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Considerations on the Test Methods for Bioequivalence Assessment of Products

¥ 2278 Hiroyasu OcaTA
BENEE o N A== €

Summary: Guideline for Bioequivalence Studies of Generic Products was first issued in 1980, with new guidelines added and
continually revised. In this article, we first introduce the concept that formed the basis for the guidelines, the concept underlying
the system that has been created, and the findings that support these concepts, focusing on oral drugs that are expected to have
systemic effects. Under the condition where the drug concentration in the blood is the endpoint, evaluation of bioequivalence (BE)
using that endpoint is a sufficient condition. Furthermore, the condition for evaluation is made feasible in the direction of further
reinforcing the sufficient condition by evaluation of treatment for healthy adults in the fasting condition. The iz vitro dissolution
test conditions were set in order to evaluate the similarity or equivalence of the formulation properties. Then, based on the eval-
uation results and the scope of changes in the formulation, an evaluation system was established to confirm the BE between the
formulations before and after the change without conducting any human study. Meanwhile, evaluation of BE of pharmaceutical
preparations that are expected to act topically (e.g., eye drops, dry powder for inhalation) has emerged as a new issue. The evalu-
ation is not based on comparisons of the drug concentrations in the blood, but on pharmacodynamic (PD) indicators and clinical
measures of efficacy and action. This latter method has greater limitations, is more time-consuming, and imposes a greater cost
burden than the use of drug concentrations as an indicator. There is need to consider alternative evaluation methods of BE to
clinical trials, such as comparisons based on the blood drug concentrations reached in systemic circulation and evaluation based
on PD measures. In the “Topical Dermal Applicable Formulation GL,” BE was evaluated based on the drug concentration in the
stratum corneum, but the newly issued “Concept of Topical Dermal Applicable Formulation” switched from BE evaluation based
on drug concentrations in the stratum corneum to that focused on clinical trials. However, we estimated the relationship between
the strength of the stratum corneum barrier and the drug concentrations in the stratum corneum using a simulation method and
demonstrated that the evaluation of differences between formulations based on the drug concentration in the stratum corneum
was highly reliable. Devising a new system for BE evaluation is warranted, including consideration of drug concentrations in the
systemic circulation and PD measures as BE evaluation indices.
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YTIE, o220 ER%E, HANIZLL DL, #
B OBENEIICE DL IZKRELSFT, 20
A, 1) I EE SRl L 72 (10% BLA) %
AT L2) BIMBEOFEUMEIREDOLNDL T D2
Hs, BFIERTIESDEKREL B> T0h bl
Tl hweEZ, WEBREOMAENERIZL LIS
ENFELRLOTHLE L, HHIMFHMA HE Lz4
W RS T, 2T HICHBE AT
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PO FRZEEO I DM & 7 5.
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DIEOBALEFWS 2L 25T L IFEZ SNV
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Z 2T, bOEOBEFFORERE MR, HHE DL
2, MAHSEYEEOZLZ 26T LIdEZ b Wn
YA F =AM EFEONF LW HE L. —
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Fig. 11-5 HFOWAEEKEEEKRS W BHR

RERIC X BRI A ATV, 4TS, b MBI Ko
TR L RT I EITh RV E W) EAES N
in vitro IR RIS X B SRR MR o 720 o
BHEIFCR B L) BRMATTIZL TS, ZOWED
A R ORI & IS B O JH M & B4 5 2
FfEE VL L, EHZEORSEEOFI & L7z,

Fig. 11-1, Fig. 11-2, Fig. 11-3, Fig. 114, Fig. 11512 %4
SO ERLED,

Wy R S D FEI I BT, [H5 4tk ©
FEAM S % Fik, —M, ML T ELLMBICHRET S
fEF S, FRICHEE, HEEWOIE,HI1EHY )
B, EDD, TOHOEME & EEAT O A % i
ML, BARR 77— 2 IO E@Em T b b &t
RRAET A 2 LU TH D, 2L I EIE S
BT+ =T BB - 77NV —THREL,
BIREE D 2P LE LT =2 ICED X, 3FEMD
S EALN, TORREEEICBERBRT A NI A
CUHEEBATYWEST A R4 VIR S N7z

ETo1601L, AR E LTSN AKITHLTO
BMEtTH 5. KIFTRMD 7% <, A+ ViREILE
O&oTnb, b MBREZIThbRwE T 25HHO
72OOBEMRBREM L LTHRESNI TS, Sk
BHNRINA & OMEAER A U3 Wikbgi e LT
RESN, ZORBRMBIZBWT LG EEOHF % T
HHEEH RS THIUE, BHEWI RV E W) A
TORERR L S,

CORBMICH L, & MNRERT— 5 TESL VY

EI2h, WINF LY L O OMEAIEH O 720121
ZBREAFEE L 2 b 2 WHRFIPR SN, KITEZT,
02% 3 bF P T 2 A HNTORWEEE SN
IV-1-b) & FRERICH 1T BHEBREMH

IV-1-b-1) #5514 (REER, BRE, BERD)
BRSO AR % M5, Z2iEny, BAr W
2, BERKORLZ 2 BRAEOFHONE (KGN
£, BIEE, BRI EZE) 12X 5, s
YR E~ OB R S /e, BAIHToERIL,
ZefEIREDSh o L B RE L, BEARIIEIERI/NELC
AHMEMER L. T2, BRFEICBWT, 2
BRI T HEMDFERD S 7z

1Bl LT, a7 —10flzR
3 (Fig. 12). #5%, @O~ > 7FVEBORFHE
s & BRI A M R SRR D BRI L
L7z IR 512 B W TR O B WIRF R E %
RL7eA TRV (A) ERQIBRWNEERZ R L2 TRV
(D)%, KIEIA, =IEEEZEA L CuRE 18
5L, =y 7 VERORPE R & B 2 ) L
7o, WA E L EBREGICE > TEAL, #HMO
EHNEL otz BEIZL-T, WA IE
EES NG Z DR 6N, TOREITEFON
7w URIENE SEHE) Lo TRE s T,
INHOHR, EHIZMoRBOMRE LY, [N
DFHMiGME, HAIM OZROMIE K E W22
W 54T ) & Sz, ERRTIIERSIT A
BRH SN 2HE0% L, TOFEEIOIL, EEK

TRy 732 Vol 18, No.2 (2024) 99
e eI I



20

w 15

£

3 O Fasting

® 10 B Meal |

2 [ Meal I

i | |

- 5

S

s

L

K Capsule A Capsule D

:
meal I : high fat, low carbohydrate
meal Il :low fat, high carbohydrate
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FICELWESHDHE ; HEAT—F IFEHRRE LN
OBAKEAHRSNTNENERSR
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HBHIBE ; ERBROBBRE
OBALANBRSNTNSEER :
BHEERO—DULORHICENT, SEERA KRB OBE
HICELWESHDIBE ; BREAEHRE LEARR

BHEOELE:
+ BHOENT OBEIOF Y B EHB0%ITE L /B[ TS O
B DOFE HEHS0%LUT
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B RS T DO F B HEDE0%LT

.13 EMFHIRSMRERICH (T B HERE DRIRG

y
Q@
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1
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1)
19 29 39 49

Fig. 14 REHBREICS I 2BREBEENIRVES & Fi
t(])F;ﬁ{?fUO)

GEEICHETH L0 E) D aiHliT 52 & b 0B L
OBELH 5. BHIEOZEBROME IR E WM
THRSEEZHWT 5 &) [Ta55&tt] Lwv)H
T, FHliD 720 OFRERS A LR S 7.
IV-1-b-2) #ERE DE =
HWFFEIMEREE T A R4 2BV T, Hrg
R, fEERERAERE TR L Tw
5. 7272 LFig 1312, B bWBE*HTH5ME%
RLTW5A.
IV-1-b-2-1) BREEIMEE
TAENS BWTIL, R E ISV TH HilR
PEE AR B ER B D ETE L (Fig 14), M)y, Bk T

Dissolution Rates of Metronidazole from Sugar-
coated Tablets

metronidazole: highly soluble

T 600
5 500 Tablet C
S 400 _—
2 | Tablets | — ~Tablet A
g 300 ~ < O~ Tablet B
3 200 [ aniet T~ _ ——Tablet C
g 100 2 <T‘ - Dissolution Test: Paddle
E o / o method(120 rpm)
pH 1.2 pH 5.0 pH7.2
Fig. 15 * hOZ &YV —JL#ELREE (A, B, C) DEHEE

(50% 7B HEERE) (ST 2 HABRABpHDORE ; FH
B2 /X RILE (120 rpm) 1D

Tablet A

FS

N

8 24 32
Tablet B

»

N
T

8 24 32
Tablet C

serum concentration,ug/ml

8 24 32
time, hr

Fig. 16 % hAZ 4 —JLHEISEE (A, B, C) 2 BREEEIE
BT (@) b L EBBHERE (O) IIROKS
%O & YRR 12

tablet A tablet B tablet C
b L

serum concentration, ug/ml

0 12) 2‘0 :;00 1b ZIOSOLO 10 2‘0 3‘0
time, hr
Fig. 17 * hAZ & J —JLHEKSEE (A, B, C) 2K B BHER
HICEERO)SLUVER (@) BEREOMBEHE
MR 19

O B E AR RS O ALV T EHTR S
NTWD, A NO=F ) — VHEREER MR & L7t
fEH %73 (Fig. 15, Fig. 16, Fig. 17). A ha=4">)'—
WATKIZE TR T VDY, ZOMEKEEDBE KL D%
ff \C pHAK A AS5R 0 & 7z, pHo-7 4 3 C i ik
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AR AR EIE O I P S I DS, B R A
ROWHEE IZBW TR 22 EARRO LN 2
DORHIH D72 BIBAREOR G LM TOLHE SNk
Motz TNHLOMEZZTT, BHERDBESNT
WRWERGIZBWTYH, pHES T OB THEH
TR | 2R ) & SRR R L R A [ L v
DREO LN DAL, KB BROWERE CREE 1T
HTEDPRDLENT VD,

IV-1-b-2-2) AEANT— % (#HERE)

Y EEE FORBEEOERN L LT, EWRHTEER
WHEOECYH L Z LIRS TWD, AR
ISRl F—BBRE 1S BT 2 e sl & o
BRI I O BHEHE O =R O 2 475 FAH &
HoTWh, 200, RIEMOEYEIRE Lo
EREE Shwv, F72, BOESEAIIBWT,
fho RjE CRISEMEDZFHME S N2k R e, HAATO
AT A RSB o 72 A TR ST ez
O, HHEIN WG L LRSS T — 2 13z
AL E L7

72721, FEVR L7z B R MK A SRR
EDLAETRLZ S X2, BOKGHHNZBNWT,
HRERIERE LM S, RAIOR T & 2 [
MR REH CRR LMD EZ OND. ZOH%E
LR LT, BRI S N T W EIE A
IZowTiE, HHREBREFO—2LET, sy
EABRHEA M OBEHEIC[FLVE] 2SO
BAaE, REOERIZE - T, RIS R
PEN LA G T A2HATH L LFFEL, 2D
BiAd, SMEAERBA 7 — %12 & 5 [A% 0 ¢
ZF ANV E L7 (Fig 13).

IV-1-b-2-3) BHEHAPES> h TV B EESR

[l SRR A I, BB E & RRITAT > T b,
RS LB E L OB, RS EREm S
FVGE D) FHONIRE STV R WA, RAOERT
B LW EES LS. 2oz, BHRBOR
BRiE pH O—D L b CREHESIH) & SUBREGHI ] O i
DFELWERPEOONLEEIL, #EAENEEL
HRET BEFEOFMEIZIT) T EBREE LTS
(Fig. 13).

IV-1-b-3) B, A % 40 U 2 8FC KT 2 ek
IV-1-b-3-1) IRIUIESEE

AR A TIE, RN BT 2525
WU, BRSO EA (RRTR) HikS
(2 & o CHiBA 2 FF0 L, A SR S St 12

BOWTHREOMAPEYREOHR 2RI Z L 2K
HTW5E, B, BROV/NMEICHEEL, HtEo
IRBEB) DXL T A EMFITEZOIREICL 5T
KELERDDHLEEZOENLD, TOREELZ—D
DEOHBL, ZORMHTTHREEL 2 LHLER
THIZEIERAEND Y, F72, £ DR &R
RETDLEEZONL, EEWBE SR, S
i OB LB G HO M IRE I X 5 RS EEEG %
TH)HET, [+Ho&m] L LTRSS Zz5HETE %
EEZ BT,

L2rL, i)y, Bicdsanc s 2 mEE%EL, K
&, B, WE, HUbEE AR T L Tw
LEICHIRL, HIZ, N6 OBEMEEHFHELL T
W LHEORIR S, ZZERICE DY TERED
ARG S TOMAPREIC X 2RSS KD T
L. BEREBEOWHILEOEBAREEL L, e
TOHLE TORF OB X L FEYDOWIUZ DOV TH
MOLERTF~ORIGEZER L& EE2 N
N5, ZOX)ITE L ERIEGEOREIFIZONT
&, BBINARBREPLEE LEZ NS,
IV-1-b-3-2) BZ/AMHEEE

BWICHEIST 2WEP NGB ET 5 HE %
HNAEPEEE & v 28, BEtERE cik B EEo
BB % SN8EH], RTAVNGICBEIL, #H O/
¥ S OIEEYOBREDHIEENE. ZOL) %
HILENTOZHEDOFMETICB2NTY, ERER
G086 OBF B ORFEEOFMAZEDL S v
L, MRS LI A (BRI R) RS2
£ o CHIBA %GR L, b SRR DS SR 12 B
WD FEED MRS O L RT I L 2RT
BRI EZ AT LR ERDOTVD,

IV-1-b-3-3) JARF M CAZERE

HEAVESEY) O VR VE % s L 7 A (R
K, ~fr7oxz<nVyary, TEVITA F /K
T L) THHD, EEEEHERE LIS L L
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TWB0EZ T IUL R S 3w, BIERHE AN
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HLTws., —F, BREIEERANZOWTE, 4t
HIFEIR T B SN WS CO RSSO & &
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WS D O IHLE 2 R T GBI E S
WEEEICOVWTER I N TV, 5 &M4Te
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MOWRERRT ZENENE SN TVL 00 LT
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BHO : ARES
@ EEE ;
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(2) BRERBBR TR ShizmHPRE

REFERRANICAFIZHIRIC IEI 1, 18 1E, 7 HRREARLEZR, RIR7HBOILVT A —L
OEEMmETEE (EHE) 13 1.174ng/mL, tmax (PRAE) 131547, B (EHE) 13 13.5 8
MTHY., BT A v — VIERE R S IR 2% mURER & L _RORE L R L2 b O OB E
XHLNRENoTz, £lo, T% 7 o X NEMBROKEMSETEE (ESE) 13 18.47pg/mL, tmax
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NERIRFR E RSB B T B ILBEEBRIOD in vitro
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W WA T, 20, BEORBEEIC L > THRIK
53 D BEBAOFN 2= AYEA R ISR & IRAF S
Ly, REMLZEZEMZ SR E LTTo 72iGH
SR SRR 2 #5294 H 1 CIRH 20 [ S
BrFEMT L. 200, bkogs, WA EH
DY FHFEEEE OIS BT, S5y [F) 45
MERER, EWERERER, BRABRELZ GO0 EeN
BEHERLEE L. | L &K GEZ R TV D,

ZNOHRBRMORMED T %2, WAKIOE 2 7122k
DWW, WAFIOFHliAERONE % Fig 28 123 L 72.

(AR DE 2 F57 1 12BN T, BH 2 [R5 R
(&, [ SRZEEE G OIS BB R RE ST awn
ET, o, BEOWREFIZL > THRINS DR
AN OFNE R DSHEAF RIS R E KT 256,
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yes ’ Approval |

Example In vitro Pharmacokinetics Design
Budesonide Turbuhaler® vs O Good match Equivalent x Not equivalent Open-label, randomised, activecontrol, crossover, single dose; n = 37
Budesonide Flexhaler®'-? (no charcoal block) Double-blind, randomised, placebo-controlled, parallel group, 12-week;

Budesonide Turbuhaler® vs A Small differenceo ivalent
Budesonide Easyhaler®** (charcoal block)

O

BDP Innovator CFC MDI vs O Good match O q it
BDP Generic CFC MDI® (no charcoal block)
FP/Salmeterol Innovator pMDI Similar Equivalent for FP;

FP/Salmeterol Generic pMDI® not equivalent for
salmeterol

FP Diskus vs FP Diskhaler®”-? A small differences ¢ Not equivalent in O Equivalent

healthy. Close match
in asthmatics
(no charcoal block)

FP HFA MDI vs FP CFC MDI™® O Good match ~ $¢ Not equivalent O Equivalent

at all doses

(no charcoal block)
Salm/FP Diskus® vs
Salm/FP RPID®"!
Beclometasone DP CFC MDI vs x Big differences
Beclometasone DP HFA MDI®
Flunisolide CFC MDI vs
Flunisolide HFA MDI'?

(no charcoal block)
Not equivalent
(no charcoal block)
x Big differences X Not equivalent

(no charcoal block)

O Good match X Not equivalent O Equivalent

n=621

Double-blind, randomised, placebo-controlled, parallel group, 12-week;
n=516

Open-label, randomised, active-control, crossover, single dose; n = 33
Double-blind, randomised, active control, parallel group, 12-week; n = 161
Double-blind, randomised, crossover, single dose; n = 51

Open, randomised, crossover, single dose (charcoal block); n = 31
Double-blind, randomised, crossover, single dose; n = 31

Double-blind, randomised, placebo-controlled, crossover, 4-day dosing;
n=21

Double-blind, randomised, active-control, crossover, single dose; n = 12
Double-blind, randomised, active-control, crossover, single dose; n = 12
Open-label, nonrandomised, uncontrolled, 7.5 day; n = 24
Double-blind, randomised, active-control, crossover, 6-week; n = 232
Double-blind, randomised, active-control, crossover, 12-week; n = 212
Open-label, randomised, active-control, crossover, single dose; n = 23

Double-blind, randomised, active control, crossover, 14 day; n = 22

x Not equivalent Double-blind, randomised, crossover, single dose; n = 51

x Not equivalent Open-label, randomised, activecontrol, parallel group, 13.5 days; n = 31

"Persson 2008; *Kerwin 2008; *Laheima 2004; “Tukiainen 2002; *Daley-Yates 1999; “Clearie 2010; "Falcoz 2000; *Mackie 2000; *Kunka 2000; *Daley-Yates 2009; ''Noltinga 2001.
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