Utilizing PBPK Absorption Modeling to Evaluate Impact
of Single-Sex on Bioequivalence Evaluation of
wo930-10-67 Atorvastatin Immediate Release Tablets

Yi-Hsien Cheng, Fang Wu, Liang Zhao, Lanyan (Lucy) Fang*

Division of Quantitative Methods and Modelling, Office of Research and Standards, Office of Generic Drugs,
Center for Drug Evaluation and Research, U.S. Food and Drug Administration, Silver Spring, MD 20993, USA

*Contact: Lan : fda.hhs.qov
PURPOSE RESU LT(S) < VBE simulation in Table 2 shows that when 50% of females and males are included in the
BE studies with sample size of 70 subjects, the Cmax and AUC T/R ratios [90% CI] are
Atorvastatin is 3-hydroxy S-methylglutaryl coenzyme A (HMG-CoA) reductase % The PBPK model which incorporated dissolution data, enzyme and predicted to be 1.00 [0.89-1.12] and 1.00 [0.91-1.09], respectively, which are within the 0.8—
inhibitor indicated in both sexes along with proper diet to reduce elevated transporter kinetics adequately predicts the PK profiles of atorvastatin under 1.25 BE criteria. Similar VBE simulation results are obtained for the sample size of 40
cholesterols, fats, and_ triglycerides t_o lower the risk of heart disease and stroke. fasting condition with prediction error (PE) estimates of <20% (Table 1). subjects as well.
Females have approximately 20% higher Cmax and 10% lower AUC than male % The PBPK model is also able to capture the general trend that the female % As demonstrated in Table 2 and Figure 2, when using male- or female-only subjects in VBE
SUbJ.e Cts.as |nd|-cated In the reference listed drug (RLD) Iabelling for at(?rvastatln population has higher Cmax and lower AUC under fasting condition as simulations for the sample size of 70 subjects, results demonstrate that Cmax and AUC T/R
calcium immediate release (IR) tablets [1]. Per the newly revised FDAs draft indicated by the RLD labeling [1] (Figure 1) ratios [90% CI] are predicted to be 1.01 [0.91—1.12] and 1.01 [0.92—1.11], respectively, for
Guidance for Industry—Bioequivalence Studies with Phar.macokmetlc Endpomts males, and 1.00 [0.89—1.12] and 1.00 [0.90-1.11], respectively, for females.
(g{e?GZ%ngru S,Sneltitr? %é{ﬁiee;zz 'LmleD :p(s\llég:iigﬁ:d) i[r?c]:iulgz Sgirg] &rgliic;l]z Table 1. PBPK absorption modeling results in healthy male/female subjects following < As such, VBE simulation results can be used to justify that BE results from male-only
famales in the ph y t', bi val . oral administration with single-dose atorvastatin calcium IR tablets of EQ 80 mg base. subjects can be relevant to the entire population of both sexes.
pharmacokinetic bioequivalence (BE) study or provide a
justification supporting the use of a single-sex population. Prediction error for PK parameters (% Table 2. Comparisons of VBE simulations between test (T) and reference (R) atorvastatin calcium IR
tablets of EQ 80 mg base with various sample sizes and female proportions under fasting condition.
Model development
RLD (Study 1) 5.71 14.92 14.90
OBJ ECTIVE(S) Generic (Study 1) -7.99 16.70 16.71 _ _ _ _ _ _
This study aimed to evaluate the use of physiologically based pharmacokinetic Model validation 9 >0 024 :0'81' 1'1(): 04 20'83' 1'07: 04 20'83’ 1'07:
(PBPK) absorption model with virtual BE (VBE) simulations to investigate sex LD M (Study 2) 061 4 49 443 /70 50 1.00 [0.89,1.12 1.00 [0.91, 1.09. 1.00[0.91, 1.09.
differences in drug exposure and assess whether BE results can be extrapolated LD F (Study 2) 15 72 14.34 21429 70 0 1.01[0.91, 1.12 1.01[0.92, 1.11 1.01[0.92, 1.11
to the entire population of both sexes from a single-sex BE study for atorvastatin S )_M (Study 3) 584 1278 13.06 20 100 1.00[0.89, 1.12 1.00[0.90, 1.1 1.00[0.90, 1.1
R tablets. RLD_F (Study 3) -15.96 1.74 4.86 _ | | | |
Figure 2. VBE simulations between test and reference 80 mg atorvastatin IR tablets with (A) 50%,
Figure 1. PBPK model prediction captures RLD drug exposures in both sexes. (B) 0%, and (C) 100% females contained in the 70 healthy subjects. Using male- or female-only
subjects as study population will result in similar BE conclusions.
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single-dose atorvastatin calcium IR tablet of EQ 80 mg base were used for model s f\’&‘g:‘(:)f::fz“g/ ’:/L '[ . s ! £ o RLD 90% @ £ o LD 90% £ w LD 90%
development using ADMET Predictor™ and PBPKPlus™ from the GastroPlus™ 5 40 () 4052 neh/m 5 oa E .| E ., g .|
software (Version 9.8.2, Simulations Plus Inc., CA, USA). Dissolution data, 2 20 XTJ‘E:((“I\/:I)); :gs‘i"fér;m 2 om ¢ i ¢
CYP3A4-mediated metabolism, and transporter kinetics (i.e., BCRP, MRP3, 2, “ o001 | i 1 i %
OATP1B1, OATP1B3, and P-gp) were incorporated to characterize plasma 0 12 24 36 48 60 72 0 1z 24 3 48 60 72 N R o ¢ n om u
concentration of atorvastatin considering the formulation differences, pre- Time (h) Time {h) el el el
systemic absorption, and first-pass metabolism under fasting condition.
Metabolite tracking was not enabled according to the recommendations provided
in the current product-specific guidance (PSG) [3]. Km and Vmax scaling factors CONCLUSION S FUNDING /| GRANTS / ENCORE / REFERENCE OR OTHER USE
of gut metabolism in the female subjects were optimized to capture the PK ( ) References: [1] RLD Labeling for NDA 020702 (December 2022); [2] Guidance for Industry—Bioequivalence Studies with
differences between male and female subjects. The PBPK model was further > The developed oral PBPK model for atorvastatin could adequately Pharmacokinetic Endpoints for Drugs Submitted Under an ANDA (August 2021); and [3] Draft Guidance on Atorvastatin
validated with PK data containing both sexes for 80 mg IR tablets under the capture PKs of RLD and test drug products with different formulations in calcwm (October 2010). .
fasting state. VBE simulations were carried out under fasting condition healthy male and female subjects under fasting condition. Disclaimer: This poster represents the views of the presenters only and should not be construed to represent
. . : : . : : FDA'’s views or policies.
considering different sample SIZ.eS and various pr_oportlons of female subjects to > For this atorvastatin IR tablet case example, PBPK modeling approach Acknowledgement: The authors would like to thank Dr. Lei Zhang for her valuable inputs.
support that BE.resuIts from a single-sex population can be extrapolated to the along with VBE simulations could support th,e scientific justification that
general population of both sexes. the risk of having different BE results is low by using single-sex subjects U S FU 0 D & D RUG
compared to using subjects with both sexes in BE studies. NS
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