ARTICLES

F2)g |

T

eHIFDORRIeT AR =

Fig. 6 1213, BHIWIGEH 12 L 2 #HrdE o dpai 22 g D 72
D Din silicoiit Gt DIIRIZMH T & HIT (FHSA) v 7
b =78y —2 (Greb 20134F) A3 Oh BT 5
TWdo BLREWZ 212, FEEOFRE» L E D # Ao

In Silico Performance Modelling

Fig.6 Selection of software packages for in silico modeling,
which can facilitate the task of formulation development
(Greb, 2013).

in vivoirBRIZCE S T TOEROEE * H/)N—3 5 7 b
w7y — (PizerttliC X B & 2 AD “EERRT) I,
INFTOEZAFELEL TR,

4.1 F-CAD—Formulation-Computer Aided
Design

LT oikam <, RIS 2 I &S o 7 7' &
WHIRLEEH] D X 5 7 BIEEGH Din silicoRFTZFIH S b,
CINCAP#: ®F-CADIZ £ 15 % 24 C % (Leuenbergerfh
20104F, Leuenbergerfili 20134Fa, Leuenbergerfil 2009
). F-CAD, 9 74 BbFormulation-Computer Aided
Designi®, VI —F— b b7 7O —F 28D
WTH D, DEM/FEM® X 9 o7 71— F 12 H,
[& 9 B Din silicord 5T D 720 DEMHE % £ D T HE S
35 Z LN TE S (Fig. 7 (Leuenbergerflh 20144F) ) o

F-CADDOFIH (Fig.8) Zd 72> CTlL, T % JFEIE
ERIMA O EAL AR 2 B L T 2 EEET
& %o WIMFNIALFIEE L LA #EEE /32500 T
TR b7 e BIZRA, b bEYREY — -
LV ORkEHE, T & S H B HL AR O RET B Z %
CENTE D, MUZEiEsE b REESE L FEE, et

% AFig1ZEuropean Journal of Pharmaceutical Sciences 87(2016) 100-11112 48k & 11725 % Elseviertt OfF W 2 15 CTHR L 72 b D TH %,
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| |
Dissolution Simulation yes Yes

Swelling/diffusion yes Limited

Effect of granulation/milling yes Yes

‘Compaction Simulation yes limited

Memory usage Extremely low High

Particles per simulation up to 1 000000 000 ‘Ca. 1000000 max.
Calculation speed Up to 250x faster than realexperiment Extre mely slow

(days for simulation)

Hardware costs Moderate /Low Extre mely high

Usage complexity simple and straight forward Specialtraining is essential

Fig.7 Performance benchmarking of C.A. based models and
standard modeling methods such as DEM (Discrete Element
Method/Finite Element Method) (Leuenberger et al., 2014)

ICRAT 2 BHINEETH Do MAERRITLZEVEICEE L T
BLE L 2L R ST, T2 & LEYREED AT LI
BT E S, F-CADOFIHICIETKRE M ELHY, H
BYEE - JLZERRERED T — 2 T U — QB GERE O A &
TEEE ¢ 5. e OsEHNE, HEIED 5 I Hizetk o
o7 Ny A TSRS b, HEIE - LA & [H
Fk, E— 2 VORBENIMERT 2T RES HEO b DT
TR & v, SERIOB AL, i, T, £
Ml EOBWMFAOFEEICKRERIES D E DD > TE R
5 7%\ WINFEIO 23S ORFEIE—RIZBEEI O b O TH

D, F-CADY 7 b =78y =Y OANHEHA L LT
WEE ENDINT A=Y D—HTH b,

F-CADOFIHIZH 725> THEETRE 201X, FHED
1bZEXEH > TB L T EIELETIE R WS, FEEFECRE
HIOFRRMEN BT 2 EHF OEHRZEH Mo TH < &
X IZLEEIZE W) T ETH S,

ICH Q8 (R2) TEFHEINTWVLTH A ¥ AR—AKD
FTRTOBFMER IOV T, FEEORETN BT 2 3
R E LR ICE S 5121, F-CADTRERF L 7275
fH L CIRMRBR O JE S CHEH 4 Wik 3 2 LD D S,
DL RPNy FiE, FPA L AR— AP
O RIHH A & e LR £ T o4 T ORFIFER 2O
CIEMELALIE AT 720 D/8T 2 — 8 R fliEd 2 L)
B RE 2o T %0 in vitrolis I EER 2% O T <,
FREBE O L T DA 4 VEEEET 5720120, 2
DX ) BRI NECTH D (Krausbauer 20094F) . J5IEE
DEFEDIEF ARG EIE, HERD 2\ IE I VG
W % ¥ W 3 BPVP (Leuenbergerfil 20134Fa) =

Market-ready tablet dosage form (instead of service form)
Small-scale Production

Scale-Up Exercise (computer-assisted)

Mass-production of final marketed form (6a quality)

i

Fig.8 “Right, First Time” workflow. Instead of a
simple capsule formulation as service dosage
form for the first clinical studies, the market-
ready tablet formulation is prepared by F-CAD
using the formulation design space according
to ICH Q8 R (2) (Leuenberger et al., 2010;
Leuenberger et al., 2013a)

Polysorbate 809 X 9 7z Wl & LH % AL & 5 W ISR
WZIINg % 2 &b TE %o FEDPEEM: L v o 728
Y AL, FEWE LoD D ICHERM LT
v ORH 20124F ), T E <, HERFICEBIT 2
F-CADIX, ATHHFICTH L H 7LV HEF L LD Zin
Vitro COJEEEH 710 7 7 4 LV EFEOSHI AR L, &
Wy SRR TR £ L WIERZE ST L vo 7,
HELWITEOFINAEA SN GEITE A LT o7z,
£ o T, WEDOIEH XM ST 5 (Leuenbergerfit
20104F) o FRA& 7025 5 A 7 FNEH IR RFEZLHIZ X D
RHTE WD, —EHoOBIHEIH L LDD, 1ZLAED
LBEdEmFEoB T 7 s 4 VERL TV
(Leuenbergerfil 20134Ea), Z L5 OB, BISEHRMN
DERETIE T A Y AR=APPRESNTNDL &,
ZhBLHEM EORMBEIC L VR E KRS CERTE2nE
LIZEBbDTHE, F-CADIZ X BB 707 7 40
® 7 # 12 D v T IdEtienne Krausbauer® 1# =+
(Krausbauer 20094F), #E/K & PR 0> fi BEIEE R 00 il
2DV TIEAR oM R 20124F) TREL <t
2Tz, A Zidd L cAEREEHE DL 5
BT o 7278, VR SR B o) B BH 5 56 P C [ )
FAZEICF-CAD &3 A L 72 ORAIL 20134F) 0 & Z 12 &
DEERLIZVe — 220 SVE O FEH] % 3 LT 7z
ko7 7a—FI2l, F-CADTIZ/N—F ¥ VEkE
DOBPTTHEIN R )T 4 - N - THEALOT T
O—FHAEETHY), 60 L) by 77T AMEDE
# % #3EC & % (Table 1 (Leuenbergerftl 20144F) ) .

4.2 FT ZIVEG EF-CADDREKE
IT BT 2 VIEF T ¥ IV iEdrlE, BT
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Table 1 Quality by design can be realized better and cheaper
using F-CAD by evaluating in silico the complete

formulation design space.

Conventional production F-CAD

process

Sensitivity of
formulation

PAT Production
process

Experience-based A
time-consuming and
expensive collection
of a huge number of
laboratory tests.
Risk

Any deviation along
the PAT registered
production process
may cause a loss of
batch

Calculated by integrated
tests during the Virtual
Integrated Design

Flexibility

Process variability
reduced since the
quality of the final
product is defined since
the start of Clinical

Phase 1

Quality 20 60

DTAXLATHY, AX—F+T7+¥, AX— b7+ v T,
AX— N T Ly Mo R T 5 bivbho
HHEAGICHEEZ 52 CTnbd, “&B7 IR axr
Va—Fq4 27 - )a—2aroBmnyc, U3l
T < HAEH HEIEH L VWK sy o — R T
T2OIZAS DAY= N7+ Ry 7Ly FEMFHT S X
I BIESLDe V5T RV a—arw2HMTHZ
Lok, BEEETHIOEFEGEEIT—TZAID
F-CAD% 75 v b 74—k LT, F/2H%*DFEEE
BB —VFLT AT ELTH AT TS
THIENTEL, 797 FarYa—F 14 Y IFAY—
PV a—2arEEREIND, RISV THRIZWN
ThH, EHWNLEBEAND/ZODOHF LT A T T HENATE
EWVWOTEH ATy T LT, N=VF VT ITAY |
POT KN4 P —Tdh HF-CAD7 7 #2375 b
TAHIENTEDL, BHODAY 2 —FhELTH 57—
Y AeoN D Z ElE v, TOH — ¥ AIMEEBRED = —

RNZEDETIFFITTIRICBE L LT T L2 LD TE D,
SHTIE, —ERAEY T by TNy — Y (SaalS)
R =AM TT Y M7+ — 24 (PaaS) & LT,
VT EBALZDVFDOXA YT FUAFEELEDTS
WFED N, mEY— = L EfE T v Y a— 5 2 FH
L7cZemy ) a—2a y2FHT LI EANEETH %,

IN— K

5. 54 b TJ7—AMIALLD
D—-o270—

T “FA4 8- T77—AM A" Oartes &
77—z 7u—1% F-CAD% Y — L& LML CTHE)
o LEREREO T — 2 70— 2 BBEICE L X9
VIR TH D,

F-CADDSERIRSE 1 M2 5 85 M AH B X O'NDADH 2

5.2 288 OnT, RICHE<D,

5.1 ERPREE I HHICx 9 B2F-CADDEE

BRI Ao HEE, B AR e e L, fik
LR EE SN RICE SRR T LI L TH b,
F-CADZ M4 5% &, BaRH T AH & WS 903 o BB 2
SIS 2 8EH & AR L, BHFEL, #iET 5 C
EHEETH B (415 %S .

F-CADZ fI§ ML, Fig 1 & FEEDin silicolJE 5y
Wi Fohti LC, BRIRES T AHOD 728 o 5l 7 1) % 53405
LHZENTEDL, ICH QDT A ¥ AR— ADH TS
SRR END, TO XD niETERAELFERIE, Y
RHE, $TbbLEWEHER S S s a2
2720, FBEEORELONAFTTRATEY 714 %23t
5EY % Hea# 7 ADME (WL, 234G, AU, 450) 3tk % 52
Wid 27200, WPOTTARNT A TEHIE L

il v Ty ——

tug mi='1

50 grand mai &
“r {n-s ly :m -
[ -~

Plasma concentrations of theophylline related
directly to the appearance of adverse reactions.
Bronchodilation is the therapeutic effect of this drug

1 {u ~ _ " - 4{

Mild - |
=6 diac L - I
N —— =
None Broncho Dilation N T
L e T e N\
ol \

THEHAT I LA TE 5 (Fig.9)o

BEVEOBIS LS, W% 5 3 =72
T WA & IRV E O 2 O IEY
TR R B DS I v IR B L B R B B e il
RLTHBLL 2T L, Tk eillix
X, EIREHIASE SR T, REEt L oS
HEDIL S D X PHRD TA W6 2 Z 1 HE
LB —ICHE THTORMEL, Bk,
NTFE, KRG, DT hEDHLY DL
S OB & I 5 L #930%Th B (Lowe

Fig.9 Example of theophylline as a drug substance with a narrow therapeutic
window (Leuenberger et al., 2014) . To detect a narrow therapeutic
window with a tablet dosage form a six-sigma quality is mandatory.

20144) o
Lo L, 57O TIEERSE IMTO

PHARM TECH JAPAN @ Vo0l1.33 No.15(2017) |57 (3109)




JE AR FE R 2 I 12w <, B & Z92%I12 D 72 B (Lowe
20144F) o 60 HEL O B2 o iV O B 5 AN S,
(JRSEDIGHIE DTN & 11 2) S O R e % 25
LT EREDL EFHENL (Fig 9 (Leuenbergerfil:
20144F))

Z ORERD 72 DG SN D EHE B O, R
10~100ANTd % o

5.2 BERE IHHICXI 9 2F-CADDEE

FRIRZE MAHCIE, #I5albrz L CEY OFRE
RS B 720, WA T O N F A T DFEH] % 100~300
NDEEIHG$ 5o BIREE TAHIE, D Ao BHE % %)
RIS ZFEAET S MatH &, GBS SR 2 KR
L7 T HEHMEZFEST 5B I EIZTIT b5,
85 AR T D e M=1360%1HT % T d % (Lowe 20144F) o

70 by A TERONEASR UL, RHERIE LD

FWHEE TR TE 5 L E SN Do FEROHEN S,

AREATRONEDL, FEZOICREDL - TI0%IXIHS T2
ENRTEBLIFTTH b,

o BHN & U CHAL R 71 7 VELE] & TS 5 ek o
7 — 27 7u—"7TlL, EOHSEHIOMIEL, RS b
MOk, TbbELNclrbhEENS, LarL, “F
A b TF=ARNIAL" OT—2 70— TIXERSE I

3B L CHIR S TAH 2 S IR DO HEER DS 5 07 7280,

WD THASET LD v Ko T, FUcAHIZBWT,
I D HA 2 7y 7 VF] LA O EER) & O O &Y
RSB R T B LD s

E 52, BHOEROEIRTORELT — & 1 ZERE
I M DBIBRE 2 SETES Do 71 7 VS A D2 e
HEED X D 7, NRONDATIREDALEEL 72 57
WAL EHE S BUETE B,

53 JAOERXRBLUEEDHE—: X75—ILT7 v
' DORERE
FHA v A= (Fig.10) 1&, #I#HI ST 2 —% G

Vector ¢ (Composition)

Formulation

Vector p (Processes, i.e. SOPs)

Fig.10 2D projection of the formulation design space.
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HRWIMF o= (w/w) HSEEN, BrOEE (FE LR
IMFIOBE=GEH) =1 L35, £oT, c¢c=(c1, ¢z 03
Ca-1, Co) DHE, ca=EHEDE (w/w), co=RINF D=
(w/w), cs=EaHloE(w/w), ca=EFIOR (w/w),
=MIRFI DR (w/w), BRElhb, THEANRZ & —
DICIFHEMSOP (BRHEMESE TR 25 T b0 2, IR
LN QR AATER, NI OWEIRFE] & NN o sy
DOIREWFR, Pk % 853 2 72O I3 2 iR o=,
JEAETT, b o LA T &, T REH o EERRFT Hesk
DETHMEREZR &S TH 5.

THutvANRT F — plE, IREICX>TRERRD
DHPBHETHY, AT —IVT v T OB TR % ihMhs
RSN EEELRHETEWHSTELELIEITEELT
BLIEDPEETH D, ZDLH) 2BA»s, HIEpE
Sandozfl HAE X Novartisth) 1%, & F &F 2 8&H 1 b
2B % 3efi & #— L 72 (Leuenbergerfth 20104F), #¢
FALTT L 7 a 2D/ EIC X 22 (BensonB £ O°
MacCabe 20044E) 7227 ) OERGFE, B OHE—I12 LD
S5 2 LB TE S,

A7 —=VT v T OT U AEEGIIT DI, P
HaER 7O A2 BRA L, SOPE X Uk & —EZ 12>
CEEHEIET B ZAUE, WM ORHIFRM ORFEE &
FEEMTCH Ui 2 M L 2 13 1ud e & v 2 & & 53R
Fho TAUT KD R OMMEEAY ] (3D) A ISR
TeNDIz, AT —VT v FIXELDOKRIC, TabbE
TEEFRIIZ O AIKAE T 5 Z & 127 % (LeuenbergerB X O
Betz 20114F, Dorr3 X (FLeuenberger 19984F ). [A] kf
DB S, BLIEEM o i B R T FER = AR AT 12
Ralb— MY 5700, BHINIGERSEI M OSEEIC B
C “Presster” (Leuenbergerfll 20134Ea) @ X 9 72 455k
ITEERE R T A 2 L A ST 2, ZAUS KD,
TUEANRY F— pe—EILRDIENTE b,

I e A, BRIREE T AH & 88 MAHORRIRY > 7L %
C DRk R C T L, EORER, B L7l o
TR ERR S MAH O e H) & W LA R EZ RT3 TH %,
BEPREE T S B F TOREN—ETH D Z L1,
NDADHE I 2, EHMEE 7T AD A7 — v
T FEMRFENAHTER S NS, KNy FOART —
VT TTRED ST S L, RELBRANSKSET L7
O, FDXD) e KENy FIERITE R & M Y SR BRI
EwTwnav, Xo7T, A7F—L7 v 7OTHEA%




in silicoCFET % 72D DBINOIT Y — )b & WHINF 7L H
IR 2 2 L FE L, ZoEIE, BEEEr L
D3E T FE L TR ORE) % B3 % N —F v v
BT I 2l —F —(VES)IZ X DT 2T LN TE D,
ZTIIBWT, BHEEWT, Foar¥a—yimas —
VT TOY =k LT, BEEFEFTEIEVESHEH &
T 722 (Leuenbergerflt 20114F) @3 < R& 2 &
Thbo

A= VT v FIZBIT DS TR ADFE—I21E, PAT(F
Ot AFEHT L) EEOIRF A G E N5, S
L0, MIRRTDH B THEFOREDIEE 2 E I AN
LT EDNTE DL, ZHUIZEE L THans Leuenberger (48
%) 1%, Sandoztlh — > ¥ = 7 V) ¥ 7 % OMarcel
Dirrenberger & 1577 L, 1845045 = B EE O &Kk =
DOZEALE EE L CilgXaEk 7 u v 2 2l 9 2 EHHE
F i & f 58 L 72 (Leuenberger 19824 ), #ik & LCT7
Ot ADf— &%, s EE Ny T HT—E
WS N TE DT &% EKRYT S (Leuenbergerfis
20104F) o Z AU, ERGIEPATEE X HHT L Z L12
LSNP DKL FREFAT DR o722 &I12X D
T L 7 - 72 (Table 2 (Leuenbergerfth 20104F)). PAT
RS R VEGAEE, Ao N8R ORI A, iR
M) Z[F—I23 572012, BEiiokEE /Ny 7T & IZH
LT o7,
Table2 Harmonization of the wet agglomeration process with

the subsequent tableting process by optimization and

a significant reduction of variation of the % vyield of
the granule size distribution between 90 and 710 um.

Type of mode

% yield (w/w) % undersize (w/w) % undersize (w/w)

90-710 um <710 um <90um
Classical mode 81.03+242 8830205 680051
N=20 batches
(no PAT device)
Automatic control  91.45£0.36 96.80£0.31 540+0.35
(with PAT device)

5.4 ERERZEMMICX§ 5F-CADDFE
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I e Y, R OGERNLBR G St OsER L £ 572 <
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A% &0 & b, EERE 1S TR o
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Layer I1: with drug Nr. 5 and pellets

. Pellets consisting of
neutral core (blue)
with drug Nr.2 layer

Fig.11 Scheme of combi drug formulation with six different
APIs prepared by Dr.Maxim Puchkov, Research Group
Leader, Pharmaceutical Technology, University of Basel
(Leuenberger et al., 2014) . Layer I with 10 mg drug
nr.3 and 50 mg nanomilled drug nr.4 ; filler: 60 mg MCC
with 5 mg AcDiSol as disintegrant; Layer I with 12.5
mg drug nr.5 and coated pellets with 10 mg drug nr.2;
cashion agent for the pellets: 120 mg MCC and 5 mg
AcDiSol as disintegrant; Layer I with 10 mg drug nr.1
and 2 mg drug nr.6; filler 132.5 mg MCC and 5 mg
AcDiSol as disintegrant.

BEHIOEE L D T4 771k, FDAIZH  KFS
NTW5, EHEFEFHMFZE 2 > ¥ — DJanet Woodcock
P, Fig11OWNFICHAELZE, ROXH &I X
YREREFIZHE S TN, TIURIEHIZBED LAV,
EEE (BX UMD N %) D721 28EH & B—I12F 5720
21E, ZOREDHIE, G OFWAEALETES S o 1T
#4875 | (Woodcock 20144F)

& 5 ZJanet Woodcockid, BLEHINEWA/ZHIZE 5
THEEZEBRRT W,

7. fEER

7.1 Al
S UG & I 20 O 0 b I AT, A

& iR L 72 ) T AR & AR L 72 D T X B0 L VR,

API(NCEZ 721ZNME) 25 R 45 2 &, Stz 3 &,
HLWIGHE AR L CH LWESEREZSTET 52 LT
%o FHIEDLEERBMHIILEART K TH Y, EEEN
BHRBRE LI L T 5. Btk GRIMEOMBEIL, #rL
WIHEE A TSR ) T I2dh 72T ) T 4 H LS
AD—{TH S (Hi7Fig. 3). BEEE/HIEZTEL S
LI LVESEOEARFETH ), TOILFIEEICLD
Hxsnhs,

7.2 ERPRHRTT & WA
JE 28 CH R ) D24t & BIMEDRIELL,  FRR R

BV THEERCFHET 2 ULENH 5. Lo T, ERIKE
I FH3B & OEEPREE TARIC 3B31) 5 F = i PR & (IR O f5 52
IO TEE LR T2, SO &) R, S, JFIE
OWHFHIHEY BI 720D 3FHDZ V7 4 AN A, L
AL T O AN E T RSN ETH B EIREE T
W60 DEWEEMZIZA — 5 — A4 FORK % BT
HZlHRHAEELT, FEOEMZFISHL, Hir%id
I BA A FASE T A 2 Lk, BIEESECE) < SRS
BHEDHETIH S, Clothes make people — ¥V 4 A D
WHHUTE, T LbEDPBTUTFE 2T v IS
DOIGFIE EILDIR NS A1, Bl 2T ESLETH 2

(Fig.9)o THLTOEX, RO TOLRAIE,

IS FELERIREREICHB T 5 HEEHEFER L, Bensonk

MacCabe® i 3 (Bensond £ U"MacCabe 20044F) 25k
H L7z &) s Fv b oBEOMBICRLD, 72721

DD )T AHNVINATH D, TNHEDAEZIT A M,
L WESES Z IR ) 720 ORI T X M3
FEaLATLZERE > TWnD,

7.3 BEE - MIZREROTV -7 70—-DEA

oL REE,2S, b7 A2 &L T 5 2
EWEETH D, BN — AT, REfbshz L
FAT7 O AR I A P CEMEORELE L5 T, &
D XD B X, in silicoBF) O EF A3 BE 7 CINCAP
#HOF-CADR Z oo @y 7 vy =7 75 v b
TA—LEMHLT, HEHE - fEEEEOT -2 7
O— 2 B RESE | E AT 5 2 LICK D G2 5N D, BRE
BiRECHEBTREZ: I A PHIOFIIIEZ O LHETH D
K GRIEIE DA 2 OFFHEIIS UCRE <IN 2 Witk
Hbo F-CADZMHT A LX), MIFDONLFE Zin
silicoBFIH3 T USRS N B DT, FHIFFFRH M O
EEEEEII RIS & Bbh b, Zoare 7 M,
6o DMEEH T LR ZMK T A N CTEIRSE 1 M2
LSBT A L AMREL T b, BRRA [ HB X O IAH
TS N/ZEEHIOFM B L RSN 7 — 1%, BT
T OREIRIIGE % Fhid 5 DI,

74 LW “SAM-T7—AMFALT D
77— 70—-TIIEEKSE IE - BEIHAD
A7 IVEZREIRE

BRPREE T A d & OV AR O 2l CiRan & 7 71 7" Uil

DB, BRIRE T A TOmMEOEHEERN ORMIE, B &

U2 DROEY) AR FRSEERERIL, IR % %

PHARM TECH JAPAN @ Vo01.33 No.15(2017) | 61(3113)




o TOXHIZ, HEYHE - frEEEESEO T > T O
HiE, #EEFEOBHEDO T — 27 70 —DGFE L 725
L, FRREZETIAHS X OSEIMAHIZ BT % 3 A PHIKOIZEZ
O REFEREF U X 9 %28 2 o8z b 72
537590 “IA4 L T 7 —AMNIAL T—=r TU—
X, #&% f (ESWISS PHARMAIZ B w T 3 & T
(Leuenbergerfth 20134Fa), % ¢ #PHARM TECH
JAPANIZ B \» T H A& §E T (Leuenbergerfil 20134Fb,
Leuenbergerfi20134Fc) 583 & 1720 FDA O [ 3 L 5P
et > ¥ —Fr £ C & %Janet Woodcockt® 1+ 1%,
SWISS PHARMA®DFEF D WTEE L OIMEDH TR
DEHZHARIZe FA - T XS ALLUZDNTD
P BFIFE T 5o TS, KED D 25E 5 T
EFAo FHIZE AL —ZGFTH Y, FIRTE ST
ENBOEDELDPOHIFL TF T BIEFERDEZL D
BN silico 7 7 — F DR 7 FRIPEIZSG O T
VB PE D DNLEDTIED ) FH ALY, FDAIZHEFE IS
L T F 9 (Woodcock 20134F) o

75 T3 YUy 7EREHA

Ty 7 ¥IlE 5> TF-CADZ 9 v b 74— A4
ORI, HFBEELO T A v AR—AEHERT L7
DD Y —IV7Z, TOX) B, HO5WE Y o
Ay 7 BHEIOMERFEETEES L, R4

[FEEERBRZ B H I T %, F-CADZMEH$5Z L1240,

T a) v s @FEOBAED T — 7 70— & KIFIZEE S
B FIF e &5 IZF-CADIE,  RIBEL R il #8 b #l
DBFN 2 FFES BIGEIT, TR MBI ES R E v
MEDD %o

76 ICHQ8(R2) HA KSA > AT EIVE L
(3 EEHIDFER
ICH Q8 (R2) ' 1 KT 4 2 kiU, FHA v AR—
ZAEEIEHRA O IE S L RS ICE N DMk L O
Ot 22X DEFRS NS, HFMITHE IR T 5 &
CDTFHA P AR—RE 20Dy ¥ —, HkEFERTC
= (c1, ¢, c3°°", Co) & T L A% FETp= (p1, P2, P3*, Dn)
LD END, ZoX) RBEENCLY, 77 RILH
DTHA v A= 2L EFE L, FEROTH A 2 A=A
LIZHEWETHDLEN) T LI h D, 2DODAN— AT
Ea-oTBLT, L TWLDIENY & —c Gk 72
7205 THb, ZOX) REFEICED, RAICHESH
F & L CHATEEZ: 7 S VHEI A L, BRICEERIC

62(3114) | PHARM TECH JAPAN @ V0l1.33 No.15(2017)

EHES D L) HEHE, WA RBUSEER) b3 5 &
SCELHENTDH D,

Lo T, LT — 2 IR OEEIKRR % G 50,
TAEFNIZ 71 TR VHE & T 5 DDEEH & T 5 D0 % P
TBLRETHD, "“FA M- T7—AMF AL T—
7 78— OERICH /2o TUE, #iliZe K % in silicoT
SIS % 7280, REOBEH A 7R VEIR RO T A v
ANR—AGRRRT DT EDVEETH 5,

7.7 £YFHIFEIFEEERER

TOEI DG IC X AUE, FTCICERBUCHER S s T
YVISBH & F 57z Al ORI R A3 % FEHl & ik
5 EIEFERTEETH B, UL, SEXIDH THIVFH &
W RS A RS 2 LR v kv R
BRLTWBEDITTIE R\, L L, FIESRZ 58612
FoKHUERTOT7 7 A NVEHRLZZEEH LW
LitZevae AW RIEIERER SR E 2 5560 H %
728, BRIRES T Z MR 2 HI2 52 F L \WHITE 4 AL
LTEBLOPEHTH L (76fix M),

7.8 BEHREOEEL EH—

Bl B E X, BRRE TMB XS T/
HOFEHN Y F &, RIZHIETRPT T el R T S
FWTIEME L CRUES 28848 LR U R THRES 5. &
HTE, SHEEEiTsede M 321 —195%
Widhk e G A 3 5 2 2 X > THHEE e 5 T B,
WO E WHEOIX S D E 2l 57201213, W U4
DI HEGEBIG I H AR e — T B, T abbIE
LHDIZTERETH A LITHWTH B, BHFIZa
Vo — ¥ IERET A ML, MRS E L 0T o
Y A% fE— L CHBE - Lzt EEo T — s 7u— %
AT % Z EI2X Y, Benson& MacCabe® Fi 3 (Benson
B & U'MacCabe 20044F) 23454 L 72 #8513 RN A% =
NB7EH9He COFRIZBNT, "BHO»» L5 X
DTFBIDIE) D& L) HIZRF 727 L7 4+ —3 2
L — 3 UFgeiE, ARy 2 - A B A T R
T 25 4 (Leuenberger 19754F) IZFRE &N AR & Tl
7K, FAEME FWNCHERE T 5 720 ORI R S 7z
WHRN LR IEIRWA A7) — =7 Ta s g A
(Leuenberger Hff 72 L) b & LRETH b, 72771,
BIEZM B LT UL ADMH—DBHE,ICEND L,
Bt Din silico7 7 v N 7+ — LA ThH o THHIZIZ%R
WZ EERIFIZE U TB2 R UE R S kv,




79 RODXFv T

HENE - LBtk of LT — 27 70— o515
AL EME, Fig3D 27 )54 HNVINATH A
Tfb7a b AOMEZ NS 57200 70 R ik
BRI OM—I121E, NAF T 7/ u Y —EaRIcHigIc A
WA DS -5 s b E LRI U X D) R BSEAZE b v
TORMDS LI TH Do HEJHE - HL2pgEkoT — 2 7
0= A B ) & B LEEICOWT, oy —F
TN — T a2 BT OEBRBRES 2 L EPH D 2D
TEZEIZIX, L7+ —32b—32 3 YRR RICED
WCEY 7 A VAR AERINT 5742V g vy
V=% RET DODF-CADY 7 by =777 v b
T 4 — ADOFHI ERFEDSE E Do BEIREE T ~TMAHD
CINEBET L7200 T A v A= AU, in silico
BLY, EOARELEE 7 HWFEE COMAEEER % /173 —

LCWABUENRS DL, mEBICEELZDIL, ZOWZETIE,

BDOATr— V7 v TORMBERZ BT 5720, 7Ok AB
X O AN O — BRI L 2T AU e 5 v s n
I ETHD, ZOWFED S IXIERSCHEDOITEH >
AT ANA T T2y TR L DIk D L)
EELBEIRIERISE SN D TIUIERE 125 H
WECTCOILHETO LR E HHILT 5,

Acknowledgements

The corresponding author acknowledges the excellent education
he received during his studies in Nuclear Physics at the
University of Basel, thanking especially Prof. Paul Huber, his PhD
mentor, Prof. Paul Scherrer, PhD mentor of Paul Huber and
disciple of Albert Einstein (mentor of the diploma work of Paul
Scherrer), then Prof. Hermann

Rudin (mentor of diploma work together with Prof. Hans Rudolf
Striebel), Prof Kurt Alder (Theoretical Physics), Prof. Martin
M.E. Eichler (Higher Algebra, Group Theory) and Prof. Hans
Seiler (Chemistry). Last but not the least the corresponding
author thanks for the opportunity to work subsequently in
pharmaceutical sciences (Sandoz Pharma, nowa-days Novartis)
in the Department of Pharmaceutical Development, headed by
Dr. Stephan H. Guttmann after being hired by Dr. Hans Georg
Leemann and Dr. Roger Boissonnas working first under the guid-
ance of Dr. Rosmarie Hobel (Pharma Analytical Development)
and then under the guidance of Prof. Heinz Sucker
(Pharmaceutical Galenical De-velopment), mentor of his
habilitation work as a prerequisite to be elected as full professor
in Pharmaceutical Technology at the University of Basel in 1982.
Thanks to the support of Prof. Thadeus Reichstein, Nobel
Laureate in 1950 and former head of the Pharmaceutical Institute,
it was possible to realize in the year 2000 the new pharmacenter
at the University of Basel. Both authors thank Dr. Angelo
Comunetti, CH-4104 Oberwil, Dr. Christoph Saal, Merck,D

- 64293 Darmstadt and Dr. Silvia Kocova-El Arini for their
support and for a critical reading of the manuscript.

References

- Benson, Roger S., MacCabe, Jim D.].,, 2004 July/August. From
good manufacturing practice to good performance. Pharm. Eng.
24 (4), 26-34.

- Bracht, Stefan, 2000. Transdermal therapeutic systems: a

PHARM TECH JAPAN @ Vo01.33 No.15(2017) | 63(3115)




review. Innovations in Pharmaceutical Technology, pp. 92-98
(http://www.iptonline.com/downloaded May 2015).

- Dorr, Benno, Leuenberger, Hans, 1998. Development of a quasi-
continuous granulation line — a concept to avoid scale-up
problems in pre-prints of the 1st European Symposium Process
Technology in Pharmaceutical and Nutritional Sciences.
In:Leuenberger, Hans (Ed.), Proceedings PARTEC 98,
Niirnberg, March 10-12, 1998 (to be downloaded from www.
ifiip.ch/downloads, Basel).

- Fan, Yuchen, Zhang, Qiang, 2013. Development of liposomal
formulations: from concept to clinical investigations. Asian J.
Pharm. Sci. 8, 81-87.

- FDA, 2015. Guidance for industry: PAT — a framework for
innovative pharmaceutical development, manufacturing and
quality assurance. http://www.fda.gov/downloads/ Drugs/
Guidances/ucm070305.pdf (downloaded May) .

- FDA-ANH program, 2015 May. http://www.
nanohealthalliance.org/downloaded.

- Gratieri, Tais, Albeti, Ingo, Lapteva, Maria, Kalia, Yogeshvar N.,
2013. Next generation intra- and transdermal therapeutic
systems: using non- and minimally-invasive technologies to
increase drug delivery into and across the skin, a review. Eur. J.
Pharm. Sci.50, 609-622.

- Greb, Sally, 2013. Pfizer. http://pasg.orguk/PASG_May_2010_
Presentations/Presentations_Session_3/Sally%20Greb%20
QbD%20for%20Dissolution.pdf downloaded August 26 .

- ICH Harmonized Tripartite Guideline: Pharmaceutical
development Q8(R2), current step 4 version: http://www.ich.
org/fileadmin/Public_Web_Site/ICH_Products/Guidelines/
Quality/Q8_R1/Step4/Q8_R2_Guideline.pdf. (n.d.)

+ Jamil, Haris, Sheik, Saifuddin, Ahmad, Imram, 2004. Liposomes:
The Next Generation Modern Drug Disovery. pp. 36-39.

- Kawashima, Yoshiaki, 2014. Round table discussion with invited
speakers. Pharm. Technol. Jpn. 30 (2), 7-16 (To be downloaded
from www.ifiip.ch/downloads).

+ Kimura, Go, 2012. Design of Pharmaceutical Tablet Formulation
for a Low Water Soluble Drug: Search for the Critical
Concentration of Starch Based Disintegrant Applying
Percolation Theory and F-CAD (Formulation-Computer
Aided Design). University of Basel, Faculty of Science PhD
Thesis. (to be downloaded from http://edoc.unibas.ch/ diss/
DissB_9886).

- Kimura, Go, Puchkov, Maxim, Leuenberger, Hans, 2013. An
Attempt to calculate in silico dis-integration time of tablets
containing mefenamic acid, a low water soluble drug. J. Pharm.
Sci. 102, 2166-2178.

- Krausbauer, Etienne, 2009. Contributions to a Science Based
Expert System for Solid Dosage Form Design. University of
Basel, Faculty of Science PhD Thesis. (to be downloaded from
http://edoc.unibas.ch/diss/DissB_8879).

- Leuenberger, Hans, Becher, Wolfgang, 1975. A factorial design
for compatibility studies in preformulation work. Pharm. Acta
Helv. 50 (4), 88-91 to be downloaded from www.ifiip.ch/
downloads.

- Leuenberger, Hans, 1978. In: Sucker, H., Fuchs, P., Speiser, P.
(Eds.), Pharmazeutische Technologie. G. Thieme Verlag,
Stuttgart, pp. 80-92.

- Leuenberger, Hans, 1982. Granulation — new techniques.
Pharm. Acta Helv. 37 (3), 72-82(to be downloaded from www.
ifiip.ch/downloads).

- Leuenberger, Hans, 2005. Annual Report. Institute of
Pharmaceutical Technology of the University of Basel www.
ifiip.ch /downloads.

- Leuenberger, Hans, 2015. (R) Evolution der Pharmatechnologie.
Pharm. J. 01, 7-9.

- Leuenberger, Hans, Drug — Excipient Galenical Screening

64(3116) | PHARM TECH JAPAN @ V0l1.33 No.15(2017)

Program for the Development of Robust and Six-Sigma Quality
Tablet Formulations in Conference Materials “9th Scientific
and Technical Forum Basel 2013" (n.d) to be downloaded from
www.iflip.ch/downloads.

- Leuenberger, Hans, Betz, Gabriele, 2011. Scale-Up in the Field

of Granulation and Drying. In: Levin, Michael (Ed.),
Pharmaceutical Process scale-Up, 3rd edition Informa
Healthcare New York.

- Leuenberger, Hans, Guitard, Patrice, 1978 October 4-5. Drug

delivery systems for patient compliance in pharmaceutical
medicine — the future. In: Lahon, H., Rondel, R K., Kratochvil,
C. (Eds.), 3rd International Meeting of Pharmaceutical
Physicians, Brus-sels, pp. 358-372.

- Leuenberger, Hans, Lanz, Michael, 2005. Pharmaceutical

powder technology — from art to science: the challenge of
FDA's PAT initiative. Adv. Powder Technol. 16, 3-25.
Leuenberger, Hans, Leuenberger, Michael N., Puchkov, Maxim,
2009. Implementing virtual R&D reality in industry: in-silico
design and testing of solid dosage forms. Swiss Pharma 31,
18-24 (To be downloaded from www.ifiip.ch/downloads).

- Leuenberger, Hans, Leuenberger, Michael N., Puchkov, Maxim,

2010. Right, first time: computer- aided scale-up. Swiss Pharma
32, 3-13 (Can be downloaded from www.ifiip.ch/downloads).

- Leuenberger, Hans, Leuenberger, Michael N., Puchkov, Maxim,

2011. Virtual Scale-Up of Manufacturing Solid Dosage Forms
in Michael Levin (Editor) Pharmaceutical Process Scale-Up.
third ed. Informa healthcare, New York.

- Leuenberger, Hans, Puchkov, Maxim, Schneider, Bernhard,

2013a. Right, first time concept and workflow, a paradigma
shift for a smart & lean six-sigma development. Swiss Pharma
35, 3-16 (Can be downloaded from www.ifiip.ch/downloads).

- Leuenberger, Hans, Puchkov, Maxim, Schneider, Bernhard,

Kimura, Go, 2013b. Right first time, concept and workflow part
1. Pharm. Technol. Jpn. 29 (12) 41(2413)-52(2424). To be
downloaded from www.ifiip.ch/downloads.

- Leuenberger, Hans, Puchkov, Maxim, Schneider, Bernhard,

Kimura, Go, 2013c. Right first time, concept and workflow part
2. Pharm. Technol. Jpn. 29 (13) 45(2617)- 55(2627). To be
downloaded from www.ifiip.ch/downloads.

- Leuenberger, Hans, Puchkov, Maxim, Cueni, Urban, Sivaraman,

Guru, 2014 Dec. 3. Virtual Design of Tablets, Conference paper.
Innovation Center, Lorrach.

- Leuthold, Margrit, Leuenberger, Hans, Weibel, Ewald R. (Eds.),

2002. Megatrends, The Rise and Fall of Megatrends in Science,
Proceedings of the CASS Symposium 2000. Schwabe Verlag,
Basel.

- Lowe, Derek, 2014. A new look at clinical attrition, in the

pipeline posted January 10 http://pipeline.corante.com/
archives/2014/01/10/a_new_look_at_clinical_attrition. php
downloaded May 31, 2015.

- Malaterre, Vincent, Ogorka, Joerg, Loggia, Nicoletta, Gurny,

Robert, 2009. Oral osmotically driven systems: 30 years of
development and clinical use. Eur. J. Pharm. Biopharm.73,
311-323.

- Sertkaya, Anna, Birkenbach, Anna, Berlind, Ayesha, Eyraud,

John, 2014 July 25. Examination of clinical trial costs and
barriers for drug development. http://aspe.hhs.gov/sp/
reports/2014/Clinical Trials/rpt_ergpdf (Accessed, 6.6.2015).

- von Orelli, Johannes, 2005. Search for Technological Reasons to

Develop a Capsule or a Tablet Formulation. University of
Basel, Faculty of Science (PhD Thesis).

+ Woodcock, Janet, 2013 May 8. Personal Communication.
- Woodcock, Janet, 2014 June 26. Personal Communication.
- Woodcock, Janet, Woosley, Raymond, 2008. The FDA critical

path initiative and its influence on new drug development.
Annu. Rev. Med. 59, 1-12.




