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PURPOSE Table 1: Key PhySiCOChemical and Biopharmaceutical Flgure 1 . FEX PBPK MOdel Development Flgure 3 . Observed VS Pred|Cted CmaX RatIO fOT DDI
Fexofenadine (FEX), a H1-receptor antagonist used in the treatment of allergic rhinitis and Parameters for Fexofenadine Used in GastroPlus | | | | Between FEX and P-gp inducer and inhibitors RIF, ITZ and
chronic idiopathic urticaria, undergoes minimal metabolism and transporters play a major Simulations o FEX 100ug IV inf 30min Lappin W e—eeee s o'l "EX PO 100ug Lappin 0 e VPL [14 _ 19]
role in its absorption and disposition. FEX is frequently used as a probe substrate for P- %0 e 0 & — Rt
gp, which plays a significant role in the apical efflux in the intestine, liver and kidneys. FEX Parameter Value ol . " . - Sy renraprr
is also a substrate for OATP2B1 uptake transporter, which is relatively highly expressed in ) T T - Pt Pt i vt DDI Accuracy - Fexofenadine
the apical membrane of enterocytes, and a renal uptake transporter OAT3. The purpose of logP 0.5[21] % o N _|foal stmlation tee ()543 % o' 70 [ e e . 10
this project was to develop a PBPK model for FEX which accounts for all the relevant Diffusion coefficient 0.53x10° cm?/s 2 £ 0 £ T < : 80 E fresie otser  stout
mechanisms impacting FEX pharmacokinetics (PK) after IV and PO administration in oKa 9.462 (base) , 3.931 (acid) g 80 E |G fng/m): L E“?éa 2 40? - Pt ik Em Ei:j}
healthy Caucasian and Japanese subjects. This model was then validated by predicting [Fitted to pH-solubility profile [22]] E o 5 [ Eil“*m;fﬁ )i Eor 7165 E o £ B 1 (ng-hm): 1925 280
the effect of P-gp inducers and inhibitors Rifampicin (RIF), Itraconazole (ITZ), and Reference solubility 0.14 mg/mL @ pH = 6.0 [22] E 0>, . ol 2L Tk il ; . ol A E_Eﬁ‘f
Verapam" (VPL) on FEX PK. Bile salt solubilization ratio 1802.1 [GastroPlus algorithm] ﬁ ” 13 - '..% —2-Fold(+)

Geometric mean of B->A & A->B Papp 9.34 x 107 cm/s (Absorption Systems Lighthouse Database) 10 N » : —2-Fold(-)

(derived from Caco-2 assay) o5 . 1 | T " , g . —Lower

OBJ ECTIVE(S) Human effective permeability (P.) 0.626 x 104 cm/s (built-in ABSCa conversion) 0 mEirnuI::iun 'I"|rl:ﬂ ) dl 0 ihﬂimuI:r::.inn “::f:& - 40 E —Upper
The objective was to develop a mechanistic PBPK model for FEX which accounts for all viean precipitation fime 20000 secFitred to Cprtime profile S — Unity
the relevant meChanismS after intravenOUS (IV) and Oral (PO) adminiStratiOn in healthy Blood:plasma concentration ratio (Rbp) 074 Bl Cp-time profile for a 100ug IV infusion and PO solution dose of FEX in Healthy Caucasian subjects E —®-Itraconazole
subjects. This model was first validated against single and multiple FEX dosing studies rbodndfiacion n plesma (e e T B e o e o orcorL doss sxrlo e and it percnt ofdose vt ® Verapamil
and further validated by predicting DDI with P-gp inducers and inhibitors RIF, ITZ, and 22% (R-Fexo), 40% (S-Fexo) [14] ' ’ ’ ' @ Rifampicin
VPL. Spec PStc 6.0 x 10 mL/s/mL tissue [Fitted to Cp-time profile] . .

Renal Clearance Estimation method Fup ¥ Glomerular Filtration Rate (GFR) Flgure 2: PrEdICtEd versus Observed FEX PK paramEterS (a) Cmax (b) AUC 0-inf [1) 8) 16'19] 0.1

Transporters 0.1 1 10
METHOD(S) P-gp K_ 25.9 mM [5] 10000.00 = 100000.00 - Obs. Cmax Ratio
The PBPKPIus™ module in GastroPlus® v.9.8.2 was used to model the PK of FEX. The P-gpV, 0.02 mg/s/mg-trans®
Advanced Compartmental Absorption and Transit (ACAT™) model was used to describe (Fitted] 0.05 mg/s° 10000.00 .
the intestinal absorption and dissolution of FEX after PO administration. Human 1000.00 1 | . ] . .
physiologies were generated by the program’s internal Population Estimates for Age- Sl Uil ” 5 Flgure 4 : Observed vs Predicted AlJCo-inf Ratio for DDI
Related PhySIOlOgy (PEAR PhySiO|OgyTM) mocliule. The systemlcdlstrlbutlon of FEX was OATP2BI Vg, [Fitted] 0.06 mg/s* g 3 1000.00 - Between FEX and P'gp inducer and inhibitors RIF, ITZ
described using a whole body PBPK model with a permeability-limited model for kidney OAT3 K g B 100.00 - js
and muscle and a perfusion-limited model for the remaining tissues. Tissue/plasma ) 5 5 and VPL [1 4 — 19]
partition coefficients were calculated from tissue composition and compound OATS Vinax 0.012 me/s/me-trans® [7] £ g
physiochemical properties using the default methods (Lukacova for perfusion-limited and 10.00 + )
Poulin and Theil -extracellular for permeability-limited tissues). The permeability-surface s redicted s AT Preditor V10, tesues 10.00 - DDI Accuracy - Fexofenadine
area products (PStc) for tissues described by a permeability-limited model were calculated ° GastroPlus converted Vp,,, value in Gut 10.00
from Specific PStc (Spec.PStc) value (PStc per mL of tissue cell volume) and the
individual tissue cell volumes. The Spec.PStc (6x104 mL/s/mL tissue) was fitted against _ : g 1'001_00 10.00 100,00 1000.00 10000.00 1'001.00 10.00 10000 100000  10000.00  100000.00
data from an IV and oral microdose study’ to correctly capture the tissue distribution. The Table 2: RIF, ITZ, and VPL Induction and Inhibition Observed Cmax Observed AUC
P-gp efflux was modeled using built-in P-gp expressions in the liver, kidney, and individual Parameters for Transporters involved in FEX Disposition
intestinal compartments %3. The influx due to OATP2B1 in gut was modeled using the 2 ——2-Fold(+)
expression levels obtained from literature®. The renal uptake due to OAT3 was modeled Blue Circles represent AUC, . and Purple Circles represent C__,,. Red lines (—) represent 2-fold prediction error and Black lines (—) represent 1.25- o —2-Fold(-)
using built-in expression levels. The experimental in vitro K, values for P-gp, OATP2B1, fold prediction error. = ——Lower
and OAT3 were taken from the literature®67. The Vmax values for P-gp and OATP2B1 Parameter Value = 100 — Upper
were optimized against the C -time profiles and the urinary excretion data after FEX 100 ‘3 .
ug single dose administered IV and PO’ and the Vmax value for OAT3 was obtained from i CONCLUSION(S) 0 — Unity
literature’. To capture reported saturation of P-gp impact on FEX absorption at therapeutic P-gp IC.y)in vitro, u 0.2 UM [23] _ _ _ B _ o * ® Itraconazole
doses 8, the published in vitro K, value for P-gp was reduced by 20% in the final model. OATP2B1, IC.,, in vitro, u 3 UM [24] The wgrk alm_ed to deyelop the FEX PBPK model and validate it as a sensitive substrate model for use in predicting the | ® Verapamil
To account for the OATP2B1 polymorphic expression in Japanese subjects, an influx V.. OAT3 IC,,, in vitro, u 30 uM [24] potential DDI interactions between FEX and_ P-gp perpetrators. The PBPK apprqacr_l Incorporates all the relevant processes in o Rifamoicin
scale factor of 0.85 was used®. The DDI module in GastroPlus was used to predict the et drug ADME, anq all the_perpetrator mechanisms. The overall results presented in Figure 3 & 4 show that the model_ P
effect of RIF, ITZ, and VPL on FEX PK for varying study designs®-15. Table 1 summarizes gccuratgly prgdlcts the impact of P-gp perpetrators on FEX PK, and the FEX model can be used to evaluate potential DDI 010
the key physicochemical and biopharmaceutical properties of FEX and Table 2 P-gp ICy, in vitro, T 4.5 uM [25] interactions with other P-gp perpetrators. ' 0.10 100 10.00
summarizes the induction and inhibition parameters for perpetrator drugs used in the DDI Fu,inc 0.515 [25] ' Obe A;JC Ratio '
simulations. RIF '
*C.YP3.A4 Fig 3 illustrates the DDI Cmax ratios and Fig 4 illustrates the DDI AUC ratios of Fexofenadine- RIF, ITZ, and VPL
HCso IEn vitro, u 02?1:&512]6] REFERENCE 17. Drescher. BrJClinPharm., 53(5):526 (2002) Dgls. The green, red, and black lines indicgte the line of identity, 2-fold acceptance limits, and acceptance limits
RESULT(S) % e, o e 1. Lappin. EurJPharmSci., 40:125 (2010) 18. Stoltz. Biopharm & Drug dispos.. 18(7):645 (1997) suggested by Guest et. al (Guest EJ. et al., DMD. (2011) 39 :170)
Figure 1 presents the Cp-time profiles for a 100ug 1V infusion and PO solution dose in *UGT1A3 g: ,\B,l‘(’)'ﬁlir%ﬁ f-\;;s1_1(§2,'(?gi'?gg5(_21050993 (2003) ;g' g‘dzssf'l'z JC"B';Ahsrrgghﬁ%G(‘;(g}){)G12 (1998)
healthy Caucasian subjects used for model development. Figure 2 presents the Cmax and ECso 'E” e, € Ofi‘l[:'t\fe[j]ﬂ 4. Meier. Drug Metab Dispos., 35(4): 590-594 (2007) 21. Chen. Drugs in R&D., 8(5) (2007)
AUC predictions for clinical studies used for FEX model development and validation. The “MRP2 K. in vitro, u 0.87 uM [28] g- ;?]'_‘ano-kDﬂéghMetabRDiSPO;,_ ‘;‘:)(;;)523238;0‘118 (2016) 22. U.S. FDA. Allegra NDA 20-872 (2000)
model accurately captures FEX PK after single and multiple dose administrations of doses *OATP1B1 K, in vitro, u 0.07 uM [29] bl Dar.ug Moteh 5}255 . 34(5).7 43_7( p (22)06) 22 g'Sh'L“Ot‘?t- Dr“? I\{[Ieﬁabc?:ﬁ'pofcl)’ﬁi(-2%:1295.5?,:-320632 8210714)
ranging from 0.1 mg to 800 mg, with more than 70% of the predicted Cmax and AUC ST gy, I W1iH1D), 75 [l = 8. Yamazaki. JCIinPharmThera’E)., 35:169 (2010) o5 H:)usiesisine?g?ncﬁe?n.gio| D.r,ug D(es)_. 93(3): 28(3-289) (2019)
o 0 0 T T 0 OAT3 IC,, in vitro, u 33 uM [31] : T : ) : _ _ ’
values within 25% of the observed data and 95% of predictions within 50% of the Poep 9. Akamine et al. Xen(_Jblotlca-, 40(11): 782-789 (2010) 26. Asaumi et al. CPT :PSP., 7(3) : 186-196 (2018)
observed data '8 16-19 . FEX C.-time profiles before and during co-administration with EC.., in vitro, u e 1? g;‘l‘;n i[Z)L':"gr-’ J3é|(i|1r11;))ﬁ161?;561 éi?ogz 5) 538 (2000 g; $aJOhS_EarI et aI-ICgF Pgsrmacol IT%ICO'-%%B(%):_ZE)%ZF)Z% (2(2)815()3 s - I t - P I
idnteracting dru?s alre 'flrlﬁo reazor;a(tj)lé well pre(;j'ig\:beg ovter the full ratr;ge ?;1 adtr;\iniétere:j " Em'atxro u 0429.2 5;3[]3 , 13 gulr(ukori-_ cF;T.,J?é:lw F()ioo5)" | 67'(5) 5 000 28 M?)Srsle 2?Z|etc aP _szugpq 2231)8:0864-687%, (201(9)). -523. ( ) ’ m U a ' O n S u S
oses and protocols. The predicted Cmax an ratios are mostly within the Gues v [N VIro, 49 | . Sakugawa. Br, J Clin Pharmacol., : 30. Zhang et al. Mol Pharmaceutics., 16 : 2342-2353 (2019

limits2° as srr)mwn in Figurep3 & 4. It is worthwhile to note the RIF imp};ct, which, depending 14. Kushura. DMD., 41:206 (2013) | 31. Parvegz_et al. Antimicrob Agents Chemother., 60(11()3 655)8'6567 (2016) SCIENCE + S0OF TWARE = SUCCESS
on the timing of FEX and RIF administration mav show a net induction effect (ratio < 1) or Note : *CYP3A4, UGT1A3, MRP2 and OATP1B1 impact PK of RIF and/or its metabolite and were included in the 15 Ham.man. th Pharmacql S Therap_eu., 09(3):114 (2001) 32. Asaumi etal. GPT :PSP.,11(7) : 919-933 (2022)
net inhibitior? effect (ratio > 1) and the model acgurately captured both these scenarios modelto ensure accurate RIF FIE prediction 10 Banield, GinFhamacoidnet, LT 099 59 Lulz etal, CPTPSP. 104(60): T1E2-T190/(2019)

(orange points in in Figure 3 & 4).
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