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Disclaimer

This presentation reflects the views of the presenter
and should not be construed to represent FDA's
views or policies.
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Learning Objectives

* Interpret how the totality of evidence was
used to support BE assessment for locally
acting products

. * Explain how to develop PBPK model to
. predict local drug amount by incorporating
dissolution data at different pH

. BE: bioequivalence; PBPK: physiologically-based pharmacokinetic modeling
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Gl Locally Acting Products

Assessing BE for locally acting Gl drug products is challenging.

i

Systemic exposure may not reflect drug concentrations at the site
of action.

 BE recommendations of oral locally acting Gl drug products are
based on drug product properties and mechanism of action.

dissolution in Gl tract and plasma concentration profiles, predict

.  PBPK models may be used to explore the correlation between
local drug amount and support BE evaluation of such products.
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PBPK Modeling to Support BE
Evaluation of Mesalamine DR tablets

FDA

Background

Mesalamine delayed release (DR) tablet is indicated for mildly to moderately
active ulcerative colitis

The product-specific guidance for this product recommends a fasting
pharmacokinetic (PK) bioequivalence (BE) study, and a fed PK BE study and
comparative dissolution studies at four different pH (6.5, 6.8, 7.2, and 7.5)

f2 values for dissolution profile comparison between test product and reference
standard were <50 at pH 6.8 and 6.9 buffer condition

The test product and RLD were found to be bioequivalent for systemic PK
under both fasting and fed conditions

significantly impact the local drug exposure compared to the reference listed drug

(RLD).
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PSG Recommendation FDA

Active Ingredient: Mezalamme
Dosage Form: Route: Delayed release tablet; oral 3. Typeofstudy: Inwitro comparative dissolution study
Strength 1200mg
Recommended Studies:  Thres shdies Apparatus: USP Apparatus 2 (padde)
. Pretreatment Stage 1: 2hours m 0.1 N HCL at 100 rpm (750 mL)
. Typeofsndy: Fastmz , L Pretreatment Stage 2: 1 hour in pH 6.4 Phosphate buffer at 100 rpm (950 mL)
Dresim: En{l_zle-dos& partially or fully replicated crossover desipn, in vive Fvaluatian Stage:  Eachof
L e | _ (1) pH 6.5 Phosphate bfer 100 s k
ubjects: Healfbry males and females, peneml populagon. Females showld nat be )
pregma, and if applicable, showld practice abstestion o coutraception during the study. (2 pi 68 Phosphae bfferat 100 pm
Addiriona] comments: Other study desiens are acceptable if appropriate. Specific (3) pH 7.2 Phosphate buffer at 100 rpm
recommendations are provided below. {4) pH 13 P]lﬂSp]]ﬂIE bufer at lﬂ{irpm
Vohume: 960 mL
Temperature: 3IC
1 Typeofsmdy Fed Samplng tmes: 12,3, 4, 3, 6, and 8 hours or a5 needed for profile companson
Design: Single-dose. partially or fully replicated croszover m vive Additional comments; The applicant should use at least 24 dosage wnits of the test product
gg;lﬂl Eﬁﬁm 1 o, genen populaion. Femalsshoud ot e and at least 2 lofs of the reference product (12 dosage wnits per lof)
pregnant, and if applicable, should practice 1b‘s.F-'r;nthm'|:nnms;-ﬁnn duming the shady. Pﬂﬂtizl' The £ metic will b sed fo comparedsslution
. Additional comments: Other stdy desizns are acceptable if appropriate. Specific PIOILES.
recommendations are provided below.
Draft Guidance on Mesalamine, revised June 2016,

https://www.accessdata.fda.gov/drugsatfda_docs/psg/Mesalamine _draft Oral%20tab%20DR_RI1.D%2022000_RC06-16.pdf
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o Stage 3:6.5,6.8,(6.9,7.0), 7.2 6.8 < 50
and 7.5 phosphate buffer for 8
hours

The in vitro dissolution testing over a 7.0 > 50
range of pH serves as a surrogate of in 7.2 > 30
vivo drug release in the Gl tract. 7.5 > 50
In this case the test product showed
decreased release compared to RLD at
pH< 7.
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6.9 <50

Dissolution data T
* Three-stage dissolution data:
o Stage 1: 0.1N HCl for 2 hours Stage 3 F2 value
o Stage 2: pH 6.4 phosphate buffer | PH condition
for 1 hour 6.5 <50
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PBPK Modeling for BE Evaluation =

Intravenous PK data obtained from the literature were used to estimate disposition

parameters.

The PBPK model was developed for mesalamine DR tablet. The intestinal first pass
effect was optimized. Three stage dissolution data (with pH 6.8, pH 6.9, pH 7.0 and pH
7.2 as stage 3) were incorporated into PBPK model.

.

PBPK model was validated using dissolution and PK data obtained from additional
clinical BE studies.

1) Evaluate whether the dissolution data at certain pH is biopredictive; 2) Predict local

drug amount in the colon; 3) Population simulation to compare the predicted
percentage of drug absorbed in the colon for T/R and support BE assessment
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Model Development

s |V bolus 250mg

Mesalamine IV 250

I

Cp-Mesalamine IV 250 ¥ O Cp-Mesalamine IV 250 Obs
I Cp-Mesalamine v 250 Err

Concentration (ug/mL)

5 10 15
Simulation Time (h)

20

Reference: Vree TB, et al. Liver and gut mucosa acetylation of
mesalazine in healthy volunteers. International Journal of Clinical
Pharmacology and Therapeutics. 2000, 38(11): 514—-22
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% Delayed release (DR) tablet 1.2 g
1.2g DR tablet NDA PK
\F—Cp.Lualda MDA PK ¥ [ Cp-Lialda NDA P Obs [ _T_ Cp-Lialda ND& PK Err |
4004 - DEh Record: Lialda NDA PK
Total simulation time (h): 72
o .
Faso{ 7 fo\C Rt ogeery gyl
E - RS o 16.03
"‘a.l 3004 cmax’ (ng/mL): 119 424.8
5 meE?aﬂ-’ (ng-h/mL): ég93.9 g}igl.s
£ 250 S Liveringimiss oo 5a3hC
Q
= m]
‘E 200
o
@ 150 ==
5 o
S 1004 S
504 =
a
0‘ T L L L T T T L
0 10 20 30 40 50 60 70
Simulation Time (h)
«+Three stage dissolution data with stage 3 at pH 7.2 was used as direct
input
+ Intestinal first pass effect (FPE) was optimized
Reference: NDA ClinPharm Review document available on drugs@FDA.
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Model Validation FDA

< Tablet DR 1.2g PK data from literature + Additional internally available dissolution
and PK data sets were used for model
Literature data DR tablet 1.2g validation
I~ Cp-Lialda literature FDA paper W O Cp-lialda literature FDA pﬂperObsI
[ T Cp-Lialda literature FDA paper Err
PK Dataset - |
4001 . o o TS T T PK Parameter %PE
3 360 B, opsery gl Cmax (ng/mL) -7.2
FDp (%]: o 16.02 .
S 300- Emmgf)%ﬂ?t’“'”: %3_2 Eggzg AUCinf (ng*h/mL) 3.3
£ AUC o:in‘l'= (ng-h/mL): 6031.2 7131, § AUCt (ng*h/ml_) 0.5
£ 250 RN I e
2 AUC4-48 (ng*h/mL) -16.3
o 200 PK Parameter %PE
§ 150{ _ Cmax (ng/mL) -6.5 PK Dataset - Il
S 1004 AUCinf (ng*h/mL) -18.2 PK Parameter %PE
o Cmax (ng/mL) 12.7
501 AUCinf (ng*h/mL) 0.3
0. ¥ ¥ ¥ T L) ¥ ¥ ¥ AUCt (ng*h/mL) '1.5
0 10 20 30 40 50 60 70
Simulation Time (h) AUC4-48 (ng*h/mL) -14.5
Alex Yu et al. Measurement of in vivo Gastrointestinal Release and Dissolution of Three Locally Acting Mesalamine

Formulations in Regions of the Human Gastrointestinal Tract. Mol. Pharmaceutics 2017, 14, 345-358.
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Stage 3 pH 7.2 S.tage 3 pH 6.9
PK Parameter Obs Pred %PE PK Parameter Obs Pred %PE

Cmax (ng/mL) 191.61  152.39 20.5 Cmax (ng/mL) 191.61  153.16 20.1
AUCinf (ng*h/mL) 2941 2608 11.3 AUCinf (ng*h/mL) 2941 2422 17.6
AUCt (ng*h/mL) 2940 2608 11.3 AUCt (ng*h/mL) 2940 2422 17.6
AUC4-48 (ng*h/mL) 2280 2225 24 AUC4-48 (ng*h/mL) 2280 2276 0.2
Stage3pH7.0 Stage 3pH 6.8

Model Application FA
+» Evaluate whether the dissolution data at certain pH is
biopredictive
— Dissolution profiles at both pH 7.0 and pH 7.2 (as stage 3) is
biorelevant/biopredictive to the PK profiles with %PE < 22%.

PK Parameter Obs Pred %PE PK Parameter Obs Pred %PE

Cmax (ng/mL) 191.61  153.55 19.9 Cmax (ng/mL) 191.61  125.55 34.5
AUCinf (ng*h/mL) 2941 2567 12.7 AUCiInf (ng*h/mL) 2941 2041 30.6
AUCt (ng*h/mL) 2940 2567 12.7 AUCt (ng*h/mL) 2940 2041 30.6
AUC4-48 (ng*h/mL) 2280 2238 1.8 AUC4-48 (ng*h/mL) 2280 2036 10.7
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absorbed in the colon

The simulation results using
biopredictive dissolution data suggest
that the local amount in colon is
similar between RLD and test product.

Population simulations (n=25) showed
that the percentage of drug absorbed
in the colon is similar between the
RLD and test product with the 90% CI
of the T/R ratio falling within 80-125%.

fda.gov/cdersbia

Model Application

% Predict local drug amount in the colon and percentage of drug

FDA

pH at Stage 3 Predicted for | Predicted for
Dissolution PK Parameter | Colon for RLD | Colon for Test
Cmax (mg) 157.7 152.4
7.2 AUCt (mg*h) 2592 2609
Cmax (mg) 156.6 153.6
7 AUCt (mg*h) 2580 2567
Cmax (mg) 157 153.2
6.9 AUCt (mg*h) 2521 2422
Stage 3 pH T/R Ratio 90% Cl lower (90% Cl upper
pH 7.2 99.71 99.21 100.20
pH 7.0 101.58 98.06 105.10

A




Luminal pH

Distal Colon
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Medicine. 2015;11:1117-32.)
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Figure. pH of Gl tract and release mechanism of mesalamine DR
tablets (Hua et al. Nanomedicine: Nanotechnology, Biology, and
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Figure. Gamma scintigraphy imaging of mesalamine DR tablet
disintegration in Gl tract (Varum F et al. Int J Pharm. 2022;

625:122055.)

Release Mechanism Evidence
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— The three-stage dissolution profiles at both pH 7.0 and pH 7.2 (as stage 3) may be
biopredictive/biorelevant to the local and systemic exposure.

— The predicted amount of mesalamine in colon is similar between RLD and test product.

— The percentage of drug absorbed in the colon is similar between the RLD and test
product.

Totality of evidence based on dissolution data, formulation differences, gut
physiology considerations along with PBPK modeling results was used to
conclude that the test product was low risk for bioinequivalence at site of
acti((j)n. This work supports the approval of mesalamine generic drug
product.

Summary =i
« PBPK model developed by the reviewers to predict local drug amount in the
colon by incorporating dissolution data at different pH conditions supported
that:

A V
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Challenge Question
To evaluate the BE for locally acting
products, the evidence could include the

following:
A. Formulation and Dissolution Comparison

Gut Physiology Considerations and Release

. Mechanism

W

PBPK Modeling and Simulations
All of the above
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