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This guidance is for immediate implementation.
S DY S RTHH E 75

FDA is issuing this guidance for immediate implementation in accordance with 21 CFR
10.115(g)(2). Submit one set of either electronic or written comments on this guidance at any
time. Submit electronic comments to https://www.regulations.gov. Submit written comments to
the Dockets Management Staff (HFA-305), Food and Drug Administration, 5630 Fishers Lane,
Rm. 1061, Rockville, MD 20852. You should identify all comments with the docket number
listed in the notice of availability that publishes in the Federal Register.

FDA % 21 CFR 10.115(Q)(QIZHEVY, ARA A X v A B HIZHEMET D7D 2N EFITT D,

KIAZ AT HE A PERITERIA Y bOWT g, BERFIC 1By MEH I
VW, BT A2 X https://iwww.regulations.gov (ZHEH S A72 0,

EmIZ LA E RO ¢ Dockets Management Staff (HFA—305) Food and Drug Administration, 5630
Fishers Lane, Rm. 1061, Rockville, MD 20852, 4 =TC M ALl HFRZAR (Federal Register) (248
i S D FFH AREME A (the notice of availability) (ZFC#L éhfb V5 X EF S (the docket number) %
HRE En7zvy,

For questions regarding this document, contact (CDER) Jason Bunting (301) 796-1292.
ZOXEICEET A ZERIZ,  (CDER) Jason Bunting (301) 796-1292 % C ZHEKE S 720,

U.S. Department of Health and Human Services
Food and Drug Administration
Center for Drug Evaluation and Research (CDER)

August 2023
Pharmacology/Toxicology
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Additional copies are available from:
Office of Communications, Division of Drug Information
Center for Drug Evaluation and Research
Food and Drug Administration
10001 New Hampshire Ave., Hillandale Bldg., 4t Floor
Silver Spring, MD 20993-0002
Phone: 855-543-3784 or 301-796-3400; Fax: 301-431-6353
Email: druginfo@fda.hhs.gov
https.//www.tda.gov/drugs/guidance-compliance-regulatory-information/guidances-drugs
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Preface 1+ «

The Food and Drug Administration (FDA or Agency) is implementing this guidance without
prior public comment because the Agency has determined that prior public participation is not
feasible or appropriate (see section 701(h)(1)(C)(i) of the Federal Food, Drug, and Cosmetic Act
(21 U.S.C. 371(h)(1)(C)(i)) and 21 CFR 10.115(g)(2) and (g)(3)). FDA made this determination
because of the importance of providing additional timely information to manufacturers and
applicants regarding recommended acceptable intake limits of nitrosamine drug substance-
related impurities (NDSRISs), a class of nitrosamine impurities that have been identified in many
drug products and also could be present in active pharmaceutical ingredients (APISs).
BmERMLF (‘FDA” £ 7213 “Agency” & 5e#l) 1, FHHTOANT Y v 7 a X v b %752 &k, K
HAZXY AREMT 5, ZNIIHEAMOWSIMBETAAREE 72 1 3@V T &I L 2720 Th
% (GEHAMEESEHEE (21 U.S.C. 371(h)(1)(C)(i) + £ U' 21 CFR 10.115(9)(2) H L U° (9)(3)%
i), FDADRZNEZREL-DF, ROBEHICX > T3 ;

[% { DEEGCHR I, ERFEFEAPL)ICHEENIHREEOH L= a VT I v A fiyo—
HThs, =bu 7T vREEERHMY (NDSRIs : nitrosamine drug substance-related impurities :
FE  NDSRIs® HATERIZHER < IR L Tuy) OHERETFAIEIURE (recommended acceptable intake limits)

BT 2 BINEHR T, BERECHEEICAA L) —Ic RT3 L oEBEWEFIEL 2, ]

Since the publication of the guidance for industry Control of Nitrosamine Impurities in Human
Drugs, FDA has received reports of NDSRIs, which share structural similarity to the API and
are unique to each API. Based on the chemical structure of the API, there is a risk of NDSRIs
forming in a substantial number of drug products. This guidance is being implemented
immediately, but it remains subject to comment in accordance with the Agency’s good guidance

practices.

SERAT DA A K A “Control of Nitrosamine Impurities in Human Drugs” D /AF 4. FDAILJFHK & #§
WEANTIEBL L A EEICEA ONDSRIOHE 2521 T\ 5, OB FHEEICESE | Y EDE
FEAMITNDSRI (R : BEOW L R OR S FIcERE) DR SND Y AT BND D, ZOHA X ATED
(ZHIAT S D3, FDADBEIET A & v AT EBIEICIE, Bl& k& a Aty hoxtg Lo T,

Comments may be submitted at any time for Agency consideration. Submit written comments to the
Dockets Management Staff (HFA-305), Food and Drug Administration, 5630 Fishers Lane, Rm.
1061, Rockville, MD 20852. Submit electronic comments to https://www.regulations.gov. All
comments should be identified with the docket number FDA-2020-D-1530 and complete title of the

guidance.
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Recommended Acceptable Intake Limits for
Nitrosamine Drug Substance-Related Impurities
=bwy 73 vEEEEARHY) (NDSRIs) @

HESER AR
Guidance for Industry !

1 This guidance has been prepared by the Office of Regulatory Policy in the Center for Drug Evaluation and
Research (CDER) at the Food and Drug Administration.
AHA L A%, KERSEELT (FDA) OEESFHEIZEY > % — (CDER) DikEBHi| B
%= (Office of Regulatory Policy) (24 - CTIERK &7z,

This guidance represents the current thinking of the Food and Drug Administration (FDA or Agency) on
this topic. It does not establish any rights for any person and is not binding on FDA or the public. You
can use an alternative approach if it satisfies the requirements of the applicable statutes and regulations.
To discuss an alternative approach, contact the FDA staff responsible for this guidance as listed on the
title page.
KA X A, 2O My ZICEAT 2 &MERMST (FDA £721% Agency & EK7t) DOBEDHE %
FErmTbEDThHD, ZOHAX L AFX, Wb NOWHEFR LT 55O TiX72 <, FDA X°—
TR ZHRST 26D THRW, WH I DERBOBEAZTHZd o ThHIUTL, o7y Fu—F
WL ZEenTEL, RET77m—FIZ oW THEmT 2720OITIE, # A4 MA_—UICR# s
TWDZDHA X A% T 5 FDA XA & v ZITEfg S,

I. INTRODUCTION [ZLC®IZ

This guidance provides manufacturers and applicants of drugs, including prescription and over-
the-counter (OTC) drug products,® with a recommended framework for predicting the
mutagenic and carcinogenic potential of nitrosamine drug substance-related impurities
(NDSRISs) that could be present in drug products and recommends acceptable intake (Al) limits
for NDSRIs. NDSRIs are a class of nitrosamine impurities that have been identified in many
drug products* and also could be present in active pharmaceutical ingredients (APIs).>

ZDHA K AL, BALSEE (prescription drug products) °— ¢ =35 (OTC) % & Lol 3L ok
FEBEOHGEA BT LT, BEMBICHENDI RO D = hu V7 I U RIGEEYE B A HiY
(nitrosamine drug substance-related impurities : NDSRIs) 0D 25 B UM 35 1L OVRE 3 AU o0 mlREM: 2 T L

NDSRI DFFAFREUE (acceptable intake : A Z HERE9™ 5 Mkl A 2 42692 £ D TH 5. NDSRIs 3=
PR Y7 IVRAMPO—FET, < OEELTHEERINTIEY 4, I (active pharmaceutical
ingredients : APIS) (ZH & EA D AlREMEN & 5 °

BT, B L BMREBEO B LA ET, PO, BELLTAATIXEGATOET. ()
HREL, ZONTFOHMETIEL Y £ A,
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2 For purposes of this guidance, we use the term drug or drug product to refer to human drug and
biological products, including drug-led and biologic-led combination products, regulated by CDER,
unless otherwise specified. See section 11 (Scope) for full description of the applicability of this
guidance document.
ZOHAX L AOHMNCEL T, JIEOEDIRVRY . CDER 2T 2 b MERES K O 7-H) LA
(3RS (drug-led) J OVE®2RO8AIE K (biologic-led) il v Bx—v a7 X7 |
(combination products) Z&de) (2. EEFSL (humandrug) SUEZEWEAYTLA (biological products) & V> ) FFE
AT 5, KHA X 2AOWMEHICHOWTIZ, & 11 = QM) 2280z &,

3 For purposes of this guidance, we use the term manufacturers and applicants to refer collectively to
new drug application, abbreviated new drug application, and biologics license application applicants
and application holders, sponsors of proposed drug products, drug master file (DMF) holders,
owners, manufacturers, or compounders of marketed drug products that are not the subject of
approved applications (such as drug products compounded by outsourcing facilities pursuant to
section 503B of the Federal Food, Drug, and Cosmetic Act (FD&C Act) (21 U.S.C. 353b) or drug
products subject to section 505G of the FD&C Act (i.e., OTC monograph drugs)), unless otherwise
specified, and active pharmaceutical ingredient (API) and drug product manufacturers.

ZDOHA XL ZADO AW EDTHIC, 8EE (manufacturers) 35 K OV EEE (applicants) &9 JHEEIL, Bk
FRGE (new drug application) . fEIEALBTHE 35 E (abbreviated new drug application) . “E#HUA| T A 2 o A HGEE
(biologics license application applicants) 33 JX OVEWHLA] 7 1 & AHIGE (biologics license application applicants) 33
K OHIEES (application holders) . #iEH S FU7= [EHE 5L D AR > — (sponsors of proposed drug products) . K7
J~ AH—7 74/ (drug master file : DMF) OFiTF#H ., Fra#, Wik¥EE . » 25\ ITmKERL S OHAl
¥ (compounders) Z BT DT DICMIT 5, 7277 L. ARGRHES DR Tlda v i i 2255 5 oo v 2
F. FIITEEE AR EIEN NN E (FD&C 1) %5 503B 45 (21 U.S.C.353b) ZHEHLL T4t
ERZREMERRIZ X o CHIA SN2 EHEIL 72 &) L Fid FRCHIR STV RWERY | FD&C kot 7 v 3
Vv 505G DORIHRLIBHERL (DFV, OTC £/ 77 7ERKL))., BLOERLAEZELS (AP) BLW
[ A — T — N9 5, GRIE : ZOEORILIE, MEHY, BHREZRVEZTNDIUAZHD,)

4 Generally, the presence of high levels of NDSRIs has been associated with drug products rather than
APIs because NDSRI formation usually results from a reaction between the API or API fragment
and nitrosating agents in the drug formulation. However, NDSRIs can potentially form in APls when
nitrosating agents are present in the API manufacturing process or when APIs undergo processing
steps that can potentially induce their formation such as fluid bed drying at an elevated temperature
and jet milling because these can create favorable conditions in which nitrogen oxides can react with
at-risk APIs. Because the presence of NDSRIs is predominantly associated with drug products rather
than APIs, for simplicity, we use the term drug product or drug products throughout this guidance.
However, the recommendations in this guidance also apply to APIs to the extent that NDSRIs are
associated with APIs.

—M%IZ. NDSRIs O pITiET ., ®AIFHD APl £721L APl 77 7 A b &= bu JtAlL DORIGIZ &
STHEL DD, EL-ULbd NDSRI OfFfEIX APL Tid/e < EHKE GRIE : o7 mt ) L& BEAT
5D, W) DOiE, NDSRI OJERKIL, 7272 L, APl OflE7 vt 2= kv Y{bAl (nitrosating agents)
PIFET DA, XX APl 23 EHR TOWEIRFZE (fluid bed drying) °Y = v kI U > 7 (jetmilling) 72 &
DGR ZBTERNCTEIET D AR D & DI A T » 72T D358 APL IWTT NDSRIs 23RS 412 A
FEMERDH D, LWV DiE, BRBEMTIV A7 0525 APl L GT D ATREEBFET 205 TH D,
NDSRIs OFFEIETEIZ APl TidZe < EIRAICHEE L T D72, 0T T57dic, ZohAf ¥y
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A4 %8 L CEESE S (drug product or drug products) & W9 HFEE R 5, 7272 L, O A X 2 ZAOHESE
FIA(X, Z D NDSRIs 73 APl [ZBE AT STV S HiPHT APl ICHEH S b,
GRYE . ZOHORE, MEHY, BERZIRVEZTWDHIIUAZHD,)

5 The term API used throughout this guidance refers to the active ingredient in a drug product. See 21
CFR 210.3(b)(7) and 314.3(b) (defining active ingredient and drug substance). The terms API and
drug substance are also used interchangeably in this guidance.

KITA K A%zl U TR S LD EEE (active ingredient) & V)9 FEEIL. [EIG T OFZIASY (active
ingredient) %59, ZALIZOWTIE, 21 CFR 210.3(b)(7) & TF 314.3(b) (2o B OVFEHDEFE) SO
Zl, RIAKL AT “API” L& “drug substance” &\ 5 EEIEIE CEMR A S5,

These impurities share structural similarity to the API (having the API or API fragment in the
chemical structure) and are therefore unique to each APl. NDSRIs generally form in the drug
product through nitrosation of APIs (or API fragments) that have secondary or tertiary amines
when exposed to nitrosating agents such as residual nitrites in excipients used to formulate
the drug product. NDSRIs often lack carcinogenicity and mutagenicity study data (typically
from animal studies) from which an Al limit can be determined.

ZIHDOARHIL AP EAEERIITHALL L TR Y (BFEE T APL £ 7213 API DT (fragment)
TITA AT D), LERSTEAPHIZERDO LD TH S, NDSRIsIT—KIC, 5 2#kE
ToIFEH 3T I E2AT D AP (E72T APLIETR) 28, BGAMEISHE M & 4 2 B A f o0 7% 28 A AH
/el o= rr MEANZS 6 SNERIC, = he {bT 25 2 L2 k0 ®WHFIZART D,
NDSRIs (21X, LIXULIE, Al TREE (FFAEEE : acceptable intake : Al) ZRE T 53N AN
RSB RFHEORERT — & (B, BWRBRICK D) 2, HELRNWI EBEN,

This guidance provides a recommended methodology for Al limit determination that uses
structural features of NDSRIs to generate a predicted carcinogenic potency categorization and
corresponding recommended Al limit that manufacturers and applicants can apply, in the
absence of other FDA recommended Al limits, in their evaluations of approved and marketed

drug products as well as products in development or under review by FDA.

ZDIHA X AL, NDSRIs OREERIRHEAZ VT, TSNS BB AR D535 L E ikt
T D HELE Al BREEMEZ (ERE L, BUEEFCHGER D, AR« Rl SR EHASS FDA 233+
FITFAETORGEOFMICIBWT, o> FDA HELED Al BRFYER2WIEAIC, WA TE % Al
FREEME DR ETIECONTO, HEEZTHHLOTHD,

Uncertainty about the presence and acceptability of the level of an NDSRI in drug products
raises regulatory challenges and has led to some applicants conducting unnecessary studies
or, in some cases, discontinuing drug products from the market. Because nitrosamine

i

b

WP RS X 2R Z BREOVH LI ET,
HREIL, ZonBHOHEMZETITH Y FHA,
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impurities have been identified in many drug products, disruptions in supply and access have
increased, sometimes resulting in drug shortages. These challenges can impact patient access
to medications, particularly with respect to drug products that are considered medically

necessary.

EIGHFO=Fa VT I AR OFE & OFRFHICEET 2 RHeEMEIL, B EoffEz i
L, —HORBEFIIALERRBEZEMLIZD, HEICL> UIERERO iz Fik Lz 3
HZEICORNRoTND, ZLDEERMT= M YT I UMIBRHEREINTHhDHT0, s

AF (supply and access) DIRFELATER L, FRZIXEE LD A ETLH2FEB AL TVWD, 2O L5 7%
ol d, FRICER ETHRELEEZ DN HEERMICEAL T, BEDOEEL~DAFIZZEEEH 25
ATREMED & 5

This guidance recommends a risk-based safety assessment of NDSRIs and can be used by
manufacturers and applicants to identify Al limits for NDSRIs in their drug products and
APIs in conjunction with the recommendations in the guidance for industry Control of
Nitrosamine Impurities in Human Drugs (February 2021) (Nitrosamine Guidance).®

FDA recognizes that the Al limits recommended by the Agency and those generated by
manufacturers and applicants may evolve with advances in the science and generation of data
for nitrosamines. As industry groups and consortia perform investigations that provide
insights into mutagenicity and carcinogenicity risks of nitrosamine impurities, FDA
encourages sharing such information to help expand the available knowledge base.

ZDHAF AL, NDSRIs DY 27 N—2DZEMRHAZ#EIE L Tl b | RIESEHE R
I, ERNT DT A XA “Control of Nitrosamine Impurities in Human Drugs (February 2021)
(Nitrosamine Guidance)” (b FHEFRLFO=Fra Y 7 I VA MPOER : = a7 Iy - 0
A X R) OHELEFRIR L R T, BHOEELIS IV AP ([ZE £ 5 NDSRIs @ Al R4 FF
ET 21D TE 28 FDA 1, FDAYJR 2RSS Al REMS LU, REREFL LD
HEEADMERL L7z Al [REEEDY, Byoiidl = tu Y7 I 07 —Z LRI - T 2
MR H L Z L2 LD, ERFKRSa Y — 7 A (consortia : JhFHEHEME) A, = hw Y/
T XU DIERIFNE E PN ANEY R 7 BT SR 2R DA A ST 5 . FDA (X
FUH FTRE 72 NG~ — A DIERICESL T H 2D, 2O XD RIERELET L LE2EH LTS
6 FDA published the Nitrosamine Guidance on September 3, 2020 (85 FR 55017) and updated it on February 24, 2021.
We update guidances periodically. To make sure you have the most recent version of a guidance, check the FDA
guidance web page at https://www.fda.gov/regulatory-information/search-fda-guidance-documents.
FDAIZ=tw Y7 1Y - A X A%2020609H3H I/~ L (85 FR55017)  20214F2H 24 H I HEHT L
720 FDARREHIICHA XV ZZEH LT W5, A4 XV ZORIMEHERE L=,

V. RS L AR A BEVE LT ET, FUOUEER, mBE L TH A T IREEATHET, @@
HAREIT, ZONBFOHEMETIIH Y THA,
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In general, FDA’s guidance documents do not establish legally enforceable responsibilities.
Instead, guidances describe the Agency’s current thinking on a topic and should be viewed

only as recommendations, unless specific regulatory or statutory requirements are cited. The

use of the word should in Agency guidances means that something is suggested or

recommended, but not required.

W, FDA DI A X o ZALEITIEIREN ) O & 2 BAEZED L b O TIXRV, ZDMRD
D, HAZ 2T, PE Y 72T 5 FDA OB R TOZEZ T AL LIZbDTH D | FriE
DI FE T2V TIERBEDR G SALTWZRWERD | HEDE (recommendations) & L TOA LR S5~
T, FDAD “should ” HEEAZ L TWAZ LT, MOPMERELITHIE S TOWER, %
AT E A BT D0 GRIE : 3SCTIE Should ™ “4 & THB” LW I RFELFTE)

SCOPE jii ] #iPH

This guidance applies to drugs, including prescription and OTC drug products that are the
subject of an approved or pending new drug application (NDA) or abbreviated new drug
application (ANDA), as well as products’ not marketed under a drug application, including
nonprescription drugs subject to section 505G of the Federal Food, Drug, and Cosmetic Act
(FD&C Act) (i.e., OTC monograph drugs), or otherwise subject to current good
manufacturing practice (CGMP).

ZOHA L AL, KRB FEH»ETITHFET OFEKZEHTE (NDA)  F 7o LRI T HAGR
(ANDA) DOx}G & 7e 2 EHRAESR M, KO OTC EHR &2 G TeER L, 72 O ONSE A - E
i - fbBESLTE (FD&C 1E) 5 505G kDXt L 72 5 IFMT5HE (725, OTC €/ 7T 7 [EHE
i) FIEEOMOBATE ERGERE (CGMP) Oxtgl 72 n, EHEMBFEIZESWTIRGEX
VRN T T S D,

7:HE2E25RBOZ L&,

This guidance also applies to prescription and OTC drug products in clinical development. In
addition, this guidance applies to biological products® that contain chemically synthesized
fragments or biologic-led combination products that contain a drug constituent part whether
such products are in development or the subject of an approved or pending biologics license
application (BLA). The recommendations in this guidance apply to both drug product and

drug substance manufacturers.®
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RKITA K A%, EEREA%E (clinical development) H D % 3K 5h  (prescription drug products) M2 TN—
W ESE AL (OTC drug products) (2B H &b, I HIZ, ZOHA X o AlE, ALFIICAERK S
7277 7 A 1 (chemically synthesized fragments) % & ¢ e/ E#) AN & o0 IS ORERLE Y (drug
constituent part) % & ¢ p/EM R RIAI T8 D o AR — 3k v RIANCEH S, 25 R A BE 3
HCH D, AKRIEAETZIIREEF OAMEAIZAFEHEE (BLA : biologics license application) %52
THLPERDRV, ZOTAFL 2 ZAOEEI, FERMEGEZEE & FERIE RS O 5 IHEH &
ns e,
8 As explained in footnote 2, we use the term biological products in this guidance to refer only to biological products
regulated by CDER.
B2 CHAEI N T 5 X S 1C, KA A XV XA TIHCDERDBIUHIF 2 WA BA| O h % H5 3 7 0 14
FHIEA & v HEEZ L Tw 5,
9 Seefootnote 5. JiliES5E D Z &,

The recommendations in this guidance do not apply to NDSRIs that are detected in products
indicated for use in patients with advanced cancers (i.e., drug products falling under the
scope of International Council for Harmonisation (ICH) guidance for industry S9
Nonclinical Evaluation for Anticancer Pharmaceuticals (March 2010) (ICH S9)). Principles
of ICH S9, ICH guidance for industry Q3A(R2) Impurities in New Drug Substances (June
2008), and ICH guidance for industry Q3B(R2) Impurities in New Drug Products (August
2006) may be applied to set impurity specifications for these products.

ZDOHA X AOHESE T, HEITHAAERFE (advanced cancers) ~Dff & H g & 3 5 BAITHH S
M2 NDSRIs ([ZiFHl S ey (Tabbh, $abb, EEREAER#E (CH) OXREITH
A H A S T AAIOIERFIRFEAL (2010 43 H) 1 (ICH S9) oji FIHiPHIZ 7% ¥ 2 = FE
i), ICHS9, ICH H1 %> A Q3A(R2) lmpurities in New Drug Substances (#rlz &5, o o> ARl
w)) (2008 4 6 H) OJHIZEMN LT, 2 bD0RGORNMPEIE ZHRET HZ L AT
&5,

I1l. BACKGROUND # =

FDA has been addressing the evaluation and management of nitrosamine impurities in certain
drug products since 2018 when FDA was informed of the presence of an impurity identified as
N-nitrosodimethylamine (NDMA\) in the angiotensin receptor blocker valsartan.*

FDA (X 2018 I T v AT v o 52 AR BT S L5 L & o (angiotensin receptor blocker valsartan) 7

Vo, R AR A BV LbIF £, FOUTER, #BEL LTI T IREEATHET, @
FERE L, ZOSBOEMFETIEH Y A,
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IZ. N-= h 2 V¥ AF L7 2 (N-nitrosodimethylamine : NDMA) & R5E S 315 Al INTFEET D 2
EERFNG IPTLAR, FREDEIMICNT 2= rr Y7 I U R OFHL & EHIZE A TX
77
10 See the FDA Statement on FDA’s Ongoing Investigation Into Valsartan Impurities and Recalls and an
Update on FDA’s Current Findings, available at https://www.fda.gov/news-events/press-
announcements/fda-statement-fdas-ongoing-investigation-valsartan-impurities-and-recalls-and-update-

fdas-current.

The initial reports of nitrosamine impurities in drug products were of small molecule
nitrosamines such as NDMA, compounds that form by a nitrosating reaction between amines
(secondary, tertiary, or quaternary amines) and nitrous acid (nitrite salts under acidic
conditions), generally due to API synthesis conditions that introduce nitrous acid, nitrite and
amide solvents. In 2020, FDA issued guidance to industry, the Nitrosamine Guidance,
recommending that manufacturers of APIs and drug products take steps to detect and prevent
unacceptable levels of nitrosamine impurities in drug products, or to avoid their presence
when feasible.

EHESFTO= b YT IR ORYIOHREILZ, NDMA (N-=ha YO 2AFALT7 ) DX D7
Baf=htanyY7 I Thole, BlxIX, —MRICHMEE, HMEEE, 7 I FEELZE AT 5 K
BREMHCERT 20, 7 I GBIk, Bk, BIUHRT ) LHEMEE (BRMESRSETTo
HAHEEIE) D= h v JEROSIZ L > TERES NG TH - 72, 2020 42, FDA LR M T
DHA XA “Nitrosamine Guidance” #3817 L, JFEECEIR G OREEF IR L, EELFO
TRTERNWLA_LO= ha Y7 I Azl - BT 5, 25 WIEARERIR Y £ OFE(E%
BhEET D720 ORTEZF#H U5 L 2 #8E L,

The Nitrosamine Guidance introduced a three-step process that manufacturers and applicants
should take to mitigate nitrosamine impurities in their drug products:
(1) conduct risk assessments for nitrosamines in their APIs and drug products;
(2) conduct confirmatory testing if risks are identified; and
(3) report changes implemented to prevent or reduce the presence of nitrosamine impurities
in APIs and drug products in approved and pending NDAs and ANDAs.

Z @ “Nitrosamine Guidance” X, EHG o= rr V7 I U R ERET 57010, il
EH L PFEEVPIDRE IEMO T a g ANBI S NT
a)H%&@%%@@:kmy7iV®UX7ﬂﬁ%ﬁ5;
(2) VA BEESNIGE, el g i 5
(3) 7KFBH. M OHIGET ONDAs K T¥ ANDASIZEW T, APls (JF3K) M OEHK S o

WP RS X 2R Z BREOVH LI ET,
HREIL, ZonBHOHEMZETITH Y FHA,
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= ;a7 AR OFE 2 B IR SUIR T S 7o OIZ S i S e A H 2 WG TS

As explained in the Nitrosamine Guidance, manufacturers of APIs and drug products should
take appropriate measures to prevent unacceptable levels of nitrosamines impurities in their
drug products.'* Because nitrosamine compounds have the potential to be potent genotoxic
agents in several animal species and some are classified as probable or possible human
carcinogens,*? they are included in a group of high potency mutagenic carcinogens referred to
as cohort of concern compounds in the ICH guidance for industry M7(R2) Assessment and
Control of DNA Reactive (Mutagenic) Impurities in Pharmaceuticals to Limit Potential
Carcinogenic Risk (July 2023) (ICH M7(R2)).

“Nitrosamine Guidance” #BI STV 5 & H1c, FERSLRIA O RLER 1L, £ ORFIPICHFA T
TRV D= b r YT I RN E ENRNE D WK AL DT TH LY, = F
Y7 2 ALEWIE. WL ONOEFE (animal species) THR 1R E R IEIEYE (potent genotoxic
agents) L7 D REEMENH V. ZDKOMNIEE NENAMEWE (human carcinogens) @ FIREMEDS iU
I, ETITATREM A O L SN TV AR | EERATOICHA A 4 > AMT(R2)
Assessment and Control of DNA Reactive (Mutagenic) Impurities in Pharmaceuticals to Limit Potential
Carcinogenic Risk (July 2023) (ICH M7(R2)) CiZ, % &fba#® =4 — ~ (cohort of concern
compounds) & FEIZAV 2 @l RIFMHER D AME D T N — 71 EEFN TN D

GRIE : ad— &g, B L-RE28L, B4t 2 sEM 2 & Hil Wikipedia)

11 Nitrosamine Guidance at 9.

12 See the International Agency for Research on Cancer (IARC) Monographs on the Identification of Carcinogenic Hazards
to Humans web page at https://monographs.iarc.who.int/list-of-classifications. See, e.g., NDMA, N-nitroso piperidine
(NPIP), 4-(methylnitrosoamino)-1-(3-pyridinyl)-1-butanone (NNK), N-nitroso pyrrolidine (NPYR), and N-nitroso
morpholine (NMOR).

The ICH M7(R2) guidance provides recommendations on control of any known or potential
mutagenic carcinogens, such as nitroso-compounds at or below a level associated with
negligible human cancer risk associated with exposure to these impurities.*®

ICHM7(R2) HA X A%, = bua JAbEHD X 5 72 BEa £ 72 I3 ER 72 28 BFMER S AE
(known or potential mutagenic carcinogens) %, Z L5 DA ~OIREEICEET L FENAY A7
PEERCTE D L UV FICERT 2 2 LI 28 2 LT a3

13 See ICH M7(R2), available at https://www.fda.gov/regulatory-information/search-fda-guidance-documents.

An Al limit is a level that approximates an increased cancer risk of one additional case in

WP JFSOIC R AR Z BREOE L P £, ROCTRER, BEZ L THA S IREEATHET, @@
HREIL, ZONHOHEMETIEH Y THA,
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100,000 people based on a conservative assumption of daily exposure to the impurity over a
lifetime (70 years). To phrase it another way, an Al limit is a daily exposure to a compound
such as NDMA that approximates a 1:100,000 cancer risk after 70 years of exposure.14 This
risk level represents a small theoretical increase in risk when compared to human overall
lifetime incidence of developing any type of cancer, which is greater than 1 in 3.

Al BREEE (GFATEELE : acceptable intake : Al) &%, AE (709:[H) (27> CTRFIZHEH
IR IIND & WO IRSFIIRUEIZ IS & . 100 AMZLADOEIG TBMANZFEA AU A 7 D3NS
HEWVWHIELMETH D, BIOFWHEZTHIE, AIREEL X, NDMAD X 9 22{bEW~D A

DEFEN, 70 FHEBRE LIBORNBALY A7 21055 OUIERSE 2O THLM, ZoU R
7 LR, SO LTEONAERIET D NEOAJEREFRSER GAIZIALLE) & T 5
L B EO U R ZBIMNZHTINTH D,

14 See Nitrosamine Guidance at 10 and Appendix B (FDA Determination of Acceptable Intake Limits).

If a potential risk for a nitrosamine impurity has been identified, and appropriate testing has
confirmed the nitrosamine level, then an appropriate control strategy leveraging process
understanding and analytical controls should be developed to ensure that the nitrosamine
impurity is at or below the Al limit.*> As recommended in ICH M7(R2), an Al limit is
generally determined based on database and literature searches for carcinogenicity and
bacterial mutagenicity data.

HbL=hr Y7 I UAMPIOBAER ) 27 BFE S, BYRRBRT=1rr Y7 IO L-ULR
RS NTHmE, = b Y 7 I UM AL REMELL T CTh 5 Z L2 kit T o720z, etk
A DEE & HTHYE B2 TG ] U 72 i B0 70 BRERIE 2 SR E 3~ & Th 5 15, ICH M7(R2) THELE S
ATWD L 9IZ, Al TREEIZ—MIZ, BBANEEMEERFMET — 2 OF — X _X— 2 L 30k R
RISV TRESIND

15 An Al limit can be converted into a parts per million (ppm) control limit for a manufacturer or applicant.
The conversion varies by product and is calculated based on a drug’s maximum daily dose (MDD) as
reflected in the drug labeling (ppm = Al (nanograms (ng))/MDD (milligrams)). Nitrosamine Guidance at
10.

Al [RFEME T, ROSEEE E-IXHRFEE O DI2100 5450 1 (ppm) HEIEICHE TS 2 LN TE 5, A
BT > TR | EEJHORAMACHICTHHE SN TN D 1 HiRREEE (MDD) IZESWTEHR S
% (ppm=Al (/27 Z 2 (ng)) /MDD (VU ~ZZ24)), Nitrosamine Guidance @ 10.

As FDA’s understanding of NDRSIs is evolving, this guidance recommends a risk-based
safety assessment of NDSRIs. The predicted carcinogenic potency categorization approach

T B K DR 2 SRV L £,
HREIL, ZonBHOHEMZETITH Y FHA,
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recommended in this guidance complements the approach recommended in ICH M7(R2). It is
based on principles of ICH M7(R2) that recommend the use of structure-activity relationship
(SAR) concepts to assess and classify the mutagenic and carcinogenic risk of impurities to

limit potential carcinogenic risk in drug products. The science on structure-activity

relationships of N-nitroso compounds has progressed, so that at this time, FDA recommends

that this predictive methodology be used to assess the carcinogenic potency of NDSRIs and

more accurately predict their mutagenic potential.

NDRSIs [Z%}3 % FDA OBfENER L TWAH Z b, ZOHA X A TIENDSRIs DY A7~
— ADREMWFHIZHELEL T\ D, KA X A THEET 5 PRI N AMED ST 7 e —F
X, ICHM7(R2) THER SN TWAT Ve —F 25T 56D TH D, Tk ICH M7(R2) DI
IZHSL b OT, EREFOBEN RN ANEY 27 ZHIRT D 72012, Rl o2 BIFEMER X
OFERAMEY A7 OFM & 3 EICETEMEMR (SAR) OBERE MWL Z L ZHEE L T\ D, N-
= b EEYOREEMEFHBICRET 2B AITEA L TR Y | Bl TlE, FDA IFEIR AT
I%. FDA [J NDSRIs DFENAMEZFHE L, ZRFEMEOATRENEL &IV IEMEIC TR 572012, Z
OFRTEEENT 52 2R LT D

This is important because it is currently unknown if all or some NDSRIs are in fact high
potency mutagenic carcinogens. This guidance considers that not all NDSRIs have the same
carcinogenic potency, as reflected by the different recommended Al limits associated with

each potency category.

CEEFEETHDH, EWVIODYL, TTONDSRI 2N, DUV EERD NDSRI 23, FEERIZE
B IDOFERIFIEFE DN AME T 2702 E 5 M, Iﬁf@& ARHENSTH D, KAA X AT
WX, &%h )17 =Y — (potency category) = & [ZHELE DA TREENRERD Z Enbbnd
X912, T XTo? NDSRI 723[F U % 75§/u‘|‘5l?§<j]7'7%ﬁ:0’6‘ iffm\kf’%zé

A. Challenges in Determining Al Limits for NDSRIs
NDSRISDAIRREEZRET 5 L TORE

Determining an Al limit for NDSRIs is often more challenging than determining Al limits for
small molecule nitrosamines, primarily because NDSRIs are unique to each API and,
therefore, there are usually limited or no existing safety data (e.g., rodent carcinogenicity
data) on NDSRIs.'® FDA has communicated recommended Al limits for a limited number of
NDSRISs, but unlike more commonly known nitrosamines (such as those identified in the
Nitrosamine Guidance), a recommended Al limit has not previously been determined for

WP RS R DRI A BV LT E T,
HRET, ZOHFOHMETITIHY A,
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most NDSRIs.

NDSRISOAIMREEZ R ET H Z &1, Ky F= e Y7 I OABSHEZRET 2 L0 & N
ThHDHZENZVA, ZHIUTEICNDSRIs BEAPHUZEATH Y . Z D7 NDSRIsIZ BT % BEAF
DREENET —5% (BIZITT o OB ANMET —F) BRLATWND2, 2RV ERZ VT
DT 5%, FDAIKIR D75k ONDSRISIZ DU THELEAIRREEE 23 L TV 528, K 0 %l
IZE SN TWAS=hr Y7 2 (Nitrosamine Guidance CHFE SN7-b D 7e L) LI R, 1T L
Av EDNDSRISIZ DWW THERRAIBREEIL, T E TRIE STV,

16 See ICH M7(R2) at 9 to 11 and Note 4 on calculating a compound-specific Al limit.

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. A compound-specific Al can be calculated based on
rodent carcinogenic potency data such as TDso values (doses giving a 50 percent tumor
incidence equivalent to a cancer risk probability level of 1:2) identified in the published
scientific literature. Carcinogenicity data may be available from the Carcinogenic Potency
Database (CPDB) or Lhasa Carcinogenicity Database (LCDB).*’

HELE Al FREEMEIX, R OZ RIFVERS JORD ANMEO AN Z & e L &M RS D TH
D . FDADNE DA F T2 13RI 03 EH L 2 I3 2 BF IS L B ORE 2 5 2 720 ST L
2L~V EIRENE TRESD LV ZaRd, LS WEA DAL (compound-specific Al) 1%, AF SH
T RSO CRFE SNT=TDsofE. (EA ALY A7 iR L~LL 2 2 ITARY 9 2 50% DI AR &
Bz &) 28D s WEORENAMDN 1T —ZIESWTHRIET L2 LN TE D, ERA
M7 — &%, CPDB (Carcinogenic Potency Database) & 7-1ZLCDB (Lhasa Carcinogenicity
Database) 76 AFTE 5,

TDso values for approximately 140 nitrosamines, mostly small molecule nitrosamines, were
originally reported in the CPDB and have been incorporated into the LCDB. The
carcinogenic potency values range over four orders of magnitude, and some nitrosamines
have been found to be non-carcinogenic.*® However, many studies are not robust and

cannot solely be relied on for calculating Al limits.

#0140 FEO=Frr YT IV (BIESF= YT V) O TDy fEIZ. & & CPDB T
HESINTEBY, LCDB IZHAAEN TS, BNAMOGTIOMMEIT 4 HiLl Eo#FHICH
—EDO= N VT I ATIEREBAMER N ERH S TNAB, LU S, %< OWFFEITE

WP JFSOIC R AR Z BREOE L P £, ROCTRER, BEZ L THA S IREEATHET, @®
HREIL, ZONHOHEMETIEH Y THA,
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EPEN 72 < (notrobust) DT, Al [REMEDFEORIKIFT 5 Z LI TE R0,

17 Lhasa Carcinogenicity Database (LCDB) is available at https://carcdb.lhasalimited.org. As
indicated in the Field Descriptions from LCDB, LCDB includes data from Carcinogenic Potency
Database (CPDB). CPDB is available at https://files.toxplanet.com/cpdb/index.html.

F W FEN AT — X ~X— 2 (LCDB) % https://carcdb.lhasalimited.ory CAFTZ%, LCDB OV ¢ —/L
ROFBANI R ENTWD X H I, LCDB (ZI3FtEsh )7 — % ~<—2 (CPDB) OF — & BN&EE T
%, CPDB (% https://files.toxplanet.com/cpdb/index.html TAFTZ %,

18 For example, see Thresher A, Gosling JP, and Williams R, 2019, Generation of TD50 Values for
Carcinogenicity Study Data, Toxicol Res, 8:696-703; Thresher A, Foster R, Ponting DJ, et al.,
2020, Are All Nitrosamines Concerning? A Review of Mutagenicity and Carcinogenicity Data,
Regul Toxicol Pharmacol, 116:104749.

1z 1X. Thresher A. Gosling JP, 3 LT Williams R, 2019 4E. FENAMBFGET —Z D TDso HDE
%, Toxicol Res, 8:696-703 # Z:H#, Thresher A, Foster R, Ponting DJ, ft, 2020, X CH=Frm /7T
IVTRBRES SN TWETN? BRFMES KON AT —F O L B = —_ Regul Toxicol Pharmacol
116:104749,

When the mutagenic potential of an NDSRI is not adequately characterized, FDA and
applicants have used (quantitative) SAR methods to support the identification of a robustly-
tested surrogate that is similar in structure and reactivity to the NDSRI to generate an estimate
of carcinogenic potency from which an Al limit can be scientifically 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.*

NDSRI D RJFHED ATREMEN I3 IZFHE DT TV 2R WS FDA L HEEE IR, BRI
SITARE'E (robustly-tested surrogate) D [FlE & WA — M 9572012 (E&M) SAR EZEH L
TWo, ZORBEHEIZ, AIREEZBLOICHE T 2L 0125702, BRANMEDR)
(carcinogenic potency) DHEEAE & EAKIZKT LT, BEA OKEZEE S EbOTHDL, ZDv
T VAT, REWHEIL. NDSRI L[ CALEEREE T N- = b o YREEEE 235, WIERFED
IMET — 2 BRI RERIEEMTH S,
19 For example, see Cross KP and Ponting DJ, 2021, Developing Structure-Activity Relationships for
N-Nitrosamine Activity, Comput Toxicol, 20:100186; Thomas R, Tennant RE, Oliveira AAF, and
Ponting DJ, 2022, What Makes a Potent Nitrosamine? Statistical Validation of Expert-Derived
Structure-Activity Relationships, Chem Res Toxicol, 35:1997-2013; and Ponting DJ, Dobo KL,
Kenyon MO, and Kalgutkar AS, 2022, Strategies for Assessing Acceptable Intakes for Novel N-

Nitrosamines Derived From Active Pharmaceutical Ingredients, J Med Chem, 65:15584-15607.
(FHRRITAA 1)

The rationale for the choice of surrogate (similar in structure and reactivity) is significant
because test data from the identified surrogate are then used to generate an estimate, either

i

b
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quantitatively or qualitatively, for the data-poor compound (commonly referred to as a read-
across analysis).?

(M 1E K OBUSHEDFRLEL L T D) ROEWE O3 E OFm PR 723t AR L (rationale) (X, BHZELTH
Do EWVVO DI, FFESINTAVEWE (surrogate) (X, ZALICHEWT, 7 — X DR ERWMEEY
(data-poor compound) (2 S B 5 THDH (AT “read-across analysis” & IEiE %) 20,

20 See section V.

The structural environment surrounding the N-nitroso group of the NDSRI is an important
factor when selecting appropriate reference compounds for a read-across analysis. It may
include consideration of the degree of substitution, steric bulk, electronic influences, potential
for metabolic activation, stability/reactivity of the resulting metabolites, and overall
molecular weight.

NDSRI @ N-= kw VLA R & A9 EREL (structural environment) (%, read-across analysis
GREE - W 20 oxxES ) (EU RS REEM A RINT 2BEOEELRER TH L, JUllE, &
HAODFLFE (degree of substitution) . N.AK/N/L 77 (steric bulk) . & T-HISZ2E (electronic influences) . {XEHEME

{EDFTEENE (potential for metabolic activation) . 5 5 4L 2 (R FEY) D2 ENE /S TE (stability / reactivity

of the resulting metabolites) . 33 X OVEARD 751 &  (overall molecular weight.) ~D & [ENREH ENDH5E
H5,

IV. RECOMMENDATIONS FOR Al LIMITS BASED ON PREDICTED
CARCINOGENIC POTENCY CATEGORIZATION
FRIS D FDB AR I DFETES L Al OHELRE

A. Introduction to Predicted Carcinogenic Potency Categorization Approach
TR S DFDB AMEDE T DZEFIEDORIT

This section describes a recommended methodology that uses predicted carcinogenic potency
categorization to assign a recommended Al limit to an NDSRI based on the NDSRI’s
activating and deactivating structural features. In the context of this guidance, activating or
deactivating features are defined as molecular substructures that are associated with an
increase or decrease, respectively, in carcinogenic potency. The predicted carcinogenic
potency categorization approach to determine a recommended Al limit incorporates SAR
concepts described in recent scientific publications for nitrosamine compounds.?*

WP RS R DRI A BV LT E T,
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IOk arTiE, RSN FECOWTIHH L TWD, ZoHiEEX, NDSRIOTEMALE X
ORNEMA L OREER RIS KD & . TR S V2 H D AN S D021 LT, NDSRIZX L T
RSN DAIRFMEZEH D B TEHHDOTHD, ZOHAX L ALDOEDY HWTIL, WEHEbER
IIARTEMAL ORI, ZEd, T2 AANERN ) ORI E 7213 B % 7y - o i & E 2%
o HRINDHAI IREMEZRET 27O THINLEBBAMEOHET 7 —Fik, = b
1 Y7 I ACEWIZET 2 Bl OFF PRI RICEEEH STV HSARDIE &S Z L) AT 52t

The approach assumes that the a-hydroxylation mechanism of metabolic activation® is
responsible for the mutagenic and highly potent carcinogenic response observed for many
nitrosamines. Structural features that directly increase or decrease the favorability of the
activation mechanism or that increase the clearance of the nitrosamine by other biological
pathways will have a corresponding effect on carcinogenic potency. Therefore, a prediction
of the mutagenic potential and carcinogenic potency of an NDSRI can be generated based on
its structural features.

ZOT77a—F Tk, RENEHELD a- Fa i U bi#E2n, 2<o=rtr V7 I TREX
NDERFMER L ORISR BB ARIEDIRIR T 25 LAE L TV 5, TEHEREDLF £ L
X EEHER S E AMIENRE, HOIWVIIMOAERTFHIRBIC I 2= ey T I o VT T
R e PEIN S D REERIRFBIEL, DA NS DR A K E T, L72h > T, NDSRIDZE#
JFMESS X OSIEEZD I O TlE, 2 OREERNREICESWTITH) 2 & TE b

21 See footnote 18.

22Li Y and Hecht SS, 2022, Metabolic Activation and DNA Interactions of Carcinogenic N-Nitrosamines
to Which Humans Are Commonly Exposed, Int J Mol Sci, 23:4559.

The predicted carcinogenic potency categorization approach described in this guidance
applies to NDSRIs bearing a carbon atom on both sides of the N-nitroso group, where the
carbon is not directly double bonded to a heteroatom (i.e., N-nitrosamides, N-nitrosoureas, N-
nitrosoguanidines and other related structures are excluded). Additionally, the predicted
carcinogenic potency categorization approach does not apply to NDSRIs where the N-nitroso
group is within an aromatic ring (e.g., nitrosated indoles).

ZDHA K ATFEH S I TV D THRIIFE DS ANERN ) 73 FE1E  (predicted carcinogenic potency
categorization approach) (¥, N-= k& Y O MICKER 724 L, KEN~T 2B H
e L CWRWNDSRIs IZEH s (T2 6, N-=hr Y7 IR N-=bhrY LT N-=
frYr7=vr KOEOMOBEMEX, BAhEhd), I, N-= hr Y ERGFEFRAIC
&% NDSRIs (21X, = reV{bA > F—n) ZiE, ZOTHS DR AN O3 FFE
E T SR,

WP JFSOIC R AR Z BREOE L P £, ROCTRER, BEZ L THA S IREEATHET, @®
HREIL, ZONHOHEMETIEH Y THA,
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The predicted carcinogenic potency categorization approach enables manufacturers and
applicants to identify the appropriate potency category and associated recommended Al limits
for NDSRIs in APIs and drug products and to facilitate development of methods for
confirmatory testing of impurity levels in drug batches. Potency categorization offers a
science-based predictive solution to recommending Al limits for NDSRIs. FDA scientists, in
collaboration with other international drug regulatory authorities, developed an approach to
evaluate the predicted carcinogenic potency of NDSRIs based on the structural features of
these compounds.

FIRIFE S AAEZRN 7153800 7 7 '8 —F  (predicted carcinogenic potency categorization approach) 13, Hlit3E
FOHFEE L, JRARCEIRICE £ D NDSRI O] 7220 143048 & B4 2 HELE Al FREE {4 4F
E L. BEHL Ay FHORMY L~V OREGRRBITEDHB A RET 52 LN TE 5, 10 H
(potency categorization) |X. NDSRIs @ Al Bz #ELET 2 72 D O R FRIR LI TS < TP AR
FEAERMT 25D THD, FDA ORFHIL, o EERMRERGLBEL B L BB Lo
DALE Y OREERV RIS < NDSRIs O FHIZED AN ) 27l 2 7 7' v —F 2% LTz,

The approach is based on information from published data on small molecule nitrosamines
that are available through CPDB and LCDB, combined with chemical and biological
mechanistic considerations described in recent nitrosamine scientific publications.? The goal
is to set recommended Al limits by predicting the potency of the substances using activating
and deactivating structural features present in nitrosamines. In developing the model, relative
weights were assigned to activating and deactivating features based on SAR trends reported
in the published literature, SAR trends observed in the CPDB and LCDB, and a general
scientific understanding of the chemical and biological mechanistic pathways of the
compounds.

ZO77r—F(X, CPDB & LCDB Z#ili U CAFARERIKSG F= YT I VORART —4 0 b
OIF#RE, FEO=hra Y7 I AT LRI E SN TWDEFR - AMTFRA T =X
BT 2B RIIE STV D B, 20 B b YT X UAAEET DIEMEAL & ANEMEAL D
HERREE W THEO N 2 TRT 52 180, #ESND Al REEEZRET 52 & T
bo, BT NVORFETIL, FBRINTCETHRE S 47z SAR O[], CPDB & LCDB THIZE S
7z SAR OfE[A], e O DALE M OALZERE L OS2 A 1 = X BREKICEIT 5 — Rk 7e
BFRBARIC DN T, EME LI X ORIEME L ORI R 72 B A 251 ) 2 Tz,

23 See footnote 18.

The approach based on structural features can then be applied to an NDSRI to predict the
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relative carcinogenic potency of the NDSRI. This approach considers the effects of multiple
features in the molecule and leverages a larger body of carcinogenicity data in the published
scientific literature than is available for establishing an Al based on a surrogate nitrosamine
molecule. FDA anticipates that the analysis of these structural features, and the weighting that
has been assigned to these features, may change over time as the science advances and
additional data are generated.

W, HEERRBIC IS < 77 e —F % NDSRI (25 L C, NDSRI OFHxFHI 72303 ANERN ) %
THTHZENTED, ZOTTr—FiE, G THNOEROBBOXELZE L, £ L TE=
k@Y7 2 45+ (surrogate nitrosamine molecule) (33 < FFAERUE (acceptable intake : Al) % N7
TLHLEDICHATELED S, KVELORFIROFEBAMET =2 2 TEHNTLHHDOTH S,
FDA IX. 5 OGO, BE ORI D OFFIZEI Y 4T HN=EAM T, BEn
AL TBMT = BERSNDIZONT, RHOKREE & HICET I NS AN 5 & T
LTW5,

The predicted carcinogenic potency categorization and resulting recommended Al limit
approach described in this guidance should not be applied to NDSRIs in circumstances in
which FDA otherwise recommends an Al limit (e.g., based on compound-specific
assessments or read-across analysis from a surrogate).?*  Generally, FDA has communicated
recommended Al limits directly to an applicant or manufacturer or through an FDA guidance
(the Nitrosamine Guidance). FDA may continue to do so, including in connection with this
guidance.?®

ZOHAF L ATEHENT WD, THISHDENAMRN IO EZOREL LTHRE IS
Al fIfRT 7' v —F 1%, FDA D3HIOTET Al IREMZHELE L TODIR0L (B2, LEalE
A ORIV 27— b6 DY — R7 7 v 25047 GRix : k00X #2880 - &) (TS5 <) T,
NDSRIs {Zi# & TRV, —HIICFDA 1%, #EES D Al IREEZ, HiEH 720X
RUYESEH B PR, £721% FDA B A # > A (Nitrosamine Guidance) %@ U Tiax C& 7=,
FDA (I, ZOHA X AEETLHE L B0 T, AR LEZDO X I ITT RN H D5,
24 In corresponding with certain manufacturers and applicants, FDA previously recommended that certain NDSRIs,
for which there is no compound-specific data and no suitable surrogate for a read-across analysis, be controlled at
levels that do not exceed a conservative Al limit of 26.5 ng/day. For these NDSRIs, we now recommend that

manufacturers and applicants use the framework recommended in this guidance to determine an appropriate
predicted carcinogenic potency category and corresponding recommended Al limit.

FEE OBRLEEFR LG & OXRZBW T, FDAIXLART, bEMEROT —2 037, V—FK- 771X
AW L= 1 25— R UWMERED NDSRIS (2T, ARSFAIZR ARSI 26.5ng/H Z 482 720 L
VCEET S Z L AR L Tz, ZHH O NDSRIs (IZ2WCIE, SR & HIgEHN, ZohA ¥
ATHERES TV D kA 2 H LT, @bl TRIBY RS A%h 7157 = U — (predicted carcinogenic potency

WP, JFSCIC L AR A BREVE L P E9, iRSUEEER, HEBZ L THA TIAFEATHET, @®
HREIL, ZONHOHEMETIEH Y THA,
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category) & . FAUCKHLT HHELEI D Al [REEZRET H 2 &2 HESET 5,

25 To reflect the evolving and highly technical nature of the relevant information, FDA intends to provide certain updated
information on recommended Al limits for NDSRIs, in connection with this guidance, at the CDER web page at
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/updated-information-recommended-
acceptable-intake-limits-nitrosamine-drug-substance-related. This associated information will be updated periodically.
For the most recent version, check the web page.

BEEIE MO FERA D, AR M 2 BT~ 728D, FDAIZZ DA A 2 2 ZZBEE L T,
NDSRI OHELE Al REEICEI4 2 —EDHEHEH A CDER D7 = 7 ~— (https://www.fda.gov/regulatory-
information/search-fda-guidance-documents/updated-information-recommended-acceptable-intake-limits-
nitrosamine-drug-substance-related) T4 2 TETH 5D, Z OBMEFHITEMICTEF SN E T, 5
RRIZDOWTIE, U 7 R=U R S,

When FDA communicates a recommended Al limit based on compound-specific assessments
or read-across analysis from a surrogate, manufacturers and applicants should apply that
recommended Al limit rather than using the predicted carcinogenic potency categorization
approach in this guidance to identify a recommended Al limit.

FDA 2MbEWEA ORMMN £ 721X (surrogate) 7> 5 @ read-across analysis (2 550 THELE
Al HIEEZH SN T 5856, MEEEB LOHGFEEREIIHE A THD Al REBLZRET S
eI, ZDHA X2 ZADTRIRIFED AR 15307 7 12— (predicted carcinogenic potency
categorization approach) Zff [l 9" 2 D TiI7e <, ZOHELE Al [REEZEHTA2X4E N H D,

FDA continues to work with international regulators in the development and use of this
modeling approach to identify recommended Al limits for NDSRIs to minimize the potential
impact of nitrosamine impurities on the drug supply.

o

FDA (%, EFEMUEIZRT D= a7 I U AH (nitrosamine impurities) D IETER) 72 528 % /N
A=

FRIZENZ 7212, NDSRI ICHEZE S5 Al [REELZFET 272012, ZOFETV 7 T
— (modeling approach) DA% &I T, ERBEBHI YR &) LT T\ b,

The Agency recognizes that the science is evolving in the prediction of mutagenic potential
and carcinogenic potency based on SAR concepts. Therefore, the predicted carcinogenic
potency categorization method described in section IV.B is a conservative approach that
represents the best available science at this time and is expected to be further refined and
expanded as new data become available. Additionally, as with all guidance documents,
manufacturers and applicants can use an alternative approach if it satisfies the requirements of
the applicable statutes and regulations.

FDA 1% SAR OHEAICEED < BHEIFM: K DTN AMERN I OFHNZBNT, BENER L TS Z
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https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9768807/#:%7E:text=Read%2Dacross%20is%20a%20structure,to%20the%20read%2Dacross%20method.
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B LTV D, 1E-o T, IV.B HIZREH SN TRIRFRE D AR I O 3 8aiEI, BRI CATF
AIRER B ORI T2 R TRTFNR T e —F Th Y, FHTLWT —F B AFARRIZR D2 T,
SHICHWR S, IERSND Z NS ND, HIZ, BTOTAF o ALFLFRRIC, TWEE
FROHGE WH SN DERBI OB LW T O ThHUL, o7 7a—FE2Hn5Z LR T
D,

B. Specific Application of the Predicted Carcinogenic Potency Categorization Approach
FHIHIRE D AN DL T 7 v —F O BARH) 7258 A

FDA recommends the following Al limits based on the predicted carcinogenic potency

categorization approach for NDSRIs.

FDA (%. NDSRIs O FHIFIZE N ANMEDZY 117 7 a—F 2SN T, RO Al [REEEZHESE LT
60

Table 1 shows the predicted carcinogenic potency categories and associated recommended Al
limits. Notably, the associated recommended Al limits generally represent the conservative lower

limit for the range of potencies falling within each category.

£ 113, THIORERAMN IO T TV —L ZRICBEETLHELEI NS Al [REEEZRL TWH
5o, FRC, BT DHELE Al BREEIX, BF. &7 TV —ICEY T 53O MO LRSI 72
GRY: : ZehHco) FERE (conservative lower) % L T\ 5,

LT RIS L SIRE B LT £, R, BEZ LTI TIAEBATOET . (D) prarmesi Fuakans
RREL, ZOXBOEMETIELHY A,
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Table 1. The Five Predicted Carcinogenic Potency Categories and Associated Recommended
Al Limits for NDSRIs
5 SO TRFENAMS )7 TV —8 LOBHET 5 HE5EEIH NDSRI @ Al FREEfE

Potency Recommended
Category Al #32 Al Potency Category %7453
M5 Kar (ng/day)

1 26.5 The recommended Al limit of 26.5 ng/day™* is equal to the class-specific limit

for nitrosamine impurities based on the most potent, robustly tested
nitrosamine, N-nitrosodiethylamine (NDEA).** NDSRIs assigned to Category
1 are predicted to have carcinogenic potency no higher than the class-specific
limit for nitrosamine impurities.

HERE S AL D ALBRSUIE 26.5 ng/ H*I13, Hmb i) TRBEICHRBRENTZ= YT I
ThHHN-= Y =F /7 I (N-nitrosodiethyl : NDEA) [ZH5< =V
T I UMD T ARNOREFICE L, ** A7 IV —1 (K43 1) ITHEE

SN NDSRIs L. (FiE: coFo) = bha Y7 I U Ao 7 7 ARIORREE %
BXRWEBAMN N 26T D LTRSS,

2 100 The recommended Al limit of 100 ng/day is representative of two potent,

robustly tested nitrosamines, 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. NDSRIs
assigned to Category 2 are predicted to have carcinogenic potency no higher
than NDMA and NNK.

HESEX U5 Al FRAUE 100 ng/day (&, s IimofdrtE s b » CREEE N2 2D =
Fa Y7 2 THhD [ N-nitrosodimethylamine (NDMA) | &
4-4-(methylnitrosamino)-1-(3-pyridyl)-1-(butanone) : NNK) ORFEETH D . HELE X
o Al [REfEIZZ2H 96 ng/day & 100 ng/day TH 5, X472 ITfRE SN
NDSRI %, NDMA X O'NNK £ 0 BN AMEREmLS R E Pl & s,

3 400 Compared to Potency Category 2, NDSRIs in this category have lower

carcinogenic potency due to, for example, the presence of a weakly
deactivating structural feature. The recommended Al limit was set to reflect a
4-fold decrease in carcinogenic potency from Category 2.

MARLy 2 LT 5 &, ZDX5® NDSRIs %, il 21359 < RIEMAL T % ks
MR TEET D720 BAAMEMED, HESE S D AIRFEL, 271Ky 2 7
DRDANED, AfF KT 2 X 9ICRESNT,

4 1500 NDSRIs assigned to Category 4 may be metabolically activated through an

alpha-hydroxylation pathway but are predicted to be of low carcinogenic
potency, for example, because the pathway is disfavored due to steric or

WP RSO R AR A BV LT E3, SROUIRER, MEZ LT A TSI REEATHET,
HREIL., ZONBOHEMZETIIH Y £H A, ~
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Potency Recommended
Category Al #32 Al Potency Category %)/ X453
M5 Kar (ng/day)

electronic influences, or because clearance pathways are favored. The
recommended Al limit of 1500 ng/day is set at the TTC per ICH M7(R2).***

X434 1ZEIV ¥ THi/Z NDSRIs 1%, a-b Rz 2 L{bf%k# (alpha-hydroxylation
pathway) %3 U TR ’iﬁ*ﬂtiiﬁ ATREPEDN B D 2%, B ZIE. T ORI
R FETITE TR LY AR 5720, X7 VT 7 2 ARBENEIEE
DT, FHDB A iﬁb\&ﬂﬁﬂéﬂf&\ Do

et s s Al FREEME 1500 ng/day 12, ICH M7(R2) (27t~ T TTC ICRHESNT

YNy, wEE

5 1500 NDSRIs assigned to Category 5 are not predicted to be metabolically activated

via an a-hydroxylation pathway due to steric hindrance or the absence of a-
hydrogens, or are predicted to form unstable species that will not react with
DNA. The recommended Al limit of 1500 ng/day is set at the TTC per ICH
M7(R2).***

X435 1ZEID Y CTHi= NDSRIs I, SAKREEE 713 a-/KEOXKUMNZLY | a-

b R e bR &7 U CREIICIEE b S d X PRl S s, £7-12 DNA
E RIS LW E e ff (unstable species) #TERLT 2 & Fllsid, SRS
% Al HIEE(E 1500 ng/day (. ICH M7(R2) IZft-> T TTC ICR¥E SN T 5,

*kx

Al = acceptable intake; ng = nanogram;  NDSRI = nitrosamine drug substance-related impurities;
TTC = threshold of toxicological concern.
| (FFAREEIRER) ; ng= F /2772 ; NDSRI= = ko V7 3 UFESEBHEAMY) ;
TTC = MR & O B,

* For products intended for marketing in the United States, FDA recommends an Al limit of 26.5 ng/day
for Category 1, even if a different limit is recommended in other regulatory regions.
* Alf@u&mzzam& L7 DA FDA 1, oo Bl Mk ¢ 87 2 HIBMESHER S TV D54 T,
7Y — 1 @ Al [REfE 26.5ng/day ZHELEL TV 5,

** See the guidance for industry Control of Nitrosamine Impurities in Human Drugs (February 2021).
“guidance for industry Control of Nitrosamine Impurities in Human Drugs (February 2021)” ; t |
MEFESTO= o YT IV MO ESERICET L0 XA (2021 4 2 A) 233,

*** See the International Council for Harmonisation guidance for industry M7(R2) Assessment and Control of
DNA Reactive (Mutagenic) Impurities in Pharmaceuticals to Limit Potential Carcinogenic Risk (July 2023)
(ICH M7(R2)). The threshold of toxicological concern (TTC) of 1.5 micrograms/day (1500 ng/day) as
explained in ICH M7(R2), represents an Al for any unstudied chemical that poses a negligible risk of
carcinogenicity or other toxic effect.

l'nternational Council for Harmonisation guidance for industry M7(R2) Assessment and Control of DNA
Reactive (Mutagenic) Impurities in Pharmaceuticals to Limit Potential Carcinogenic Risk (F23A MY % 7
RS 3 7z OEEGS D DNA RIGHE (R A oFHl & &8 (2023 47 H)J (ICH M7(R2)) %
ZRo L, ICHMIR2)THMEINT WS 15<4 7155 4 /day(1500ng/H) @Hltk%ﬁwéﬁ@%ﬁf@(ﬁc)
. ATk, ZOMOFEFEHNO Y 27 BT E 2 KBEET oL E o Al 2K L Tw 5

cl

WP RS X 2R Z BREOVH LI ET,
HREIL, ZonBHOHEMZETITH Y FHA,

SR

‘EIH\
=

gj\j\i

VBB LTHATIAEEGELTOET, @®
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C. Determining the Predicted Carcinogenic Potency Categorization and Associated
Recommended Al Limit
THENDRN AN IO L BES S HELE Al [REZIEDORTE

The flowchart shown in Figure 1 describes the recommended process of assigning an NDSRI
to a predicted carcinogenic potency category, with a corresponding recommended Al limit,
based on an assessment of activating and deactivating structural features present in the
NDSRI. Two example calculations for determining the Potency Score and corresponding
potency category are provided in Appendix A. The a- and B-carbons in the NDSRI referenced
in the flowchart are defined relative to the N-nitroso group, as illustrated in Figure 2.

B 1R d 7 e—Fv— NI, THIFIFED AMERNTIX55 (predicted carcinogenic potency category) (Z5f
LC. NDSRI ##&|0 Y CTHHET mERAZBTWND, Zhik, £ O NDSRIIZAFET D IEMHAL
B R ORIEMEA L OREER R ORI I D & . Z2OxHST 2 #6852 Al [REERTHOTH D
Appendix A (2 2 DD FHE B &3, Ziik, Potency Score (3 hoEEs) & ZAUCHIRT D
potency category (#h/1[X%y) ZRETDH-HODO LD TH D, (FIEORLERG) 7 v —F v—
FCELINTWDNDSRI D a- BLOB- DRFF, K2ITRENTHDHEIIZ, N-=hne
Y H (Nenitroso group) 12X L CEFIN TV D

As noted above, the predicted carcinogenic potency categorization and recommended Al limit
approach described in this guidance applies to NDSRIs bearing a carbon atom on both sides
of the N-nitroso group, where the carbon is not directly double bonded to a heteroatom (i.e.,
N-nitrosamides, N-nitrosoureas, N-nitrosoguanidines and other related structures are
excluded). Additionally, the potency categorization approach does not apply to NDSRIs
where the N-nitroso group is within an aromatic ring (e.g., nitrosated indoles).

Figure 1 illustrates how to predict the potency categorization of an NDSRI, and crosswalk to
the recommended Al limit. For NDSRIs containing two N-nitroso groups, the group with the
highest predicted carcinogenic potency category should be used to determine the
recommended Al limit for the entire molecule.?®

FEik L7 L9212, ZDOHA X2 AZFEHE ST D THRIFFE D AMEZN 10D 7358 (predicted

carcinogenic potency categorization) &, H#ESE Al [REEE D7 7 12— (recommended Al limit approach) |3,
N-= b Y EOWMAI KRR 2R B, RFED~T v ICEE HEEA LTV NDSRIHZ
WHINS (T7bb, N=hrY7IRK N=btaYoL7 N=haYr/ 7= B0
Z OMOBERE IR S D), BT, N-= br Y ERFEFENICH D NDSRI (Fl 21X, = F

Y {kA > R—/L : nitrosated indoles) (Z1Z, N /1D 5357 7 v —F (potency categorization approach) |3

WP, U X 2R BV LT ET, ROUIHRR, BZ LTI A TIREZEATHET, @
HREIZ, ZORTFOHEMETIIHY £ A,
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HH IR,

11%. NDSRI ®h )53z THIL, HERRSD AL REEEE 7 2 A7 4 — 27 (crosswalk :

RE “fodsoEw»?) 325 5E27R LTS, N-=br V% 2 5&T NDSRIs D&, 75f
PIROHERE A IREEEZRET D721, TRIS DI AR JIIX 53 (predicted carcinogenic
potency category) 73H¢ & iV 2 (group @ BR¥E <fb%EM7Ze> E(RFM)) AT XETH S %6,

26 For NDSRIs containing more than two N-nitroso groups, the applicant or manufacturer should contact the

Agency for further guidance.

V3, RS K DR E BV LT ET, FROUTER, BBZ LT A T IREZATOET, @@mmwwmm
BREL. —ONBOHEMETIIH Y E8 A,
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Figure 1. Flowchart to Predict the Carcinogenic Potency Category of an NDSRI and Identify an
Associated Recommended Al Limit

NDSRI DR ANERN )1 D735 %2 TRl L. BT 5 HELE

Al BREEfE %
FET D720 7 m—F % —

Daes_NDSRI ha\'§ No Potency Category 5
any hydrogens on 1ts A= 1500 ne/dx
a-carbons? ) oy
Yes
L 4
Does NDSRI have
more than one No ]
o-hydrogen on one or PomfcyFCategf:iry 3
both sides of the AI=1500 ng/day
N-nitroso group?
Yes
Does NDSRI have a Yes Potency Category 3
tertiary u-carbon?* AT=1500 ng/day
No
Calculate Potency Yes Potency Category 4
Score™ "|  AI=1500 ng/day
Is score =47 S
No
k.
Is Potency Yes .| Potency Category 3
Score = 37 AT =400 ng/day
No
I= Potency Yes Potency Category 2
Score =27 AT =100 ng/day
No
Is Potency Yes .| Potency Category 1
Score =17 Al=126.5 ng/day

NDSRI = nitrosamine drug substance-related impurities; Al = acceptable intake; ng = nanogram

VA NG ;e Y| ’iéﬁ@%ﬂ%iﬁﬁﬁbﬁﬁ LHITET,

FRERAE X

* A tertiary o-carbon is defined as an a-carbon atom in an sp® hybridization state, bonded to three other carbon atoms
ki EVL, MO 3 ODRFILTITHES Lz, sp3 IRACRIED Wk FHT- & EFRIND

**To calculate Potency Score, see Appendix A. %) JJ[X 452 i3 2% : Appendix A 2

i

{

ROCTRAR, BT L CHA T IAREATHET, @
S OEMETIEIH Y A,
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Figure 2. Structural Representation of a- and -carbons on an NDSRI.
K 2. NDSRI LD a- jkFE& B-KROWMERIA,

[-carbon N ":"O [-carbon

%i\f,m\{p

o-carbons

D. Recommendations for Manufacturers and Applicants Whose Drug Products
Contain Multiple Nitrosamines
EHEBEEO=br YT IUNEEALTV LG 0O, WIE¥EE B L OHGEE ~OHERE R

As discussed above, the recommended Al limits for NDSRIs correspond to a single NDSRI in a
drug product. If more than one nitrosamine impurity (NDSRI(s) and/or small molecule
nitrosamine(s)) is identified and the total level of nitrosamines exceeds the recommended Al limit
for the most potent nitrosamine in the drug product based on the maximum daily dose, the
manufacturer or applicant should contact the Agency. FDA also recognizes that if the
recommended Al limits for the individual nitrosamines vary greatly, basing the total nitrosamine
limit on the most potent individual nitrosamine limit might not be practical. In such cases, FDA
encourages manufacturers to contact the Agency if proposing a nitrosamine limit other than the
recommended Al of the most potent nitrosamine impurity detected.?’

Fif U7= & 512, NDSRIs OHELE Al BREEMEIL, RIS OB NDSRI (asingle NDSRI) 2 %f
LTS, b L, o= ta Y7 I (NDSRI(S) KO/ Xt KoF=ta vy 73
V) BRAEESNZZBIE, = e Y7 IVORLUPRREKL AEGRICESSERLFTORD
NNORE = a YT I TR HHELE AN RE A8 2 2356100%, ISR F 701381
FDA [JEET & TH D, FDAITETZ, x D= 1o V7 2 AT B HESE Al FREE KX <
BRDGE, M= btr YT I VREEERLBIRMEL D= e Y7 I UREMIZESS Z &
BEHTRONS LN Z L 2R L TWD, ZDX 52846, FDA X, Bl Sz b m
Hip=tra V7 IR MMOHESE Al SO =Fa YT I UHRREERET 55813, FDA £

THFET D & 9 BOERF TR L TV D 2,
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27 Applicants can discuss with FDA or propose an Al limit of total nitrosamine impurities through the
following mechanism, as appropriate: Type C meeting requests for NDAs and 351(a) BLAs, pre-
ANDA meetings, and pre-submission meetings for ANDAs as well as supplements, amendments,
controlled correspondences for NDAs, ANDAs, and BLAs.

HREEEIL, BN TUTOAI=ALZBUT, FDA Likim L7720, =t a Y7 I A6

(total nitrosamine impurities) @ Al HllJEEZFER L7052 LN TE 5 NDA B LU 351(@)BLA O
FA 7 C 2K, NDA Hiil2ik, ANDA OFEHATRE, 72 5N NDA CErEHIEE) . ANDA  (fifil
{LFEREE) . BLAs (RESM) Offic, &E (amendments) , & FR S Av72 %t

gR¥E 1 : Acontrolled correspondence is a communication submitted to FDA by or on behalf of a generic drug
manufacturer or related industry requesting information on a specific element of generic drug product
development or certain postapproval submission requirements.

(DeepL (2 L BB %5R)

controlled correspondence X, Vel oy 7 EIEGRGERER F I3 R ) D FDA IZHE
SND, YR v 7 EEGBFEORE OB F 213K R QR E O H BB 2 15
EERTHAI2=T—arThb,

(it . Z 22V 7 H V) Accessed 6/11, 2023.

£ 2 : Biologics Licensing Application (BLA). kEIZR W CHMR AWM A 2 Hllk 4 5 78
52725 FDA ~DHiE,

%

E. Recommended Al Limits for NDSRIs at Risk of Formation in Certain APlIs
HBEDRIEICEENDHERY 27 D HNDSRIOHELEAIRREE &

FDA has identified a number of APIs that have secondary or tertiary amines and are
therefore at risk for forming NDSRIs. Hypothetically, under certain conditions related to the
formulation and manufacturing process for the drug product, such as residual nitrites in
excipients used to formulate the drug product, these APIs could form NDSRIs. FDA applied
the predicted carcinogenic potency categorization to these APIs. More specifically, based on
scientific analysis of chemical structures, we have concluded that when an API contains
hypothetical nitrosated forms of secondary amine- and dimethyl tertiary amine- groups,
these recommended Al limits based on predicted carcinogenic potency should be applied
to the NDSRISs to the extent that they form in these APls.?®

FDA X, % MR- 13H ko7 I 2H L, Led->TNDSRIs #T 2GHMRIEN S 5

< DJFHE (AP1) ZHFrE L7z, RIC, EIEMLORALOMIE TRICEET 2R EDORME T, i
ZAXEIS O RANCITATH S 2 AN IR RE L TV D56, 2 b ORI

NDSRIs ZJEd 5 ATREMED 8> D, FDA IX, 241D OJFEFEI FHRIFIFE A AL 2R 0 5348 % 1t H]

L7, K0 BERIIZIE, ALFHEEDORFRI IS &, FAFDA L API 28 k7 I LY

AF V=T I U FEOGRR 7 = k1 Y {LIERE (hypothetical nitrosated forms) % & 2o G, THI X

WP RS X 2R Z BREOVH LI ET,
HREIL, ZonBHOHEMZETITH Y FHA,
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https://www.fda.gov/industry/generic-drug-user-fee-amendments/controlled-correspondence-related-generic-drug-development#:%7E:text=A%20controlled%20correspondence%20is%20a,or%20certain%20postapproval%20submission%20requirements.
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DD ANRIZHEES S Z s OHELE Al [REEEIX, 2105 D APIs TR S 5§ O
NDSRIs [Ci#EH S B & Th D LSz %,

28 To reflect the evolving and highly technical nature of the relevant information, FDA intends to provide a list of
APIs that hypothetically could be at risk of forming NDSRIs due to the presence of secondary or tertiary amines.
This list will include associated recommended Al limits for these hypothetical NDSRIs based on predicted
carcinogenic potency categorization, in connection with this guidance, at the CDER web page at
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/updated-information-recommended-
acceptable-intake-limits-nitrosamine-drug-substance-related. This is not an all-inclusive list of APIs that have the
potential to form NDSRIs. In addition, the recommended Al limits for the APIs on this website do not necessarily
correspond to the presence or level of any NDSRI(s) found in any particular drug product. This associated
information will be updated periodically. For the most recent version, check the web page.

B3R DOHE L9 2 W AL 7 BT M 2 B3 5 7212, FDA IE, 55 2 #kE7ZI13HE 3 7 2 v OfF
FEIZ R Y NDSRIs ZJER T 2 U 27 0D LIESND APl DY A M REET 2 FETH D, ZD
UA ML, ZOHA X AZEH LT, CDERWeb ~X— (https://www.fda.gov/regulatory-
information/search-fda-guidance-documents/updated-information-recommended-acceptable-intake-limits-
nitrosamine-drug-substance-related ) (Z & % FHIFIFE D AL I3 B IS S Fr D, 23 H ORGERII 72
NDSRI |ZBd# 3 5 HEHE Al BREEEAE £ 5, T, NDSRIs ZTET 2 AlREMED H 2D API D3R
TEMEBELIZY A R THERY, BIZ, 20 Web A k ED APIs (ZxF L THESES LD Al FREEfEI,
FrE OEIGMCE D NDSRIs OFFEEIIL LU LT L b RIET 51 Tiddevy, Z ORGER
WITEWICER SND T, KHAA—V 3 SO0 TIE, Web R_X—VZHER I 20,

V. IMPLEMENTATION OF RECOMMENDED Al LIMITS FOR NDSRIs, INCLUDING
THOSE BASED ON THE PREDICTED CARCINOGENIC POTENCY
CATEGORIZATION
NDSRI (2T 2 HESE S5 Al IRRMED F2h (Pl S 402 23 AJRME S FRIC S b D25 Te)

A. Recommended Timeline for Implementing Risk Assessments, Confirmatory Testing,
and Submission of Required Changes for NDSRIs
NDSRID U A7 7 A A b DS, MERBER, BHEREFORBICHT LHELER 7 Va2 —1,

FDA expects manufacturers and applicants to ascertain the presence of nitrosamine impurities,
including NDSRIs, using the three-step mitigation strategy described in sections Il and V of the
Nitrosamine Guidance, but is clarifying here that the recommended timelines in that guidance
do not apply to risk assessments, confirmatory testing, and submission of required changes
related to NDSRIs.?° For NDSRIs, FDA recommends different implementation timelines for

manufacturers and applicants depending on the regulatory status of the drug product.

FDAIZ, BLEHE EHFEEN, = vu Y T IV ORMMOIFEOAEE2MHET 52 L2 ML
TW5b, ZHUZiZ. Nitrosamine Guidance®dt 7 > = Il KLY V IZIR R 53TV 5 3B D #E

i

b

WP RS X 2R Z BREOVH LI ET,
HREIL, ZonBHOHEMZETITH Y FHA,
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FHEHE 2 WD Z &b EENTWAD, [AIATA X > A (Nitrosamine Guidance) (%, TR H A %>

ADHAEST H A7V a—d U A7 G, #EsilER, NDSRISIZEE T 5 2Rk S 58 H O#EH
A SN2 2 AR 2 THREIZLTWA2, NDSRIs (220 Tlik, FDA [EEHS OB
BERBLICIS U T, B3 L PHEEH IO L TRARDEMA 7y 22— L2 L T\ 5,

29 See, e.g., 21 CFR 314.60, 314.70, 314.96, 314.97, and 601.12.

1. Recommended Timeline for Approved or Marketed Drug Products
TRARH D S VNI TTHRIEFE A DIELE IS 54 L F 1>

FDA has learned that some manufacturers and applicants have considered the nitrosamine
impurities originally identified in the Nitrosamine Guidance but have not considered NDSRIs
in their risk assessments. FDA recommends that if NDSRIs were not considered in previous
risk assessments, manufacturers and applicants reevaluate the risk within 3 months of
publication of this guidance, with a recommended completion date by November 1, 2023, as
part of overall risk management. Confirmatory testing using sensitive and appropriately
validated methods should start as soon as the risk of an NDSRI is identified and should begin

immediately for drug products considered to be at high risk.

FDAIL, —#oHIxE¥ZCHEEE .Y, Nitrosamine Guidance CUHIFFE SN = b V7 I VA4
WMaBE LT, UAZT7EAAL FTNDSRIs (Nitrosamine Drug Substance-Related Impurities :
= b Y7 I UEEEEERKY) ZEBE L TR oo Z &Moo, FDAIL, NDSRIs 73LARH]
DYRITTEAAL FTEEIN TV olchd, BIEES & BHEE L. 2R ) X7 EH
D—B L LT, 2023F1LHIAE TR TTHI L 2HRE L, ZOHA XU ADFITHH37 AL
WNIZY 27 ZFTaHiid 2 2 & 253 5, @RS TN N Y 7 — b S ik E - fledda
BRiX, NDSRID Y R 7 NFFE SNIKEE LICHMAET XETHY, VA BENEEZEZONDIER
DWW TIHEBICBET RE TH D,

If NDSRIs are detected in the drug product at levels that exceed the recommended Al limit
(e.g., associated with their predicted carcinogenic potency category), then FDA recommends
that manufacturers and applicants develop control strategies and/or design approaches to
control NDSRIs within acceptable levels.*°

% L NDSRIs 3 HELE <4125 Al [REEE (Bl 21X, THISHLDENAMED T TV —ICB#ET D) %
B2 5L~V TCEERLNOBRHE S-S, FDA [ZHLEESE L HEEE I L, NDSRIs Z#HA L
~SOVNIZE LT A 72O OEFRERIE S L O/ 233K T7 Ve —F 2B TAZ L 2L T A

30
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To enable manufacturers and applicants to complete the three-step mitigation strategy based

on increased awareness of NDSRIs, FDA recommends conclusion of NDSRI confirmatory
testing of drug products and submission of required changes in drug applications by August 1,
2025.%!

Bl L HEEE Y. NDSRIs OFRENEH FIc S < 3 BPEOFEMERIE A2 52 T & 5 L 9. FDA
12202548 A 1 H £ TIZEHKM O NDSRI FERFRBR 2 #4T L, SE 78 W 2 R3S R EE IR
T5 & aHELEd 5 3

By August 1, 2025, manufacturers and applicants should ensure that any NDSRIs in their
drug products meet the FDA-recommended Al limit (e.g., associated with their predicted
carcinogenic potency category).*

20254E8J1H £ TIZ, BEZ3EE L HEEE 1T, EFMIZE £ HNDSRIs 75, FDADHELE S 2 AIRR
FEfE (B 20X, TRISIAENAMERN 17 3 —IZE#ET5) 2wz Lol Leinidzes
2 S
30 See section V.B.1. FDA intends to issue additional guidance on approaches to reduce or prevent
NDSRI formation in drug products.

Section V.B.1.Z& D = L. FDA L. EZHMIZEBIT S NDSRI O %EZ ., KHE - 1ZB5 T80T
Tua—FIETDENMTA L AERITTHTETHD

31 See, e.g., 21 CFR 314.60, 314.70, 314.96, 314.97, and 601.12.

32 In certain circumstances, consistent with those described in section V.C., manufacturers or
applicants may provide a scientifically justified rationale to pursue an Al limit different than the
FDA-recommended limit. In those cases, we recommend that manufacturers complete this process
in time to submit any relevant changes to applications by August 1, 2025.

FeEORDUCEN T, BZ v a vV O CICHEMENb DL —HT 528, WS 7 1xmHs

I%. FDA 23HELET 2 EIRME & 13570 5 Al EIRME A Bk 3 2 BRI EX b SR ILA 4235 = &

MWCTED, 2O LI 7eHG, FDA L, RE3EH A 2025428 H 1 A F TICHFEHICHM T 28 H A4 124
LI, ZOTRBREETIEDLZ L EHLETD

FDA acknowledges that the implementation timeline includes investigating the root causes of
NDSRI impurities, identifying effective changes as appropriate (e.g., changes in
manufacturing process, component supplier, or product formulation),® and confirming that
any proposed changes will minimize the presence of NDSRIs without otherwise adversely
affecting drug product quality. FDA may request an expedited risk assessment, confirmatory
testing, or other regulatory action based on information available to the Agency.

FDA IX. ZEfii A% Y = —/L (implementation timeline) (Z1%. NDSRI ARl OIRAF R O FHAS | |
NEG) e RN (g TR, o itia® ., EI3RBAGTOEE R E) OFE] 8B, BXO
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ST

I

ER SN E LD ERG O E I ZEZ B 2 KT 2 L 72 < NDSRI DIFEZ i/ NMRICIA 5 Z
El AMERT D ENEEND LWL TV D, FDA X, AFARERIGERICIE SN T, s
DA TRAA M, HERABR, £33 OMOBHEELZEET L2 LN TE 5,

33 See, e.g., FDA, Updates on Possible Mitigation Strategies To Reduce the Risk of Nitrosamine

Drug Substance-Related Impurities in Drug Products, available at https://www.fda.gov/drugs/drug-

safety-and-availability/updates-possible-mitigation-strategies-reduce-risk-nitrosamine-drug-

substance-related-impurities.  Last accessed June 4, 2023.

If a risk of NDSRIs in a drug product is identified, confirmatory testing of batches should be
conducted using sensitive and appropriately validated methods.®* If a nitrosamine impurity is
detected, manufacturers should investigate the root cause and implement changes in the
manufacturing process or product formulation to eliminate, mitigate, or reduce nitrosamine
impurities consistent with the recommendations in the Nitrosamine Guidance.® Manufacturers
must implement any changes in accordance with appropriate requirements.® In addition,
applicants must submit proposed formulation changes through supplements or amendments to
their applications.®” Generally, FDA considers reformulation of an approved drug product a
major change requiring a prior approval supplement (PAS).%

b=t Y7 I UM SIS E. Ny TOREIED 728 OFER (confirmatory testing of
batches) (X, GRIE: +47%) BEZRD, oMUY 7 — SN HEZEHA L TITH RETH
538 (L= YT UMY (nitrosamine impurity) 23R H S A7 72 HIE, RS IR AR 22 5
[KZ 3845 L. Nitrosamine Guidance D&% ¥ 1Zih > T, = b Y7 I U RNl zbrE, B, »5
VMR T 5 7212, SE TR AL DT D2 B 4 i L 722 1T AT e b 700, BEZEE (T ) 72 2
KIZHE~ T, ATEENOZ T (any changes) & S L 72 1T AUE e 57238, B2, HE5#H (applicants)
I, HEEEOME EIXEIEZE U T, ®ALTZ S (proposed formulation changes) # #&H L 72
UL B0 8, —fRAIIZ, FDA 1%, KGR0 A =35 OB RLAI{E (reformulation of an approved drug
product) % . FHEIFEA (PAS : Prior Approval Supplement) % 35 &b 35 B K728 5 (major change) & F+7¢
LTW5 %,
34 To reflect the evolving and highly technical nature of the relevant information, FDA may provide

certain updated information on testing methods for NDSRIs, in connection with this guidance, at the

CDER web page at https://www.fda.gov/regulatory-information/search-fda-guidance-

documents/updated-information-recommended-acceptable-intake-limits-nitrosamine-drug-substance-

related. This associated information will be updated periodically. For the most recent version, check
the web page.

BEHL 5 3 0D 78 R ) 200 i FE AR S AN O M & [ k3~ 25 7280, FDA AR A & v A28 LT, NDSRI O7
BT 1EICEE T DR E O BCHT k2 CDER @ 7 = 72— (https://www.fda.gov/requlatory-information/search-
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fda-guidance-documents/updated-information-recommended-acceptable-intake-limits-nitrosamine-drug-substance-
related ) THELTHZ ENH L, ZOBEERITENCELH SND, HFRIZHONTIE, v T =
R S LT,

35 See Nitrosamine Guidance at 14.

36 See, e.g., requirements related to manufacturing changes in section 506A of the FD&C Act (21
U.S.C. 356a). See also 21 CFR 314.70, 21 CFR 314.97, and 21 CFR 601.12. Regardless of the
change, the methods used in, and the facilities and controls used for, the manufacture, processing,
packing, or holding of a product, including packaging and labeling operations, testing, and quality
control of products, must comply with CGMP (see sections 501 of the FD&C Act (21 U.S.C. 351)
and 21 CFR parts 210, 211, 212, and 600 through 680.) All manufacturing changes must be reviewed
and approved by the quality control unit (see 21 CFR 211.100(a) and 211.160(a)).

B 21X, FD&C Act (& - EIEN - (LFEMLTE) @ section 506A (21%, FLEIZEI L COERFENH Y |
21 CFR 314.70, 21 CFR 314.97 }2 T} 21 CFR601.12 H B S 7=\, ZOZEHE 2 ICb &3, R o R
WEOMT, AE ETRE (BB LT NY R, BB, BLI OGO SEEHZET) (S
SINDHE, BEXOWHESN i KO EIX, CGMP I[ZHEML L 7217 1uiE 7 5 7evy (FD&C 7545 501 55
(21U.S.C.351) 35 X021 CFR /3— | 210, 211, 212, 3 L1600 705 680 2% M), &= COHLE Eod
EHEIT, WEEEHIC X > THRET S, AR IR T 7 6720 (21 CFR 211.100(a) 35
J 1 211.160(a) & 2 1R),

37 21 CFR 314.70, 314.97, and 601.12

38 See 21 CFR 314.70(b); see also 21 CFR 314.97(a) and 601.12(b).

If an NDSRI falls at or below the FDA-recommended Al limit (e.g., associated with its predicted
carcinogenic potency category),*® the manufacturer or applicant should still develop an
appropriate control strategy to ensure that the nitrosamine level is reliably at or below that Al

limit. Where applicable, applicants should report changes to an approved application. 4°

t, L NDSRI 7% FDA 23fEE9-2 Al TREME (Bl 21X, TSN D3N AN TR BEEd 5) 9
Z FREST-5ATYH, MEERE FIIREE L. = b Y7 I UVRBENHESEIZEO Al BREMELLT
W25 K9, WUIREPRIE AR ETRETH D, LU TG, FEE KR IN-HEED

LR RET & T, 9

If an NDSRI level is detected above the FDA-recommended Al limit (e.g., associated with its

predicted carcinogenic potency category),41 see the recommendations in section V.B.

H L NDSRI @ L~UL75 FDA MESET 25 ALIREEME (B 213, FRISHDREB AR IO T 7 =Y
—IZBET %) 2 TRIEBENZHE Y E, B2 v ar VO BHEHOBEESROZ L,

39 In certain circumstances, consistent with those described in section V.C., manufacturers or applicants
may provide a scientifically justified rationale to pursue an Al limit different than the FDA-
recommended limit.

WP JFSOIC R AR Z BREOE L P £, ROCTRER, BEZ L THA S IREEATHET, @@
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BEEORMIZB N TE, 87 v a v V.o CHIlZR %ik@ e, BEEE E-ITHEE L. FDA 23
D ERRE & 13572 D Al EREZIBRT 2B I ES SN ARILE SRR T D E N TE D

40 See 21 CFR 314.70(b)(2) and the guidance for industry Changes to an Approved NDA or ANDA
(April 2004); see also 21 CFR 314.97 and 21 CFR 601.12.

41 In certain circumstances, consistent with those described in section V.C., manufacturers or applicants
may provide a scientifically justified rationale to pursue an Al limit different than the FDA-
recommended limit.

(FRYE : 39 DIELRILLE L 7o TN d,)

2. Recommended Timeline for Drug Products in Development and Under FDA Review
BFTE L FDA L E 2a—HFOERRBOHEIRER 7V 2 —L

a. Pre-submission stage A ELpE

FDA recommends that an applicant conduct a risk assessment for NDSRIs and conduct
confirmatory testing as appropriate prior to submission of an original application. However, the
risk assessment and submission of confirmatory testing, if appropriate, and changes to the drug
master file or application may be submitted in an amendment if these are not available at the time
of the original application submission. Such an amendment should be submitted as quickly as
possible after the original application submission to minimize any potential adverse impact on the

application assessment timeline.*

FDA (X, HEEE RO RN T 2R, NDSRIs @ Y A 7 5l & %k L. #£2ITIG U CHERd
FRAT (confirmatory testing) 2 S/ ™2 = E AHELEL T A, 7272 L, U AZEHME BLEO fEdilER O
e GZUT205,6). BIXOEEG~AZ—7 7 A/ (drug master file) £ 7-I1XHFEE (application) ~
DOEFEX, HAOHFFEERHRFICAFTTERWGEIZIE, EIE (amendment) & L CIEHT D2 &M
TX5, ZOXH7MEE (amendment) (X, HFADFEAN A 7 ¥ 2 — /WA kb3 2 HER) 72 B 2 fe/)s

\ZMZ 57012, IO HFEDEEH (original application submission) 2., T& 5721 F<#HT 5
ERd 5

42 For NDA submissions, applicants should discuss the need for an amendment with the Agency
at the pre-NDA stage.
NDA (Fr#EHi5E) R oBé. HEEH IINDART OB T4 )5 L fliIEO LB IC O W CEEL &9
VEDRD B,
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b. Applications pending with the Agency /s TOHIGE DR

Applicants with pending applications should conduct the risk assessment expeditiously and
inform FDA if confirmatory testing finds NDSRI levels above the Al limits recommended in this
guidance.43 If an NDSRI is detected above the recommended Al limit, the applicant should
amend the application as appropriate. The Agency will work with the applicant in an effort to
resolve issues during the review cycle.

FREEIREE O HEES (applicants with pending applications) &, U A 7 &l & sl 2 5206 L. #ERR DT D
R (confirmatory testing) C, ZDHA X ATHLEZ LTS Al Hl[REH 25 NDSRI L UL
Rt SN2 A1 FDA ISI@AT D8 5 B, & L NDSRI 23ELE Al [REEMEZ8 X TRt &
NI a . BEEE IINEIG U CTHEEZEET 208N S S, YITIEHGESE W LT, FEHA
7 VIR Z IR T2 K 0550 %,

43 For NDAs, the applicant should contact the review regulatory project manager for the specific
product. For ANDAS, the applicant should contact the project manager specified for the ANDA.
NDA DA, IO OBEERG V1Y =7 F~x—Y ¥ — (review regulatory project
manager) (ZHAETH 2 L, ANDA (FIALHTEEHEE) O%a. HEHE X ANDA I EESN T vy =
=y —ICERET D2 L,

FDA intends to review applications consistent with the performance goals and procedures agreed
to by FDA and industry in the respective commitment letters that accompany the Prescription
Drug User Fee Act reauthorization for fiscal years 2023 to 2027 (PDUFA VII) and the Generic
Drug User Fee Amendments reauthorization for fiscal years 2023 to 2027 (GDUFA 111).

FDA (%, 2023~2027 DEFHEE (fiscal years) |22V T DL 348 FIEHE R KZE (Prescription Drug User
Fee Act reauthorization : PDUFAVII), KON KON = % U w7 &3 T EHE IEFFAGE (Generic Drug User
Fee Amendments reauthorization for fiscal years 2023 to 2027 : GDUFAII) (ZfE 9 ZEihda I v M A R LA
— T FDA L¥RNEE LT HIE (the performance goals) & FIEIZ » THIEZHBEET L2 TETH
Do
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B. Recommendations for Manufacturers and Applicants That Have Marketed Products
With Levels of NDSRIs Above the FDA Recommended Al Limits
FDA 242 Al [REEZHEZ % L~ULdD NDSRIs % & el 2 M50 L7 ks
BLOHGEE TR DR EE

Generally, any drug product batch found to contain levels of an NDSRI above the FDA-
recommended Al limit (e.g., associated with its predicted carcinogenic potency category),*
should not be released by the drug product manufacturer for distribution and may warrant
removal from the market, because such drug products may be considered adulterated under
section 501 of the FD&C Act, *° for example if they are not manufactured, processed, packed, or
held in conformity with CGMP. As discussed further below, FDA may exercise enforcement
discretion when warranted to prevent or mitigate a shortage of a drug.*® Manufacturers should

contact the Agency if a recall is initiated.*’

—f%HIIC, FDA 23ELET 5 Al HlfRZ#E %2 5 L-~UL® NDSRI BEEN TN D Z EVHI L E
Sy F (BIAE, TRIBRED ARSI IZBE S 5 b 0)# 13, B A =TI —IZ X > Tt
WHE LTHEINDRETIERLS, TGN OINESNLARER DD, RERL, O LI RIE
Fihl, FD&C 55 501 SRIZHEDWTARREHRM (adulterated) & RS2 flReMED & 5 S, Bl
ZIEX, BLCGMP LA L7anWTHLE L, A0 L, @i L, £ L TREN IR T IIL,
AREHEME L TESITEND, LN THRICHIT 2 K512, BRSO R ZPIIE F 7234
L2 ENENTHLH%E . FDA 1ZZOBITHEZATIE T 2 /RN H 5 %, U a— s shics
&, BUEHEIT FDA [CEET D ERDH D, ¥
44 In certain circumstances, consistent with those described in section V.C., manufacturers or applicants may
provide a scientifically justified rationale to pursue an Al limit different than the FDA-recommended limit.

BEOWRMIZBWTIE, B2 a3y Vo CEICTESNIZbD L~ L84, B £/ 130EE L.
FDA M HERES 2 ERRME & 13872 5 Al EIREAZBRT AR FMIC ES L SR AR T2 2 LN T 5,

45 See 21 U.S.C. 351.

46 FDA, Drug Shortages Management, Manual of Policies and Procedures 4190.1 Rev.3 (Nov. 30, 2018).
MAPPs can be found on the Manual of Policies and Procedures web page at https://www.fda.gov/about-
fda/center-drug-evaluation-and-research/cder-manual-policies-procedures-mapp. See also section 506D(b)
and (c) of the FD&C Act.

47 Manufacturers can contact the recall coordinator assigned to the product type and location.
B, WEOMHEE G L TEHV Y TonTW AR —F o x—X a2 7 Na[BETH 5,
Contact information for recall coordinators is available at https://www.fda.gov/safety/industry-guidance-
recalls/ora-recall-coordinators

WP JFSOIC R AR Z BREOE L P £, ROCTRER, BEZ L THA S IREEATHET, @@
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1. Additional Considerations for Maintaining the Drug Supply for Marketed Products

077 & F17E Bt D R (G B AERF 5 S 7 8 DB NI F

If drug product batches already in distribution contain levels of NDSRIs above the FDA-
recommended Al limit (e.g., associated with their predicted carcinogenic potency category), 8 and
manufacturing changes or recalls are likely to lead to a disruption in the drug supply, then
manufacturers and applicants should immediately contact the Center for Drug Evaluation and
Research’s Drug Shortage Staff at drugshortages@fda.hhs.gov. Contacting the Drug Shortage Staff
can assist manufacturers in meeting any obligations to report discontinuances or interruptions in their
drug manufacture under section 506C of the FD&C Act and implementing regulations under 21 CFR
314.81(b)(3)(iii). Timely contact with the Drug Shortage Staff also enables FDA to consider, as soon
as possible, what actions, if any, may be needed to avoid shortages and protect the health of patients
who depend on the affected products.*?

FTCITHEE L TV D EHRE N Y FIZ, FDARMERES S Al IREEE (B2, TS5 508 AR
NIXFCBES %) Zil A D L~V ONDSRIsAYE 8, RUEZAL & 7 1R EIN S 3 A S D IR EL
[ZD7R BB FREMED B D356, TEEE B L O 1XE O IC RIS FE 7 o % — (Center for
Drug Evaluation ) & [ZE3R s K LY 3  (Research’s Drug Shortage Staff : drugshortages@fda.hhs.gov) |
HAET DN D 5, FEHMTTEH K23 (Drug Shortage Staff) ~MDs#& 1L, FD&C 5 506C 5 K&
% 21CFR314.81(b)(3)(iii) D fATHIANI HAD < EFEMBED I F 721X M 2 #iE 3+ 2 82 A —
H—INR T o0MT LD
F7o. EESTSR LY E (Drug Shortage Staff) & D % 1 L ) — 72 4% L 0 . FDAIL., TR %
MheE L, A2 T 2 WK T 2 BEFEORELTL-DICHEREE N OIT, ThaeTED
EHRIMFTLZ2EnTED

48 In certain circumstances, consistent with those described in section V.C., manufacturers or
applicants may provide a scientifically justified rationale to pursue an Al limit different than the
FDA-recommended limit.

FEORBUICEN T, B2 v a L VOCHICHE SNz b 0 L —Ehid, MEER F3maEaIx
FDADHELES 2 RRRAE & 135872 2 Al ERRME 285k 3~ 2 BUPIIC EX4 L SN R A R 35 Z L3 T

49 See footnote 46.

When contacted about a potential disruption in the drug supply, FDA intends to evaluate each
circumstance on a case-by-case basis. FDA may work directly with a specific manufacturer or
applicant of the marketed drug and intends to consider whether it is appropriate or not
appropriate to recommend an interim Al limit for a temporary period. If FDA recommends an
interim Al limit, it generally does not intend to object, for example based on applicable
underlying CGMP violations, to distribution of such drug product batches that contain NDSRI

WP RS R DRI A BV LT E T,
HRET, ZOHFOHMETITIHY A,
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levels at or below the recommended interim Al limit during the specified period under certain

circumstances on a case-by-case basis.

7RG O T O FTRENEIC O W TS &2 32 1T T2 A . FDAIRZENE N ORI E 77— AR A fr— A
THli 2 E M TH D, FDAIZ, bifi Sz EHRS ORE DRUESEE S ITHFEE S EEW 15
2DV, —FRR IR OEERNZRAl REMZHELES 2 2 L0008 5 et 5 8m T

%, FDA NEERZ Al HIIRZHERE T 256, dE, 72l 2 TN ML 220 CGMP i
([CEESWT, FREDOHIH TICHERE S L EERY e Al BREEELL T O NDSRI L)L % e e 5 2
> F O (o distribution) U TESHd 2% D IiFARvy, WRUIT =AML =A%, (G

B ZOTHBORIE, MELED)

In certain cases where FDA does not intend to object to the distribution of drug products from
multiple drug manufacturers that contain NDSRI levels at or below the recommended interim Al
limit, FDA intends to post such recommended interim Al limit on the FDA website in connection

with this guidance.®°

FDA 78, HESRES N A ERY 7 Al FRESELL T O NDSRI L~V 2 & T e 5 D BISE A — 1 — 72 B D EFE
TDOFIBRICRBEZBZ 200 D NRWEFED 7 —ATiE, FDAIXZDOH A X AIZEE LT, HELE
ENABEN Al TREE% FDA O 7 = 794 MNIB#ET 2 EmTH 5 0,

50 To reflect the evolving and highly technical nature of the relevant information, FDA intends to provide
updated information on these recommended interim Al limits, in connection with this guidance, at the CDER
web page at https://www.fda.gov/regulatory-information/search-fda-guidance-documents/updated-
information-recommended-acceptable-intake-limits-nitrosamine-drug-substance-related. This associated
information will be updated periodically. For the most recent version, check the web page.

B G M D58 A >0 5 B 7o BT ME T 2 O3~ 5 7200, FDA 1X, AT A X A CB# LC, #ER S5
TEM 72 Al IREEEIC B3 2 B & 4 CDER @ 7 = 7' ~— (https://www.fda.gov/regulatory-information/search-
fda-guidance-documents/updated-information-recommended-acceptable-intake-limits-nitrosamine-drug-substance-
related) TREET 2T ETH D, ZOBFEFHRITEMICETIND, EFRICONTIE, Vo 7=V %0
i,

A decision to release lots remains solely the firm’s responsibility. Firms are responsible for
ensuring that their drugs are manufactured in compliance with all applicable requirements,
including CGMP, and FDA expects them to vigilantly monitor and promptly report to FDA any
adverse drug experiences or other findings that may affect product quality or safety.>

2y MR OREX, HETHLREOELTH D, BT, EELACCMPEZE LA S5
NTOBEMITHER L TRIESNTWD Z L A RIET D EENH VD . FDAIX, EENSEEE BER
U, ®EOMWE FE 71T RV EL KT T ARt D & 5 BIWEM £ 72132 OO /&2 3 00T
FDAIZHE T2 Z L2 HIFFL T 5,

51 See, e.g., 21 CFR 314.80(a) and (c), and 314.81(b)(1).
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C. Approaches to Justify or Qualify a Proposed Alternative Al Limit
ek I N Al IREMEZIEULE 2 3ET 272007 7T —F.

If the observed level of an NDSRI in a drug product exceeds the FDA-recommended Al limit
(e.g., associated with the predicted carcinogenic potency category for that NDSRI), the Agency
recommends that manufacturers and applicants pursue mitigation efforts to reduce or remove the
NDSRI.%? A manufacturer or applicant should submit a scientifically justified rationale to pursue
an Al limit higher than the FDA-recommended limit associated with the predicted carcinogenic
potency category for that NDSRI.

t, LIRS ONDSRIOEIZE X7z ULy, FDADMERES 2 Al [REfE (F1 21X, % DONDSRID
THRIFIFE DS AR D IX B LT D) Zx 556, YmITEES B L OHGEEITR L,
NDSRI %, I E 72 ITBRET DREMEZ /12179 2 & 2L TV 592, BEEEH 5 WITHEE
X, £ DONDSRI O FRIFIFED AR I3 I BEE ™ 5 FDA HELE[REME L D b, £ Al BREE
EE2HATSEDLRFEIINCZY & SN DHmEEAIEEH (scientifically justified rationale) Z$&H 3 XX Th 5,

52 FDA, Updates on Possible Mitigation Strategies To Reduce the Risk of Nitrosamine Drug Substance-
Related Impurities in Drug Products, available at https://www.fda.gov/drugs/drug-safety-and-
availability/updates-possible-mitigation-strategies-reduce-risk-nitrosamine-drug-substance-related-
impurities. Last accessed June 4, 2023.

Alternative approaches using safety data, such as obtaining compound-specific data or using
read-across assessment to a suitable surrogate, could be used to support a higher Al limit.
Importantly, manufacturers and applicants should note that the Agency may request additional
safety data, beyond what is described here, to support alternative Al limits. If compound-specific
data or a read-across approach is pursued, we recommend the following:

{EBWEROT — 2 Z TG Lz, @R (surrogate) ~D V — K77 1 ZA5Ffi (read-across
assessment : 7L FEMEFR ETHWONDRHOFiEE Bbh b0, MEgARHAERRRY 69 2L
VDR EDES 7, BT —F AT L2RET e —F 2 LT, L&y Al fHllRE 5

R— R CTELAREMER D, EEROIT, WEFEE L FEE T, A Al REEZSR—- M5
WIZ, T THHENTHD b DOEBZ 5 BMOLEMET —4 %2 Y/ NERT D AREEN H D Z &
ICHEETHIRERD DL, b ULILEWIEA D7 —# £7-1% read-across approach % iE:K7 %
FDAIZIR D = & % HE0E

a. Mutagenicity assessment:>3>*
When testing the NDSRI using a bacterial mutagenicity assay (Ames assay), FDA

WP RS X 2R Z BREOVH LI ET,
HREIL, ZonBHOHEMZETITH Y FHA,
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&
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recommends use of the full complement of testing strains described in Organisation for
Economic Co-operation and Development (OECD) 471, utilizing the preincubation
method and using both rat and hamster S9 at concentrations of 30 percent. FDA
recommends using S9 fractions typically prepared from animals treated with an inducer

of CYP450s, like a combination of phenobarbital and beta naphthyl flavone.

Manufacturers and applicants should use the recommended pre-incubation time of 30
minutes as part of the optimal conditions for detecting a signal for mutagenicity.

BRFMEFHE (mutagenicity assessment) : %%

AMEERIFMET v A (Amesassay : =4 L X7 vE4) 2 LT NDSRI #4554
FDA . ®%1 IBAR#AE (OECD) 471,% (TRt S LTV 2B ERE OS2 27258 (full
complement) ZfEHT 252 L AW L T D, L T30 N—tY FORETOT LA Fa
N—v g EETy henbRAZ—0D S9 ZfEHT 5 2 & ZFDAITHESE T 5 Grik - 305
= DS E THERAGE) .

FDA I, BH., 7=/ LV EX =L ER=FZFTFNLT TR OMBEDERED
CYP450s #E A TR I NT-EMH LI S L7z S9 i DM ZH#ERE L T\ D
BLEER B L OHFEE T, ZREEEO S 7TV E2RET 570 ORESEO—HE LT, #
1E S5 AR ERI30 ) 2 & Th 5

53 For nitrosamines, enhanced testing conditions for the Ames assay are recommended due to the
reported reduced sensitivity of the assay under standard conditions for some nitrosamines. FDA
is investigating experimental conditions that improve Ames assay sensitivity for nitrosamines
and NDSRIs. See also Li X et al., 2023, Revisiting the Mutagenicity and Genotoxicity of N-
nitroso Propranolol in Bacterial and Human In Vitro Assays, Regul Toxicol Pharmacol,
141:105410.

= bR YT IO TE, WL DD = b YT I UACDNTEESR N COT v A DRRE
IR HRESNTNDEZD, A ART v OSSN 2%FHETH 2 LRI TWD
FDAIZ=tr Y7 It NDSRIODTA LAT v¥ARKELLETH %%ﬁxﬁ%aﬂﬁ#f‘% 5o
F7z, LiXH, 2023, MiFEBELOE b ha7 vEAfICBITAN-= ey rarT ) a—
IV DIERFME R L ONE mE O MR, Regul Toxicol Pharmacol, 141:105410 H &M = &,

54 To reflect the evolving and highly technical nature of the relevant information, FDA intends to
provide certain updated information on safety testing methods for NDSRISs, in connection with
this guidance, at the CDER web page at https://www.fda.gov/regulatory-information/search-fda-
guidance-documents/updated-information-recommended-acceptable-intake-limits-nitrosamine-
drug-substance-related. This associated information will be updated periodically. For the most
recent version, check the web page.

BEHLIE R OO F IR >0 18 B 72 E AN M E % I3 2 726D, FDAIZAR T A 22 A TR L

T, NDSRIDZAMARBRIEICBE T 5 —E DO ZCDERD V) = 7 ~—
(https://www.fda.gov/regulatory-information/search-fda-guidance-documents/updated-

information-recommended-acceptable-intake-limits-nitrosamine-drug-substance-related) T##

L BRI AE BV LT £, FOUEER, #mEBE L CHA T IREEATHET, @@
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I 2T ETH D, ZOREFRITEMMICETR NS, KRN TIEL, V=7
NV B ER S LT,

55 See OECD (2020), Test No. 471 Bacterial Reverse Mutation Test, OECD Guidelines for the
Testing of Chemicals, Section 4, OECD Publishing, Paris, available at
https://doi.org/10.1787/9789264071247-en

b. Read-across assessment based on surrogate: An NDSRI may have a well-justified Al
limit based on a surrogate that maintains a 1 in 100,000 cancer risk estimate and is
higher than the recommended Al limit associated with the predicted carcinogenic

potency category for that NDSRI in certain cases.

RAEBEWE (surrogate) (ZHE-S3< U — K7 27 17 AFFMli (read-across assessment) : NDSRI (Zi%, 10
T3 DLIDOFEN AV A 7 HEEAE (100,000 cancer risk estimate) % #fERFT 2 1 77— MMZHS <

o ESLEnT Al RIMEZ AT 2580350 FFEDHEITIZ, £ ONDSRIO T
HIFE D ANERIX 4T (predicted carcinogenic potency category) (B9~ 2 HELE Al RAVE L Y & &
WHDLEZRHSTND,

When conducting a read-across assessment based on a surrogate, manufacturers and
applicants can perform a (Q)SAR analysis to predict mutagenic potential by following
recommendations described in ICH M7(R2). To calculate an Al limit, the Agency
recommends selection of surrogates with robust carcinogenicity data. >

o s— MIESWTY — R7 7 v A5 2 £ T 5856, MEEE B L OHGE

ICH M7(R2) IZFRE# STV O HEREEIHIZNE > T, (Q)SAR T & 51T L TARFEMED ]
REMEZ THICX D, Al OREMZHET L7202, YRIE, MERBENAMET — X & FF
SREME ZRIRT 5 2 & AR L TV 5%,

56 See also section IlI.

The Agency recognizes that a robustly tested surrogate nitrosamine that adequately
represents the structural and mechanistic characteristics of the NDSRI is frequently
unavailable. Therefore, when appropriately justified, the following compounds should be
considered for use as surrogates due to the availability of robust mutagenicity and
carcinogenicity data: NDMA, N-nitroso piperidine (NPIP), 4-(methylnitrosoamino)-1-(3-
pyridinyl)-1-butanone (NNK), N-nitroso pyrrolidine (NPYR), and N-nitroso morpholine
(NMOR).*’

FDA (%, [NDSRI O#fiEr I L OBEERS A EmOIcR T, BRICT A SRR e 72
%= kw7 I (robustly tested surrogate nitrosamine) | 725, UIX LIXFIHAAIEETIZ A2 &0

T BT & DR A S L £, AROUER
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LN EERIHRL TS, Ledi> T, mUNEREEAIE S A Fi ] 7T HE (appropriately

justified) T, ERHRAQERFMEL KON AT —Z BFIHICIE, ROIEDZ Y

HELTHATLZEE2EET HH0ENH D : NDMA, N-nitroso piperidine (NPIP),
4-(methylnitrosoamino)-1-(3-pyridinyl)-1-butanone (NNK), N-nitroso pyrrolidine (NPYR),

K Y N-nitroso morpholine (NMOR).%’

57 See footnote 12.

Approaches to justify or qualify a proposed alternative Al limit, as described in this section,

should be submitted to FDA in a supplement or amendment, as appropriate, before
implementation.58

DB va r THASN TS, BRI Al BREEAE (proposed alternative Al limit) % IF
YLEIFRBET A0 7 7 a—F 1, EREANCLEIS U THEE72I3MEIEE LT FDA
ICHEH SN D LE R D 5%,

58 Generally, changes in specifications from those in the approved application must be submitted in a
prior approval supplement unless otherwise exempted by regulation or guidance (see 21 CFR
314.70(b)(2) and 314.97(a) and the guidance for industry Changes to an Approved NDA or ANDA;
see also 21 CFR 601.12(b)(2)).

AT KGR SN HREF O OBUEOET T, BAIEZIIH A X ATHI ST RWIRY | &
AR OAH5ESCE (prior approval supplement) & U THEH L 7ZeiF4Lid72 572\ (21 CFR 314.70(h)(2)

BLUN314.97(a). 72 HNTER T H A 4 A Changes to an Approved NDA or ANDA Z & =
&.)

Vo, R AR A BV LbIF £, FOUTER, #BEL LTI T IREEATHET, @@
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APPENDIX A: DETERMINATION OF POTENCY SCORE
fHEE A RER ORE

For nitrosamine drug substance-related impurities (NDSRIS) not assigned to Potency Category
5, the Potency Score is calculated as the sum of the a-Hydrogen Score (Table A), Deactivating
Feature Score (Table B), and Activating Feature Score (Table C) based on selected structural
features present in the NDSRI. An NDSRI structure is expected to match exactly one of the a-
hydrogen definitions in Table A, but it may contain multiple or no structural features identified
in Tables B and C.

In cases where one or more features from Tables B and C are contained in the NDSRI, the
Potency Score should be calculated as outlined in the box below. In cases where the NDSRI
contains no features from Tables B and C, the Potency Score will be equal to the a-Hydrogen

Score.

71X 453 5 (Potency Category 5) (Z/ M S v7ev= b V7 2 U JREKESHE AR MY (NDSRI) 12D\ T
1%, & D% JIFE AL (Potency Score) 1%, NDSRI HHZAFAE T 2 Bl S AU 7oA E RV R JE-5 & | a-Hydrogen
Score (a-/k3#7E4 - Table A), Deactivating Feature Score (RiEMEA45#ET A - Table B), & TF Activating
Feature Score (&AL < = 7 : Table C) OAFHMEE L CHIT 5,

#£ B B XUE C o —2L Lo ENREE &A1, E DR JIEEAL (Potency Score) (£, TR
v I AT SND KO IZFHRT & TH D,

NDSRI IZ% B 5 L U%& C OFEN G ENR2WEE, R a-KFER 2T LFE LR D,

Potency Score = a-Hydrogen Score + Deactivating Feature Score (sum all scores for features
present in NDSRI) + Activating Feature Score (sum all scores for features present in
NDSRI)

A a7 = a-Hydrogen ¥ A%

+  BEREIEZ(b FEAL (NDSRIZAEET D FFHE O TOREA DA F)
+ IEMEARRMERER (NDSRICATE S 2 RO TORER O G E

WP JFSOIC R AR Z BREOE L P £, ROCTRER, BEZ L THA S IREEATHET, @@
HREIL, ZONHOHEMETIEH Y THA,
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Table A. Count of hydrogen atoms on each a-carbon (lowest count first) and corresponding o-
Hydrogen Score. Examples are intended to be illustrative only and are not intended to be
exhaustive.

% a-RFE LEOKRIFRFDOE FEODRNEDNBIEIL) BIOXINT 5 a-/KFEA=aT,
IR, HSETHRTHY ., WfETLZ L ZEXL TV,

Count of Hvdrogen Atoms on Each a- o-Hydrogen
- i . Example L
Carbon, Lowest First Score
n'«“
0.2 N 3!
L J W4
nC
0.3 N H 2
C,T H H
N._D
1.2 S N X 3
Y HH H
N
13 NOL N 3
HH H
N
22 NP 1
HHHH
N
% ot !
H HH H

$ Ascore 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.

AF Ly a-RENDTFLEO—FHTRVES, 3AREHAINS,

AF Ly a-RENZFNALIEO I THAELSIT. 2 5%5EHT 5,

ujy
!

X

{

::un
pjiie

EER

=T

LIZ\V(;&‘ J’? Z) qu:%):\‘%\fjb‘ﬁﬁb A l:[:l ]‘/ 36 j— i (;ﬂ L/ < /y /r / A ZL& '_—l' /UTL \ ((;d" Pharma-bie Futakami
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Table B. List of deactivating features and associated scores. To calculate Deactivating Feature
Score, sum the individual scores for all listed features present in the NDSRI structure. Each
deactivating feature row in the table may only be counted once. For NDSRIs where the N-
nitroso group is within more than one ring, the feature score for only the smallest matching
ring should be applied. Examples are intended to be illustrative only and are not intended to
be exhaustive.
FEMALT 4 —F ¥ — L BHEFRDY R |,

FFEEALT 4 —F v —FF R
%w\f*—‘y)ﬂ_]/Z@Z:le = II+T

Z 3551213, NDSRI #1%

WICIFET DY A SN 7 4 —

KT %, M:bmygﬁ@ﬁmﬁw \Z1F1E9 % NDSRI @
AaT7REA IS, BIIHIRTHY ., BT 5

7//71:1\

EHOEIEEMAL T 4 —F v —DITIX L BOI T T

FEAN

B b/ NS W B OB

T EEBERL TV,

Individual
Deactivating Feature Example Deactivating
Feature
Score
N”O
Carboxylic acid group anywhere on !
HO M +
molecule ~ 3
0
N-nitroso group in a pyrrolidine ring O’E’J _NC:F +3
N-nitroso group in a 6-membered ring N & 3
contamning at least one sulfur atom o
- - - *
N-nitroso group 1n a 5- or 6-membered ring d'N_N NH +2
: . L SN
N-nifroso group in a morpholine ring N-N O +1
0 —
N-mitroso group in a 7-membered ring N- NQ +1
Chains of =5 consecutive non-hydrogen N-C
atc:-mzfr (cg’cﬁc or acyclic) on both sides of - ) ,,'4 . 03 ' +1
acyclic N-nitroso group. Not more than 4 [ j \ j‘:ﬁ-ﬂ\.\s
atoms 1n each chain may be in the same ring. P -

VT ST &

FRERAE 13,

DR 2 BREWVER LT £,
ZORHEOEMETIEIH Y A,

FROCTRR . 2

LCHATIAEGZELTOVET,
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o] N"O ,
ME’J“o“gﬁ’N“h’hﬁ
- 3
"'\-\.;‘}'f" =
O
Electron-withdrawing group™ bonded to a- o
carbon on only one side of N-nitroso group +1
(cyelic or acyclic) d,N_N
=0
Electron-withdrawing groups™* bonded to a- j’ N
carbons on both sides of N-mtroso group HoN LA ‘T’“\[/ +2
(cyclic or acyclic) -
Hydroxyl group bonded to B-carbon™" on OH 'ﬁ”O
only one side of N-nifroso group (cyclic or ~ AN S +1
acyclic) @
Hydroxyl group bonded to B-carbons™ on oH N*° oH
both sides of N-nitroso group (cyclic or N ’,K‘/ +2
acyclic) w/

* Excludes examples where N-nitroso group is in a pyrrolidine ring, a 6-membered ring containing at
least one sulfur atom, or a morpholine ring (all counted separately).
N-= b yEREr ) Ui, i tb 1 oOMER 2516 BB, X ELKRY
B (T _NTHA I D) I8 H01IEERS,

** Excludes carboxylic acid and aryl (counted separately), and ketone (conflicting data). Additional

electron withdrawing group examples are limited to those described in Cross KP and Ponting DJ, 2021,
Developing Structure-Activity Relationships for N-Nitrosamine Activity, Comput Toxicol, 20:100186,
where they are referred to as “p-carbon electron withdrawing groups.”
ANRAEET ) =N GlaIlIChT M), Fhy BT L27—%) ZR<, BIMOER
SIHEFLOFIE, Cross KP and Ponting DJ, 2021, Developing Structure-Activity Relationships for N-
Nitrosamine Activity, Comput Toxicol, 20:100186 |ZFl# SN TV D L DIZR Bi. & Z TiE "B-
[RBEAWSIMERE " EFETR TV 5,

**%B-Carbon must be in an sp3 hybridization state for this feature to apply.
ZOMREDSE M S DT IR, B-ERFED spIRACIRAE T2 T2 & 720,
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Table C. List of activating features and associated scores. To calculate Activating Feature Score,
sum the individual scores for all listed features present in the NDSRI structure. Each
activating feature row in the table may only be counted once. Examples are intended to
be illustrative only and are not intended to be exhaustive.

EHAET 4 —F v — LBEFERDOY Rk,

AL ¢ —F v —3F R &G T 2121E, NDSRI HEEICFET DU A F SRz d _RTD 7
1 —F ¥ — —Ofilx DFFREZGFT D

KPOBTEMALRFEATIZ, LRIOARL T b5 2 LR TE D, BUIHIRTHY | RN T
b2 EEERL TN,

Individual
Activating Feature Example A;,:;i‘;?g
Score
Aryl group bonded to a-carbon (1., benzylic i—\ .0
or pseudo-benzylic substituent on N-nitroso \ ’:f 7 N \)\ -1
group) o~
Methyl group bonded to p-carbon (cyclic or )
acyclic) N-N B
9]

Example 1 below shows how the predicted carcinogenic potency categorization approach flow
chart (Figure 1) can be applied to the hypothetical NDSRI, N-nitroso-I-nebivolol. A Potency
Score of 4 is calculated for N-nitroso-1-nebivolol, resulting in its placement in Potency Category 4
with an associated recommended acceptable intake limit of 1500 nanograms (ng)/day.

LIFOF 1, FRIBFESAMEDESEFEO7e—F ¥y —F (K1) %, KAAA7eNDSRITH
HN-= b V- |-xERha— LI DX @A TE 20 E R LTS
N-= B V- X ERB—LVDORT vy —2aTZaE EH SN, TORE, 2IRXy 4 10 S
Fu, BT 2 HESERF B EU R B B3 15000 7 A (ng) [H &7 5,

WP RS R DRI A BV LT E T,
HRET, ZOHFOHMETITIHY A,

gj\j\l
aj
-
gj\j\l
]:HH
\w

FLTCHEATI ARG ATOET, .
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Example 1 — N-Nitroso-I-nebivolol  =#l1 — N-=t o V--F2EHa—r
Count of o-Hydrogens Score Feature Highlighted in Ked
OH hlrp oH,
22 1 0.3 N A0
F F
Dreactivating Features Score Feature Highlighted in Red
OH Nf'D OH
Hydroxyl group bonded to B-carbons*** on both oy " 14 = q
sides of A-nitroso group (cvelic or acyclic) m
F F
Chains of =5 consecutive non-hydrogen atoms o N oH
{cyclic or acyclic) on both side of acyelic N- 1 oA v,l\ll -v»;m'.-.",ﬁ-
nitroso group. Not more than 4 atoms in each b@\
chain may be in the same ring. F F
No Activating Features Present
Potency Score =1+2+1=4 Potency Category 4 Al = 1500 ng/day

***B-Carbon must be in an sp3 hybridization state for this feature to apply.
B -RFE1T sp3 IRACIRAE Tl T2 B 72wy,

DA AN 7S W N
FBIREIF, o

LIERZ BV LIS E7,
SBHOHEMETITH Y FH A,

CEBELTHA T IAEGATOET, @
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D?ﬁ NDSRI ha‘.'g No Potency Category 5
any hydrogens on its Al = 1500 ne/dav
a-carbons? gaay
Yes
4
Does NDSRI have
more than one No )
a-hydrogen on one or P:-tle_n(:l} Sg;tegf:;} >
both sides of the AT ngicay
N-nitroso group?
Yes
Does NDSRI have a Yes | Potency Category 5
tertiary o-carbon?* |  AI=1500 ng/day
No
Calculate I-:::[tencv Yes | Potency Catagody 4
Score "l AI=1500 ng/day
Is score =47 =
No
W
Is Potency Yes .| Potency Category 3
Score =37 AT =400 ng/day
No
Is Potency Yes Potency Category 2
Score =27 AT =100 ng/day
No
Is Potency Yes Potency Category 1
Score =17 Al= 265 ng/day

NDSRIs = nitrosamine drug substance-related impurities; Al = acceptable intake; ng =

nanogram.= t vV 7 I v FEEEHEAMAY) ; AI=FFABIE cng=F /77 A

* A tertiary a-carbon is defined as an a-carbon atom in an sp3 hybridization state, bonded to
three other carbon atoms.

S —=

BEMRa kL, D3O DRFERFICHA L2, spIRBUIREDoKFER L ERI N,

**To calculate Potency Score, see Appendix A.

hNREREH O, Appendix A 2

AN J?jt iéﬁ#%ﬁ%iﬁﬁﬁbﬁﬁbk FEF, RTRAR, BBBE L THA TSI AEEATHET, @
FRERAE X DRI OHMETITH Y £,
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Example 2 below shows how the predicted carcinogenic potency categorization approach flow
chart (Figure 1) can be applied to the hypothetical NDSRI, N-nitroso-ketamine. N-nitroso-

ketamine is placed in Potency Category 5 with an associated recommended acceptable intake
limit of 1,500 ng/day.

TROEHI 213, FHIREDBAZHNEST F7u—F7a—Fv—+ (i) %, {KEDNDSRIT
HBEN-= B Y- T ZIVICEDXHICHATE 3R RL TV,
N-=brrY-TRXIVIIKRTVvy—h73Y =53, BET 2 HREFFAEIR 131,500 ng/
Hei%k s,

Example 2 — M-Nitroso-ketamine = 5iffl 2— N-=bmy 75X IV

Tertiary a-carbon

H | a-hydrogens

Potency Category 5 Al = 1500 ng/day

AKX 5r 5 TPAERE = 1500 ng/day
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Dncs_T\'D SRI ha‘rv_: No Potency Category 5
any hydrogens on its AT = 1500 ne/da
a-carbons? ) gcay
Yes
k4
Dioes NDSEI have
more than one No )
a-hydrogen on one or PotﬂfcyFCateg?dr} >
both sides of the AI=1500 ngiday
Nenitrozo group?
l Yes
Does NDSRI have a Yes | Potency Category 5
tertiary a-carbon?* | AI=1500ng/day
No
L
Calculate Potency Yes Potency Category 4
Score™ "| AI=1500ng/day
Is score =47 gieay
No
N
Is Potency Yes .| Potency Category 3
Score = 37 i AT =400 ng/day
No
Is Potency Yes .| Potency Category 2
Score =27 - AT= 100 ng/day
No
Iz Potency Yes .| Potency Category 1
Score =17 AT =265 ng/day

NDSRI = nitrosamine drug substance-related impurities; Al = acceptable intake; ng = nanogram.
NDSRI= =} vy 7 I VFEEEHAHY) s Al =BHGEFERE sng=7F /277 4
* A tertiary a-carbon is defined as an a-carbon atom in an sp3 hybridization state,

bonded to three other carbon atoms.

H3ka- SR &1L, 3DODRFIRFICHEA Lo sp3 IBACRRED o -RFEF1 L ERIND,

**To calculate Potency Score, see Appendix A.
NEOFER OB H X, Appendix AZS D Z &,
End of File (2023.08.13FRT)
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