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1. Nicotine patch

QiIRGERT=ian i
Duration for Medication (Total Calculation Length) [h] 48
Duration of TTS Application [h] 24
TTS Size, S« [cm?] 20
BLJE 2 @i 7 v
Thickness of Stratum Corneum, h [pum] 18.2 (k1)
Distance to Dermal Microcirculation, H [um] 200 (3Cik 2)

(NT VA~ T ARG & MW Tz in vitro B ek BR 0 IEHOER KL, o BAAR B R R E)

Diffusion Coefficient in Stratum Corneum, Dsc [cm?/s] 6.21x10-11
Diffusion Coefficient in Viable Skin, Dvs [cm?/s] 6.34x107
Stratum Corneum/Viable Skin Partition Coefficient, Ksc/vs [-] 207
Skin Surface Concentration, Cs [ug/mL] 7.49x10°
KNENRE 2-7 /X — R X FET L (SCHK 3)

Volume of Distribution, Vi1 [L] 58
Volume of Distribution, V2 [L] 138
Elimination Rate Constant, kio [min] 0.0197
Transfer Rate Constant, ki2 [min] 0.0216
Transfer Rate Constant, k21 [min-!] 0.00906
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2. Fentanyl patch
(e e 73] (RN EhRE ST A — 2 A AED R

Duration for Medication (Total Calculation Length) [h] 96
Duration of TTS Application [h] 72
TTS Size, S« [cm?] 40
BLJE 2 @i 7 v
Thickness of Stratum Corneum, h [pum] 18.2 (3CHk 1)
Distance to Dermal Microcirculation, H [um] 200 (3 2)
(WMl X 0 JEBCER 3, o AR Z R E)

Molecular Weight 336.5 (3K 5)

Octanol/Water Partition Coefficient 860 (3CHk 5)

In vitro flux [ug/cm?2/h] 2.5 (3CHk 6)
Diffusion Coefficient in Stratum Corneum, Dsc [cm?/s] 2.16x1011
Diffusion Coefficient in Viable Skin, Dvs [cm?2/s] 2.16x10-7
Stratum Corneum/Viable Skin Partition Coefficient, Ksc/vs [-] 11.8
Skin Surface Concentration, Cs [ug/mL] 5.92x104
KNBIRE 3-2 /N — h AV FET L (IR 7)
Volume of Distribution, V1 [L] 26.8
Volume of Distribution, V2 [L] 48.2
Volume of Distribution, Vs [L] 189
Elimination Rate Constant, kio [min] 0.0410
Transfer Rate Constant, ki2 [min] 0.185
Transfer Rate Constant, k21 [min] 0.103
Transfer Rate Constant, ki3 [min-1] 0.141
Transfer Rate Constant, k31 [min] 0.0200

YRR, oy ELARE, BOE R E R E R H 51k (3UHK 8)

Dsc =2.089x10-3 x M.W.-316 = 2.089x10-® x 336.5-316 = 2.16x10-11 cm?/s

Dvs = 10000 Dsc & 5 E
Ksc/vs = 0460 X I(o/wo“"80 = 0460 X 860 0.480 = 118

h + (H — h)Ksc/vs }

D D

SC 'S

J =25 pg/em?/h — C = J{

© 2020 Biocom Systems, Inc.



SKIN-CAD®

No. 1 2 3 4 5 mean
Vi [L] 39.4 39.5 17.1 25.7 12.8 26.8
V2 [L] 90.4 63.7 27.0 33.4 32.7 48.2
Vs [L] 111 217 208 209 159 189

k1o [min~'] | 0.0250 | 0.0280 | 0.0550 | 0.0360 | 0.0612 | 0.0410
ki2 [min~'] | 0.188 | 0.187 | 0.204 | 0.139 0.207 | 0.185
k21 [min~'] | 0.0822 | 0.116 | 0.129 | 0.107 | 0.0810 | 0.103
kis [min~'] | 0.0870 | 0.132 | 0.243 | 0.130 0.112 | 0.141
ks1 [min~'] | 0.0310 | 0.0240 | 0.0200 | 0.0360 | 0.00900 | 0.0200
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Blood concentration following 72-h application of fentanyl patch.

© 2020 Biocom Systems, Inc.



SKIN-CAD®

3. Fentanyl E-TRANS®
[ ifn FR B8 7000 ][R 48 oo 2 %]

Duration for Medication (Total Calculation Length) [h] 48
Duration of TTS Application [h] 24
TTS Size, S« [cm?] 5
BLJE 2 @i 7 v
Thickness of Stratum Corneum, h [pum] 18.2 (3CHk 1)
Distance to Dermal Microcirculation, H [um] 200 (3Cik 2)

(WMl X 0 JEBCER 3, o AR Z R E)

Molecular Weight 336.5 (3K 5)

Octanol/Water Partition Coefficient 860 (3CHk 5)

In vitro flux [ug/cm?2/h] 2.5 (3CHk 6)
Diffusion Coefficient in Stratum Corneum, Dsc [cm?/s] 2.16x1011
Diffusion Coefficient in Viable Skin, Dvs [cm?2/s] 2.16x10-7
Stratum Corneum/Viable Skin Partition Coefficient, Ksc/vs [-] 11.8
Skin Surface Concentration, Cs [ug/mL] 5.92x104
KNEHRE : 3-a3 /"= h X FET IV (SCHR7)
Volume of Distribution, V1 [L] 26.8
Volume of Distribution, V2 [L] 48.2
Volume of Distribution, Vs [L] 189
Elimination Rate Constant, kio [min] 0.0410
Transfer Rate Constant, ki2 [min] 0.185
Transfer Rate Constant, k21 [min] 0.103
Transfer Rate Constant, ki3 [min-1] 0.141
Transfer Rate Constant, k31 [min] 0.0200
A A DT x VAR ANT A =5 (SCEK 8, TR 9)
Duration of Iontophoretic Application, t. [h] 24
Periodic Cycle of Iontophoretic Application, t» [h] 24
Electric Potential, E [V] 0.076
Drug Charge, z [-] 1
Peclet Number of Convective Flow, Pe [-] (Pesc = Pevs) 13.5
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Cuﬁigt/ii?fity E[V] Linear Veloci’;y[z)ilc/cs)]nvective flow Pe [-]*
0.04 | 0.076 1.60x10-7 13.5
0.02 | 0.038 8.01x108 6.75
0.01 | 0.019 4.01x10-8 3.38

R RAE (SCHR 9) & o ik
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4. Drug Dissolved Matrix
[GTS-21 WA D ~T LA F » |k in vitro-in vivo fHEI] (3CHk 10, CHk 11)

Duration for Medication (Total Calculation Length) [h] 32
Duration of TTS Application [h] 24
TTS Size, S« [cm?] 10
A GEHCE T L
Thickness of Matrix, L [pm] 60
Diffusion Coefficient in Matrix, Dm [cm?/s] 4.36x107
Initial Drug Concentration in Matrix, Cm° [ug/mL] 2.87x10%
Matrix/Skin Partition Coefficient, Km/s [-] (= Cm%/Cs) 2.25
BLIE 2 JE e 7 v
Thickness of Stratum Corneum, i [um] 15
Thickness of Intact Skin, H [um] (in vitro 7 — % fi# #7 ¥§) 354
Distance to Dermal Microcirculation, H [um] (in vivo 7 — & fift #r §) 47
(In vitro RZ§F# 7T — % X 0 ILHURE, o BARECE RE)
Steady-State Flux Across Intact Skin, (dQ/df)w [pg/cm?/h] 6.18
Time Lag Across Intact Skin, tsw [h] 1.11
Steady-State Flux Across Stripped Skin, (dQ/dt)v [ug/cm?/h] 15.78
Time Lag Across Stripped Skin, tav [h] 0.25
Diffusion Coefficient in Stratum Corneum, Dsc [cm?/s] 3.34x10-10
Diffusion Coefficient in Viable Skin, Dvs [cm?/s] 2.13x107
Stratum Corneum/Viable Skin Partition Coefficient, Ksc/vs [-] 18.1
Skin Surface Concentration, Cs [pg/mL] 1.27x10%
KNEEE 2-2 2 X—F A FET L
Volume of Distribution, V1 [mL] 507.9
Volume of Distribution, V2 [mL] 254.7
Elimination Rate Constant, kio [s] 6.55x104
Transfer Rate Constant, k12 [s] 1.60x10-4
Transfer Rate Constant, k21 [s7!] 3.19x104
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FBRT — % (3R 10) & DI
(AR R ICE D R3S L TS EIRE LGS L EDR —EfE SN2 ERE LTSS
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5. Fentanyl patch
[ZEm@iE (PK) -5 (PD) fi##T]

Duration for Medication (Total Calculation Length) [h] 96
Duration of TTS Application [h] 72
TTS Size, S« [cm?] 30
BLJE 2 @i 7 v
Thickness of Stratum Corneum, h [pum] 18.2 (3CHk 1)
Distance to Dermal Microcirculation, H [um] 200 (3 2)
(WMl X 0 JEBCER 3, o AR Z R E)

Molecular Weight 336.5 (3K 5)

Octanol/Water Partition Coefficient 860 (3CHk 5)

In vitro flux [ug/cm?2/h] 2.5 (3CHk 6)
Diffusion Coefficient in Stratum Corneum, Dsc [cm?/s] 2.16x1011
Diffusion Coefficient in Viable Skin, Dvs [cm?2/s] 2.16x10-7
Stratum Corneum/Viable Skin Partition Coefficient, Ksc/vs [-] 11.8
Skin Surface Concentration, Cs [ug/mL] 5.92x104
KNBIRE 3-2 /N — h AV FET L (IR 7)
Volume of Distribution, V1 [L] 26.8
Volume of Distribution, V2 [L] 48.2
Volume of Distribution, Vs [L] 189
Elimination Rate Constant, kio [min] 0.0410
Transfer Rate Constant, ki2 [min] 0.185
Transfer Rate Constant, k21 [min] 0.103
Transfer Rate Constant, ki3 [min-1] 0.141
Transfer Rate Constant, k31 [min] 0.0200
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BRIRAE (SCHER 12) & o kg
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Baseline, Eo 6.97 15.1 min-!
Emax 5.93 15.1 min™!
ECso [pug/mL] 0.346 3.5
Sigmoidicity; Hill coefficient, n [-] 2.62 1
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BRIRAE (SCHER 12) & o kg

Pain Score

Respiratory Rate [1/min]

Simulation
o Clinical
o]
o o 0
o o]

0 , . , , , ,
0 16 32 43 64 30 95
Time [h]

16 1

14 |

12 1

10 |

B L

E L

4 -

2 L

0 . . . . . .
16 32 43 64 80 96

Time [h]

FERAE : 11 min! (ST 14)

© 2020 Biocom Systems, Inc.



SKIN-CAD®

e = PN

1.

10.

11.

12.

13.

14.

K. Sato, K. Sugibayashi, and Y. Morimoto. Species differences in percutaneous absorption of
nicorandil. J. Pharm. Sci., 80: 104-107, 1991.

P. Agache: Main skin biological constants. In: P. Agache and P. Humbert eds.: Measuring
the Skin. Berlin: Springer-Verlag, pp.727-746, 2004.

N.L. Benowitz, P. Jacob III, C. Denaro, and R. Jenkins. Stable isotope studies of nicotine
kinetics and bioavailability. Clin. Pharmacol. Ther., 49: 270-277, 1991.

= FFXA®TTS® IRFXE, ) VT 4 A7 7 —<

DURAGESIC® (FENTANYL TRANSDERMAL SYSTEM) Full Prescribing Information.
JANSSEN Pharmaceutica, 2000.

S.S. Venkatraman, S. Li, R.M. Gale, J. Stepic, and W.W. Van Osdol. Transdermal patch for
administering fentanyl. International patent application WO 02/074286, 2002.

D.A. McClain and C.C. Hug, Jr. Intravenous fentanyl kinetics. Clin. Pharmacol. Ther., 28:
106-114, 1980.

K. Tojo. Mathematical Models of Transdermal and Topical Drug Delivery, Second Edition.
Fukuoka: Biocom Systems, 2005.

S.K. Gupta, M. Southam, G. Sathyan, and M. Klausner. Effect of current density on
pharmacokinetics following continuous or intermittent input from a fentanyl
electrotransport system. J. Pharm. Sci., 87: 976-981, 1998.

H. Kawamata and K. Tojo. Prediction of plasma concentration of GTS-21 in hairless rats
following monolithic transdermal delivery. Biol. Pharm. Bull., 25: 342-345, 2002.

D. Mori, H. Kawamata, and K. Tojo. Drug concentration — time profile in the plsma
following the dissolutioin-type transdermal delivery. J. Chem. Eng. Japan, 36: 45-48, 2003.
L.J. Broome, B.M. Wright, S. Bower, and C.S5. Reilly. Postoperative analgesia with
transdermal fentanyl following lower abdominal surgery. Anaesthesia, 50: 300-303, 1995.
L.H. Mildh, H. Scheinin, and O.A. Kirveld. The concentration-effect relationship of the
respiratory depressant effects of alfentanil and fentanyl. Anesth. Analg., 93: 939-946, 2001.
H.H. Biilow, M. Linnemann, H. Berg, T. Lang-Jensen, S. LaCour, and T. Jonsson. Respiratory
changes during treatment of postoperative pain with high dose transdermal fentanyl. Acta

Anaesthesiol. Scand., 39: 835-839, 1995.

© 2020 Biocom Systems, Inc.



SKIN-CAD®

10.

11.

12.

Al o AT 61 LA T SKIN-CAD®FRT IR & & T Al i 3 - PR FER - FFaf 0E

e

Miwa, Y.!, Hamamoto, H.!, Ishida, T.2 (! MEDRx Co., Ltd., 2 Tokushima University)

Lidocaine self-sacrificially improves the skin permeation of the acidic and poorly

water-soluble drug Etodolac via its transformation into an ionic liquid, Eur. J. Pharm.
Biopharm. 2016, 102, 92-100.

Ishida, M., Takeuchi, H., Endo, H., Yamaguchi, J. (Taisho Pharmaceutical Co., Ltd.)
Impact of humidity on in vitro human skin permeation experiments for predicting in
vivo permeability, J. Pharm. Sci., 2015, 104(12), 4223-4231.

FOREL SIE 2 FRHEESL SIMAA 2 BRSNS Fa s AT AKX, 2T
M T3R5 BRI BE O in vitro-in silico Il " T #11%, 5 30 [5] A K DDS %4,
HL, 2014 4 7 H 30-31 H.

O OKEYL STE 2 FREEH L SIMAA 2 MRS Fa b AT AKX, 20
IN TR In vitro B RIEFHT —Z ISV PEERIS I 21— 32, H
AIEANF R 29 &, K'E, 2014 4 5 J] 20-22 A.

Hikima, T.!; Komatsu, M.!; Mori, D.%; Tojo, K.! (! Kyushu Institute of Technology, 2

Biocom Systems, Inc.) Prediction of Percutaneous Absorption in Human of Nicotine

from Marketed TTS using Three-dimensional Human Cultured Epidermis, 40th Annual

Meeting & Exposition of the Controlled Release Society, Honolulu, Hawaii, July 21-24,
2013.

EBFER D BN MBI B OO, HkE -8 2 (B HRE KRS, 2 b
—T7 A3 -t Y Tuou — VRREEE T N4 X, KB 2013-199486, 2013.
KA, AHERL EEME, EARERR?2 0 RIEMERAXSH, 2 31E KF) Yucatan
micropig i g & L7z in vitro it b=aF o7 —7F 213 R4 T —T %k
b % ol RS o TR, A 2012, 72(4), 251-261.

Hikima, T.; Kaneda, N.; Matsuo, K.; Tojo, K. (Kyushu Institute of Technology)

Prediction of percutaneous absorption in human using three-dimensional human
cultured epidermis LabCyte EPI-MODEL, Biol. Pharm. Bull. 2012, 35(3), 362-368.
Nakamura, A.'?; Mori, D.3; Tojo, K.! (! Kyushu Institute of Technology, ? Yutoku

Pharmaceutical Industries Co., Ltd., 3 Biocom Systems, Inc.) Evaluation of the predicted

time-concentration profile of serum tulobuterol in human after transdermal application,
Chem. Pharm. Bull. 2012, 60(3), 300-305.
Olatunji, O.; Das, D.B.; Nassehi, V. (Loughborough University) Modelling transdermal

drug delivery using microneedles: Effect of geometry on drug transport behaviour, J.
Pharm. Sci. 2012, 101(1), 164-175.

AR (LN TERY) REIBRC AT LOEYBFE L I 2 L —#% SKIN-CAD®,
PHARM TECH JAPAN 2012, 26(7), 1355-1360.

AW BIER Y CEIRFEW L OIEAK B ORFESRL A ORITL IR M EESKY R
BTy BIE RO REERK, 2 FEREA, Y @ILK) 4 XREEIREE Hi L L
12 S AL M 0D 8 R R ) 00 A5 A B~ A X i B8 e S A B B > o 5 52

© 2020 Biocom Systems, Inc.



SKIN-CAD®

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

~, % 32 BIEMER IR E P2 FER KRS, KR, 2011 4 11 H 18-20 H.

AW BEWRF VL JEK B EWREFEN RARES Y, O RTL iA S SR R
JREAT 2 #E R MAEEEKX, 2 TERTKR, S BILK) A4 XFBIERKIE O DDS
FIBRFE ~ N R~V S R IR % Bz P 5 O SE W B e S B RE Al ~, 2 151 [B] B RER[E %
firtes GEMZEEHE) , WL, 2011453 A.

HE B M VKBS, FIRIHER; ARG VE; B TR (IR DEMAS) Yy
— VORI AN OB, HAKFZRE 131 F2 (EEH) , ¥, 201143 A.
SRR, KRB, R F; BB A (AR ) B A, Rear s
4694967 %, 2011.

el A 58 B, MRS RIRESG | RE;, ZEmA; R £ BHEER
(ARE LKA 7= 2 = V3 AR RA], FeiFs 4745747 5, 2011.

Tominaga, K.2; Tojo, K.! (! Kyushu Institute of Technology, 2 Kyoritsu Pharmaceutical

Industries Co., Ltd.) Effect of environmental temperature on transdermal drug
penetration, Biol. Pharm. Bull. 2010, 33(12), 1983-1987.

SFREN; FDCH K, EAEE; B A B W EERF R (AOERER S ) B
BRI R, AT 4394443 7, 2010.

Yoshitake, M.; Ga, K. (Yutoku Pharmaceutical Industries Co., Ltd.) Riluzole-containing
transdermal patch, W02010113225 A1, 2010.

Al-Qallaf, B.'; Mori, D.3; Olatunji, L.%, Das, D.B.2; Cui, Z.! (! Oxford University, 2

Loughborough University, 3 Biocom Systems, Inc.) Transdermal drug delivery by

microneedles: Does skin metabolism matter? Int. J. Chem. React. Eng. 2009, 7, A69
(pp-1-23).

Olatunji, O.%; Das, D.B.!; Al-Qallaf, B.2 (! Loughborough University, 2 Oxford University)
Simulation based optimization of microneedle geometry to improve drug permeability
in skin, 7th Annual Industrial Simulation Conference (ISC'2009), Loughborough, UK,
June 1-3, 2009.

Al-Qallaf, B.1; Das, D.B.%;, Davidson, A.! (! Oxford University, 2 Loghborough University)
Transdermal drug delivery by coated microneedles: geometry effects on drug
concentration in blood, Asia-Pacific J. Chem. Eng. 2009, 4(6), 845-857.

KWL RIEAB20C NA A 3L AT LK, 2 JUNTFERS) RN S5 58 &Aoo
WY R =2 V= a v, LFETHRE 74 F5%, Bk, 2009 43 A 18-20 A.
Al-Qallaf, B.}; Das, D.B.2 (! Oxford University, 2 Loughborough University)
Optimization of square microneedle arrays for increasing drug permeability in skin,
Chem. Eng. Sci. 2008, 63, 2523-2535.

Kimura, C.; Tojo, K. (Kyushu Institute of Technology) Stick-type transdermal delivery

system for ocular diseases, 2007 AAPS Annual Meeting and Exposition, San Diego, CA,
November 10-15, 2007.

Tojo, K.; Hikima, T. (Kyushu Institute of Technology) Bioequivalence of marketed
transdermal delivery systems for tulobuterol, Biol. Pharm. Bull. 2007, 30(8), 1576-1579.
Al-Qallaf, B.1; Das, D.B.}; Mori, D.%; Cui, Z.! (! Oxford University, 2 Biocom Systems,

© 2020 Biocom Systems, Inc.



SKIN-CAD®

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Inc.) Modelling transdermal delivery of high molecular weight drugs from microneedle
systems, Phil. Trans. R. Soc. A 2007, 365(1861), 2951-2967.
Kimura, C.; Tojo, K. (Kyushu Institute of Technology) Development of a stick-type

transdermal eyelid delivery system of ketotifen fumarate for ophthalmic diseases, Chem.
Pharm. Bull. 2007, 55(7), 1002-1005.

HAEAR;, SIMmLE (JUNTEKRF) Ya 7T a— VAT O A Y 21 E %O R -
FEREE B OBE -, & 19 B AKRT UL X —ERRFEKKE, Bk, 2007 4 6 A
10-12 H.

Mori, D.}; Tojo, K.2 (! Biocom Systems, Inc.,, 2 Kyushu Institute of Technology)
SKIN-CAD®: Pharmacokinetic model for transdermal drug delivery, 2006 AIChE
Annual Meeting, San Francisco, CA, November 12-17, 2006.

HRAR, A TF/R (Ul LERY) REHEIE S HFEH, WO2006087968 A1, 2006.

A OREH; RMEMAR (WINTERE) BARNY I 2V—va V7 b9 =T
SKIN-CAD™® i % & = O A HPE, 5 20 1 H A DDS %%, # AL, 2004 4 7 J 15-16 H.
BRI, KE B, MEBEREX Y REATR2( THREKRASHE, 2 WM TERE) 7
V= I A O in vitro/in vivo/in silico A, {5 T.5%5m SCEE 2003, 29(6),
760-763.

Isowaki, A.l; Ohtori, A.}; Matsuo, Y.%, Tojo, K.2 (! Senju Pharmaceutical Co., Ltd., 2
Kyushu Institute of Technology) Drug delivery to the eye with a transdermal
therapeutic system, Biol. Pharm. Bull. 2003, 26(1), 69-72.

Mori, D.!; Kawamata, H.'?; Tojo, K.! (! Kyushu Institute of Technology, 2 Taiho

Pharmaceutical Co., Ltd.) Drug concentration - time profile in the plasma following the

dissolution-type transdermal delivery, J. Chem. Eng. Japan 2003, 36(1), 45-48.

Mori, D.; Tojo, K. (Kyushu Institute of Technology) In silico evaluation for skin

pharmacokinetics, 29th Annual Meeting & Exposition of the Controlled Release Society,
Seoul, Korea, July 20-25, 2002.
Kawamata, H.12; Tojo, K.! (! Kyushu Institute of Technology, 2 Taiho Pharmaceutical Co.,

Ltd.) Prediction of plasma concentration of GTS-21 in hairless rats following monolithic
transdermal delivery, Biol. Pharm. Bull. 2002, 25(3), 342-345.

AFOKE JUNTERT, AESAAS A a b v AT A R) §R A WRINE B 5 58 5% 5 o
12O DIEYBMEMT Y 7 + U =T OPIFE, 3 EIRAMIET +— T A, KT, 2001 49
14 H.

AR ONHH; RERATE WM TERT) BEURRY AT LAt HENBIEY I 2 L— 3
v Y 7 b7 =7 :SKIN-CAD™, PHARM TECH JAPAN 2001, 17(5), 771-778.

ARERHCHOEELT, TER - ZEMEZSVWELELTRETEBMVWEDE T I V.

© 2020 Biocom Systems, Inc.



SKIN-CAD®

b1i0Z0OMsystems

(VRS SR e = VAL S VDS

T 839-0864 [l WA B KT H AR AR 1% 1%
A A v Fax—varkry—2017%
TEL: 0942-27-6581, FAX: 0942-27-6582
E-mail: skin-cad@biocom.co.jp

URL: http://www.biocom.co.jp/

© 2020 Biocom Systems, Inc.



