Topical management of
iInflammation & pain with
diclofenac
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Topical products - long history
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In The Canon of Medicine, Ibn Sina
(Avicenne, 980-1037AD), a Persian
physician:
0. COATEN— Exbesimenter in' Componnding « Topical drugs cross skin
(131201 A.D.)  Thom RA 1951 « Have two spirits or states - Soft
which penetrates skin and hard
part which does not!
He also suggested topical products could have
targeted delivery:
* act locally, immediately beneath the skin
including joints (regional effects) & in remote
areas (systemic effects).




Overview — as put to me by Mila

» Historical perspective on diclofenac
= Knowns/unknowns
= QOur work

> IVIVC: what can a chemist/formulator do
with Franz cell data

= Knowns/unknowns in IVIVC for diclofenac

= What else: potentially OFM?

= Formulating for efficient diclofenac delivery to muscle,
joint

» Our formulation work with FDA
= Does it work? under which conditions? informs on what?

» Our PBPK modelling work with FDA



Historical perspective on diclofenac

» Diclofenac 2-(2,6-dichloranilino) phenylacetic acid
= Most widely prescribed NSAID worldwide
= Synthesized by Alfred Sallmann and Rudolf Pfister
= Introduced as Voltaren by Ciba-Geigy (now Novartis) in 1973

» Topical diclofenac sodium preparations were developed with
the aim of treating local pain and inflammation while limiting
diclofenac systemic exposure and potentially minimizing the
risk of AEs associated with treatment with systemic NSAIDs.

» FDA approval of topicals

= Diclofenac sodium; SOLARAZE® topical gel 3 % on16 Oct 2000
E 15tmg diclofenac bid (0.5 g gel per 5 cm2 skin) for actinic
eratosis

= Diclofenac efolamine; FLECTOR® topical patch 1.3 % on 31
Jan 2007 = 1 patch (180 mg) bid for acute pain due to minor
strains, sprains, and contusions

= Diclofenac sodium; Voltaren® Topical gel 1 % on 17 Oct 2007 =
Ma}jx“nurg 32 g per day for OA pain of joints, such as the knees
and hands

» Diclofenac sodium is the only NSAID approved by the FDA
for topical use in the treatment of pain associated with
osteoarthritis

= Diclofenac sodium topical gel 1 % (Voltaren Gel, Novartis
Consumer Health, Inc

= Diclofenac sodium topical solution 1.5 and 2 % (PENNSAID
Mallinckrodt Brand

Cl
NH
Cl OH
O
Voltaren @i
PENNSATD:

(diclofenac sodium topical solution) 2% W

FOR EXTERNAL USE ONLY

Usual dosage:
Apply two pump activations to af
knee(s) two times a day.

WARNING: If persistent skin irrtation develops, discontinue
use of product and consult your physician.

ffected

Dispense Enclosed Medication Guide
to Each Patient



https://en.wikipedia.org/wiki/Novartis

Die perkutane Resorption von Diclofenac”
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. 6: Mittlere Konzentrationen von Diclofenac-Na im _Flasma bei
#xuchsmrmnen nach lokaler Applikation (@———=@®) von T,E 1g_n_:tm:r Cre-
mezubereitung (entsprechend 75 mg Diclofenac-MNa qul‘TS_ﬂ cm? Riickenhaut
ohne Okklusionsverband (n = 5) und nach gmmahgqr oraler Gabe
(B——®) von magensaflresistenten Diragees in ciner Dosis von 1 = 30 mg

(n = 100,

Res. 36 (113, Ber. T {1984)
Riess el al. = Dhclofena

Tab. 1: Konzentrationen von Diclofenac in Plasma. Synovialflissigkeit und
Synovialgewebe von 8 Pauenten. bei denen Operationen an den Hinden
durchgefihn wurden. Den Operationen war eine lokale 3tigige Behandlung
mit 1.5 g Emulgelzubereitung 4mal tdglich sowie eine lokale Applikation von
2.5 g am Tag der Operation vorausgegangen. Duerch Reiben der Hinde wurde
das Emulgel jeweils in beide Hinde einmassiert.

Feitpunkt der Diclofenac-Konzentration (pmol/l oder gmol/kg)
Dperauon — -

ih nach letzter . Synovial- Synovial-

Applikation) Plasma fissigkeit gewehe
217 0,16 = 0.7 5.50
1.17 - = 2 1.01
3.17 0.07 w2 264
225 012 = 1 .62
.25 220 0.4 515
207 0,02 0.37 0,41
3.0HD 013 [.18 2.34
3.34 (.06 4.21 .03
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Skin Permeability and Local Tissue Concentrations of
Nonsteroidal Anti-inflammatory Drugs after Topical Application’

P. SINGH® and M. 5. ROBERTS
Dapariments of Pharmacy (P.5.) and Medicine (M.5.R.), The Univevsily of Oueansiand, Queensiand, Ausiralla

Accepied for publcation August 23, 1983 Clarance of NSAIDs applied to exposed rat dermis /in vivo
Dermal Clearance
> Two key models: .
i ic ac . .08 ) 0.02 0.48
O D.ead.versus alive rat for %mﬁdsalw g.gi 3.11 g.lg i 0.04 0.37
lat

diffusion and blood :{.“""?’:“’“‘“"‘ 022008 0132002 019

apro; . + 0. . + 0. R
clearance Piroxi;::l 0.48 + 0.07 0.26 + 0.04 0.22
066 +0.10 0.30 + 0.04 0.36

o Treated for contralateral [_Diciofenac sodum _0

tissue for direct penetration

We suggested that
Diclotenac » Direct penetration of

o - | - NSAIDs is evident to a
Underlying tissue after applied to dead dermis

s ed _ depth of 3 to 4 mm,

: Wl Unde”y'nr?;;rsnsgledi?rizsapp“ed % With the systemic blood
b supply being the main
8 i means for compounds

Contralateral reachlng deeper

T tissue after underlying tissues.
ooy b——t—— — )
0 2 4 . s 10 1z— appliedto

normal dermis
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Skin Permeability and Local Tissue Concentrations of » Two key models:
] - " . * 1 .
Nonsteroidal Anti-inflammatory Drugs after Topical Application o Dead versus alive rat for

diffusion and blood

P. SINGH® and M. 5. ROBERTS

Dapanments of Pharmacy (P.5.) and Medicine (M.5.A.). The Universily of Ouesnsiand, Ouesnsiand, Ausirala Clearance
Agcapted for publcation August 23, 1983
Pharmacokinetic modelling o Treated for contralateral
Solute in S _ tissue for direct penetration
solutionlpat& on\?;::elinv; ) 8
_I'W S= Mar DICLOFENAC
Dermis
Dermis B — svetem c_E g Mo: ?
Blood Flow, Qd stemic <+
e ve | — | ;Iood c g 0.08 - /
Subcutaneous Cbh, Vb - 8 /
Subcutaneous [ — 8 8 0.04 - /
Csc, Vsc Blood Flow, Qsc | % o2 b
? ” LT u-m x é m m_
DERMIS BCUT FASCIA
Elimination Tissue
Muscle etc
For the underlying (ith) tissue: )
dc dc Change in tissue concentration Observed and Predicted
Vup; == = Voo™ f _ . from PBPK model
= CLrit1eei(foris1Criss = furiCri) InpUt rom tissue above _ _ _
+ @ (C, RMy; — furiCr) Removal by blood to systemic circulation

+ CLrivia (furia Crien = furiCri) Clearance to tissue below



Fraction Initial Concentration

Vasoconstriction and recirculation also can affect dermal
and deeper tissue levels

Salicylic acid 2 hr after dermal application Salicylic acid at various times

—®— \Without phenylephrine after dermal application

—e&—  With phenylephrine (1 in 5000
—&— Sacrificed Animal 08 r

recirculation

Dermis

.01 T

/ Subcutaneous

Fractional concentrations

.001 A
0.2 7 ~—~— \ /
Depth (mm) N / Muscle :
.0001 T T T T T T 1 \ \
0 2 4 6 8 10 12 14 E 2 re—— =N —L ‘;‘\5 - -
: — - : I 0.0 ‘a4 ! L .
Dermis SC Muscle  Fat Pad Deep 0 5 10 15

Muscl
Heee Time (hrs)

Tissue Layers
Singh et al, 1998



Synovial fluid kinetics - role of
albumin efflux on kinetics
- studies In osteoarthritic effusions

SYNOVIAL FLUID SYNOVIUM BODY

1
Subject 2
DIFH
DRUG _
+ 1251 albumin
ALBUMIN<"""_{ )
Fraction
ALBUMIN-DRUG-../......... ‘% LYMPH Remaining Salicylate
LYMRHATIC AF .
ciliiea VESSEL. ; 65% bound Diclofenac 99.5%
| bound

| Paracetamol
| 15% bound

. 01 M 1 M 1 M 1 M M
0 5 10 15 20 25
TIME (hr)

Brit J Clin Pharmacol 38: 349 (1994)



Synovial fluid kinetics -role of
albumin efflux on kinetics

Diclofenac

PS (L/hr)

Salicylate, Paracetamol

00 " " " 1 " "
0.003 0.004 0.005 0.006 0.007 0.008
CL albumin (L/hr)

» Conclude albumin efflux involved in drug clearance
from synovial joint
* 50% of diclofenac (99.5% bound),
* 10% of salicylate (65% bound) and

» 1% of paracetamol (15% bound)
Brit J Clin Pharmacol 38: 349 (1994)



Diclofenac kinetics after dermal application
In a single pass perfused limb
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Pharm Res 16: 1394 (1999)



Effect of Flow and Protein Binding on Topical
Diclofenac Tissue Concentrations

Hindlimb Perfusion - Tissue Diclofenac Content

% Applied Amount

(normalised to g/tissue)

140 r

120 |

100

80

60

40 1

20 1

0

—®—— BSA 4ml/min
—&—— BSA 8ml/min
——m——  Dextran 4ml/min

Low Binding, Low Elimination in Perfusate
Highest Tissue Accumulation

Flow effect small due to high binding
in perfusate + tissue and
ong elimination half life

& —a— Tissue
Dermis SC Muscle 1 Muscle 3 Dermis Muscle 1

Muscle2 Contralateral




Validation of factors determining penetration
of drugs from viable skin to muscle

Applied site
Donor cell (A) Diclofenac
Cs Vy =6
©
£
Cly.s Contralateral site £
oL Ve c 4l
Viable skinj—v= — Ve | skin =
iable skint~ J ooy 2 Total
vs Vs | V., = cs cs = . :
- CL,., Plasma Cloiy™ ¥ § ) Direct penetratlon
vs \Y} \ s
CL CL L —= cL__—o" 0
vsS-m 1 m-=vs cp Vc Vc Us-mvvs I'I'I-HSVITI : 79 /0
CcL CLm-pﬁ" 4 E
Muscle S— —n Muscle 20
C, V., <CL— ™M Cem Vem 0 2 4 6 8 10

p-m cL_—=" .
. | ) e A P Time ()  Systemic blood
21%



Introduction to human
microdialysis

Chris Anderson,
Linkoping, Sweden
- An expat Microdialysis probes in skin
Australian




Cutaneous Microdialysis

o Stratum corneum

Epidermis

4 —Stratum lucidum

o Stratum
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Proving tissue penetration after topical application of
Dencorub ?

Methylsalicylate (20%)
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How effective is the non-irritating product?

g Triethanolamine salicylate (10%)
FS)
=
@ 6
<
S 5
©
n
y— 4
o
c
.g 3
© .
E 24hr Pre-dosing
[} 2
(@]
C
S
- 1 Dermal
o Subcutaneous
© M
E 0 0 60 120 180 240 300 360
7 A 0 A Time (min)
W Probe  cream Cream
Insertion

Applied Applied

Cross et al, Lancet 1997



Concentrations in defined human
tissue layers after topical
administration with microdialysis

1007 Diclofenac

o
3/

=
-

Conax (O mi 1)
% |

/

0,0

superficial
layers

® 4.0 +0.5 mm: 8.7 + 0.6 mm

deep
layers

diddofenac concentration [pgfmi)

=] - (L] Lk Y 4 (] Ly
i i i i [ E 1 §

Diclofenac —a— superficial layer (n=T)

- dgep layer (n=T)

nicotine (ug ml™)

- -
X U
aiasal R P )

30 B0 80 130 150 180 210 240
tirrie (i)
Nicotine

X;=2.0mm

% 3 K X,=4.2mm
Ry’ R 1B S Vi G

Muller et al., ) Control Rel, 37(1-2) 1995



Diclofenac and nicotine In vitro
human epidermal skin penetration
(IVPT) experiments

160 1400 - ]
Z 10 Diclofenac % 1o Nicotine
g 120 4 é
“““““““““““
[h] Time [h]
fUge tiag [N] D [cm?/s]
Diclofenac 0.01 4.20 5.9-107
Nicotine 0.95 0.06 3.2:106

Note with dermis, may have longer lag time!



How do we explain different deep tissue lag times
for in vitro and In vivo?

In vitro In vivo
Chemical fugsa tiag [MIN] tiag [MIN]

Dermis Microdialysis
Diclofenac 0.05 537 <30; <60

41 (subcutis)

Ibuprofen 0.11 216 104 (muscle)
Propranolol 0.57 56 9.6-10.5
Fluconazole 0.85 26 30

Lidocaine 0.90 44 110

Nicotine 0.91 44 35: 180




Another consideration — deep location. How do
we get there and do show we have?




Papillary
dermis

Reticular
dermis

Subcutaneous
tissue

Physiological pharmacokinetic model of drug
transport in deep skin tissue

Yuri Dancik, Yuri G. Anissimov, Owen G. Jepps, Michael S. Roberts
Therapeutics Research Centre, University of Queensland School of Medicine
Brisbane, Australia

Topical drug

(1) Diffusion in tissue

(2) Binding to collagen and
tissue proteins
(3) High capillary permeability

(4) Binding to blood proteins
and axial convection via
blood vessels

(5) Radial clearance via
vasculature

Depending on the topical
drug'’s protein binding
affinity and lipophilicity,
case in Fig. 3a or 3b
applies.

BJCP 2012



Extra-vascular
Blood space

vessel

SC

PBPK model

Topical 1
product 7
Viable epidermis *

¢ DN

Input boundary condition ¢ (z,,t)
’ .

DIFFUSIONQ';/

Daitr \‘99 f, -3 -
) \\\\ 9

Microdialysis
probe depth z,;

e
' ELIMINATION

ION NW} Systemic

. =—<Z Re 7 circulation

Depth z in to the skin

: . '
5 fubcutaneou « o l: A Interstitial
tissue \ XT%, convection
\>, \
|
o<’ Lymphatics | @<
|

Microdialysis

Output concentration ¢ probe depth z,

@ R

Blood
vessels

Dancik et al, Brit J Clin Pharm 2011



Mechanism of dermal transport in man in vivo

‘ Topical product . ‘
Found mUCh Viable epidermis *
i TAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAN
shorter lag times & ,
i Derms LN AN -
hlgher dermal |eve|S Input boundary conditi-mnc(z“t) _ / / ‘,' ;i / / I;IrlglzoedtljaelE:;;sz1
than predicted
) . » ¥ Previous work assumed 1
—_— eSpeCIa”y if 3 dermal diffusion alone
drug highly |
plasma prOtEI n ‘/ Qutput concentration ¢ (2;,t) i\ i\\l\t 1‘ i l\\ Erit:t:id&e:;;iwszz
b O U n d Boundary condition 'B}a\‘d \}essg

C(z—=t)=0
Apply convection — dispersion — elimination model (as described earlier for liver)
de(z,t) /ot = (Ddigp + fuﬂdiﬁ){ﬂzf:[z, t)/8z%) — k c(z,t)
With input function  ¢(zy,t) = ¢; = A(e™2:F — g7 Pat)
And numerical inversion and regression in the Laplace domain

62(s) = [4/(s + b)(s +b,)] exp [(—J(s +)/ (Do, +fundiﬁ)) - —zl}] Sancik BICP 2011




Diclofenac concentration [ug/mL]

Contrasting penetration mechanisms

o Diclofenac data at depth x1 = 3.2 mm
e Diclofenac data at depth xo =9.1 mm

X1 data fit
Xo data fit
— — Diffusion simulation at depth x2 =9.1 mm

Diclofenac
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Time [min]
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. » i
C Protein- |
" 4% bound | |
dru [
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bound b

J ) ’terstitial
‘ ‘ m flovy -

Ryt o N

"~ Convection of
protein-bound drug

molecules

Nicotine concentration [ug/mL]

140 - ) Nicotine data at depth x1 = 2.0 mm

x1 data fit
) Nicotine data at depth x = 4.5 mm
X data fit
120 1 _ _  Diffusion simulation at depth xp
1 Nicotine
80 - I
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N I
o o S
L L
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ioWoumi & * ° =1 =N
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Importance of blood vessel availability below site of topical application for
diclofenac-like drugs

2 Sampling site |
1.8 - Sampling e
16 - site |
1.4 -
1.2
1 .
0.8 -
0.6
0.4
0.2
0

Sampling site 1l

0.8 - A

0.6 - Sampling site I

Sampling
site Il

Sampling
site Il

Nicotine

0 : T T T T

0 005 01 015 02 0.2

Increasing distance of sampling site Distance from blood vessel [cm] at a depth
away from blood vessel of 8.7 mm below the application site

concentration at 4.0 mm (superficial)

Ratio of maximum concentration at
depth of 8.7 mm (deep) to maximum
ug/cm3 near the blood vessel

o
B

blood vessel to concentration of 17

>~

Ratio of concentration away from the

Max. diclofenac concentration from Miiller et al., Clin Pharmacol Ther, 1997



A new topical formulation enhances relative
diclofenac bioavailability in healthy male subjects

» Single-centre, open-label, three-period, crossover
clinical trial of five discrete diclofenac formulations.

= Two
concentrations ~ Ratio of microdialysis
(1.0% and 2.5%) £ "% DCF100C2 25%) . (“free”) tissue to “total”
of DCF100C, 2 DCF100CT (1%) .« | plasmaAUC 0-10 h
with art]ncll Wl'([jhout 3 | k- 0ss | (pg/mL.h)
menthol an O ‘ R L] |M
Y— r ~$ 03
eucalyptus oll - : ' e |
(total daily doses © 1000} 8- Voltaren® Emulgel® (1.16%) N
of5Bmgand 125 £ | - M SC
% 0.15
mg). L A BRI B R S y
I-EVoIItartI'—)@r)l® | Time (h) - I II
mulgel® ge '
(1.0%) as 0 ! N -
reference (total R ’°\° \é@
daily dose of 40 QO'\ QO(L o'\@ cSVQ <<,<<‘°
O NS S Q @
mg). o) SRS N
Brunner et al Br J Clin Pharmacol / 71:6 / 852-859, 2011 N O F o



Diclofenac in soft tissues, plasma & synovium
after topical and oral applications

Patient Muscle Synovial membrane Plasma Synovial fluid

» Diclofenac sodium applied to 14

subjects (four male and 10 female 1 4757 <l0Q 3.15 6.209 2.994
prior to knee arthroplasty for 2 2.45 10.776 6.626 3.566 1718
osteoarthritis: 3 20.47 <L0Q <L0Q 3.364 1.8
v Oral capsule of 37.5 mg diclofenac 4 £.03 8.911 £.844 5.133 2.851
. flf’d'“_m(lc’“‘:“e” S;)O 2 Vot 5 6.953 6.632 2,886 1.783 1.325
opical - two 70-cm?2 Voltaren

Tape<® (total 30 mg diclofonac 6 325655 23.359 11.899 7.608 1.524
sodium dissolved in 3 g of adhesive / 20.854 15.381 3.535 2252 1.504

for 2) Mean_l_ . 13.§6 | 9.%_ 4.99 470 1.96

. L. SD oplicaka icasion 3.84 1.95 0.68

» At 12 h diclofenac concentration in e P PEE PP 1 54 1 cc 5 06 13
E)helj%tmrgusc'e and synovial tissues gy 1681 11.14 6.55 7.66 3.31
y : 8 4236 <L0Q 6.695 4.242 8.301
Found diclofenac concentrations for ’ 2946 <HeQ H.242 >89 1o.747
topical versus oral 10 6.494 3.167 16.166 5.255 7.858
_ 11 1.857 <l0Q 12.413 2.415 17.233
» Muscle - Hl%her 9.29ng/ mLvs 0.66 12 <l0Q <loQ 4.787 237 2655
ng/mL (p=0.02) 13 5.907 <L0Q 24.232 11,728 32.485
I . 14 5.276 Lo 29.965 14.335 33.064

» Plasma - No significant difference Vean s <O 6% 507 cea J.

4.70 vs 6.63 ng/ mL ' . ' ' ' '
SD Oral 2éposmg 111 9.17 4.54 12
> Synovial - Lower 4.99 vs 15.07 5% Cl .72 —0.62 6.87 2.57 6.04
ng/mL (p=0.02) 95% Cl 5.54 —0.17 21.95 5.20 22.80
_ Pvalue 0.0476 0.0196 0.0181 0.6547 0.004
S.Miyatake et al. BJCP 2008




Ratio of tissue to plasma diclofenac

concentrations
After topical =Fat
application "Fat After oral dosing
7 = Muscle
| ) iyer;g\b”gne . mSynovial
° membrane

>

w

N

LHIm

Note Ratios: Fat & Muscle ratio <1 for all;
Synovial membrane & fluid >1 for all.

0|II|I I | |
1 2 3 4 5

Note Ratios: Fat & Muscle ratio >1 for 5 subjects
Synovial membrane >1 for 4; Synovial fluid <1 for all
Adapted from

S.Miyatake et
al. BJCP 2008



Topical diclofenac — general
principles

*»Systemic exposure to diclofenac is limited after topical
application.

**Diclofenac plasma concentrations were low or diclofenac
was not detected irrespective the site of application of
Emulgel on the body:

= Back or forearm in healthy volunteers
= Hand or kneel in patients

“*Diclofenac has much higher concentrations in dermis and
muscle than in plasma.

“*Equivocal results for synovial fluid and tissue versus plasma

SIOUFI et al. Percutaneous absorption of diclofenac in healthy volunteers after single and repeated topical
application of diclofenac emulgel. Biopharmaceutics & Drug Disposition, Vol. 15, 441-449 (1994)



Topical NSAIDs for chronic
musculoskeletal pain: systematic
review and meta-analysis

* Topical NSAIDs in chronic
musculoskeletal pain
Randomised double-blind
studies of topical NSAID
compared to topical
placebo for two-week
outcome of successful
treatment. Inset scale
shows size of individual
trials.

Mason et al BMC Musculoskeletal Disorders 2004, 5:28

100 —

80

60

40 -

0

00O

T | T T 1
0 20 40 60 80 100

Successful outcome (%) with topical NSAID

Successful outcome (%) with topical placebo



Topical NSAIDs versus placebo for
chronic pain

Study NSAID Placebo RR (fixed) Weight RR (fixed)

diclofenac hydroxyl- Cr s closon i i 95% CI % 95% Cl

ethylpyrrolidine plasters

29% diclofenac iN 01 Osteoarthtitis of the knee
lecithin organogeN '
race T . a 5 3 PR R
Piroxicam-gel 99% plasma bound Rose 8/15 5/158 —+— 2.59 1.60 [0.68, 3.77]
Ibuprofen 5% cream 99% bound. Rovensky 30/50 14/50 —-— 7.26 2.14 [1.30, 3.53)
% pl bound Sandelin 22/126 9/82 e 5.65 1.59 [0.77, 3.28])
Eltenac gel 97% plasma bound g 4yt (a5 iy 307 260 'S 31.24 2.02 [1.57, 2.60]
Total everts: 127 (NSAID), 58 (Placebo)
Test for heterogenetty: Chi* = 385 df =4 (P=043),PF=0%
Test for overall effect: Z =5 44 (P < 0.00001)
. 02 Other musculoskeletal disorders
Felbinac-Gel 95% plasma bound  gyer, 347142 15/139 —.— 7.86 2.22 (1.27, 3.89]
Ffufenamic acid ointment 99% b fotiades 43/48 26/52 ‘!‘ 12.94 1.79 [1.34, 2.39])
diclofenac DHEP p|asters Galeazzi 21/30 2/30 el r— 1.04 10.50 [2.70, 40.38]'
Indomethacin spray I_Merg 26730 18/ 30 - 5. 33 T.44 11.04, 2.00]
Ibuprofen 5gel 99% bound. Gui 14/19 7/20 el 3.83 2.11 [1.09, 4.05)
Ffufenamic acid gel 99% Hohmeister 44/49 4/51 —— 2.03 11.45 [4.45, 29.47)
Kewmofen ge| 99% bound Link 1 47/56 46/59 - 23.22 1.08 (0.90, 1.29])
Flurbipofen 99% bound Mattara 14/40 13/40 —— 6.74 1.08 [0.58, 1.99]
Flurbipofen 99% bound McCleane 1/50 4/50 - 2.07 0.25 [0.03, 2.16]
Subtotal (95% CI) 464 471 ’ 68.76 1.87 11.61, 2.17)
Total everts: 244 (NSAID), 135 (Placebo)
Test for heterogeneity: Chi* = 66.75, df = 8 (P < 0.00001), P = 88.0%
Test for overall effect: Z =819 (P < 0.00001)
Total (95% CI) 771 731 ¢ 100.00 1.92 §1.68; 2.18]
Total events: 371 (NSAID), 193 (Placebo)
Test for heterogenety: Chi? = 74 .53, df =13 (P < 0.00001), ? = 82.6%
Test for overall etfect: £ = 8.80 (P < 0.00001)
0.01 01 1 10 100

Favours placebo  Favours NSAID

Mason et al BMC Musculoskeletal Disorders 2004, 5:28



Forest plot: diclofenac vs carrier for chronic
musculoskeletal pain

» Six studies (four publications; 2343
participants) of 6 to 12 weeks’
duration

= 4 gel formulation

= 2 solutions

= knee arthritis in 5, hand arthritis in 1
» Risk ratio (RR) of treatment
compared with carrier was 1.2 (95%
confidence interval (Cl) 1.1 to 1.3), and
the NNT was 9.8 (7.1 to 16).

» Five studies (732 participants) of 2to < 6
weeks’ duration in knee arthritis

= 2 plaster formulation
= 2gels
= 1 solution

» The RR of treatment compared with carrier
was 1.9 (1.5 to 2.3), and the NNT was 5.0
(3.7t0 7.4)

= Plaster alone (258 participants) the RR
was 2.7 (1.8 to 3.9) and the NNT was 3.1
(2.310 4.6).

=  Gel and solution (474 participants), the
RR was 1.5 (1.2 to 2.0) and the NNT was
7.5 (4.6 to 20).

Clinical success’ is either: A. >50% reduction in pain intensity or
B. Osteoarthritis Research Society International Index (OARSI) response that
includes response to pain, pain, function, and patient’s global assessment

Risk Ratio
M=H, Fixed, 95% CI

Diclofanac Carrier

Study or Subgroup

Risk Ratie

Events Total Events Total Weight M-H, Fixed, 95% CI

1.1.1 Duration 6 to 12 weeks

Altman 2009 130 198 106 1B¥ 1B.5%
Baer 2005 46 105 27 107 4. 5%
Baraf 2011 461 719 394 705 &7.5%
Roth 2004 79 163 55 159 9.4%
Subtotal (95% CI) 1185 1158 100.0%
Total events 716 582

Heterogeneity: Chi* = 5.97, df = 3 (P = 0.11); P = 50%
Test for overall effect: Z = 4.94 (P < 0.00001)

1.1.2 2 to = 6 weeks

Bookman 2004 44 84 20 79 31.6%
Bruhlmann 2003 12 51 4 52 4.7
Dreiser 1993 55 78 21 77 24.9%
Crace 1999 12 38 9 36 10.9%
Miethard 2005 6 117 24 120 27.9%
Subtotal (95% CI) 368 364 100.0%

Total events 159 84
Heterogeneity: Chi” = 5.97,df = 4 (P = 0.200; I’ = 33%
Test for overall effect: Z = 5.61 (P < 0.00001)

1.16 [0.99, 1.36)
1.74 [1.17,2.57]
1.15 [1.05, 1.25]

1.40 [1.07, 1.83]
1.20 [1.12, 1.29]

1.59 [L.09, 2.32]
3.06 [1.06, 8.86]
2.59 [L.75, 3.83]
1.26 [0.61, 2.63]

1.54 [0.98, 2.41]
1.86 [1.50, 2.31]

Test for subaroup differences: Chi* = 14,09, df = 1 (P = 000021, I = 92.9%

——

L]

——

&

1 1
05 0.7

15 2

Favours carrier Favours diclofenac



Topical placebo response can be quite
profound

Flgure 6. Placebo responses In toplcal NSAID studles for at least 50% paln Intensity reduction after 12
weeks, compared wlth oral placebo from a pooled analysls and a single study with direct comparison with
toplecal placebo.

Topical placebo (ketoprofen)
Topical placebo (diclofenac)
Oral placebo (pooled)

Oral placebo (Conaghan 2013)

1
0 10 20 30 40 50 60
Percent with at least 50%: pain intensity reduction at 12 weeks

Implications for practice for people with chronic musculoskeletal pain
Topical diclofenac and topical ketoprofen can provide good levels of pain relief in knee osteoarthritis in people
aged over 40 years, but only in about 10% more people than with carrier. Adverse events are minimal with
topical nonsteroidal anti-inflammatory drugs (NSAIDs).



Topical analgesics for acute and chronic pain in
adults — an overview of Cochrane Reviews (Review)

» The major implication for clinicians is the knowledge that
there is a boay of reliable evidence about a number of
topical analgesics in acute and chronic pain. Drug and
formulation matter, so choice of therapy should usually be
driven by the evidence:

» Topical diclofenac and ketoprofen gel for strains and
sprains, and to an extent in knee and hand osteoarthritis.

» Topical capsaicin high-concentration may be of limited use
In some people with postherpetic neuralgia.

» Topical salicylate, low-concentration capsaicin, clonidine,
and lidocaine are not well supported by evidence, or much
evidence of effect.

» The issue is not which topical analgesic product works best,
but achieving success for individual people with pain.



Product Efficacy — Topical NSAIDs

20- A. Skin penetration 204  B.Anti-inflammatory
£ f < P potency (oral drug
@ Ketoprofen
§ 15 " S 157 dose, receptor dose)
ES) @ Ketorolac g’_
S - @ Piroxicam
S 10- & 10-
] =
< &
2 2
§ 5 S 5
5 Tenoxicam Diclofenac 3 Ketoprofen
L 03 ° Pircl)xicam : : Indometha::ir‘ e | 0- Ketorolacg g Inpdomethacig. ¢ Diclofenac
0 1 2 3 4 5 0 1 2 3 4 5
log P log P
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§ 150- @ Diclofenac

5 @ Ketorolac

5 100

8 @ Ketoprofen
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FDA Bioeguivalence
evaluation

A Modular Framework for In Vitro BE Evaluation Q1/Q2
sameness of inactive ingredient components and
guantitative composition

* Q3 (Physical & Structural Characterization) as relevant
to the nature of the product

* IVRT (In Vitro Release Test) for moderately complex
products

* IVPT (In Vitro Permeation Test) or another bio-relevant
assay for more complex drug products

* A Scalable Framework for BE Evaluation In Vivo
systemic PK studies may be appropriate

* In Silico computational modeling may be useful

From Sam Raney AAPS 2017



FDA continued

* Q1/Q2 Sameness

(components and
composition of excipients)

- Mitigates the risk of known
fallure modes related to:
* [rritation and sensitization

 Formulation interaction with
diseased skin

- Stability, solubllity, etc. of the
drug

* VVehicle contribution to
efficacy

Percent Dosefhr

| = “m

IVIVR

'Y o Benzic acidin Petrolatum
~y ® [n\ifroHate of Absomtion
m  /nViw Rate of Excretion

Source: Bronau ghand Franz [1986]
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From Sam Raney AAPS 2017



Frank Sinner’s OFM work

Open Flow Microperfusion
an introduction

v OFM samples represent diluted but unfiltered interstitial fluid

Topical Product

300 pm

1 0.5mm CE-certified for clinical use

Variations may result from differences in

Trauma formation

Application site

Dosage application

Probe depth

Flow rate

Local blood flow

Lateral diffusion and cross-talk
Systemic absorption and cross-talk

dOFM acyclovir concentrations as a function of time

Aean +/- SE (across all limbs)

201
£ 151
& ]
g 1.0': paed . 4
o ] B e - r—+
JR
S 057 S Y

001

T T T T T T
2 2 [ 10 14 18 22 26 30 34 38
Sampling Time { Hours )

Condition Central reference condition Test condition

From Frank Sinner AAPS 2017



FDA - Let us look at formulation testing in terms of the
skin morphology & sites of action

Sampling - stratum corneum stripping is potential

method to assess skin permeation Stratum corneum —

main barrier — also
potential target site

Various regions in
viable epidermis &
upper dermis = key

/target site

Dermal sampling site
for microdialysis and
Rl s gy dermal microperfusion
(in vivo) & in vitro
dermatomed skin

Epidermal
membrane
sampling site



One focus is In Vitro Permeation Test (IVPT)
Sandwich stratum corneum, epidermis, dermatomed skin & full
thickness skin in a static or flow through Franz diffusion cell

* Long history Fomuiation oo _

« Robust =, Here, epidermal

. Simple membranes us_ed

« Precise v . for 2 acyclovir
. y Sampling arm

* Reproducible T products

_ Cumulative Amount Flux Profile

" 207 _ 0.87 .

o 181 —#- Zovirax US —® Zovirax US

g 167 = Aciclovir 1A = o4 ™ Aciclovir1a

S 12- N‘\E

g 10 - i 0.4 1

s g 2

§ o 0.0-
Time (h) Time (h)

Data shown as mean * 95% Confidence Interval (ClI)
Each point is the mean of 9* (3 donors & 3 replicates per skin)



In Vitro Permeation Test (IVPT) Studies

We found similar permeation profiles for 2 acyclovir products
using human epidermal membranes & dermatomed skin;
dermal membranes are very permeable!

Cumulative amount (ug/cmz)

=@ Zov US Epidermis
8007 =& Zovirax US Dermatomed Skin

600 == Zovirax US Dermis w/o SC
r T T 33

400 1 T 1
200

T 3T
I I

o N M O

I T T T T T T T T T T 1
0 4 8 12 16 20 24 28 32 36 40 44 438
Time (h)

Cumulative amount (ug/cmz)

800 A
600
4009
200

=
o
1

o
6]

o
o

-©- Aciclostad Epidermis
A~ Aciclostad Dermatomed skin
-0~ Aciclostad Dermis w/o SC

L L] T T L L L L] 1
0 4 8 12 16 20 24 28 32 36 40 44 48
Time (h)

Data shown as mean * 95% Confidence Interval (Cl)
Each point is the mean of 9* (3 donors & 3 replicates per skin)

Supports SC being main underlying barrier

Suggests that either epidermal membranes or dermatomed skin could be

used in acyclovir IVPT studies

Skin barrier integrity is an important control component to get right.



In vitro testing for product quality by an articulated battery of
physicochemical tests - potential critical quality attributes, i.e. Q3

0il Globule
Size

..............................................

Critical Quality

Attributes (CQAs)
g
o \
8 \
§ ’ Activeand |
8 Inactives .j

Assay

Rate of \
Evaporation of |
Water ‘




EXxcipients interact directly with the stratum

corneum (SC) can impact on IVPT

Propylene glycol (PG) and
water, known penetration
enhancers, are two
excipients present in all
products

Our work has also shown
that PG and water can carry
solutes into the SC &
promote their permeation

Both are likely to promote
direct acyclovir uptake into
the stratum corneum

Potentially, product
microstructure (Q3) can
impact on acyclovir &
enhancer bioavailability to
the stratum corneum

O ACV in Water
O ACVinPG

Formulation (150 pm)
S. corneum (13 pm)I

S. granulosum ( 8|Jm)I

S. spinosum (22 pm)]

Dermis (800 um)

Water evaporation from product

44




Q1, Q2 is important. What about Q37
Need to consider specific case when Q1 and Q2 are the same

* The Q1 and Q2 of acyclovir packaged in a tube and a pump
dispenser are the same;

« But their IVPT profiles differ — Why?

=
N
]

—— Zovirax UK Tube

[EEY
o
]

—— Zovirax UK Pump

oo
1

Cumulative amount (ug/cmz)

O 4 8 12 16 20 24 28 32 36 40 44 48
Time (h)



Using confocal Raman & rheology to assess impact of
dispensing on Q3 metamorphosis & IVPT

« Confocal Raman suggests that pumping affects the crystal habit for acyclovir and
leads to the formation of dimethicone globules

* Rheology suggests that the packaged tube and pump have a similar yield stress but
that the product after pumping is higher — due to dimethicone agglomerdtfH5ress

Zovirax UK Tube

VA
4 ga%

Zovirax UK Pump
v_;
v\\

Zovirax UK Pump
(container opened)

3
©
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2
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Globules (dimethicone)
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T
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T
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from strain
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Does how a product is applied to the skin also change the
product microstructure (Q3) and resulting IVPT?
* In use (rubbing onto the skin for 30sec) led to a reduction in acyclovir
particle size and redistribution of acyclovir in the various phases

Zovirax US AClclqstad

TR L
% F O\ .
Y\

~

Static

The IVPT for both Zovirax and Aciclostad suggests thaf hr'ubbing enhances permeation and that
this effect is more pronounced for the Zovirax product — indeed the ratio for rubbing/static
amount permeated for Zovirax is 8-10 times higher than Aciclostad.

-©- Zovirax US in use -©- Aciclostad in use

w
1
w

-®- Aciclostad static

-®- Zovirax US static
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Pharmacometric approach

Often need to assume or use a simple model I
= =
Phase 1,2 studies
. Top down
V 5. population
i "o pharmacokinetic
° approach

Phase 3 studies

Events at steady state
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Time (h)

Age, Disease, Drugs, Genetics, Gender, Food,
Formulation, Environment Roberts 2010



Physiological pharmacokinetics

=
=)

Events at steady state

A

Subjects taking
Fluoxetine (in EM)

°
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Phase 3 studies in broader
population 1000 - 3000

Phase | volunteer
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Human data
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Plasma drug concentration

°

Events at steady state
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Work with FDA involves 4 D modelling (space and time)

Blood vessels in skin (foot)

EPIDERMIS
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http://www.bartleby.com/107/234.html

In vitro—In vivo correlations for nicotine
transdermal delivery systems for
transient heat application

Shin et al Journal of Controlled Release 270 (2018) 76—88

N\ (Approach | A
IVPT data + PK-based Mathematical Model with

Heat Effect Multiple = Prediction
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