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MOTIYATION | | Il. BMD10 VS. TD50 IV. REGULATORY V. TD 50, POTENCY
Nitrosamines are genotoxic carcinogens and are known to be IMPURITIES CATEGORY, Al LIMIT

unintentionally present in foods and drugs as processing or

o . . . . 2.1 BMD10/BMDL10 : ' , ..
production impurities. Leveraging the large amount of carcinogenicity / B“.Il.lgg'g (‘:’s H?r;r.‘omc 4.1 NIOAS (Foods) & NDSRI (Drugs) 5.1 TD50, Al Limit, Potency Category
data, this study applies quantitative approaches to capture structural J Dose-response curve selection criteria orrelation - Non-Intentionally Added Substances (NIAS)* wish o/ - NPIP NPIZ  NEPD
’ . . . . 5 . . . . = 4 oo e OH .
sroup effects on the point of departure and potency categories. = BMDL10 was determined for tumors in liver (rat oral studies) : , = Qutof 32 nltrosamlneS, 23 were carcinogenic 31 — pp NPz N B @JYL\“%
Ensemble searching for a POD (e.g., BMD10 or TD50) allows = Counts from all tumor bearing animals were excluded. z = 10 were detected intood: NDMA, NMEA, NDEA, NDPA, 23 /
. g (NMPIZ) z !
estimation of potency categories and approximate accepted intake = Dose-response model mustyield BMDL < BMD < BMDU ND'?A' NM'A_" NSAB' NMOR, NPIP and NPYR (TCNAs) % > > 3 !
limits of impurities in drugs (NDSRIs) and foods (NIASs). = Toincrease the BMD counts, single dose studies where the 2 TR " N-nitrosamines with a TD50 below 1.5 mg/kg/day (cohort 2 R - : /
control has acceptably low counts were included in this study « v N=b/bC(PDB of concern chemicals): NMPEA > NDEA > NDMA > NMEA > .
l. NITROSAMINE > >> > > > (For Cancer TTC dataset, single dose studies were notincluded)®  ~° * ° * "o °~ > * ° II:I/IITI\IKN;NNNNM>32M|?|I:IT?N1‘MA >h|_\|?]PA > NDBA > “:PYR > 15 offa NDEA  NNK NDMA
: : ) > > rom nhigher potency to lower * 2o 7 ee
KNOWLEDGEBASE D Post mode“ng exclus|ons 5Yang C et al. Food Chem. Tox. 182 (2023) 114182 3 N=101 nitrosamines ( g p Y ) 5 E 0 : 5 5 Py 0 1 5
. . . o logTD50
1.1 Establishing the Underlying Knowledgebase = log(BMDU/BMDL) =3 z ' ] Nitrosamine Drug Substance Related Impurities (NDSRI)? logTb>0 ’
9 Carcinogenicity database = BMDL10, BMD10 values < 1E-6 were excluded from this analysis : = As of January 2025, potency categories and acceptable 3 log(AIL) vs log (TD50) relationship shows two distinct
& y ] Intake limits (AIL) for 272 potential drug nitrosamines were regions for nine nitroso compounds in Table 4.2
= Source: CPDB, NTP, EFSA, FDA CDER (appr. 2,500 compounds . . . 2 : .
| (app P ) 2.2 Harmonic TD50 from the Original CPDB Database 3 reported by FDA CDER = Linear region for log (TD50) < 0
= POD: BMD].O/BMDL].O, TDSOS, hazard, NOAEL/LOAEL A = Possible dl’ug impurities (7) NDMA. NDEA. NMPA. NDIPA .
| . . . . . . . ' ’ ‘ ? ‘ = Plateau region: log(AlL) values level off at log (TD50) > 0
1 160 nitrosamines in the Carcinogenicity database - Harmonic TD50 is an average of TD50 values from all tumor types NIPEA. NDBA. NMBA - deled f ;
| . . . : - ’ ’ : ese regions were modeled to a fitting equation an
1 256 potential drug-nitrosamines as NDSRIs (FDA database)? and animals dHarmO”(;C I-I'-DSOBT\;IIS blfg‘[:)hmsrk = |n several cases, compound data for NNK, NPIP, NDMA, 1sed to fstimate the log(AIL) from log %TDq50)
0 EFSA opinions for 32 nitrosamines related to NIASs of foods? 1 Legacy values available in the CPDB database (120) were used for 5€ :gdgrlgti(correl)ation: >HOW NDEA were used for specific compound or read-across ot leveling-off relationshin is oh 4 in relationshi
lhttps://www.fda.gov/regulatory-information/search-fda-guidance-documents/ this nitrosamine analysis to evaluate results from US FDA CDER ' assessment. Bold font denotes impurities found either in food or drugs. - Similarleveling-offre atlops Ipis observed in relationship
cder-nitrosamine-impurity-acceptable-intake-limits between POtenCy Categorles and log (TD5O) values
2EFSA Journal 2023 Scientific Opinion, DOI: 10.2903/j.efsa.2023.7884 1. CLASS-SPECIFIC 4.2 Profiles: BMD10, TD50, Potency, Al Limits
1.2 Compound Classes of Nitrosamines READ-ACROSS YT p— T . =) 028|.near (+0.380,
. . . 24 NIAS; Potency Al Limit log( AIL)=3.029 ++ 0.440 + < - [log(TD50) (1)
1 Major structure groups are similar to other published reports N-Nitroso NDSRI (mg/ke bw/day) Category  (ng/day) +0.028p,ateau —O.38Op,mlu
(e.g., °Dobo et al. Chem. Res. Tox. 2022, 35(3), 475; %2024, 37(2), 181) 3.1 Local Similarity — Short Alkyl Chain Neighbors ova . 5716 y L] “ : k :
 This study evaluated five major groups: short aliphatic, chain: alkaneLinear ethyl C2 ToxPrints (Tanimotol O N -oa  0-00828  0.0959 2 (2) 96 (146) — potency  Allimit (g/cay)®
functionalized aliphatic (OH), cyclic, piperazine, aromatic  nepn *bond: COH_alcohol S~ X0 NDEA EEA. (mg/kg/day) Category min  max  avg
A * N K NEPA @ N1 O Mo cpp 0-0289 0.00725 2 (1) 26.5 (18) | >15 5 1,500 66,700 4,581 21,500
ToxPrint Chemotypes SCOTes @2&( N i 1.5 < TD50 <=15 4 1,300 8,330 2,120 1,500
pTD50 pBMD10 ; Sample mean: 0.25 mg/kg/day = NDEA NMPA / | | B ! ’ ' ’
_ bond:N=0_N-nitroso_dialkyl 63 A7 = 95% Cl: 0.02 < BMD10 < 3.2 ; N  FDA 0.240 0.142 2 (2) 100 (202.7) IR o 2 ; 015<TD50<=15 3 100 1,215 570 400
chain:alkanelLinear_ethyl_C2(H_gt_1) 50 32 S 15 Read-A Reliability: 78 % S e 1 "|"'|| > N=0 . : Iog(hT[pSO) 0.015<TD50 <= 0.15 2 265 230 109 100
2_? chain:alkanelLinear_ethyl C2_(connect_noZ_ CN=4) 21 14 : 1 eaHaanr:)ds:scafcliiolngic © NDIPA z/ FDA OI\(I)'23 Ol\zlgs 5 (3) 1’(5)22 Harmonic TD50 | 0'01 01 1.5 mg/ke/day <=0.01 1 26  17.7 269  26.5
o chain:alkaneCyclic_ethyl_C2_(connect_noZ) 11 8 - (Harmonic TD50 sample mean=0.075) = S0 (0.063)  (0.205) (1,036) Potency * These values were taken from the nitrosamine
5 chain:alkanelinear_propyl C3 22 15 0.5 | g NIPEA H> FDA NA NA 3 (3) 400 (942) Category guidelines from US FDA CDER.
§ chain:alkaneBranch_isopropyl C3 13 7 ; NDELA g, N SR08 AN § \oa >’ \:o (0.145) (0.042)
= . . L e NDMA 2 mA _0 . . . . .
_ chain-a|keneLinear_::j;\r;?elI:\Zrieetlhny(i;_eti;teyr:gfii 177 172 e om0 “O/\Oﬁ\fj B ort alkle. g' 077 07 Ly '\SB/A\/EW FDA  0.233  0.691 NA (3) NA (742) Dz:: sgferr(]):dé:tr;a tc))lreizssyas’;edrri\:\tlgnees:;rﬂ\a’gc;rrsoorfetroeb?zti());?l Hmits,
= [ Urea, Guanidine bond:C=0_carbonyl _generic 46 27 NBHPA Y & ’ g. . Y _ _
5 bond:C(=0)N_carboxamide_generic 2 Lo difference of logBMD10 | _[BMDIO, # of Atoms, le bonds, H-acceptors, NMBA on DA 1442 0.98) 403 1 500 (989 comparable method to the empirical relationship used by ICH M7
g DIFF BMD10° Diff ,, (BMD10) = log Rule-of-5 violations, # PP (3) ,500 (989)
) bond:C=0_acyl_hydrazide 33 17 values of the pair BMD10, Stereocenters, MW, Complexity, TPSA. LogP 0 N (R1): Al (mg/day)=[TD50 (mg/(kg day))/50 000] 50 kg human
=3 bond:COH_alcohol_diol_(1_2-) 7 5 AQ (analogue defined by structural feat N , H’ r F’ tion, HbMO,’ ’ MNK,L i EFSA:; ICH M7 (R1): Assessment and Control of DNA Reactive (Mutagenic) Impurities in
i IObondd:CCCC))I_I;I_aIIcohholI_pri-a:Ilzy: 19 13 quafiaty)6 . are‘c;npehysizscrr\ﬁnlijgl perzpuerretsies AQ:Q/H(S'm"a“ty'\/'easwe)i MO, HOMO‘;T_JMzma " \N/\/\)J\Q FDA 0.103 0.0999 2 (2) 100 (152) Pharmaceuticals to Limit Potential Carcinogenic Risk, M7(R1), Step 4; ICH, 2017.
= ond: —a'conol_sec-alky 1 9 %Yang et al. Chem. Res. Toxicol. -633. "Do Similar Structures Have Similar alues?" "
] pond:CH_amine_alkyl_ethanolamine ~ ° e e e e T (D ToN 00133 13 4(3) o E(I:?owfel;g?cg)?sslocal similarity based on defined structural classes can help
0 group:ligand_path_4_bidentate_aminoethanol 21 13 c et lariivu — D : g e 1 g - FDA ' ' (1245) - ’
o bond:CC(=0)C_ketone_methyl_aliphatic 8 3.2 Local Slm"anty Plperazme/Plperldme Nelghbors ToxPrints (Tanimoto) NPIZ & — 1300 identify better analogues than relying on global similarities
bond:CC(=0)C_ketone_generic 9 ring:hetero_[6]_Z_1- (piperidines) ® 4-NMPIZ (MNP) ‘ B e EFSA 19.0 8.78 4 (4) (1,300)
bond:COC_ether_aliphatic 3 *ring:hetero_[6]_Z_1_4- (piperazines) —\ l, o~ 7 " " ’ [ Read-across predicts BMD10 more accurately than TD50; however, since
o bond:CX_halide_alk»tlol-XBgeneric 4 C 4 — Y —/ FOA oo (3.63) 3(4) 400 (1,232) classifications of potency categories and Al Limits are approximate
= rrg:aromatic_onenzene 8 \, ) ) .
% ieraromatic. phenyi X 3 e g NPPPN 7 wnep Sample mean: 2.11 mg/kg/day g. e NMOR  — 5 o . , . assessments, the use of TD50 was adequate to estimate them
= [ hain: icAlk Ph-C1 l i = X 95% Cl: 0.11 < BMD10<41.0 < T 'l"l L - N °  EFSA .67 .37 NA : : : : :
> chain:aromatic ar?fgzheteri[cg]c_';:i?;re;'g X 22 [ Read-Across Relability:83% : 0//_ - 1 The approach was applied to nitrosamines having no reliable data, e.g., NEPA,
2 | ring:hetero_[6] Z 1- 14 10 5 | : > %TND_Q,pl(pH Hazar_d:T%aSrginogerlmic 1) :_; NMEA O_“>_\ EFSA 00895  0.0503 NA (2) NA (86.6) MNP, NDIPA, and NIPEA; examples for two structure groups are presented
o ring:hetero_[6] Z_1_4- 8 4 i qﬁrmomc >amplie mean = 2. ke c . . . | | local read-across of TD50 (mg/kg-bw/day) — Al Limit (ng/day) and Potency Category
2 ring:hetero [5] Z 1-Z 4 4 P NI C . orppounds with values in blue or purple font do not have experimental data. PLfrp e results comparable to Grouo Al aoproach by Dobo et al.2
D ring:hetero [5] Z 1 3-Z 3 3 0 S Q g indicates read across examples from 3.1 & 3.2. Values in the parentheses are estimated P . . P .pp Y ' o
- & — 06 07 08 7 X of Fs = by applying the relationships established in this study: TD50 values were obtained by 4 The approach is easily applicable to ureas and guanidines (Table 1.2)
*pTD50 (-logTD50) and pBMD10 (-logBMD10) are color coded by Z scores. Orange: Z>=2; AQ \_< piper:zine/ piperidine = read-across; Al Limits were calculated by equation (1); potency categories were . C ®
Tan: 1<Z<2; Gray: -1<Z<1;Blue: -2<Z<-1; Navy: Z<=-2. Numeric values represent the hit counts. NDMBPIZ assigned by TD50 values in table in Section 5.1. d The approach is applied in ChemTunes-ToxGPS" Express Cross.Road
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