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Atorvastatin (ATS) is widely used to treat high cholesterol and potentially lower the risk of cardiac PBPK Model Development and Verification of Atorvastatin and Its Metabolites &
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out approach by incorporating the in vitro and in vivo data representing all the key mechanisms
that reproduced the observed clinical data of atorvastatin and the metabolites 2-OH ATS, 4-OH
ATS and AL across the dose range of 10-80 mg.

To verify the role of individual enzymes and transporters by using drug-drug interaction (DDI)
studies with rifampicin, gemfibrozil and itraconazole.

To verify the observed food effect.

Figure 2: Cp-time Profile for a 40 mg Oral Dose of Atorvastatin in Healthy Subjects Under Fasting Conditions
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Simulated blue line (—) and observed blue squares (m) of atorvastatin (A), simulated grey line (—) and observed grey squares (=) of 2-
hydroxy atorvastatin (B), and simulated pink line (—) and observed pink squares (®) of atorvastatin lactone (C) (Lilja et al. 1999). The plot
also displays simulated total amount of dose dissolved (red), absorbed (blue), entered portal vein (purple), metabolized by CYP3A4 (green),
UGT1A1 (pink), and UGT1A3 (orange) are shown as a percent of total administered dose (A).
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Figure 4: Observed vs Predicted DDI Ratios for C,,,, and
AUC of Atorvastatin and Its Metabolites 2-OH ATS and ATS
Lactone with Rifampicin, Itraconazole and Gemfibrozil

Model Verification: Comparison of Predicted vs. Observed PK Data of Atorvastatin and Its Metabolites

Reference Dose  Condition PK Parameter Observed# Simulated Sim/Obs Reference Metabolite PK Parameter Observed* Simulated Sim/Obs : i .
M ET H O D S (mg) Ratio Ratio Circles represent the DDI ratios for C,,,, and AUC,, respectively Blue (®)
(Lilja et al. 1999) 40mg, Fasted  C, (ng/mL) 127+78 15.2 1.2 (Lilja et al.  C....(ng/mL) 77+24 9.05 1.18 ATS, Grey (@) 2-OH ATS, and Pink (®) ATS Lactone. Red lines (—) represent
. _ _ _ . IR tablet AUC q.iny) (ng.hr/mL) 61.4 + 36.2 63.9 1.04 1999) 2-OH atorvastatin AUC o (ng.himL)  77.5%24 . 0.01 2-fold prediction error, and black lines (—) represent fold prediction error per
PBPK modeling: PBPK modeling was performed using simulation software GastroPlus Ver. 9.8.2. (Nagardetal. 2021)  10mg, ~ Fasted Coas (ng/r(nL)h/ - 20 201 L0l atorvastain G (ng/mL) 2104 6 e Guest's criteria.
-y (NG.Nr/m : : : lact max Sl : :
(Fukazawa et al. 10 mg, Fasted Cax (NQ/ML) 4.6 (3.2-6.6) 3.85 0.84 actone AUC 4 iy (Ng.hr/mL) 53+27.3 64.6 1.22
\ 2004) IR tablet AUC 45 (Ng.hr/mL)  19.0 (12.6-28.6) 19.2 1.01 (Nagardetal. , o 0 . Crmax (NG/ML) 1.8 2.05 1.14
(Backman et al. 2005) 20 mg, Fasted Cax (NQ/ML) 8.2 7.05 0.86 2021) AUC ¢ (ng.hr/mL) 23.5 17.4 0.74
IR tablet AUC g (ng.hr/mL) 35.2 31.5 0.89 - CO C U S O
s CYP3A4 O ATS o 4O ATS LABELS (McKeand et al. 2018) 20mg,  Fasted  C... (ng/mL) 7.8 (3.7-18.9) 8.33 1.07 g\l"%‘igg‘d €t >_OH atorvastatin isaé (ng/r(nng m— 4;; ((ij 35) 5;35 01;’7 N L I N
- = Or 4- IR tablet AUC 4,4 (ng.hr/mL) 36 (19-96) 32.1 0.89 ' (0-24) 5 _ :
1A1 (B) BCRP . (0:24) . _ _ _ o
UGTIA1/ 1 1UGT1A1 /1A3 ' (Shin et al. 2011) 20mg, Fasted  Cg,, (ng/mL) 5 (3.0-13.9) 6.7 1.33 (Dingemanse , o oo Cmax (NG/ML) 3.02 4.15 1.37 Overall, our mechanistic model well captured the
1A3 CYP3A4 IR tablet AUC g (ng.hr/mL)  38.6 (31.9-51.6) 29.8 0.77 etal. 2014) AUC .y (ng.hr/mL) 43 33.1 0.77 _
1 g ATS - > f\}(s)H f}T? ot 4'(?? P-gp (Khalilieh et al. 2017) 20mg,  Fasted  C... (ng/mL) 7.87 6.9 0.88 (Whitfield et C_ (ng/mlL) 123 9.9 081 observed plasma profiles of 10 mg, 20 mg, 40 mg,
Systemic circulation acyl-glucuronide acyT-giucuronice OATP1B1/1B3 IR tablet AUC p.im (ng.hr/mL) 39.9 305 0.76 al. 2011)  2-OHatorvastatin =" - '
’ spontaneousl 1sp0ntaneous @ . (Dingemanse et al. 20 mg,  Fasted Cmax(gngf)/mL) 4.2 6.43 1.53 ~torvastatn AYC iy (NG-Nr/ML) 565 15 0.82 and 80 mg doses and the Pred_ICted _Values for Cmax
. ATS- Atotvastatin 2014) IR tablet AUC,,...» (ng.hr/mL) 35.07 29.2 0.83 Crnax (n9/ML) 4.2 6.4 1.52 and AUC were mostly within Bioequivalence (BE)
- ATS ILactone 2-OH ATS or 4-OH ATS (Malm-Erjefaltetal. 40mg, Fasted Cmax((ng)/mL) 12.1 (3.1-51.1) 16.9 1.4 lactone AUC .iny (ng.hr/mL) 50.7 60.9 1.2 limi 0.8 — 1.25-fold) of ob dd f
Enterocyte Lactone 2015) IR tablet AUC . (ng.hrimL)  61.6(22.1-158.4)  63.2 1.03 (Buliman et _ Crax (ng/mL) 10.3 (9-11.7) 8.6 0.84 imits (0. o 5- O ) oro Serve_ ata for _
(D ) (Whitfield etal. 2011) 40mg, _ Fasted _ C,..(ng/mL) 16.7 17.04 1.02 al.2011)  -OHatovastatin <G =~ “rohiml) 75 (67-83.6)  62.2 0.83 atorvastatin and within 2-fold for its metabolites.
IR tablet AUC 4 (ng.hr/mL) 62.8 64.4 1.03 C._.. (ng/mL) j . 0
\lj Y (Backman et al. 2005) 40 mg, Fasted Cax (NQ/ML) 158+54 15.1 0.96 2-OH atorvastatin A[jaé (ng.hr/m0D) 8150.25((7951927)) 682'64 832 FOOd r_nOderater aﬁeCtEd the Cmax ( 10'25 /0
Intestinal lumen IR tablet AUC(im (NG.NI/mL) — 64.0+21.3 64.4 1.01 — — ' ' ' reduction) by delaying the gastric emptying but had
(Bullman etal. 2011) 40mg,  Fasted  C,. (ng/mL) 143 143 1.0 Ipitor 2-OH atorvastatin ™ g/MH) 29.9 17 0.57 minimal effect on AUC
IR tablet AUC 4 4 (ng.hr/mL) 62 56.5 0.91 (ANDA- AUC .¢6) (Ng.hr/mL) 168.6 137.3 0.81 .
Figure 1: Schematic View of Enzymes and Transporters Involved in Absorption and Runer AT — B2 L ) o aonvastatn —me09TD 22 - L9 The simulated DDI ratios of C,,, and AUCs for ATS
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Disposition of Atorvastatin in Human Body (Machado ot al. 2014) 80mg,  Fasted  Cou (ng/ml) 271 221 0.82 oo AUC0sq (ng-N1/ML) 19.2 18.1 0.94 and its metabolites with rifampicin and gemfibrozil are
1o IpI . Cua (NQ/ML) 28.5 17 0.6 : :
- IR tablet AUC gy (ng.Nr/mL) 146.8 1289 088 2-OH atorvastatin —= In excellent agreement with the observed data
Table 1: Input Parameters used for Atorvastatin PBPK Model Development (Chung etal. 2006)  80mg,  Fasted  C, (ng/mL) 295 35 1.19 (ANDA- AUC o.4g) (Ng-hr/mL) 1733 1327 077 greemen . '
Parameter Value Reference Parameter Value Reference R tablet AUC(giny (Ng-hr/ML) 167 135.3 0.81 APOIE 4-OH atorvastatin Crnax (NG/ML) 0.98 1.69 L7 In the DDI StUdy Wlth |traconazole, the SImUIated DDI
Lipitor (ANDA- 80 mg, Fasted Corax (NQ/ML 33.2 36 1.08 ) _ _ _ _ ' '
Molecular weight 558.64 PubChem Transporter-mediated ngllnggiy) IR trgglet = AUC(Irlg ran).hr/mL) 131.1 139.4 1.06 Lipi ~—on [9TT) — o = ratio of AUC was well predlcted, however for the Cmax
LogP 41 (Poli 2007) (Gertz et al. 2011) kinetics Lipitor (ANDA- 80 mg,  Fasted cmax(?hgg)/ml_) 35.8 36 1.01 pior 2-OH atorvastatin —mexN9/ML) 203 L 0.1 the simulated DDI ratio did not fall within the Guest
lonisation constant (pKa) 11.05 (acid); (Gertz et al. 2011) OATP1B1(liver- Apotex) IR tablet AUC, ., (ng-hr/mL) 158.5 139 2 0883 (ANDA- AUC .6 (ng.hr/mL) 150.1 133 0.9 limit
4.46 (acid) basolateral) Lipitor (ANDA- 80mg, Fasted C,. (ng/mL) 35.5 35 0.99 Sandoz) 4.0H atorvastatin Zme(N9/ML) 0.9 1.67 1.9 IMILS.
Human Jejunal P4 (X104 cm/s) 3.97 (Human jejunal P value is Km (uM) 0.77 (Karlgren et al. 2012) Sandoz) IR tablet AUC 4 60, (ng.hr/mL) 139 137.3 0.99 AUC ;40 (ng.hr/mL) 16.2 17.5 1.1
estimated from Vmax (mg/s) 0.1 Optimized value
P op(a-p) data in Caco2) IR = Immediate release *Observed represent values from the average of individual values and represent mean + SD and the range enclosed in brackets, as
(Wu et al. 2000) OATP1B3 (liver- specified in the summary of tabulated PK parameters in the respective publications.
Blood Plasma concentration ratio (Ry,,) 0.55 (Morse et al. 2019) basolateral) Model Verifi - = d Eff R E F E R E N C E S
Fraction unbound in plasma (F,,) % 2.0 CPBR-FDA-1996 Km (uM) 073  (Karlgren et al. 2012) 50.0 11000 — Unity odel Veritication: F00 ect
Enzyme-mediated kinetics Vmax (mg/s) 0.1 Optimized value —~ - _ _ : . : :
CYP3A4 (Formation of 2-OH AA) E £ —2-Fold(+)  Reference (Dn?;a Condition PK Parameter Observed® Simulated Sim/Obs 1. FDA (2006). Lipitor (Atorvastatin Calcium) Tablets.
K, (ULM) 29.7 (Jacobsen et al. 2000) P-gp > = A :
V. (PMol/min/pmol of isoform) 14.7 Optimized value Km (uM) 10.7 (Deng et al. 2021) = ’ = —2-Fold(-) Lipitor 80my,  Fasted Crnax (NG/ML) 33.2 36 1.08 Clinical Pharmacology Review.
Vmax (mg/s) (gut-apical) 0.01 Optimized value £ =100 (ANDA- IR AUC q.65(ng.hr/mL) 131.1 139.4 1.06 : ' "
CYP3A4 (Formation of 4-OH AA) vmex (mo/s) (liver. 0005 Optimized value G50 A O ® ATS Sanbesy)  tablet (ol o~ — — - SimulationsPlus (2020). "GastroPlus User Manual for
K (M) | | 25.6 (Jacobsen et al. 2000) apical) g fé ® 2-OH ATS Fed AUC .o6,(Ng.hr/mL) 128.9 138.7 1.08 Version 9.8.
V ax (Pmol/min/pmol of isoform) 3.0 Optimized value S = N C.... (ng/mL) 35.8 36 1.01 ]
BCRP (gut-apical) 3 o O 4-OH ATS  Lipitor 80mg, Fasted —> . Guest et al., Drug Metab Dispos, 2011. 39(2): 170-
UGT1A1(Formation of AL) Km (uM) 82.4 (Deng et al. 2021) = |5 E\ANOE’GQ; IR AUCw4g (Nghriml) 1585 139.2 0.88 173 (2)
Ky (LM) 2 (Schirris et al. 2015) Vmax (mg/s) 0.05 Optimized value 0.5 010 ® ATS P tablet Fed Crnax (NG/ML) 29.02 27 0.92 ~ _
V..., (omol/sec/mg protein) 0.15 Optimized value | 0.5 50 50.0 10 100 1000 Lactone AUC 4.4 (ng.hr/imL) 146.6 129.6 0.88 . Relg-Lopez et al., Pharmaceutics, 2021.
Assumed value (since Observed C,,_, (ng/mL) Observed AUC (ng*hr/mL) C... (ng/mL) 295 35 119
UGT1A3 (Formation of AL) Renal Clearance Fup*GFR  renal elimination is (Chung et ﬁg MY, Fasted AUC gy (NG ML) 57 353 3B ] .
K. (M) 4 (Schirris et al. 2015) <1%) - . - al.2006) g I _ p I
Vnax (PMol/sec/mg protein) 0.3 Optimized value CLpp (ML/min/million 0.02 (Zhang 2015) Figure 3: Observed vs Predicted Values for Cp,,, and AUC of o0y 201 257 128 www.simulations us.com
cells) Atorvastatin and Its Metabolites AUCq.ing (ng.hr/mL) 148 133.8 0.9




