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Mechanisms by which excipients can
affect drug absorption




Through what mechanisms can excipients impact drug absorption?
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Excipients can potentially alter drug release rate, or the
total amount of drug that can dissolve in the intestine,
through:

« Altered disintegration time

« Altered dissolution rate

» Altered local pH for dissolution

« Complexation (excipient-drug complexes)

Generally, have a relatively high degree of confidence
that these effects are detectable using in vitro
dissolution testing, provided that the testing conditions
have some biorelevance.
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« Examples from the literature include:

Formulations containing HPMC (90mg) or magnesium stearate 80mg
(with significant mixing) showed somewhat reduced absorption ~10-
15% based on point estimates), attributed to slower dissolution
(detected in simple aqueous buffers in vitro) (Vaithianathan et al.)
(human)

SLS interacted with intestinal micelles reducing solubility of
fenofibrate in FaSSIF media; corresponded to reduced C,,, in vivo,
but had no impact on AUC (human) (Buch et al.)

Complex formation, e.g. PEG 4000 formed insoluble complexes with
phenobarbital (ex vivo), Tween 80 and sodium lauryl sulphate with
chlorpromazine salts (in vitro) (Sjogren et al.), cyclodextrin
complexation with itraconazole reduces free fraction available for
permeation (Berben et al.) (human)

« Should have good detectability with in vitro biopharmaceutics
tools, provided that these mimic the environment for in vivo
dissolution (and in particular, the aspects of this which are
important for the compound being assessed).
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» Excipients can potentially alter drug absorption
through:
* Altered gastric emptying
* Increased luminal volume (osmotic effect)
* Altered small intestinal transit time

 This would not be detected using standard in
vitro dissolution testing
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Transit and luminal

volumes * Numerous literature examples with studies in humans:

Reported effect

Sodium bicarbonate reduced gastric emptying time of

Altered gastric ibuprofen in man (Sjogren et al., Garcia-Arieta)
?05;‘:39 emptying Glucose increased gastric emptying time in man (Grimm
et al.)
Dissolution Reduced small intestinal transit time in human:

* mannitol (0.755g +),
» sodium acid pyrophosphate (~1.19g),
* PEG 400 (2.5g+),
Altered small » sorbitol (2.25g+),
intestinal transit time xylitol (309),
* lactulose (10g+).
(Sjogren et al., Adkin et al., Schulze et al., Koch et al.,
Ashiru et al., Salminen et al., Read et al., Chen et al.)
Oleic acid (300 -1200 mg) increased small intestinal

Drug in
solution

Intestinal transit

Permeability

Drug in transit time in human (Sjogren et al., Dobson et al.).
Siterocyts Altered small Fructose increased small intestinal fluid volume in man
l intestinal fluid volume  (Grimmetal.)
Drug in No effect on transit Sucrose (4.08g) had no effect on intestinal transit in
bloodstream . .
time human (Adkin et al.)

« Mannitol, PEG and sorbitol effects are dose-dependant.
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 Excipients have the potential to alter the rate and
extent of permeation by:
« Damage to the intestinal surface/ tight junction
modulation
* Inhibition of efflux transporters
* Inhibition or enhancement of active uptake
transporters

 This would not be detected using standard in vitro
dissolution testing




Altered effective « Selected literature examples:

permeability Reported effect

SLS increased permeability of mannitol and other drugs in Caco-2,
attributed to opening of tight junctions/loss of membrane integrity
(Rege et al., Parr et al.).

Damage to intestinal
surface/ tight junction

Dosage modulation
g g form Eudragit L100-55 (500mg/kg) increased bioavailability of cefixime
gs Dissolution Enhancement of in rats by ~2x, and increased permeation of cefadroxil and cefixime
¢ active absorption in an in situ ileal closed loop model at concentrations of 10% and
i prosEes above - attributed to enhanced PePT1 activity. (Nozawa et al.)
solution Numerous reports of increased transport/uptake in in vitro systems,
[ N attributed to inhibition of active efflux by P-Gp and other
:% Intestinal transit transporters (e.g. Tweens, Cremophors, Labrasol, Pluronics,
3 Sodium lauryl sulphate, TPGS, PEG, sodium docusate, etc.)
g Inhibition of efflux (Sjogren et al., Zhang et al., Rege et al.).
PEG 400 (0.5 — 1.5 g) increased bioavailability of ranitidine in
healthy male volunteers in a dose-dependant manner, attributed to
en::gc';‘ted increased permeability. This was not observed in female
volunteers in the same study. PEG 300/400 significantly reduced
L ranitidine efflux ratio in vitro (Ashiru et al., Ashiru-Oredope et al.).

Drug in
bloodstream

HPMC, D-lactose, povidone, PEG 400, propylene glycol,
anhydrous cherry flavouring, and EDTA had no effect on
permeability across Caco-2 monolayers (Rege et al., Parr et al.).

No effect on
permeability
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Altered metabolism

 Inhibition of gut wall metabolism by an excipient
could potentially lead to increased bioavailability

s s « This would not be detected using standard in vitro
3 z ——— dissolution testing.
0]
orug n » Literature reports:
. — » Excipients reported to inhibit CYP activity in vitro/ex vivo
3 Vo e include PEG, Tween, Cremophor, Triton X, Pluronics,
£ e sodium lauryl sulphate, Solutol, lecithin, beta cyclodextrin
¥ e and ascorbic acid (Sjogren et al., Zhang et al.).

A * Ren et al. reported that four non-ionic surfactants inhibited

entero midazolam metabolism by CYP3A in vitro, however
l effects after single or multiple dosing in rats were complex
Drug in to interpret.

bloodstream




Conclusions from literature review

» Excipients can potentially impact drug absorption through a variety of
mechanisms.

« There are numerous reports and review articles in the scientific literature that
describe such effects, either in vitro or in vivo.

« However;

These span a wide range of API properties, formulation types, and excipient
guantities

Many of the excipients with reported effects on absorption would not normally be used
in immediate release solid oral dosage forms

The amounts of excipients shown to impact absorption in some studies are much
higher than would normally be used in standard formulations.




Excipient changes and biowalvers:
ICH M9




Excipient changes for BCS biowalivers - approach taken by
the ICH M9 EWG

« Extensive literature search conducted to support EWG discussions:
» Identified mechanisms by which excipients could impact drug absorption
« Divided the literature examples into these mechanistic categories
» Assessed whether these mechanisms are likely to be relevant for BCS1 or 3 drugs

« Also considered whether the excipients themselves are relevant to solid oral immediate release
formulations

« Data on excipient levels in bioequivalent BCS 3 drug products from Japan (JPMA) and
Canada (Health Canada) collated and assessed.




ICH M9 - Assessment of excipient levels in bioequivalent
BCS Class 3 products

« Atotal of 26 APIs were assessed (9 are common to both Japan and Canada
datasets), usually several generic formulations for each

« PKand absorption properties of the APIs were also taken into account, to understand the risk from
a mechanistic perspective

« Many examples of changes >SUPAC Level 2
« Some examples of qualitative changes, including for potential critical excipients (e.g. mannitol);

+ Some examples of dissolution which does not meet the VRD criteria, but the formulations still pass
BE.

* Overall, the EWG were cautious at this time about generalising this across all BCS3
compounds, as we know there are some cases where this will have an impact;

» but what we have seen so far suggests that, with the BCS controls at other parts of the ‘system’,
this may be less of a risk for some BCS3 compounds and excipients.




ICH M9 — excipient changes

The guideline states that any excipient changes should be mechanistically assessed for their
potential to affect drug absorption.

For BCS Class 1, changes in composition are permitted, except for excipients that can impact
absorption (qualitatively similar, and within £ 10% of the amount in the reference product).

For BCS Class 3, all excipients should be qualitatively and quantitatively similar between the test
and reference products. Additionally, excipients which may affect absorption should be qualitatively
similar, and within £ 10% of the amount of excipient in the reference product.

Tables and flow charts are provided in the guideline which outline the specific requirements.

The current excipient limits in the ICH M9 guideline are somewhat conservative compared to what
some territories are already accepting, and represent a stretch for other territories - however there is
a hope that through further analysis and publication of data it may be possible to widen these
further in the future.

The current version of the guideline allows for wider excipient changes to be made, if suitable
justification is provided.




How can we mechanistically assess the
potential impact of excipient changes?
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Mechanistic assessment of excipient changes

The criteria for assessing excipient differences in the regulatory guidelines are
universally applied to all drug substances, manufacturing processes, formulation types
etc.

These criteria are therefore set on a conservative ‘worst-case’ basis

This means that some formulation changes that would be bioequivalent in vivo,
will be rejected by these criteria.

Applying a mechanistic and risk-based approach enables the risk associated with a
particular excipient change to be assessed on a product-specific basis.




Mechanistic assessment of excipient changes

» The risk of the excipient change affecting absorption can be assessed based on:
 The mechanism by which the excipient is known (or suspected) to impact drug absorption;

« The amount and function of the excipient in the test and reference formulations, vs. the
amount at which an effect on absorption has been observed;

 The absorption site, absorption rate and absorption mechanism of the drug substance.

« Data generated during product development can provide evidence to support the
assessment of excipient changes.

» Use of modern biopharmaceutics tools such as in silico PBBM absorption modelling
can facilitate quantitative assessment of the impact, including patient variability.




ICH M9 Q&A: role of PBPK modelling in assessing excipient

changes

3.1 Excipients

#

Date of
Approval

Questions

Answers

Nov. 2019

In silico PBPK absorption modelling
i1s widely used in industry to assess
the risk of changes in formulation
performance. Can a robust risk
assessment be used to assess the
potential impact (inclusion/
exclusion) of an excipient change
beyond the recommended ranges?

Although it is recognized that in silico PBPK
absorption modelling is used to assess the risk in
product performance due to formulation changes,
currently such models cannot comprehensively
predict all potential differences in absorption due
to critical excipients. Validation of in silico
models for such purposes is further limited by a
lack of mechanistic understanding for some
observed excipient effects, including a lack of
high quality in vivo data for some excipient
classes. Therefore, a risk assessment based on
model predicted effects would not support a
change in excipient beyond the recommended
range. However, in some circumstances in silico
PBPK modelling may provide useful supporting

evidence as part of a wider excipient risk

assessment, for example sensitivity analysis using

an appropriately validated PBPK absorption

model for excipients where the mechanism of

effect is well understood.
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A note on our current model of choice....

» To be able to interpret what a particular experiment is telling you about
formulation performance, you need to understand the conditions of the test...

RPM: ?
Temperature: ?
Volume: ?

u Media: ?
pH: ?
\—/
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Altered GI Tract physiology in disease states and special populations

Age, coellac disease, Gl cancer, Gi Infections, diabetes,
H.Pylori infection, HIV enteropathy, irritable bowel
disease

Age, critical Niness, ethnicity, GI cancer, Gl infections,

Age, diet, obesity, Roux-en-Y gastric bypass

Diet, ethnicity, M.Pylorl infection, pregnancy, Roux-en-Y
gastric bypass, sex, stomach cancer

Coeliac disease, cystic fibrosls, irritable bowel disease, Lumenal obasity, pregnancy, Roux-en-Y gastric bypass, sex
pancreatic cancer
fluid volume Permeability Age, coeliac disease, critical lliness, diet, ethnicity, GI
Age, coellac disease, diet, GI cancer, obesity, Roux-en-Y & infections, obesity, pregnancy, Roux-en-Y gastric bypass,
gastric bypass iti sex
Age, diet, Gl infections, lactose intolerance, sex Critical ilness, cystic fibrosis, diabetes, HIV enteropathy,
irritable bowe! disease, Roux-en-Y gastric bypass
Age, diabetes, diet, Gl infections, HIV enteropathy, lmpact of Age, coeliac disease, Gl cancer, Gl Infections, irritable
{actose intolerahce conditions and bowel disease, Roux-en-Y gastric bypass
: : disease states
CHUC SnCole RN PRty e diseke on absorption

‘Age, coellac disease, critical liness, cystic fibrosis, Age, coeliac disease, diabetes, diet, Gl infections, HIV
diabetes, diet, Gl infoction, M. Pyfori infection, obesity, anteropathy, panceoatic cancer, sex

Parkinson’s disease, Roux-en-Y gastric bypass, sex, Age, Roux-en-Y gastric bypass

Ago, coeline disease, cystic fibrosis, diabetes, diet, GI Roux-en-Y gastric bypass

cancer, Gl infections, M.Pylorl Infection, HIV

enteropathy, irritable bowel disease, lactose

Intolerance, Parkinson's disease, pregnancy, Roux-en-¥

aastric bypass, sex

zz[..] Based on Stillhart et al. 2020.
d



Release rate/amount of drug in solution
+ Altered disintegration time

+ Altered dissolution rate

 Altered local pH

+ Complexation (excipient-drug complexes)

Transit and luminal volumes

» Faster gastric emptying

* Increased luminal volume (osmotic effect)
» Altered small intestinal transit time

Altered effective permeability

+ Damage to intestinal surface/ tight junction modulation
* Inhibition of efflux

+ Inhibition or enhancement of active uptake

Altered metabolism
* Inhibition of gut wall metabolism

In vitro / preclinical*

Biorelevant in vitro dissolution (consider
media, volumes, agitation etc.).
Combined dissolution/ permeation
studies (living or synthetic membranes).

Difficult to simulate in vitro but lots of in
vivo (human!) data available.

In vitro permeation studies in cell lines or
tissues.
In situ gut loop in preclinical species etc.

In vitro metabolism studies in cell lines or
tissues.
In situ gut loop in preclinical species etc.

*Some of these data already exist in the literature for common excipients

What models can we use to mechanistically understand excipient
effects?

In silico PBBM

Sensitivity analysis for different
dissolution input rates.

Sensitivity analysis for different
intestinal transit times and regions of
absorption.

Mechanistic simulation of the impact of
transporter inhibition on absorption.
Sensitivity analysis for increased
passive permeability.

Mechanistic simulation of the impact of
enzyme inhibition on absorption.

Holistic assessment of the potential
impact of different mechanisms,
including risk assessment for altered Gl
physiology in patients.
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Conclusions
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Excipients can potentially impact drug absorption
through a variety of mechanisms

The scientific literature contains many examples of
this, however these span a wide range of API
properties, formulation types and excipient amounts.

Applying a mechanistic approach enables the risk of a
given excipient change affecting absorption to be
assessed based on the properties of the compound
and formulation.

Use of modern biopharmaceutics tools such as in silico
PBPK absorption modelling can facilitate quantitative
assessment of the impact, including patient variability.




Understanding excipient effects in the context of biowaivers
— how could we move forward?

Moving forward in this area requires collaboration between regulators,
industry (innovator and generic) and academia, to:

Holistically interrogate existing clinical Rel BA/BE data comparing drug products
with excipient changes — including failed BE studies

Assess whether the existing in vitro and in silico tools would have enabled the risk
to be correctly assessed, and whether the same decision would have been made
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Questions?




Thanks!




References (1 of 2)

Adkin DA, Davis SS, Sparrow RA, Huckle PD, Phillips AJ, Wilding IR. The effect of different concentrations of mannitol in solution on small intestinal transit: implications for drug
absorption. Pharm Res. 1995 12(3):393-6.

Adkin DA, Davis SS, Sparrow RA, Huckle PD, Phillips AJ, Wilding IR. The effects of pharmaceutical excipients on small intestinal transit, Br J Clin Pharmacol. 199539;381-387.
Adkin DA, Davis SS, Sparrow RA, Huckle PD, Phillips AJ, Wilding IR. The Effect of Mannitol on the Oral Bioavailability of Cimetidine. J Pharm Sci. 1995 2(3):393-6.
Ashiru DA, Patel R, Basit AW. Polyethylene glycol 400 enhances the bioavailability of a BCS class Il drug (ranitidine) in male subjects but not females. Pharm Res. 2008 25, 2327-2333.

Ashiru-Oredope DA, Patel N, Forbes B, Patel R, Basit AW. The effect of polyoxyethylene polymers on the transport of ranitidine in Caco-2 cell monolayers. Int. J. Pharm. 2011 409, 164—
168.

Berben P, Mols R, Brouwers J, Tack J, Augustijns P. Gastrointestinal behavior of itraconazole in humans - Part 2: The effect of intraluminal dilution on the performance of a cyclodextrin-
based solution. Int J Pharm 2017 526:235-243.

Buch et al. 2010. IVIVC for Fenofibrate Immediate Release Tablets Using Solubility and Permeability as In Vitro Predictors for Pharmacokinetics. J Pharm Sci 99(10):4427-4436

Chen ML, Straughn AB, Sadrieh N, Meyer M, Faustino PJ, Ciavarella AB, Meibohm B, Yates CR, Hussain AS. A modern view of excipient effects on bioequivalence: case study of
sorbitol. Pharm Res. 2007 24(1):73-80.

Dobson CL, Davis SS, Chauhan S, Sparrow RA, Wilding IR. The effect of oleic acid on the human ileal brake and its implications for small intestinal transit of tablet formulations. Pharm
Res. 1999 16 92-96.

Potential for pharmaceutical excipients to impact absorption: a mechanistic review for BCS Class 1 and 3 drugs. T. Flanagan. Eur J Pharm Biopharm. 2019; 141:130-138.
Garcia-Arieta A. Interactions between active pharmaceutical ingredients and excipients affecting bioavailability: Impact on bioequivalence. Eur J Pharm Sci. 2014 65: 89-97.

Grimm M, Koziolek M, Saleh M, Schneider F, Garbacz G, Kiihn JP, Weitschies W. Gastric Emptying and Small Bowel Water Content after Administration of Grapefruit Juice Compared to
Water and Isocaloric Solutions of Glucose and Fructose: A Four-Way Crossover MRI Pilot Study in Healthy Subjects. Molecular Pharmaceutics 2018 15: 548-559.

ICH M9: Biopharmaceutics Classification System-based Biowaivers, Nov 2019. https://database.ich.org/sites/default/files/M9_Guideline_Step4 2019 1116.pdf
ICH M9: Biopharmaceutics Classification System-based Biowaivers - Questions and Answers, , Nov 2019. ICH_M9_QAsAnnex_Step4 2019 1116.pdf

Koch KM, Parr AF, Tomlinson JJ, Sandefer EP, Digenis GA, Donn KH, Powell JR. Effect of sodium acid pyrophosphate on ranitidine bioavailability and gastrointestinal transit time, Pharm
Res. 1993 10; 1027-1030.

Nozawa T, Toyobuku H, Kobayashi D, Kuruma K, Tsuji A, Tamai |. Enhanced intestinal absorption of drugs by activation of peptide transporter PEPT1 using proton-releasing polymer. J
Pharm Sci. 2003 92(11): 2208-2216.

r
uch
Al 4

30


https://database.ich.org/sites/default/files/M9_Guideline_Step4_2019_1116.pdf
https://database.ich.org/sites/default/files/ICH_M9_QAsAnnex_Step4_2019_1116.pdf

31

References (2 of 2)

Parr A, Hidalgo 13, Bode C, Brown W, Yazdanian M, Gonzalez MA, Sagawa K, Miller K, Jiang W, Stippler ES. The Effects of Excipients on the Permeability of BCS Class 3
Compounds and Implications for Biowaivers. Pharm Res. 2016 33:167-176.

Salminen EK, Salminen SJ, Porkka L, Kwasowski P, Marks V, Koivistoinen PE. Xylitol vs glucose: effect on the rate of gastric emptying and motilin, insulin, and gastric inhibitory
polypeptide release. Am J Clin Nutr. 1989 49(6):1228-32.

Read NW, Cammack J, Edwards C, Holgate AM, Cann PA, Brown C. Is the transit time of a meal through the small intestine related to the rate at which it leaves the stomach? Gut
1982 23(10):824-8.

Rege BD, Yu LX, Hussain AS, Polli JE. Effect of common excipients on Caco-2 transport of low-permeability drugs. J Pharm Sci. 2001 90(11):1776-86.

Ren X, Mao X, Cao L, Xue K, Si L, Qiu J, Schimmer AD, Li G. Nonionic surfactants are strong inhibitors of cytochrome P450 3A biotransformation activity in vitro and in vivo. Eur J
Pharm Sci. 2009 Mar 2;36(4-5):401-11.

Schulze JD, Waddington WA, Eli PJ, Parsons GE, Coffin MD, Basit AW. Concentration-dependent effects of polyethylene glycol 400 on gastrointestinal transit and drug
absorption. Pharm Res. 2003 Dec;20(12):1984-8.

Sjogren E, Abrahamsson B, Augustijns P, Becker D, Bolger MB, Brewster M, Brouwers J, Flanagan T, Harwood M, Heinen C, Holm R, Juretschke HP, Kubbinga M, Lindahl A,
Lukacova V, Minster U, Neuhoff S, Nguyen MA, Peer Av, Reppas C, Hodjegan AR, Tannergren C, Weitschies W, Wilson C, Zane P, Lennernés H, Langguth P. In vivo methods
for drug absorption — Comparative physiologies, model selection, correlations with in vitro methods (IVIVC), and applications for formulation/API/excipient characterization including
food effects. Eur J Pharm Sci. 2014 57: 99-151.

Stillhart C, Vucicevi¢ K, Augustijns P, Basit AW, Batchelor H, Flanagan TR, Gesquiere |, Greupink R, Keszthelyi D, Koskinen M, Madla CM, Matthys C, Milju§ G, Mooij MG, Parrott
N, Ungell AL, de Wildt SN, Orlu M, Klein S, Miillertz A. Impact of gastrointestinal physiology on drug absorption in special populations — An UNGAP review. Eur J Pharm Sci 2020,
147: 105280.

Vaithianathan S, Haidar SH, Zhang X, Jiang W, Avon C, Dowling TC, Shao C, Kane M, Hoag SW, Flasar MH, Ting TY, Polli JE. Effect of Common Excipients on the Oral Drug
Absorption of Biopharmaceutics Classification System Class 3 Drugs Cimetidine and Acyclovir. J Pharm Sci. 2016 105(2):996-1005

Zhang W, Li Y, Zou P, Wu M, Zhang Z, Zhang T. The Effects of Pharmaceutical Excipients on Gastrointestinal Tract Metabolic Enzymes and Transporters-an Update. AAPS J.
2016 18(4):830-43

r
B



