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Industry’s View on Dissolution
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Perspective

Industry's View on Using Quality Control, Biorelevant, and Clinically
Relevant Dissolution Tests for Pharmaceutical Development,
Registration, and Commercialization

Haiyan Grady ", David Elder ?, Gregory K. Webster °, Yun Mao *, Yiqing Lin °,

Talia Flanagan °, James Mann °, Andy Blanchard ’, Michael ]. Cohen 7, Judy Lin &, _
Filippos Kesisoglou “, Andre Hermans ?, Andreas Abend *, Limin Zhang °, David Curran '

e Quality control (QC) dissolution acceptable
for routine batch release and stability
studies

e Clinically relevant dissolution supporting

@ CrossMark

Figure 1. lllustration of the relationship between quality control, biorelevant, and

b|owa |Ver a nd Other post_a pproval Cha nges clinically relevant dissolution methods (not to scale).



FDA’s Guidance on Dissolution

e Guidance for Industry. Dissolution Testing of Immediate
Release Solid Oral Dosage Forms. 1997

e Guidance for Industry. Extended Release Oral Dosage
Forms: Development, Evaluation, and Application of In
Vitro/In Vivo Correlation. 1997

e Draft Guidance for Industry. Dissolution Testing and
Specification Criteria for Immediate-Release Solid Oral
Dosage Forms Containing Biopharmaceutics Classification
System Class 1 and 3 Drugs. 2015

https://www.fda.gov/Drugs/GuidanceComplianceRegulatoryinformation/Guidances/ucm
064964 .htm



In Vitro/In Vivo Correlation (IVIVC)

e A predictive mathematical model describing the relationship
between an in vitro property (usually the extent or rate of
drug release) and a relevant in vivo response (e.g., plasma
concentrations or amount of drug absorbed).

Level In vitro In vivo
. ) Input (absorption
A Dissolution curve put( P )
curves
o Statistical
Statistical
B moments: MDT moments: MRT,
' MAT, etc

Disintegration
time, Time to have
10,50,90%
dissolved, Dissolu-
tion rate, Dissolu-
tion efficiency

Cmax Tmax: Ka, Time
to have 10,50,90%
absorbed, AUC
(total or cumula-
tive),

Guidance for Industry. Extended Release Oral Dosage Forms: Development, Evaluation, and Application of In
Vitro/In Vivo Correlation. 1997



Building a Level A IVIVC Model
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Investigation of Drug Dissolution
Failure and its In Vivo Relevance

Dissolution Field Alert Report Analysis

Uhle [ ehleRLCH FDA Lab Dissolution Testing
dissolution failure
landscape and Perform active Modeling and

contributing quality Simulation

factors surveillance of .
drug products on Analyze the impact
the market of dissolution

failure on in vivo
drug performance




USP Dissolution Testing FOA

Level 1 (L1): dissolution on 6 units:

——> No further
any unit falls out of specifications?

No dissolution test,
no need to report

A

lYes (L1 failure)

Level 2 (L2): dissolution test on another 6 units:

1) mean curve of (L1+L2 =12 units ) falls out of
specifications?

2) any unit deviates from stated ranges for >10%? No

l Yes (L2 failure)

Level 3 (L3): dissolution on another 12 units:

1) mean curve of (L1+L2+L3= 24 units) falls out of No
specifications?

2) More than 2 units deviate from stated ranges for
>10%?

3) Any unit deviates from stated ranges for >20%?

l Yes (L3 failure)

Submit the field alert report to FDA, to report dissolution
failure at all three levels

http://www.pharmacopeia.cn/v29240/usp29nf24s0 _c711.html 9



Dissolution Field Alert
Reports Analysis

Data Analysis

370 Entries of dissolution failure

reports of solid oral dosage forms 7 solubility categories
(Jan 2005 — Sep 2014)

Immediate release (IR) vs Modified

Drug name, solubility, new drug release (MR)
application (NDA) or abbreviated
new drug application (ANDA), ANDA vs. NDA

manufacturer, strengths, failure
month, stability conditions,
packaging, root cause
determination, and proposed
corrective actions

Sun et al. Dissolution failure of solid oral drug products in field alert reports. J Pharm Sci. 1302-1309. 2017 10



Distribution of Dissolution Failure in
Different Solubility Categories

(A) Dissolution failure in FARs

(B) Commaon APIs in oral drug products

solubility definition "”f":r“:p“:':t‘::;x‘i” ”?:&“mra““
Very soluble {vs) <l > 1,000
Freely soluble (fs) From 1to 10 100- 1,000
Soluble (5) Fram 10 to 30 33 =100
Sparingly soluble (sps) Fram 30 to 100 16=33
Shghtly soluble (55) From 100 te 1,000 1-10
Very slightly soluble (vss) From 1,000 to 10,000 0l1-1
Practically insolubdbe (pi) = 10,000 <01

Sun et al. Dissolution failure of solid oral drug products in field alert reports. J Pharm Sci. 1302-1309. 2017



Distribution of Dissolution Failure in (A)NDAs
and Different Solid Oral Dosage Forms

Sublinguals ODT

(A) (B) .. i

Sun et al. Dissolution failure of solid oral drug products in field alert reports. J Pharm Sci. 1302-1309. 2017 12
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Model Drug Product Selection for
Dissolution Testing

« Solubllity category

* Release profile

 Number of NDA/ANDA (22)
e Current marketing status

 Field alert iInformation

Dissolution test conducted in Office of Regulatory Affairs (ORA) and CDER Office of
Pharmaceutical Quality/Office of Testing and Research Labs 14



Investigation of Metoprolol ER
Tablet Dissolution Failure

OH
|
OCHzCHCHzNHCH(CHz)2 ?ODH
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CHzCHzOCHs2

TOPROL-XL® : 25, 50, 100, 200 mg
Once daily administration

Indications: Hypertension, Heart failure,
Angina pectoris

Mechanism of action: 3;-selective
(cardioselective) adrenoceptor blocking
agent

Drug substance: Metoprolol succinate
Molecular weight: 652.8

Biopharmaceutical classification (BCS) 1
compound

Absorption
Rapid and complete absorption

50% bioavailability after first pass, 65-
70% relative bioavailability compared

to IR tablets

Food does not significantly affect
bioavailability

15



Overall Strategy of Modeling and Simulation FDA
to Investigate the Impact of Dissolution Difference

Develop and verify a Physiologically Based
Pharmacokinetic (PBPK) absorption model, using in vitro
and in vivo data from intravenous (IV) infusion, oral
solution, oral Immediate Release (IR) tablet, and others

l

Collect experimentally determined dissolution
curves of the reference (R) product, original test
(T), and failed T product

Simulate in vivo PK profiles from in vitro dissolution
curves in virtual subjects, using experimentally
determined dissolution curves

l

Analyze the impact of in vitro release alterations
on in vivo PK profile and product bioequivalence:
e original T vs. original R;

e failed T vs. original R

Zhou T, Chow E, Wen H, Zhang X, Jiang W, Zhao L. Evaluation of the impact of in vitro release alterations on pharmacokinetics of metoprolol succinate 16
extended-release (ER) tablets using the physiologically based pharmacokinetic (PBPK) absorption model. AAPS Annual Meeting, Denver CO (2016)



Metoprolol

PK Parameters

MNew PEPK

FPE (if fixed) [%]

Oral: 0

CL (L{h): 0

K12 (1/h): 3.282
K21 (17h): 2.34
V2 (L/kg): 25337

Liver Vmax
SF =2.2

Intestinal: 0

Blood{plasma Conc Ratio:

(” Use Exp Plasma Fup [%]: ]
@ Use Adj Plasma Fup [%]: 87.97

PK Model:|Compartmental

Body Weight (kqg): 14
Liver: 0

Yo (L/kg):

T172 (h):

K13 (1/h):
K31 (1/h):
V3 (L/kg):

=

115

Renal Clearance CLr (L/h{kqg): 0.04936

or (L/hfkg):

0
1.801
32.27

Observed Values

S —
3
o

-
-]
&

b

m =
&

CMax (pgfmL):
TMax (h):
AUC (ng-hfmL):

Hepatic Clearance (L{h):

Input the collected and
calculated parameters

| Metoprolol IV infusion_1974

Metabolism/Transporter Scale Factors

Enzymes

Y¥max SF:
Km SF:

Gut Transporters

Influx ¥max SF:
Influx Km SF:
Efflux ¥max SF:
Efflux Km SF:

IV infusion study 1

in the software

4 6 8

Simulation Time (h)

Gut
Q —
— Total CL = CL;, + CL,
Apical Basolateral
,71 ,71 . . .
—  — Optimize t.he liver
] — +  Vmax scaling factor
1 7
IV infusion study 2
0.05
__0.045/
2 o00]
§ 0.04
gn.uas
g 0.03
"Eo.nzs
E 0.02
Q
£0.015 »
O 0o ©
g e 0.005/ )
10 12 . . . . .
0 2 4 6 8 10

Simulation Time (h)



Metoprolol Immediate Release (IR

Optimization of the gut enzyme Vmax SF and ASFs of the small intestinal
segments, using oral solution and IR tablet data.

Compartment Data

Transit | Yolume
Time {h) | {mL)

Compartment | Peff ASF pH

Stomach 0 0.0 1.30 025 4750
fDuodenum 1.34 -E.IZIIII 0.26  \43.01
Jejunum 1 1.34 8.000  [6.20 0.93 160.2 " . ”
Jejunum 2 1.34 5000  |6.40 0.74 ——) In t.he. Gut Physiology _ mod.ule,
lNeum 1 1.34 5000|660 05E 37 58 optimize ASFs of small intestinal segments
lleum 2 1.34 5000  |6.90 0.42 72 85
\leum 3 1.34 8.000  [7.40 023 J5163 )
Caecum 1.34 0022 |6.40 127 48.96 SF: Scaling factor
Asc Colon 1.34 0.049  |6.50 1252 51.50 ASF: Absorption scaling factor
Oral solution study Oral IR tablet study
-
0.0554 10
0.05/ "o
- : —
e |/
After 20 5 :
] ] ) :0.035- -E-
optimization = S 0.03; S 407
g 0.0251 g
S 0.02] S
Q [Z]
= 0.0151 =
Q Q
QO  0.014 Q
0.0054p
0-47 v . . . v u 10'3 . , , . . . . 18
0 5 10 15 20 25 30 0 2 4 6 8 10 12

Simulation Time (h) Simulation Time (h)



Metoprolol Extended Release (ER)

Compartment | Peff ASF pH 'I—'Ii_rrr?:?;lt]

Stomach [ 0.0 1.30 0.25

Duodenum 1.34 g.000 (.00 0.2k

Jejunum 1 1.34 8.000 [6.20 0.95

Jejunum 2 1.34 8.000 [6.40 0.76

lleum 1 1.34 5.000  [6.60 0.59

lleum 2 1.34 8.000 [6.40 0.43

lleum 3 1.34 8.000  [7.40 0.31

[TJﬂE':"m 134 |5000 |640  ]45.00 — Optimize ASFs and transit times of large

Asc Colon 1.34 £000  [6.80 45.00 intestinal segments

50 mg ER tablet RLD, fasting

Gamma scintigraphic image showing the Gl position of >!Cr labeled
metoprolol ER tablet pellets 28 hours after administration

0.016

Sandberg A et al. J Clin Pharmacol 1990; 30(2): S2-516. oo Simulated

goo Fa=97%

Mayo Clinic researchers found in 27 healthy people:

“The average transit time through just the large intestine (colon) was
40 hours.”
(http://www.mayoclinic.org/digestive-system/expert-answers/fag-
20058340) 0.002 §

Concentration (ug/mL)
(=] (=] (=] (=] (=]
5 & & © & o
o (=] o o =y =y
£ 2 ® 3 B &

0 5 10 15 20 25 30 35 40 45
Simulation Time (h)

19



FOA

Metoprolol ER Tablet

ER tablet (Test)_50 mg fasting ER tablet (Test) 50 mg fasting

(example from 1 ANDA) (example from another ANDA)
0.016 0.0141
0.0154 0.0134
: 3 001 2 oon
Simulated vs. observed £ yono) £ ont
= 0.011; = 0.009/
for ER tablets 50 mg < oo § oo
RLD and Test products, - B 0008 £ 000
. € 0.006] $ 0.005
fasting 2 ooos 8 oo
o 0-0044 & 0.003;
© gggg 0.002
0.001] 0.0014
it 10 20 30 40 : 0 20 30 40
Simulation Time (h) Simulation Time (h)
ER tablet (RLD)_200 mg fasting ER tablet (Test)_200 mg fasting
(mean from 3 ANDASs) (example from 1 ANDA)
0.07/ 5 0.061
0.0651 oo !
Verification of the EA g
0454 ~—
model using 200 mg - 5 004 8
fasting data -E 0.03{ | £0.025
$0.025; & 0.02;
2 0.024 o 50.015;
c30.015- o O .01
ono.g;. 0.0054
008 3 0 20

0 10 20 30 40 0 10 20 30 40
Simulation Time (h) Simulation Time (h)



Concentration (pg/mL)

Verification of the Model

Verification of the model using fed data, 50 mg and 200 mg

50 mg fed 200 mg fed

ER tablet (RLD)_(mean ER tablet (Test)_ (example  ER tablet (RLD)_ (mean from ER tablet (Test)_ (example
from 6 ANDASs) from 1 ANDA) 3 ANDAs) from 1 ANDA)
0.06
ggjl ; ouc;:: rDU 0.055
Sa g =5 0014 = 0.05 ~ 0.5
h® Mg E 0.013 Eo.oss
5 0.012 = D 0.04
= 0.011 2004 50 e
] nflcig; ghose S ;103
= 0.008 T 003 Eu c;zs
= g-gg; £0.025 -; ;'02
E 8 0.005 50”(:: §°"; ”
0.004 :
a, -'3 0.003 8 0.01 O 0.01
d g:ggf 0.005 o.ooz
u T T T T T ¥ v T T T
0 5 10 15 20 25 30 35 40 45 " 10 20 30 40 0 2 30 4 0 . 2 30 40
Simulation Time (h) Simulation Time (h) Simulation Time (h) Simulation Time (h)

A mechanistic PBPK absorption model has been successfully developed and verified.

21



Metoprolol Dissolution

Dissolution failure data, experimentally determined

Generic #1 (50 mg)

Generic #2 (50 mg)

120

Generic #1
50 mg dissolution

120

Generic #2,
50 mg dissolution

100 100
v / g
ﬁ 80 E 80
@ o
£ —RLD g
: Generic #1 original >
= 40 - : C 40
® —Generic #1 worst unit - RLD
—Generic #1, 12 units mean failing L2 ES Genric #1 original
20 & —Generic #1, 24 units mean failing L3 20 —Generic #2 worst unit 1
——Generic #2, 12 units mean failing L2
0 0
5 10 15 20 25 30 5 10 15 20 25
Generic #2 (100 mg) Generic #2 (200 mg)
100 120
Generic #2 Generic #2
%0 1100 mg dissolution o 200 mg dissolution
B0
] [
P @ 80
g w0 2
g 2
o so E 60
= =
> 40 > =
£ —RLD . £ ~__RLD
e 3 ——Generic #2 original < . o
—Generic #2 worst unit ——Generic #2 original
» —Generic #2, 12 units mean failing L2 20 —Generic #2 worst unit
10 ——Generic #2, 24 units mean failing L3 —Generic #2 12 units mean failing L2
0 0 ——Generic #2, 24 units mean failing L3

0 5 10 15 20 25

Time (hour)

5 10 15 20 25
Time (hour) 22



F2 Comparison of Dissolution Profile

F2 values for the failed dissolution curves

Normal Single unit out of stated
dissolution | range (Worst unit among
profile 24 tested units)

12 units mean 24 units mean failing

failing L2 (mean) L3 (mean)

Drug Strength

product (mg) Failed T

Failed T Failed T

O”glha_l T Failed Tvs. Failed T vs. VS. VS. Failed T vs. VS.
vs. Original - - .. .. .. ..
R Original T Original R Original  Original  Original T Original

T R R

Generic #1 50 80 43 45 54 57 56 61
L3 dissolution

50 70 57 56 85 69 experiments not

conducted for 50

100 75 54 52 58 56 60 57

200 60 48 49 54 57 55 55

23



Simulation of the PK Profiles from |24
Experimentally Determined Dissolution

0.025

oy oy e
o o =)
= =1 N
o wn =

Plasma concentration (pug/mL)
o

Generic #1
50 mg simulated PK

~—RLD

Generic #1 original
——Generic #1, worst unit

——Generic #1, 12 units mean failing L2

——Generic #1, 24 units mean failing L3

0.025
Generic #2
50 mg simulated PK
0.020
——RLD
-Generic #2 original
0.015

——Generic #2, worst unit
, —Generic #2, 12 units mean failing L2

0.010

Plasma concentration (ug/mL)
g
&

0.005

0.000

10

20

——Generic #2, 24 units mean failing L3

30
Time (hour)

40

50

60

0,000 0.000
10 20 30 40 50 60 0 10 20 30 40 50 (1]
Time (hour) Time (hour)
0.045 0.090
Generic #2 Generic #2
= 0040 100 mg simulated PK 0.080 200 mg simulated PK
é 0.035 —RLD 0.070 —RLD
Generic #2 original
_ 42 orivinal
0.030 ——Generic #2 worst unit 0.060 Gener!c 2 origina .
——Generic #2, 12 units mean failing L2 ——Generic #2 worst unit
0,025 0.050

——Generic #2, 12 units mean failing L2
——Generic #2, 24 units mean failing L3

=
£
5

Plasma concentration (pug/mL)
& 8
s 8

0.010

0.000
0 10 20 30 40 50 60

Time (hour) 24



Virtual Bioequivalence
Study Simulation

Original
dissolution

Worst unit among 12 units mean 24 units mean
24 tested units failing L2 failing L3

profile

Drug Strength Original T vs. Failed T vs. Original Failed T vs. Original Failed T vs.
produc metrics Original R R R Original R
Crnax 1.05 1.27 1.14 1.12
50 mg AUC ;¢ 1.00 1.00 1.00 1.00
AUC,, 0.99 1.00 1.00 1.00
Crrax 1.12 0.98 1.10 L3 dissolution
AUC, 1.00 1.00 1.01 experiments
50 mg
AUC, 1.00 1.00 1.01 not conducted
for 50 mg
Cinax 1.11 0.91 0.92 0.96
100 mg AUC, 1.00 1.00 0.99 0.99
AUC,, 1.00 1.00 0.99 0.99
Crnax 1.20 0.92 1.02 1.00
200 mg AUC, 1.20 0.99 0.99 0.99
AUC,, 1.20 0.99 0.99 0.99

T: test, R: RLD
Red highlighted numbers: 90% CI fall out of 80-125% BE range o5
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Development of an Innovative Chewing
Method With In Vivo Relevance for
Abuse Deterrent Opioid Products



Abuse Deterrent Opioid Product
HYSINGLA

 Abuse deterrent opioid product development is one
approach to fight the opioid epidemic

e HYSINGLA® (hydrocodone bitartrate ER tablet) was
recognized by FDA as having abuse-deterrent properties
that are expected to deter misuse and abuse via chewing in
addition to intranasal/intravenous claims.

e HYSINGLA® Propriety technology

- Combine increased tablet hardness with the formation
of a viscous gel layer through the excipient polyethylene
oxide, once the tablet comes into contact with water.

27



Dissolution Testing after
Simulated Chewing

Investigate the effect of chewing time and gap size on drug release during
simulated chewing experiments followed by dissolution testing

v
EaE |
Essasies |

FDA recommended
dissolution method

Chewing method

(Erweka DRT 3 chewing apparatus, Image courtesy of Erweka) Basket, 100 rpm, 900 mL Simulated
Gastric Fluid (SGF) pH 1.2

Externbrink A. et al. Development of in vitro chewing method for determining opioid availability following chewing of abuse-

deterrant hydrocodone bitartrate ER tablet. Poster presentation at AAPS Annual Meeting and Exposition 2017, San Diego, CA, US 28



Drug Release After Simulated Chewing

b)h=63mm c)h=53mm d)h=43mm e h=33mm

110

—— 4.3mm, 60min chewing

]
w
9
g 70 — & — 4 3mm, 20min chewing
£ 60 . .
‘© --=e--- 4,3mm, 10min chewing
o S0
T 40 —=— 5.3mm, 60min chewing
0
8 30 — = = 5.3mm, 20min chewing
X 20 - -==e--= 5.3mm, 10min chewing
10 —sa— Dissolution only
0 . T T T T T T T T T T T T 1

0 5 10 15 20 25
Time (hours) 29



Observed In Vitro and PBPK Model Deconvoluted In  LEXal
Vivo Dissolution Profile Comparison

Hy=ingla-Intact tablet-50mg-In Vitro Rel.
Hy=ingla-Chewed-50mg-gap4. 3mm-In Vitro Rel.
Hy=ingla-Crushed-50mg-In Vitro Rel.
Hysingla-Intact tablet-50mg-In Wivo Rel.
Hy=ingla-Chewed-50mg-gapd. 3mm-In Vivo Rel.

2 e

<l <l <] <] <] «

Hy=ingla-Crushed-50mg-In Vivo Rel.

Time, h

Sharan S. et al. Development of mechanistic in vitro in vivo correlation (IVIVC) of abuse-deterrent hydrocodone bitartrate ER
tablet. Poster presentation at AAPS Annual Meeting and Exposition 2017, San Diego, CA, US

30
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In Vitro In Vivo Correlation

M  x Hysnga-hiact tablet-50mg-h Vivo Rel
v Hysingla-Chewed-60mg-gap4. 3mm-n Vivo Rel
v Hysingla-Crushed-50mg-in Vivo Rel.

[V e VIVC F
I

y=-2.16E-4 + 0.469 * x +1.793 * x? +-1.359 * 3

Correlation Coefficient:
0.95

—
(="

Fraction
=
o

04/

02

0 02 04 06 08 | 12
Fraction In Viiro Release
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Observed and IVIVC Model Convoluted 2L
Plasma Drug Concentration Comparison

v v Hysingla-Intact tablet-60mg-PC Exp v Hysingla-Intact tablet-60mg-PC Conv
v ¥  Hysingla-Chewed-80mg-gap4.3mm-PC Exp [v Hysingla-Chewed-80mg-gap4.3mm-PC Conv
v v Hysingla-Crushed-60mg-PC Exp v Hysingla-Crushed-60mg-PC Conv

Plasma Concentration, ng/mL
) N W W o 'S o

-
wn

10 1

32



Prediction Error

Cmax (ng/mL) AUC (ng/mL*h)
Drug Record Obs. Pred. PFALCCHAC]d Obs. Pred. BZAAKCCRAC]
GWVSLTERGcaE I3 42.58 46.18 -8.44 854.90 779.90 8.78

Hysingla-Chewed 47.53 52.62 -10.72 895.80 815.30 8.99
Hysingla-Crushed 71.11 70.88 0.32 633.00 680.20 -7.46
Mean Prediction Error 6.48

The percentage prediction error (% PE) for Cmax and AUC for intact, chewed and
crushed forms of hydrocodone bitartrate ER tablet ranged between 0.3 to 10.7 %
and 7.5 to 9 % respectively.

Development of an IVIVC model for hydrocodone bitartrate ER tablet is feasible
The newly developed in vitro method of artificial chewing can be helpful in predicting

the in vivo behavior of hydrocodone bitartrate ER tablet after chewing followed by
oral ingestion .

w



Conclusions

e Dissolution testing is a useful surrogate for product
qguality and in vivo performance

 PBPK modeling can help quantify the in vivo risk of in
vitro dissolution failure and potentially guide targeted
surveillance activities

* An in vitro artificial chewing method was developed to
predict the in vivo behavior of hydrocodone bitartrate
ER tablet after chewing followed by oral ingestion

34
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