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PBPK model

PBPK

PBPK: Physiologically Based Pharmacokinetic Model

System/Physiology:
• Height, BW, BMI
• Tissue sizes & blood flows
• Tissue compositions
• Enzyme &transporters
• Others…

Compound:
• LogP/logD, pKa(s)
• Permeabilities
• Fup and Fut
• Clearances
• Others…

Formulation:
• Dose, Dosage form
• Particle size & CQAs
• Release profiles

Prediction of APIs PK in plasma and tissues

! 
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Ocular PBPK Model
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CorneaPre-cornea
Aqueous
Humor

Ophthalmic Suspensions

PSD

Size-dependent 
dissolution rate

Impact of Viscosity on 
precorneal clearance

BJ SimulationsP/us 



© Copyright 2023, Simulations Plus, Inc. All Rights Reserved. | NASDAQ: SLP9

Besifloxacin Topical Suspension

Correct prediction of the first part of the observed concentration-time courses
But…
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Besifloxacin Topical Suspension
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Besivance®
Home • MOA • DuraSite Technology 

BESIVANCE IS FORMULATED WITH DURASITE TECHNOLOGY 

CONJUNCTIVA - -----. 

■ DRUG LAYER ---~ 

MICROSCOPIC VIEW OF 
DURASITE TECHNOLOGY 

DRUG PARTICLES 

• BESIVANCE uses DuraSite technology to help ensure the active molecule, besifloxacin, remains on the ocular surface to fight pathogens ,-1 

• With DuraSite, besifloxacin particles are suspended within a mucoadhesive polymer, providing long-lasting coverage with every drop 1-1 

• BESIVANCE clinical studies have shown that besifloxacin resides on the ocular surface for YI! to 12 hours 3 
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Besifloxacin Topical Suspension

Model development successful using a new
dosage form lumping all CQAs into one release
profile

iJ; Ga~troPlus(ThO: Bcsifloucin t est fitting MR topical.mdb (C:\ Ums\ mle11erdy\On,Dr. \ Desktop\ OCAT .. \ caies . .'1Su~p .. \ .. . \} 

- ilc [fa Dotob~u-c Sim d ot i:>n Setup Co , trcllcc Re co:sc Tool~ Modub (Optiom l) 1 lclp 

□ X 

l,araph I~iii"P~~iiij I l:iut t-h~svloc_y-Hab I narm,cQkneJCs I ':i!:!)l,lat1cn I 

~
~elected C-ompound~ '.::=====~r:=.:=.:=.:=.:::=:=.:=.:=.:=.:=;;=;;-=;.-;~~=ic=n:=-:=.:=.:=.:~=-==-==-==-==-==:--=-=-=-=-=-=-=-=-=-:::'....:::...=-=-=-=-=-=-=-=-=-=-=-=-;-=-1, 
(hli]Rab NZ Gu_2011: 0.1;% si1glewebuUI il.ffi..:1 SI Trans Tine lh) ,. 61 • "'r ~ A XYll-n~ Mean.'>.bs hre (h:,. 0 5~ 

jr.uul'tnt= r:I: Tnt;,I,. 1 J ~c:'1x
91~~ 0r!~,}~~~h~}s~&~ ~ " O.O :::~Tn Cote(lit)= 4.J27E•2mg. 

~------------! l-----3up)OrtFile~-----
H.=b NL l:iu_:lt.11~ U.b/4 SlnJle we1tull NH.csd HabNL l:iujlll~ U.:i?. :1ngl~ we1bul MH.opj 

Molecular FormUa: I C191-21CfN303 

I 
MLM 09,2021 

Molccuku'wcight (g/rnol) ~ 

logP(neuualt ~ @pH ~ 

pKa T able I 

Transpor1er Table I 

Corneal Epi Permfitt~d to 1.0::-7 
Conjundv~ rem, fitted to 1.4[ -7 
ICB wsAbs rate 'itted to 5.0E-3 

) os:ige 
=on-11 l□C: TopiC'-ti CR 

lniti':11 Dose(m9I: ~ 

Subsecuert Dcses(mgl: ~ 
Dosirg ln:erval (Ill: ~ 

DoseVolume(mlt ~ 

Effective PermeH.bility 

3ou·ce: llll.!mll ..i] 
Pett (c11/ s ~1r 4)" ~ 

Sim Pe/f ~lff'4(Dog-like: ~ 

r'..nnv,-rt fmn 11~,.r ll.tl.t I 
pjl forn,:{SOUbi~:y:~ M,rc I 

Solubilit~(mg/ml@:>H=7):~ ~ Biorelevant5olubilities I 
Mean t-'reciptabcn l melsecl: ~ -;============== 

Diff Co~ff. lcm'·21s x10"51: ~ :::I============ 
l)roo P ... tir.P. l)-rn~ily(ol ml 1- ~ I 

:::======== 
Particle ~izeforml ]: R- ·.sm, 0 .. 3.000 I ~I ___________ _ 

Dose No. = NIA 
I 

Absorption No. " NIA 
I 

Dissolution No. ,. N(A 
I 

t: 

~ fuµ l.:"ldrlyt:Ulu 41.!:i ~d~~,J ut1W~,J 200-;' 

pi<,a I abe I logU ':itrx:Hi.l U1ss Model Johnsen --'arb 1ze-':iot ur,.. I t11le':ialViot: UN I U1t·: ur~ j CcmtHad: UN l~ 1rne ~ ~ t- • ~ nc _a 

i 
I " 

Tcors 

" r,.,,.,., 

~ unct1va 

i 
.. " r._("l) 

I 
1 "" 

j ·~· 
" 

Relea~e Profile 

Comco 

t t 
" r.,.('ll 

AQuaous Hi..mor 7 

t 
" r ..... (l'I) 

-----------1 
" 

BJ SimulationsP/us 



© Copyright 2023, Simulations Plus, Inc. All Rights Reserved. | NASDAQ: SLP13

Besifloxacin Topical Suspension
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Model 
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Besifloxacin Topical Suspension

Successful PBPK-based clinical Extrapolation
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Long-Acting Injectable PBPK Model
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LAI model 
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Medroxyprogesterone Acetate Case Study
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Development of in vitro-in vivo correlations for long-acting 
injectable suspensions 

Qnanying Bao a,
2

, Xiaoyi Wang a, 1 , Bo Wan 3 , Yuan Zou h, Yan Wang h, Diane J. Burgess a, "' 

a University of Con11ccticut, School of Phan nacy, Storrs, CT 06269, USA 
b Office of Research and St011dards, Office of Generic Drugs, Center for Drug Evaluation and Research, FDA, Silver Spriiig, MD 20993, USA 

! A -g 16 B 
~ • RLD Table 2 

' ci> 14 \ C: 
5 :; 12 
~ 

§ 10 • ~ ii 
• ... 
,. 

F1 
F2 
F3 

Volume weighted particle size and size distribution of four compositionally 
equivalent MPA suspensions and the RLD (n = 3, mean ± SD) (Bao et al. , 2022; 
Bao et al., 2021 ). 

•• u F4 
'."----. 8 cu 

' f 
i ------

E 6 "' 

- ---------

(ll I T a: 4 e ± 
·---------1 <( ~ i ,. d ! T 2 ~ 

[l_ 

Formulation Dv J0 (µm) Dv50 (µm) Dv90 ( µm) Span 

Fl 7.2 1 ± 0.42 13.40 ± 0.54 24.09 ± 0 .74 1.26 ± 0 .04 

F2 8 .7 3 ± 0 .31 2 1.7 3 ± 0.28 41 .08 ± 0.53 1.49 ± 0.04 

F3 0 .69 ± 0 .33 3.67 ± 0.43 10. 13 ± 0.99 2.61 ± 0 .44 

F4 7.00 ± 0 .13 13.03 ± 0.23 23.44 ± 0 .37 1.26 ± 0 .01 

RLD 10.37 ± 0.99 18 .23 ± 1.36 30.6.l ± J.78 I.I l ± 0 .05 
~ 0 

0 10 20 30 40 50 60 70 80 0 20 40 60 80 100 120 
Time (h) Time (day) 

Fig. 2. The PK profiles (plasma concentration time curve, rabbit model) of: A) intravenous injection of MPA drug solution in DMSO; and B) subcutaneous injection of 
all prepared compositionally equivalent formulations and the RLD (n = 6, mean ± SD). 

UCONN 
UNIVERSITY OF CONNECTICUT 
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Rabbit PBPK model 

IV MPA Acetate
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SubQ MPA LAI suspensions

Increasing diffusion layer 
thickness had a significant 
impact on the shape of the 
Cp-time profile

Scaling PSD further 
improved the shape of 
the profile but Cmax 
was still underpredicted

Incorporating inflammation (~3-fold 
increase in depot volume in 2-3 days 
after injection) improved prediction 
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SubQ MPA LAI suspensions
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SubQ MPA - Human predictions
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Simulated (lines) and observed (symbols) plasma concentration time course 
following SC administration of Depo-subQ Provera 104® in humans. 

Blue line: predictions with the same parameters as used in the rabbit model; 
Black line: Adjusted diffusion layer thickness and inflammation scaling factor.

Observed Simulated FE 

Same as 

Rabbit

Cmax 1.276 2.289 1.79

AUC0-t 2005.5 2680 1.34

Updated 

model

Cmax 1.276 1.347 1.06

AUC0-t 2005.5 2360.8 1.18

PBPK model prediction statistics for the RLD following SC 
administration in humans

Cmax in ng/mL; AUC in ng-h/mL; FE= Fold-error (Simulated/Observed)
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Conclusions
Ocular PBPK model:
• Ocular PBPK models present an interesting approach to support the regulatory 

assessment of complex generic drug products

• Better identification of formulations’ CQAs, and excipients impact, are mandatory 

to improve model predictions 

LAI PBPK model:
• LAI PBPK models help to understand the impact of physiological responses on PK 

profiles 

• Additional work is needed to fully understand the interaction between the 

physiology and formulation characteristics 

➔ Due to their mechanistic structure linking formulation CQAs and physiology, PBPK 

models are a unique tool to support the regulatory assessment of complex generic 

drug products
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