientifically justified based on
knowledge of the mechanism of action of the impurity and expected target tissue exposure
(see Ref. 5 at 11 and at (Note 3) 21-22).

To avoid potentially duplicative nonclinical in vitro or in vivo testing of NDSRIs by
manufacturers of drug products containing the drug substance, FDA is interested in exploring
the feasibility of collaborative efforts among applicants and manufacturers of affected drug
products.

BRI A LA T AR (enhanced Ames test) Dt RNEMETH 555 121E, in vitro TOHT L % fERE
9% 721T in vivo transgenic gene mutation test (f » ER h T AV = = v 7 s FERRER) TAM
MOEREMEZ S HICEHET 5, B, invivo iBR%Z k4 5% 4. in vivo mutagenicity tests
(ZRFEMRER) OBIUL, N OIERERT & T8 S 1 2 AR~ DORER (2 B3 2 ki
HAOWTREMIZIESE (L ENH XX THD (see Ref. 5at 11 and at (Note 3) 21-22)),
JFHE A G TR ORLIEZEH T L D NDSRI OIERGIK invitro F7213 invivo RBRNSEME T 5 A]
REMEZ [BIEET 2572 01T, FDA 13, ®EZZ T DEHRLOHFEE L -IEEH OMOILFREEDE
BAREME 2 AT 2 Z S ICBLERF > T 5

2. COMPUTATIONAL TOXICOLOGY Gl alEy

In general, (Q)SAR models are accepted as a scientific tool for predicting and classifying the
biological activities of untested chemicals. A computational toxicology assessment using
(Q)SAR methodologies can predict, with acceptable confidence, the outcome of an Ames test
by using two complementary, validated modeling methodologies (statistical-based and expert
rule-based) and can be used to classify an impurity as mutagenic or non-mutagenic (see Ref.
5 at 10). The methodology uses statistical and/or manual approaches to correlate and
rationalize variations in the biological activity of a series of chemicals with variations in their
molecular structures, which are often represented by a set of quantities commonly known as

“structural descriptors.”

(12, (Q)SAR (fiERgIEME) E7 /L. RRBRO(FEWE O AEWTENEZ TR L ET 5
DORFEH)Y — L E LTRZITANLNTWS, (Q) SARTEZ AWt FEBMEFARHNIL, 2

O OEMANOENLR L TEBY £, 2070, RSOIFENWELL Pharma-bio Futakami
BATWET, RUIBETT, LTRESLS ZERE, BEWSLET,



FR ToO/37 1 X 2 2023 4205 H 04 H/ABH 1"“"“830““1'0“300‘-11": .
b hHEESEE R o Nitrosamine JFEERLE FMM O RE . MR O 11/ 26 PIo7LVR ) a—ay XRARE

DOMFERITNY T — MFEHDET MEFIE (FRHN— A EHMARONL—L_—X) ZHW5D

ZLT, A LAT A NDORREHFA T LEHETTHTE, Nl 2 28 R £ 721394

BIFMEE LT A0 TE % (seeRef. 5at10) . ZOH{EMmIZ. —#HO(LFEHWE D
EFHNEYEDEE 2. £ O FEEOEE) L MHE S AT 272012, ML T X

FHEOT e —FEHEHTHHOTHY . —#IT "structural descriptors  (FE&FLAR 1) " & LT
HHNTND— HOBEIZE > TRIND Z ENREUY,

Because (Q)SAR models can generate a prediction of a chemical's biological activity from
structural descriptors more rapidly than in vitro or in vivo testing can be conducted, they
provide a means to efficiently assess nitrosamine toxicity when experimental data are
unavailable. However, the predictive performance of (Q)SAR models depends on many
factors, particularly on the quality of biological training data, descriptor selection, and
modeling algorithm. Therefore, FDA has been working with model developers and
stakeholders to advance predictive toxicology, with a focus on the use of (Q)SAR
methodologies in assessing potential mutagenicity and carcinogenicity of NDSRIs.

(Q)SAR (K& FHBITENE) &7 /L1E. in vitro<ein vivoD iR L 0 & Ul (& SR 10 AL E D
EEVEZ TRT 22 ENTEDTZD, FERT —FZ N RWIGAEIZ= he VT 2 U ElE a2 5w
(RS 5 PR AT N TE 5, LOLARRL, LML, (QSARET /LOFHIMERE X
%< OER, FRZAWFN N L —=2 7T — 2 OB, FRak 1O (descriptor selection) |, E7 /L
7T Y XAIHEET D, Z 212, FDAIL, B 7 /LBHFE#E (model developers) <°RIFRE

(stakeholders) & /) L. NDSRISOIFTER 7228 BJFME IS KON AMEDOFHEICH 1T S (Q) SAR
FEOEMICERZY T, THIRNHEEFEZRBEIE TN D,

3. DETERMINING Al LIMITS FOR NDSRIS NDSRIs %4 2 FFAEREDORE

A recommended Al limit is based on a safety assessment that includes evaluation of the
mutagenic and carcinogenic potential of the impurity and represents the level at or below
which FDA has determined that the impurity or impurities would not pose a safety concern
for patients taking the drug product. The Al limit is a level that approximates an increased
cancer risk of 1:100,000 based on a conservative assumption of daily exposure to the
impurity or impurities over a lifetime (70 years) (see Ref. 3 at 10 and Appendix B “FDA
Determination of Acceptable Intake Limits”).

HELES LD AL FRAVE (Al : acceptable intake : FFAEEE) 1L, R OLERFMES X OFRN A

PEDFHM 2 & o2 VRIS D & | FDANAHM £ 72 13 M N =R S 2 IR 2 8E S Ao
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IZEE EOBEE 5 ZWEHB LI LNV ETIZENU T THL 2 2R LTINS, Al [RAE
fElE, B (704) (2l TR E 72 I3RS HIREE T 2 &0 O IR RELS

& 1055010, (BA) U A7 OHINSENT 5 L~ Th% (Ref. 3at 10 KOk B
'FDA Determination of Acceptable Intake Limits] % &) .

The Al limit is generally described in nanograms per day, and each applicant establishes
specifications to control for the level of impurity or impurities in their drug products (in parts
per million) based on the maximum daily dose of the drug product under the labeled
conditions of use.

Al GFRERED) REMEIZ KT 1 Bb-vor /) VIt dIn, £HEEIT. 7
NEREINTHHEME T TOERLEORRK 1 HARICESHNT, EEXLTORMBDO L~ %
HIE9 2 72O OB ZTESL T D (ppm FEL),

Once a recommended Al limit has been established, applicants and manufacturers would
generally be expected to control impurities within the recommended Al limit (see Ref. 3 at
14, 15). Applicants or manufacturers should contact FDA regarding drug products with
unacceptable levels of nitrosamine impurities that are already in distribution (see Ref. 3 at 14,
15). Additionally, applicants and manufacturers may need to modify the manufacturing
processes or reformulate their drug products to control impurities within the recommended
Al limit or submit additional testing to FDA that would demonstrate the applicant's proposed
limit is safe.

LRSS Al GFREERED) REMAHELSND &, BiEE L REER T %I, HEE

5 Al [RENTARMAZEET 5 Z L3I S5 (see Ref. 3at 14, 15), HIGEH & 72132
FlX, T TCICMEBLTWVWAIHFRTE 2V = ha Y7 2 Ui G ERLIZ oW T
FDA [JEETHMLENRH D (BELHR 3 @ 14, 15 25M), S50, HifsE L fEEsE
LRI D Al HIBN TARMP 26T 5 7-OICB-E T e A2 2H L2 | B3RS L2 FOLS
L720, HEEDRELIEHIRENLZETH D Z L 2T 5 8MORER% FDA IZHEH OV
DELLGERH Y £7,

Calculating a recommended Al limit for NDSRIs is often more challenging than calculating
recommended Al limits for small molecule nitrosamines, primarily because NDSRIs are
unique to each API and there is usually limited or no existing safety data ( e.g., rodent
carcinogenicity data) on NDSRIs (see also Ref. 5 at 12and note 4 on calculating a compound-
specific Al limit).

FDA has published recommended Al limits for alimited number of NDSRIs, but unlike more

CONBOHMNOE SR LTHY E5, 200, RCETMENES< @ Pharma-bio Futakami
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commonly known nitrosamines (such as those identified in theNitrosamine Guidance), a
recommended Al limit has not yet been determined for most NDSRISs.

NDSRI O#E%E Al FFAEREO) RIMEOFEIL, K5 F=hr Y7 I OH#ELE Al BREH
DFIAEIVBEHE LW EN KL< H D, ZHUFEIC, NDSRI 234 APl (B ICEAOHL DT
&Y. NDSRI IZBT 2BEFEOLRENET — 5 (T o WEORENANET — & 70 8) PEFER LT
WD, BLRWEDTHD (F7, 2 5 © 12 KO, (LEWERO Al REOFHREICEY
LR 4B

FDA TR S5 NDSRI ([ZOWTHERE SN D Al HilfRZ AR L TWAH2N, K0 —fRAIZHEn
bR TWb=rayY7Ir (=haYT7 Iy HAXVATRHESNL TS HORE) g
D 1EEAED NDSRI IZHOWTHEERES D Al [REEIZ L ZRE S Tuhan,

If mutagenic potential is identified through toxicological testing or computational toxicology
models, FDA and applicants have used (Q)SAR methods to identify and select a data-rich
surrogate that is similar in structure and reactivity to the data-poor NDSRI to generate an
estimate of carcinogenic potency from which an Al limit can be determined. In this scenario,
surrogates are compounds containing an N-nitroso structural alert in the same chemical
environment as an NDSRI and for which robust carcinogenicity data are available (see Ref. 5
at 11-12).

The rationale for the choice of surrogate (similar in structure and reactivity) is significant
because test data from the identified surrogate is then used to generate an estimate, either
quantitatively or qualitatively, for the data-poor compound (commonly referred to as a “read-
across analysis”).

b L. ZRFPEDOATREME DS YRR £ I R FERE T VIS L - TRE SRS A .
FDA & HEE#EIT (Q)SAR IEZHHA LT, T—# dA72u» NDSRI & & SOSTERNERIL TV
HT =2 DEERREMERELS L OERL, Al BRYEZRE TEDR-BAMENS, BRANE
DIMDOHEEM A 155, Z DT FVATIE, ed—F (&L L7e/ba) 1L, NDSRI & [FH
CALFEREET N-= hr VST 7— 2B TbamTh D . BRI AT — & M3 F)H A6
TT (BB 5 O 11-12 =5 H),

e r—~ (EE OSEDREL TV D) 2RI/ 55 HAVIRHL (rationale) IFEETH S, 2E
mh, BESNEYe S — o0 T AN T—2E, T—ZOVRVMEEMIZE L TiX, EE
& D VNXEMEN R HEEEZ G- DI SN0 5 TH D (2, “read-across analysis” &
EbnTng) ,

The nitrosamine structural alert environment is an important factor when selecting

appropriate reference compounds for a read-across analysis and may include consideration

ZOGEOFEBLOENRLTEY £3, 20D, FROUIHENVWEZZ< @ Pharma-bie Futakami
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of the degree of substitution, steric bulk, electronic influences, potential for metabolic
activation, stability/reactivity of the resulting metabolites, and overall molecular weight.
Additionally, the quality of carcinogenicity studies in the published scientific literature can
be quite variable; however, use of less robust data can sometimes be considered acceptabl
ewhen no more complete data exist, given the highly conservative nature of the risk
assessment (see Ref. 5 at 36).

=btr Y7 I UHIET 7 — MEREE (nitrosamine structural alert environment) X, U — N7 27 1 245347
(read-across analysis) (23 L 72 S ML EM A BINT H2BROEHERERZRTH Y | [EHLE (degree of
substitution) , SZAR/S/L 2 (stericbulk) | FEF-HUSZHEE (electronic influences) | RENEME(L D FTHENE
(potential for metabolic activation) . #& & L CTHA U 2 G O 22 @M SOt (electronic influences)
BILO 2KD5r 1% (overall molecular weight) % & e85, LxL7ehnb, 72720, U A
7l DOIEFNRSTRI R E 2B 2 5 L. THLL ERRRT — 2 PEELRWIEEIEL. FElE
DIRNT — X2 DFERANTRTEL LR IN5E60H % (see Ref. 5 at 36),

C. FDA's Ongoing Work on Nitrosamine Risk Assessment and Mitigation
Nitrosamine @ U 2 7 3¥fi & BHIZEE§ 5 FDA OEITHOESE

Since the issuance of the Nitrosamine Guidance, FDA has continued to work to better
understand the root causes of nitrosamines, develop mitigation strategies that can eliminate or
minimize the presence of nitrosamines in drug products, and improve approaches to risk
assessment (mutagenicity and carcinogenicity) of NDSRIs in drug substances and drug products
that can inform recommended Al limits.

Nitrosamine Guidance MDFEATLARE, FDA 1&, = Fr V7 IV ORAFRKR OBFEZ RO, EHE LT O
=bbu Y7 I DFEE PR E T ITRIMETE DREEIE AR L, U R 73l (EREMER IO
W) ~DT T u—FEWET LHTOORMY ALK TEl, £ LT, HEINDHAI REE
lEE D 2 &N D FHEL L OERGHONDSRISO U A7 TEA A FOw#EL TS,

As FDA learned more about NDSRI formation and received increasing numbers of reports from
industry on the presence of NDSRIs, the Agency identified on its web page two examples of
mitigation strategies related to formulation design to assist manufacturers in reducing the levels
of NDSRIs in drug products.

One mitigation strategy was derived from published literature reports that demonstrated that
commonly used antioxidants, such as ascorbic acid (vitamin C) or alpha-tocopherol (vitamin E),
inhibit the formation of nitrosamines in vivo, based on data from human gastric fluid in vitro

ZORBOYMAOESHR L THY T, 2070, RN ES< Pharma-bio Futakami
ELTOET, RXRBETT, UPRCESS, JHERE, BEOKLET,
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studies (see Ref. 4).

FDA IX. NDSRI JERIZ DWW T LY %< 2%, NDSRIS OIF{EIZBET 2 EE RS Ot o8
Mz%3 T, FDA 1ZZ£ D Web ~—2 T, SUEEZENEF LT O NDSRI O L)Lz R 50%
XHET B 72D ORFIFRFHBAE T D REFEIE D 2 SOFEGI A RFE L,

FEFERIE D 1 DX, ARSNIEMINLEXZIHLLOTH L, ZhoHREIL, 7 Az e g
(EXI C) R a-ha7zna—b (EX I E) 2 EO—RANIHH S D PR EHE 2N, in
vitro TOt NBIROT —XIZESW T, invivo T= ha Y7 IV OFEMRERET D Z & 2EIEL
7= (see Ref. 4) |

FDA advised that recent work preliminarily demonstrated that the addition of these antioxidants
to formulations may significantly inhibit the formation of NDSRIs in drug products. FDA also
presented a second possible mitigation strategy related to formulation design based on the fact
that the formation of nitrosamines typically occurs under acidic conditions, whereas, in a neutral
or basic environment, the kinetics of these reactions are significantly reduced (Ref. 4). FDA has
encouraged manufacturers to consider these as well as other innovative strategies to reduce the
formation of NDSRIs to acceptable levels in drug products.

FDA (%, BoEDHIFET, Th b OMMIEWE 2 [WHNITHINT 5 L. EEMLF D NDSRIs DAL
ELLSHEESND ARESS D Z LB PHOICTEH SNz LR T\ 5, FDA [3E/, =kta Y
7 I OFREITEE . BHESM T TRAET IO L, FHEELIEEMERECIX. Zo0KRIG
HEENKRIEIAR T2 &V ) FREICESNT, [ARRGHIBEES 2 2 -2 H O rRE A Bk 2 12
L7 (Ref.4), FDA 1%, E#ALH > NDSRIs DA AHAEL~LETHOT/-DIC, Zh 650
HRIE-° 2 DAt D FOFTAY 22 MRS 2 MR 2 2 L 2 BEEF TR L TV D,

D. Regulatory Challenges 7| EooRfia

GRRRELE : ZOIUINE & HEENEMET, FMRTEeroT,

AIFIRREE R %2 ZDEIELTERCER#H L T D, )

The identification of a new impurity, such as an NDSRI, may have implications for a cohort of
pending or approved NDAs (including applications submitted pursuant to section 505(b)(2) of
the Federal Food, Drug, and Cosmetic Act (21 U.S.C. 355(b)(2) )) and ANDAs and
(https://www.govinfo.gov/link/uscode/21/355) also creates unique challenges from a

regulatory perspective. For example, a generic drug applicant typically may qualify the level of
an impurity that does not have a limit in an applicable U.S. Pharmacopeia monograph or that

CONBOHMNOE SR LTHY E5, 200, RCETMENES< @ Pharma-bio Futakami
GATOET, RCEBECTT, LFEICHESS . SRRz, BROKLET,
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does not otherwise have a recommended Al limit ( e.g., as described in applicable guidance) by
comparing its proposed product to the observed amounts of the impurity in the previously
approved drug product (the reference listed drug) on which it relies for approval (see Refs. 1 and
2).

NDSRI 7¢ & D LWAHI ORIEIE, PR P £ 72 137KGR % 4D NDA @D =7k— b (cohort @ #f, £
M) [T 8% 52 5 RetEnd v (ERE M EE ML STE (21 U.S.C.355(0)(2))) . & L CTANDA
B LW (https://www.govinfo.gov/link/uscode/21/355) &, KLl OIS HALE OFEEZ A A H LT
Do BIZIE, Y=V v EEGLORGEEIL, BHE, EHINDKEHRF[GTOE 77 7IZH R
RN, RS LD AL (RNEER) HIFRIE (61 2 WHIND A X AR STV D)

DIRNARF DL~V % ZORBEINTAEE KT HZ LICL > TRETHIENTE S, LIl
(KRS N ERS (BB RIS STV D ERES) ORI OBIRE S o \mICESW TR
KT DN B % (see Refs. 1 and 2),

This approach reflects that identification and evaluation of certain impurities to establish the
biological safety of the impurity at the level(s) present in the API or drug product typically
occurs before approval of the NDA for the reference listed drug, and subsequently, ANDA
applicants can conduct comparative testing of their products and the reference listed drug to
qualify impurities.

However, challenges arise when each applicant in a cohort of pending or approved NDAs
(including section 505(b)(2) applications) and ANDAs concurrently conducts risk assessments
for the presence of an NDSRI in their drug products and, if present, develops data to support an
Al limit and specifications for controlling the impurity in their drug products.

ZOTTr—F X, APl FIIFERMFET D LoV TORMY O LY TR Z 2 A WL T DT
D DREE DM DREEF L OFHES, #@F, U 2 MIGR#H SN TV D EHEL DO NDA DGR
ANCATON D Z L &L TRY . TO%, ANDA HEEHEIE, M E2RET H72bic, HiE
an & B R MTH B FEH G O LG 2 i3 %
=17 Ly R EII&READ NDA (B2 2 a > 505(0)(2) DHFEA2GET) dak—h, BLIW
ANDA DFHFEFE D, EHL T D NDSRIs DF/EICONWT Y R 7 fHliZ AR Em L, H L (Y
) fHET DA E. T —F 2 ERT ABRICGERENE L 5, EEGHO RS AR 57200
Al [REEME & Bk 2 BT D720 DT — 2 2%+ 5,

Moreover, information on impurities in drug products that may reveal an aspect of an applicant's
manufacturing method or process generally has been protected from public disclosure, unless
such information has been previously disclosed by the applicant or is otherwise publicly
available.

ZOGEOFEBLOENRLTEY £3, 20D, FROUIHENVWEZZ< @ Pharma-bie Futakami
BATVWET, FRUIBE T, LTRSS Tz, BEWELET,



FR ToO/37 1 X 2 2023 4205 H 04 H/ABH 1HmnnaSolmlnnscu‘.nd. .
B hAEZES T Nitrosamine FIRRE RS O [RE . F-ELOVEE 17 1 26 PIo7LR-/)a—ary kA&

Thus, FDA maybe limited in the impurity information that it can disclose to facilitate efficient
evaluation of other products and to inform applicants of actions they can take to mitigate
nitrosamine risk.

In addition, there are considerations that may constrain FDA's ability to disclose certain
information provided by an applicant in FDA's evaluation of other applicants' submissions to
FDA, which can lead to potentially duplicative nonclinical tests (which may include animal
testing) to characterize the risk and inform a recommended Al limit.

This can be a significant concern when a newly identified NDSRI may have implications for a

cohort of pending or approved marketing applications.

B2, HFEEORE HEF 7 a2 AOMEZH G NIT 2 O & 5 [R5 O AR H I B
THERIL. TO LI RIEWMPHBEEICL > CTLHNZBRENTW A, F3ho ik Tz
AFARETRWVIRY | —fRIZANOR#E I N TE T,

L7235 T, FDAIL, ORGSO LRFHIZEE L, = b YT I U X7 Z8HT 57201
HEEENID Z &N TEX DITEZ MO 572012, BR T 2 RMMHERICHIRN & 57008 Livis
VY,

S BT, FDADMMLD HGEE DFDA~DHE ) 2 39~ 5 B IS R EEE 2 O 12k S 72 R E D1 % B

AT LR EHIRT A AREEDN O DZEFENH Y, ZHUX Y A7 2RS0T, HEREAL FEEE)
HllBR 2 & 2 72 OIEREIRAER (BB z G560 0 5) OEMO AIREMEIZ D720 5 Al RelE
%

ZHUE, BT ICREE SAUIZNDSRIZY, HIGEH E 71 ARE A OIRGERFED 28— ML 5 2 %
AREMEN B D5 6Is, ERRBREE 2R VE5

For example, there are circumstances in which potential constraints regarding disclosure could
hamper FDA's ability to quickly and publicly identify a compound-specific recommended Al
limit for an NDSRI that may be applicable to all drug products that contain the API.

Potential constraints related to disclosure of certain information regarding impurities could also
lead to delays in providing applicants, including follow-on and generic drug products, with
information to develop drug products with acceptable impurity profiles.

Additionally, uncertainty about the presence and/or acceptability of the level of an impurity
raises additional regulatory challenges and could lead to some applicants conducting
unnecessary studies or even discontinuing drug products from the market, potentially resulting
in drug shortages. These difficulties can impact patient access to medications, including drugs
that are considered medically necessary.

Bz 13X, BERICBEIT A ER 7203, R 2 ST R COEHEGLICHEH SN /it d 5
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NDSRI  DALAWE A OHEEANR IR 2 Pk >N K 5 FDADRE S & 7S % ATREMEN & 5 4k
WSFET B

Fho, R BT B 4R O OB BT SRR 2RI, iR = R ) v o EE,
EEDHFEEIC, R TEDOI MMM T a7 7 A Ve OERLEZET 20 0FHR 2RI 5 2
L DRI ORIND TN S 5

(2 A OIFECTFA RIS P4 2 RHEEMET., S HRo8l LOBMBEARE L, o H 5
BPALERBR AR L7720 EELOREE DI L TEEL AR EZG &I Lz 3 2 ket
SADHD, TOX)RMET, ERELELSNLSERLE G, BEOEEKMLA~DT 72 RITH
Bh bz BHAlREEN B B,

To avoid these potential issues, at times, FDA generates and makes publicly available
information or research to support the development of recommended Al limits by conducting
additional studies, developing enhanced Ames testing, or using (Q)SAR methodology to
identify appropriate surrogates from which read-across can be used to estimate carcinogenic
potency.

Applicants can use this FDA-generated information to set individual drug product
specifications. The absence of publicly available data to support a recommended Al limit for an
NDSRI can result in potentially duplicative studies to support a recommended Al limit.
Moreover, if in vivo animal studies are necessary to assess the risk of a particular NDSRI, such
potentially duplicative testing may not align with FDA's policy to replace, reduce, and refine the
use of animals for safety testing (the 3R principles), where possible (see, e.g., Ref. 6 at 1).

IS OEIER R MEA BT 272012, Bl LT, FDA X, BMOMFEOE, b
Ames REROPHFE, F£7213 (Q)SAR Fikim& MM LIt A 2R ET 2 Z L2k~ T, HilEs
o Al (BIEE) BREMOBFEZ AR — M 272018, —MISHIH rTRE 722 1FH £ 72 1378 &2 Ak
BIMEERT2Z2 L0355,

HEEE X, Hx ORGBOHZRET 572012, Z ORRFDAN AR S/ FRAEHT2 2 &7
k%, NDSRI (x4 2 HELES DAl IREEEIC RT3 2 — AR PTREZR T — 2 FE L 72V T
Sl HEES N DA IREEMEAEMNT 527200, BENREGE LIIELECSEL 2 DK
2

B2 LinvivoCOMIC L HFFEHY . FEEDNDSRID Y R 7 25l 5 DICHETH 578 HIE,
ZD LD BRBEMELTWDLHEIL, FDADRY > —Th D [FHRERGAE . KaMERBRIZE L T o
%, AR L (replace) . I8V L (reduce) . & L CIEM S 2 (refine) : “the 3R principles” | (3R
OJFHN (reduction, replacement, refinement ; HilJk, B, i ; FRriofRiEsm) & —H L TWRWATEENE A FF
D (see, e.g., Ref.6atl) ,
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FUE : FRLOERICZ D 3ROV H 72D T, kLT,
FRERICEMDMEH S 2581203, 8o tist,. fHERER CEHRWICIZS S E 0 b 2 ATRErEN &

52 EIZOWT, NCL IFHEEEZ I LENH D, 3R DOJFAI (reduction, replacement, refinement ; Hi
B, REF, %) 2L T MR REBN OB OE AR/ NRIZE ED D T ERRE LV,
PEHERR Z4L7zin vitro RERBRIENFIHTE 2D THIL, TNEEIRT DL EBGFELV, LMLAR
Do, BIOERT — X 2155 12O ORER R NBEIEIS U T, B0 ¥ A T2 RINTRETH D,
S5z, AR CTER S 2 BB A KAMET 5 LW REICHI- T @HEONCL itz oo
NCL & HRARRRESIH B 2 i 2 AT, MEONCL (28 THAT L THElE S - Bt o
FREFMMAT 2L 51BN TRETHD, |

L R ERL B ERA - EREEREL X2 T N Y A U ARAREE (VI F o

B ELR O 7= 8 O B FRE I B D HRARIBIEIC BTS2 HF5E) Pk 2 6 425 #adE - 2 HEirJEsis#. p.113

https://mhlw-grants.niph.go.jp/system/files/download_pdf/2014/201427002A.pdf 2023.05.10 Accessed 5 + 10, 2023

E. Collaborative Efforts To Develop NDSRI Data
NDSRIZ — % Z 37 % 72 O D IL[FES )

FDA has encouraged collaborative efforts by applicants and other stakeholders, together
with the Agency as appropriate, to help address the challenges presented by NDSRIs.

FDA also has collaborated with international regulatory agencies through the Nitrosamines
International Strategic Group and the Nitrosamines International Technical Working Group,
which were formed to share scientific knowledge and current thinking on technical safety
and quality topics related to nitrosamines and to promote technical convergence among

member jurisdictions, where possible.

FDA X, NDSRIs |2 X » TR ENTZHE~DO XA LIET D721z, HEFERB I OZ o1
ORERRE L AW 1H072 I #il %, LIS CTYREE & BITBER L TE =,

FDA X% 72, “Nitrosamines International Strategic Group” & O* “Nitrosamines International
Technical Working Group” #i# L C, EFERIRBIHI YR E DT RET>TE VD, Zhb
DI N—T1E, BRI T Y LU AR IEE L nitrosaminestZ B9 2 HAT B 724 OV OFE

BEIZOWTORHDOEZFHILF L, £ L TR THIUX, MNBEM OB A RET 5
TeDITHR S NIz b D TH S

In other areas, FDA is collaborating on multi-laboratory projects being organized by the
Health and Environmental Sciences Institute's Genetic Toxicology Technical Committee
that include industry stakeholders and regulatory agencies such as Health Canada and
European Medicines Agency.

Additionally, FDA has been actively engaged with model developers and stakeholders to
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advance predictive toxicology with a focus on the use of (Q)SAR methodologies in
assessing potential mutagenicity and carcinogenicity of NDSRIs.

D538 Tld, FDA 1. T F RS CRIN EIE ST 78 & O RBIRECBHITER 2 5 T,

PEREBR R JE AT OB R BRI R BRI L > TSN TV A O T 7 Y= 7 h
WL T g

S 512, FDA %, NDSRI OETEN) 72 ﬁﬁ@ﬁ;@%ﬁh@@ﬂﬁmﬁﬁé(mwm,mﬁ
FROMERICERZ Y TR TPRIEER 2 A S 5700, ET VRSB L ORI ERRE &5
MEgIZ B LT & T,

Development of laboratory test methods to identify NDSRIs is an area that could benefit
from collaborative efforts. In the Nitrosamine Guidance, FDA encourages manufacturers or
laboratories to make validated test methods publicly available ( e.g., by posting on the
method developer's website) to facilitate faster testing of other similar drug products.

FDA also accepts requests to post privately developed methods on FDA's website if FDA's
review of the method protocol finds it scientifically sound and if the method owner provides
written authorization for posting by FDA (see Ref. 3 at 11, footnote 37).

NDSRI % [FIE " % 72O D FERFEARBIE DI L, LFEEENDRIRZHDL ZENTED

T %, Nitrosamine Guidance Ti&, FDA &, SEHEH L ITWFEFR, N F— Sl
R FEZANICHATELZ L2752 (BlAiX, HIERIHEED Web 1 MIERT L2
LIZE-T) 2RpIL., MMOFREDEIELORE KR EZRET 26D TH D

FDA (ZF7-. J#E7 12 k2L (method protocol) @ FDA DFEEN, T a2 FHAICZ Y TH D
CHT L. HIEOFTAEED FDA IC X5 OEFRIC L DFF 24t L2856, FDA OV =
T A MIIEAB TR SN FIEE BT D Bk ZZ 1+ LT\ % (see Ref. 3 at 11, footnote
37,

As another example, a positive bacterial mutagenicity result may warrant an additional in
Vivo gene mutation assay, typically a transgenic mutation assay, to understand the relevance
of the bacterial mutagenicity test under in vivo conditions (see Ref. 5 at 11 and (Note 3)
(identifying the transgenic mutation assay as appropriate for follow up for any positive
bacterial mutagenicity test as opposed to other tests, which are recommended under more
limited circumstances).

When such in vivo testing is warranted, industry collaboration on the testing to develop
robust data and share results among themselves could enhance scientific analyses and could
facilitate regulatory decision-making.

Similarly, we have encouraged applicants to publish scientific research and test results to
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further scientific knowledge on NDSRIs and facilitate regulatory decision-making, as
appropriate.

BB E LT, AEEZ B FEME OB MEREE (positive bacterial mutagenicity result) 1%, invivo 55 F T
OB 22 HL S MR 0 BREEME 22 BRAFE S 2 72 D12, IBIND invivo EAnFZE FER (in vivo gene
mutation assay) . 1B IX N T VAV == vV ERRAERE EY LT DA EENRH D (BB LH 5 O
11 BEO (I 3) 22M) (LY ESHIREL T THLE SN D o R8R & 1R BRI, Btk o4 R
MR 7 1 —7 v YR N T AT 2 = 7 9ERIERT & A (transgenic mutation assay) % REE
TH5LDTHD),

ZD X 57 invivo BN ES SN oY6. BRERT — 2 2T 570 0RBRICET 5%
R EeDOWINL, HEEEEAFFOT — 2 2B L. T L TENLOMOEREZ AT, BFEaiesy
MzmbnsbDTHY , HHIY /O HERE (decision—making) ZRETLHEDOTHD
[FIRRICH % 12, NDSRI (ZBH9 2 FH2RI ARG 2 BICTRD T2 DI, RHERaeiid & RS R 2 28
RIDHI L&, HREAICHERL TV D,

I1. Issues for Consideration and Request for Comments i if 3 i /8 Fe b i L S E

FDA is requesting comments from the public regarding the identification, assessment, and
control of NDSRIs in drug product development and regulatory review to provide interested
parties an opportunity to comment on scientific and regulatory considerations, including
areas that may benefit from collaborative efforts.

FDA is also interested in any challenges preventing industry from identifying, assessing, and
controlling NDSRIs that may assist FDA in its analysis.

FDA 1%, EHMBFE L OBHIHAEIZRIT 5 NDSRIs OFFE, i, 3L OVEBIZET 2 %
MHEDARAL FERDOTEY, BEREPETE XOHH EOBEFHEEIZOWTaXA L M5

BaERIEL TV D,

FDA [IE72, 2O W T, FDAZEIT S 9 2 TOE (NDSRIs Z4rE L, ML, %
LTEHETHZ L2 TV D HHE) IZHELER>T0D

The questions posed below are not meant to be exhaustive. FDA is interested in other
pertinent information that stakeholders would like to provide on issues and challenges related
to addressing NDSRIs. FDA is particularly interested in comments on the following topics:

DI OERNIE, MM O TIEZew, FDA 1%, FIERRE 2 NDSRIs ~O %Lz B4~ 2 [
REOHREIC O WTHRE L7 E 2 TWWD, FDA X, RO FE Y ZIZBET 52 A 2 MRS
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LIND D,
A. General Questions — %72 Z R4

1. What additional topics related to the evaluation of nitrosamines should be a priority for the
Agency to address through guidance documents?
=hr YT IUVOFHMBICEE LT, YRPTA X ALELE LTI M ELERE s &
BINO FE Y 7130 T 5032

2. What factors should FDA consider in prioritizing its evaluation of NDSRIs on a compound-
specific basis?

FDA X, {bEW Z &2 NDSRIs OFEli 2T 2B, BETXEERIIMTTH H03?

3. What additional mitigation strategies should be considered for reducing NDSRI formation
or eliminating these impurities (where feasible)?
NDSRIDERR AT 53, FIT I 6D RMM 2 PRI D 72012, £ X5 22BN FRFIH
ERATHMENRSH L0 (EITATRERYA) ?

B. NDSRI Risk Assessment NDSRI (=truy73Iv) VARAIZTEARAAV R

1. What scientific and technical factors should FDA consider in developing best practices for
conducting testing for NDSRIs (e.g., Ames test, enhanced Ames test, follow up in vitro
mutagenicity, in vivo transgenic gene mutation test) in support of establishing Al limits?

Al limits (GFAFREN) OREAZENIT D722, FDA 7% NDSRIs O#ER (# 21X, Ames &
Br. sk &7z Ames RBR. invitro ZRFMEO T 0 —7 v 7 invivo FT AV z=v s
G FERRE) Z2EMT 57200, XA NS T 7T 4 AEFETIEICEET SRR X
AT E SR I T 5 )32

a. Are there other tests recommended for assessing mutagenic potential of NDSRIs, and
how supportable are these methods?
NDSRIs D2 FFNED AR 2 5Hli 9~ 5 7= OICHER S A o ITH 5032 £ LT
THODHIETEDOREXESN D

b. Would “short-term” carcinogenicity testing ( e.g., 6-month transgenic mouse model) be
informative to evaluate the risk associated with NDSRIs?
M) B AMERER (FIZIX 6y HD N7 AV ==y 7w AET V) L, NDSRIsIZ
B9 % U 27 il 5 DICHELR TH L7032

ZOGEOFEBLOENRLTEY £3, 20D, FROUIHENVWEZZ< @ Pharma-bie Futakami
BATVWET, FRUIBE T, LTRSS Tz, BEWELET,



FR TO/37 =t A 1 2023 4£ 05 H 04 H AR 1ﬂm880lmlnn=00:l!ﬂ- N
b AHESKE H o Nitrosamine ESRBIE R O RIE. S LOUEEE 23 1 26 PIo7LR - )a—vary XEAR

c. If so, what are the advantages and disadvantages to such testing?
HLLEITHDLRD, TDXHIRT A FORAT & EINIIZH?

d. Are there other types of studies that may further inform FDA about the risk associated
with NDSRI (e.g., in vitro/in vivo metabolism, DNA biomarkers, identification of reactive
intermediates)?

NDSRI (ZBHET 25 U 2 7125\ T FDA 12 & bR A 1R 2 rREMED & % fl D FE$H O b
gt (Bl 21X, invitro/invivo {3, DNA A A ~—H— RUSHEFRREOFRIE) 13d 25 0>?

2. FDA recommended in the Nitrosamine Guidance that confirmatory testing of drug products
and submission of required changes in drug applications be concluded on or before October
1, 2023 (see Ref. 3 at17). Would an extension of the recommended timeline for submission
of changes in drug applications as described in the guidance to June 1, 2024, allow for
additional assessment of NDSRIs and enable collaborative efforts among affected applicants?
How can FDA further support manufacturers' efforts toward completion of confirmatory

testing?

FDA (%, Nitrosamine Guidance T, [ DOHEZIFAER (confirmatory testing) & [0 R G TULEL7R
EEOFEMZ 2023 £ 10 H 1 HETIZRE TT5 2 L 22 L7 (see Ref. 3at 17),

A B ANFERH SN TND &  ERGHFEOLE LR T OO0 A LT %

2024 £ 6 H 1 HETIHEE T AZ LT, NDSRI OBNMEHENFREIZ /2 | B A 1T HHEE
B OILFEVEENATREIZ 72 570> ?  FDA 1X. RO TICm ) =& EE OR Y iz S
HIZED I HITHETE 502

C. Collaborative Efforts To Develop NDSRI Data and Establish and Implement
Recommended Al Limits
NDSRI 7 —X# ZBA% L, #E s 2 Al HllRA LI K OVELET 5720 o L FEE

1. How can FDA facilitate collaborative efforts to generate reliable compound-specific data
on NDSRIs and reduce the need for additional and potentially duplicative testing?
FDA (X, NDSRI (ZBT 2 EEEDEVMEEME A DT — % ZE L, BINOEERICHE
TORBROMEMZ O T 7o DLFEEREL, EDO XD ITBETE E 507

2. Are there obstacles that industry has encountered when engaging in collaborative efforts
that could allow companies to share data to assess the safety of NDSRISs, particularly with
the intent of reducing redundant testing and integrating the 3R principles?

Such examples of collaboration may include enhancing (Q) SAR methods and models,
conducting in vitro mutagenicity testing and/or in vivo transgenic gene mutation tests. If
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there are such obstacles, are there ways that FDA could facilitate collaboration?

{B3EA NDSRIs OLZEMEZFT 2 72DIcT — 2 2 G TE 2 X 21T DI FEEEICEF T

DB, R, TURZRER & SRFEAORAICE L T, ERAPEE L 7ZEEFILH 507?

ZO LD W oFNZIE, (Q) SAR FEB L UET L diE(k, invitro 2 RFEMHRE LV

F7iF invivo T AV z =y VT BIEFRERBROEPSEEND, bL, TDOL O RE
ENDH DA FDA B 1 AR T E 2 51T &S 503?

D. Establishing and Implementing Recommended Al Limits and Access to Medications
HELE S D AN Limits (FEEURE &) L FADT 7 & A DR & Elii

1. In implementing recommendations for controlling nitrosamines, including NDSRIs, have
manufacturers or suppliers experienced difficulties with meeting recommended Al limits

that has led to discontinuation of manufacturing or distribution?

NDSRIs Z&®, = ha Y7 I 2EHT57-00HRFE L FEET 58, MiE¥EEE
T E L. RS E T IIFOEO P IO RN A HEE SN D Al BEME A4 DOICR
[ 5 Ay RY)
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Dated: May 1, 2023.
Lauren K. Roth,

Associate Commissioner for Policy.

Footnotes 7=

1. The Nitrosamine Guidance notes that new drug application (NDA) and abbreviated new drug application
(ANDA) holders or applicants, drug master file holders, and owners of marketed products that are not the
subject of approved NDAs or ANDAs (such as compounded products or products marketed under an over-
the-counter drug monograph) who are not also the manufacturer of the drug products and APIs should
work with their contract manufacturers to take the steps recommended in the Nitrosamine Guidance. This
applies to drug products currently available on the U.S. market as well as those with pending applications.
See Ref. 3 at 1, footnote 3. Holders of biologics license applications for biological products that contain
chemically synthesized fragments or biologic-led combination products that contain a drug constituent
part also may be affected.

2. The ICH M7(R1) Guidance defines a structural alert in the context of the guidance as ““a chemical

grouping or molecular (sub) structure which is associated with mutagenicity”” (Ref. 5 at 129).

3. For recommendations to APl manufacturers and drug manufacturers see Ref. 3 at 11-15.

ZORBOYMAOESHR L THY T, 2070, RN ES< Pharma-bio Futakami
ELTOET, RXRBETT, UPRCESS, JHERE, BEOKLET,



FR ToO/37 1 X 2 2023 4205 H 04 H/ABH 1ma30|lﬂ|0l1300‘~11ﬂ: .
B R AESS T o Nitrosamine JFSERTHE R O RE, L OWEE 26 / 26 PIo7LR-/)a—ary kA&

4. See, e.g., generally Ref. 5, which provides a framework for the identification, categorization, qualification,
and control of mutagenic impurities to limit potential carcinogenic risk, at 4 and *““Table 1: Impurities
Classification With Respect to Mutagenic and Carcinogenic Potential and Resulting Control Actions,” at
10. The guidance further explains that if an impurity has a positive bacterial mutagenicity result and
cannot be controlled at an appropriate acceptable limit, then it may be recommended that the impurity be
tested in an in vivo gene mutation assay, which may support recommending a compound-specific impurity

limit (see Ref. 5 at 11).

(EOF)
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