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Table 2. Enzyme-mediated DDIs, NMEs as inhibitors

: | NME | Substrate | Enzyme | __AUCR | __Label Recommendation |
CY P 3A p | aye d a m aJ O r bexagliflozin glimepiride notd P _— abel Recommendation

. . . . desipramine CYP2D6 1.50
role in the disposition of | o
. .. . . . . . ] raltegravir UGT1A1 1.72
The mechanistic evaluation of enzyme- and transporter-based drug-drug interactions (DDIs) is an integral part of the drug development process and supports the safe and effective S—— CYP3A 177
clinical use of new therapies. In the present work, DDI data for small molecular drugs approved by the U.S. Food and Drug Administration in 2023 (N = 38) were analyzed using 18 Out Of 38 d rugs etrasimog | Cthimviestradioland 124 (ethinylestradiol) ___
Certara Drug Interaction Database (https://www.druginteractionsolutions.org/). The mechanism(s) and clinical magnitude of the observed interactions were characterized based on levonorgestrel 1.32 (levonorgestrel)
information available in the new drug application reviews. DDI data from dedicated clinical trials, pharmacogenetics studies, physiologically-based pharmacokinetics (PBPK) modeling (47%) Wlth 5 Of th ese leniolisib ethinylestradiol CYP3A 132 hone
. . . . oy . . . Cp ey ) contraindicated with drugs primarily metabolized
gnd 5|mulat|ons, and population PK analyses were examined. Positive study re§u!ts defined as mean area under the curve ratios (AUCRs) > 1.25 for inhibition DDIs and < 0.8 for . o N, . oan 230 by CYP3A and for which elevated concentrations
induction DDIs, were then fully analyzed. When new drugs were evaluated as victims of enzyme-based DDlIs, a total of 23 drugs (61%) were affected by perpetrator drugs (through be | ng sens Itlve ritonavir ‘ are associated with serious and/or life-
inhibition and/or induction). Seven drugs were found to be sensitive substrates of CYP1A2 (fezolinetant), CYP2C8 (daprodustat), and CYP3A (elacestrant, gepirone, nirmatrelvir, threatening reactions

avoid CYP3A substrates where minimal

nirogacestat, and repotrectinib), with AUCRs of 5.27-18.60 when co-administered with the strong marker inhibitors fluvoxamine, gemfibrozil, itraconazole, or ketoconazole. Four su bSt rateS ST midazolam CYP3A 2.07" e en dienes meylE i@ sareus
drugs, leniolisib, omaveloxolone, palovarotene, and sparsentan were found to be moderate sensitive substrates of CYP3A (AUCRs 2.12-4.12 with co-administration of itraconazole or . adverse reactions

. . _ . . .. repaglinide CYP2C8 2.30 concomitant use of sensitive substrates of
ketoconazole). Regarding tran.sporters, pnly three drugs, |ptacopz.m (P-gp, BCRP, OATPlB.l/lB3), momelo.tmlb (OAT'PlBl/.lB3), and .zaveg.epant (OATI.DlB3,'NTCP),' v.vere .cllnlcal omeprazole vpacis Lse vl i Al avier g
substrates of transporters, with a maximum AUCR of 2.39 predicted for zavegepant using PBPK modeling and simulations following single-dose rifampin administration. As pirtobrutinib risk of adverse events related to these substrates
perpetrators, only one combination drug, nirmatrelvir and ritonavir, was considered a strong inhibitor of CYP3A (midazolam AUCR 14.30). No drug exhibited strong inhibition of midazolam CYP3A 1.70 for drugs which are sensitive to minimal

concentration changes

CYP3A was also the

transporters. The following four drugs were found to be moderate inhibitors (marker substrates AUCRs 2.07-2.73): momelotinib (BCRP), nirogacestat (CYP3A), pirtobrutinib (BCRP,

midazolam CYP3A 2.69 additional monitoring and dose adjustment of
CYP2C8), ritlecitinib (CYP1A2, CYP3A). No strong inducer of enzymes or transporters was identified. Four drugs showed enzyme induction, with repotrectinib showing the maximum T CYP3A and CYP1A2 substrate where small
induction and considered a moderate inducer of CYP3A (midazolam AUCR 0.31). As expected, almost all DDIs (except one) with AUCRs > 2 or < 0.5 (= 2-fold change) triggered dosing m OSt affe Cted en Zym e, caffeine CYP1A2 2.65 :3:‘/;‘:::;2‘2:;::"“5 may lead to serious
recommendations in the product labels. PBPK modeling and simulations continued to be increasingly used in lieu of clinical trials, with 12 drugs evaluated as victims of enzymes (N = : : sotagliflozin E—— not identified 1.88 none
11) or transporter (N = 1), and 5 drugs as inhibitors of enzymes (N = 4) or transporters (N = 1). In line with the trend observed in recent years, oncology was the most represented W|th 6 d rugs ShOW] ng monitor for adverse reactions of orally CYP3A
therapeutic area, including 24% of all 2023 approvals. However, drugs found to be either sensitive substrates or strong inhibitors of enzymes included treatments for a variety of trofinetide midazolam CYP3A . gensitivelsubstrates fon whichiminimal

. . . . . ) e . . . . . . . . . . 0 0 concentration may lead to serious toxicities
diseases, e.g., cancer treatments, antianemia preparations, anti-estrogens, antidepressants, and antivirals. This finding highlights the continuous challenge of effectively managing N h | b |t|0n a nd 3 1 based on PBPK modeling and simulations; 2 administered at a high dose of 200 mg once daily while the clinical dose is 50 mg

the risk of significant pharmacokinetic interactions in the clinic in patient populations who often receive numerous concomitant medications. once daily

showing induction of
CYP3A.

Table 3. Enzyme-mediated DDIs, NMEs as Inducers
| NME | Substrate | Enzyme | AUCR | Label Recommendation

midazolam CYP3A 0.55 refer to the prescribing information of substrates of CYP3A
and CYP2C8 for dosing instructions and monitor for lack of
efficacy of the concomitant treatment; avoid combined

P B P K Wa S u S e d to repaglinide CYP2C8 0.65 hormonal contraceptives, implants, and progestin-only pills

avoid CYP3A substrates where minimal concentration
changes can cause reduced efficacy; if unavoidable, adjust
e Va I u a t e e n Zy m e - repotrectinib midazolam TR 0.31 ‘the CYP3A substr.ate dosage according tc.) the prescri?ing
information; avoid hormonal contraceptives and advise
female patients to use an effective nonhormonal
contraceptive

Objectives

* To review in vitro and pharmacokinetic-based clinical DDI data available in the NDA reviews for drugs approved by the FDA in 2023
* To understand main mechanisms that mediate interactions resulting in label recommendations

omaveloxolone

* Certara Drug Interaction Database (DIDB; www.druginteractionsolutions.org) was used to identify relevant DDI data. The mechanism(s) and clinical relevance of the interactions .
were characterized based on information available in the NDA reviews. DDI study results from dedicated DDI clinical trials, pharmacogenetic studies, as well as PBPK modeling and m Ed | ated D D | S,
simulations that functioned as alternatives to dedicated clinical studies were examined. . .

« Applying the categorization recommended by the FDA, any drug interactions with AUC changes > 5-fold (i.e., AUCRs > 5 or < 0.2), 2- to 5-fold (2 < AUCR < 5 or 0.2 < AUCR £0.5), or N Cl U d | ng 5 d rugS
1.25- to 2-fold (1.25 < AUCR < 2 or 0.5 < AUCR < 0.8) were considered strong, moderate, or weak drug interactions, respectively.

evaluated as substrates

sotagliflozin midazolam CYP3A 0.79 none

monitor for efficacy of CYP2B6 substrates and consider dose
sparsentan bupropion CYP2B6 0.67 adjustment in accordance with the prescribing information of
these drugs

and 4 as inhibitors. Table 4. Transporter-mediated DDIs, NMEs as substrates
| NME__| Inhibitor | Transporter | AUCR | Label Recommendation _

Enzyme-mediated DDIs . . cp e
*  Among the small new molecular entities (NMEs) approved (N = 38), 21 drugs were identified Table 1. Enzyme-medlated Inhlbltlon DDIS/ NMEs as SUbStrateS

as clinical substrates based on DDI studies with inhibitors (Table 1): Therapeutic Class m Enzyme | AUCR Label Recommendation iptacopan cyclosporine  P-gp, BCRP, OATP1B1, OATP1B3 150  none
- 7 drugs were sensitive substrates (AUCRs = 5.27-18.60), including 5 for CYP3A, 1 for o . . m d 1 d
CYP1A2. and 1 for CYP2CS8 (highlighted in red) bexagliflozin diabetes treatments probenecid ST — B Tra n S p O rte r_ e I ate momelotinib rifampin1 OATP1B1, OATP1B3 1.57 monitor for adverse reactions
! itraconazole cyp3al 1.95 avoid strong CYP3A inhibitors
-4 drugs were moderate sensitive substrates (AUCRS = 212_412)' all for CYP3A capivasertib antineoplastic agents orobenecid UGT2B7 1 362 - D D S Ost i nvo Ve zavegepant rifampin® OATP1B3, NTCP 2.39? avoid inhibitors of OATP1B3 or NTCP
highlighted in orange - I m |y | d
f 1gdrugg Was assessegd )using PBPK (probenecid model) daprodustat antianemic preparations gemfibrozil CYP2C8 18.60  contraindicated with strong CYP2C8 inhibitors 1 single dose; 2 based on PBPK modeling and simulations
. 17 drugs were found sensitive to induction: elacestrant antineoplastic agents itraconazole CYP3A 5.27 avoid strong or moderate CYP3A inhibitors OATP 1 B ( N M ES a S
- 16 drugs were sensitive to CYP3A induction, with AUCRs of 0.03-0.51 when co- fluconazole ~ CYP2CO, CYP3A  1.84 ir::i;ﬁi‘::";?gﬁ;g;v;hdrxg;ate I Table 5. Tra nsporte r-mediated DDIs, NMEs as inhibitors

administered with CYP3A inducers rifampin (N = 14), carbamazepine, or efavirenz etrasimod immunosuppressants

- 1 drug was sensitive to CYP1A2 induction by cigarette smoking sSioiedt cYpacs 136 none S u bSt ra te S) a n d P_

. . . itraconazole CYP3A 1.32
- 5 were assessed using PBPK (rifampin model)

| NME | Substrates | Transporter | AUCR Label Recommendation

digoxin P-gp 1.13 reduce the dosage of P-gp and BCRP substrates when

T . .. C ey fezolinetant th logical fl i CYP1A2 9.39 contraindicated with CYP1A2 inhibit elacestrant ) minimal concentration changes may lead to serious or
» Asinhibitors, 10 drug were confirmed to be clinical inhibitors of CYPs (Table 2): erolinetan OFher gynecologicals avoxamine indicated wi nnIBIEors g p/ B C R P ( N M E S as rosuvastatin BCRP 123 |ife-threatening adverse reactions
-1 drug was a strong CYP3A inhibitor (highlighted in red) gepirone nervous system ketoconazole CYP3A 6.05 contraindicated with strong CYP3A inhibitors
o . . . not recommended with strong CYP2C8 . . . initiate rosuvastatin at 5 mg and do not increase to
- 3 drugs showed moderate inhibition of CYP1A2, CYP2C8, and CYP3A (highlighted in iptacopan immunosuppressants clopidogrel CYP2C8 136 . .. = I n h I b Ito rS . . more than 10 mg once daily; dose adjustment with
inhibitors . momelotinib rosuvastatin BCRP 2.73 .
ora nge) other BCRP substrates may also be needed as per their
. leniolisib immunomodulators itraconazole CYP3A* 2.12 avoid strong CYP3A inhibitors approved prescribing information
- 3 drugs were assessed using PBPK models i i i _ _ o
. . . nirmatrelvir antivirals ritonavir CYP3A 8.31 none (combination drugs) . L . L
* Asinducers, 4 drugs showed weak-to-moderate induction (Table 3). , , , , , _ o nirmatrelvir and caution for digoxin with appropriate monitoring of
nirogacestat antineoplastic agents itraconazole CYP3A 8.23 avoid strong CYP3A inhibitors it . dabigatran P-gp 1.94 serum digoxin levels; refer to the digoxin product label
ritonavir . .
omaveloxolone nervous system itraconazole CYpP3Al 4.12  avoid strong CYP3A inhibitors for further information

Transporter-mediated DDIs
musculo-squeletal system

. . . avoid strong CYP3A inhibitors, grapefruit, i f p- BCRP sub

J alovarotene ketoconazole CYP3A 3.11 o L . Oy e rlElrt e e by e SUlBEtEiEs sy
As substrate, 3 drggs were cllnlca! sub§trates of trfanspo.rters, with a maximum AUCR of 2.39 p agents pomelo, or juices containing these fruits i P-gp 135 e ek of advoree evente relatad 10 thuse
for zavegepant using PBPK following single-dose rifampin (Table 4). avoid strong CYP3A inhibitors or reduce 8 o substrates for drugs which are sensitive to minimal

o T pirtobrutinib antineoplastic agents itraconazole CYP3A! 1.49 & pirtobrutinib : .

* As perpetrator, no drug exhibited strong inhibition of transporters. 6 drugs were found to be ' pirtobrutinib dosage concentration changes; follow recommendations for P-
clinical inhibitors, with maximum AUCRs of 2.40-2.73 (rosuvastatin) for 2 drugs, suggesting quizartinib antineoplastic agents  ketoconazole CYP3A 1.94  reduce dosage with strong CYP3A inhibitors rosuvastatin BCRP 2.40 ﬁfoznuif Ig Ezlf:gbsuates provided in their approved
BCRP inhibition (Table 5). repotrectinib antineoplastic agents itraconazole CYP3A! 5.90  avoid strong or moderate CYP3A inhibitors Wa nt to

° No transporter induction studies were conducted. sotagliflozin cardiovascular system mefenamic acid UGT1A9 1.77 none ritlecitinib sumatriptan OCT1 1.50 none

sparsentan  other therapeutic products itraconazole Cyp3Al 2.72 avoid strong CYP3A inhibitors I n T ?

Label Impact vamorolone corticosteroid itraconazole CYP3A 1.44 reduce dosage with strong CYP3A inhibitors e a r n O re ¢ poigelfiezn elfgadn P-gp L T HOT el (2

e All DDIs with AUC changes 2 2-fold triggered dosing recommendations in the drug labels. e —— e — itraconazole CYP3AL 159  none << Sca N H ere P-gp, BCRP, OATP1B1,

*  Some DF)Is with an AUC chapge < 2 also had label r-ec'ommendatlons likely pertaining to suranolone nervous system S p— 162 reduce dosage with strong CYP3A inhibitors sparsentan pitavastatin  OATP1B3, OATP2B1, 0.70 avoid sensitive P-gp and BCRP substrates
concomitant use of drugs with a narrow therapeutic index. and NTCP

1 P-gp substrate in vitro 2 based on PBPK modeling and simulations
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