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Abstract

Transdermal drug delivery systems (TDDS), serving as composite carriers of drugs and medical
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materials, hold an important position in pharmaceutical development and generic drug registration by
virtue of their non-invasive nature and controlled-release characteristics. Owing to the complexity of
the skin barrier and significant variability in systemic absorption, conventional human bioequivalence
(BE) studies are costly and exhibit high variability. To address this, regulatory agencies have estab-
lished “BE waiver” strategies based on pharmaceutical equivalence (Q1/Q2/Q3 sameness) and ad-
vanced in vitro evaluation methods. This article systematically summarizes the latest regulatory re-
quirements and differences among NMPA, FDA, and EMA regarding waiver pathways for transdermal
and topical formulations, with emphasis on the scientific methodologies for Q1/Q2/Q3 sameness as-
sessment, evaluation criteria for in vitro release testing (IVRT) and in vitro permeation testing (IVPT),
and the advances in applying physiologically based pharmacokinetic (PBPK) models to predict virtual
bioequivalence (VBE). The study indicates that Q3 microstructural characterization techniques—such
as confocal Raman microscopy (CRM), MDRS, rheology, small-angle X-ray scattering (SAXS), and atomic
force microscopy (AFM)—have emerged as critical technologies bridging in vitro performance with in
vivo outcomes, while mechanism-driven PBPK modeling provides novel waiver strategies for complex
transdermal generics. Collectively, the advancement of BE waivers for transdermal formulations is
transitioning from experimental validation toward a scientific assessment framework integrating
computational simulation with systematic characterization, thereby offering substantial support for
enhancing the efficiency of generic drug development and advancing regulatory science.

Keywords

Transdermal Preparation, Bioequivalence Waiver, Q1/Q2/Q3 Equivalence, IVRT, IVPT, PBPK
Model

Copyright © 2026 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 5l

i B 24 A ST e BE B A 25 WA ARG, BATYERRIEE M 259K L ek G P AE B RN L 3R
e B RN SF IR R LS (1] AR SRR A 254 5 e AL 67 W, 328 B A 70 ) A P9 2 T 52 25k R T8
o ERRBERREYE . WEEOMERESE 2 IR ARG MA[2] [3]. X THIZ, AT A A BE R I A BT FE
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AR BE #RME, OO BRI B MU 5 125 Tk (3L [/ O7E si4] [5]. ANSCE £ R G0 458 K il5 BE
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2. IEWRIRS

37 1 590 R AR ) S S A G R AR X 2 A M B R BRI B, TR T IR AN AL BEAR 5 S 2k 1)
IEANRAEFG A, SHA N 25485 112 (Pharmacokinetic, PK)id FEdEAT IR 52 B AR[5] .
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(QbD) )4 1l Jit & AHBAE VAL [6] [7].
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Table 1. Classification of transdermal preparations and strategies for bioequivalence waiver
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Table 2. Comprehensive comparison table of key BE waiver requirements for transdermal/topical preparations by NMPA,

FDA, and EMA
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2. Guideline on Quality of
Transdermal Patches (2014)
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3. £T Q1/Q2/Q3 RN HIZE K BIFI L FFH I WMk FR

AR R e ) B AT SR 2 A SR . AEIE IR A R, QL GEMEMIF). Q2 (EEAM )5
Q3 (T FARBL) R T PEAN 7] 25 5 2 LUl FRI(RLD) 2 75 FA W IR A W A AR 1) I A 22 8]

31.Ql 5 QeSS EEM™A ¢
Q1 ZLRAGHIZj b2 5 RLD 5 4RI HETE o« FEIER RS, PRI FH Gz B L A7E T AR

7R B ST RE o 90, PRI (PSA) I S5 W FLFE UL T 25 1) 40 e R 8L, 1A i2 2 77 (Enhancers)
DU 38 3ok 38 B e e X A o 2 P R R HE S R B AR BB 71[9] . Zhao [10]58 A RGMERT A T PSA. K ikiBiE
T 5 A A TR S2 B (TS)TE K R BRI IE R e, I 2% TS, 10% Span80 1 3% dodecylamine
— RN, R BT R AR BBIER, R T M AR B RIS R TS R0, RAEATHE R
S T & HA AR T BE AR I R R I RS AT . Q2 TSR AR I = AE M Va Bl 5 RLD R4 —
. FDA i FHFRUER R Vr+5% RIS, (R0 T B RBE B B TR S P Ol k), WL
AR SR AT ) 22 45 1 [11] o

3.2. Q3 WLEHE BRI R 2 4 AT

Q3 ML A i 47 g Bz | FRURIE A P i L Bl P8 (R 03, HL R oA T 1) 75 R P B A 2 IR 2 S L
BERILLE Z LRI — B [12]. X FIE RIS, Q3 [4% [ ME E SRR B 259 B R BT 11 B
RFHIER R . RGEN X B LATHT (XRD) AN ZE 7R 434l 2 4 (DSC) 3 2] - Bk 2 UL A AR 1 iy AN
PIGARAL, BN IR R Z ARG S MR TUE . PRSI KB TR E, Kb 2 Fhmfny
DT EARIVIE] Q3 SE MRS T A
3.2.1. ARENSEMIEIE(CRM)

CRM EREEE T A LR R MBS H 26 M0 THRECGRAMGE /), ATAEANEIARE dh (B Mt
IKECY RIS OL T, 70 A AT = et moe il R . FLE AR Z AR, CRM AT LA sl 7 A
P85 2H 73 B 2 ) A A R EDULAR R AP B2 R HEAf e B2 ). Jung [12]55 A A CRM SEARIEAl AN IR i
BHR AT ER B IAE, PRI CRM B RENE XTIV [ 447 &l 1 OW 45 K R A EAT 25 18] 73 B 7
FFREIRAN TR 73 A 2 RDRAS DL RRH I AL AT HES o
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MDRS &0 [H ik 5 73 HE R 0K UG o b 5 4 B0 1 e 45 S IR . EIREALAE ., API
SURL ) RSH A 55 28 i A TR T 751 9 2R 4 0 B SR A R ST 38« AR G OB L FE A (DLS) T2 IX 43Tl H
(22530 2 i, {2 MDRS nJ Lo BUEFSE 70 Bt B ANRORL, R B 2061 0 — AN RORL AT
22 G ik, mgh 40 % 8 T API SRR 0 A AR &5 . 0 Kippax [13]1% AR EIEE S
)32 2 1 (MDRS) A FH T-1 5 AP FERL 7 P 22 25500 L 0k / SRR AR 1, AT S B~ 4 5 RLD
BB

3.2.3. BIRFREEF (Advanced Oscillatory Rheology)

ZHORIE IS e AL SCHA T IR A IS I 5, RS TR E i R (G, TRtk 25 1) SRR (G,
FIEBN) R AT DA SR AR . G GBI VCECUE B 1 05 1 25 B A 5 B A 25 A L AH AL IR N S A B
BH A7 (BELHEs2m IVRT); 10 AH T 4 Je AR o A0 b 20 P DA R 1 7 i E R Ik R P P RN Pt i 6 0 — 2L,
PRAIE 7 3% B IS ET AR 55 F] . Yang [14]55 ATE N T AIAS G A REn FLA S R 7 oW g5 1) . e
TR AR T ) s e I A H A P o AR5 AR A DA ST FLARRE il R ST

3.2.4. INRIITF X SGHEREUET(SAXS/WAXS)

R ATERI X 5326 2 3B S B R AOR 73 8 22 R AR UM U IR, E 2 T
1~100 ZK RPERIH T RELM . VF 2 BURE IR SR S ML % B fI ), 7ERON Fos B2k
TSGR G ZRA . ASAAEL ST M) . SAXS BEME A FURS T b5 IR B FE HIZ RIEE, X el
R )R B RO IE A R T 250 NFE R T A B SCBE BRI B e . SAXS ATSTIE M SEEE A, R UEI R
I FILE D KAR D 55 K _E 255078 R « Teeranachaideekul [15]45 A\ FERIF 78 2L AL IR LA B0 299K 45 4
S R IS BRI A5 FH 1 12 AR o L) i B AT RAE

3.25. BRERFRMEAR(Cryo-SEM)

Cryo-SEM 2 ) FH ¥ U 74145 Ak /K 43 Bl 3B Ak (Vitrification),  FF7E 45 R Wi 82 KRS I H AR
ZAARBE YK 5 PR B ULIR ) 00 = e AT, ELOE S 7 5 TR T L R g oA kA
LEEE IR N 2 EFLR(WIOIW),  FERERS I & 5 A% X N AR BLSE kAR 20 A, INTEAS % EAEBA Y s 2
HEF (¥ v B — Bk

3.2.6. BFHERIRAFM)

AR AT U R AR 4R b R T, SRECBO T B R 772 PR o X 3 B 5,
TR (PSA) IR EE R s T LRGP PERE(QS IR HE 7). AFM BEWSHEAT I AR, FEUNR & R &
Yotk Z P IR A 70 B 45K, I I g 27 S 0 8 2 T R SOUURG A 20 LASIE B U J 3k o 4 B 95 e ) 5
2t Mohammed [16]55 ANAERT % 45 7L F ) Q3 RALFE M 1l St 22 BAEE . ARl =0 2 5 i &
AR T 0 BB (AFM) B fidh = 25 5 TR WL SR T B AR FL B B v BB 503 5 25 kL, R D 27 1
MR/, SR T RIR 214 FL 7 5408 (cryo-SEM) R 5 £ b 2 U8R (CRM) S =R AT T 45 2
AT PPAL -

4. BEBRTIST R FRG(TCY)

N T 0 RGAE B I FIES Gt N, 22 RS Tl S IE R 50 JR R 45 25 53 25 R St (Topical Clas-
sification System, TCS)[{JN . Shah ZE[17]1MR¥EXT Q1. Q2. Q3 M= FEEE L. T 4T 24 i 7325 & 45 (Topical
Drug Product Classification System, TCS), W% 3. Garcia-Arieta Z5[18]7E I IEAE F 48 H T Wk B 2 [ 44 41
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il 25 R MR SR, WK 1o WP AR T & EMA FR IR e SRR AER T i 7, 0
IVRT AH{ELfY) TCS Class 1 283% 17 il 751 /& LASRAS LT VAl i%A 5. St EMA 5 B8 5 0052 R 2417 e
J7, 3T PK ) BE & IVPT B MAMAERN 7R, Blanxt T gEm R A8 kUL, WHRET QL. Q2. Q3 Al
IVRT 24, IVPT tAHAL, WI3A BN 2= AN E R EIA B FE[18]. X T Q3 ANFE[R] il 771 5 275 J&

Z LUl (il 25 2 18 22 5 (AR Gk, 24 22 S AR R I 7 B230E AT 25 T PKC (1 BE PFA
AT PERILR S 32 B i 750 007 40 26 VAl AR HE T AN ST — o EMA AT DU B ) SR S EAT IR AR AL (4

PP, 10 FDA X713 B 57K BE PFAtiE

JO27 b PR 3 U B Al T 26

Table 3. TCS classification

HORARYE P AR AT M E R, PRI AEAE R S A

3. TCS %
TCS 43K Y ERHIE AR EEW
Class | Q1, Q2, Q335 RLD [ HETF 22— IVRT B AT #4 4
Class Il Q1l, Q2 #[FH; Q3 fFIEER 1 IVPT 84 DPK ilE IS M A 52N %
Class Il Q1l, Q2 EfEER: Q3 A PR BRAR, 75 1 2 E B IRE AR A e J B e
Class IV Ql, Q2, Q3 A WIRTIT N PK-BE BRI R £ s 5
!
IsitQl & Q2?
Route 1 Route 2 Route 3 Route 4
Yes . No Yes /
— IsitQ3? i QQQ»?
class
TCS class 2 /j\\ TCSclass 3 TCS class 4
'ia,/fs’tﬂe differe\n\de\\, No
= 7 T>~<lirrelevant? -~
: S~ Route 4a
g Yes No NoT ____ o PKBE™~~__ Yes
Q T <__and deep site of >——»{ Acceptable
QUEEZD53, o = e action?” =

éR

Yes

No s PD/Clinically
Route le equivalent?
Route 2¢ & 3c

Acceptable Acceptable

*If the drug does not permeate through the epidermis in a IVPT, a TS study may be conducted.
*|If the drug is detectable in systemic circulation a conventional PK bioequivalence study is preferred.

Figure 1. Regulatory decision tree for the development of generic semi-solid topical drugs in the European Union [18]

1. BRERE A+ ElF SRR A A HI 25T & B IS E IR BRI [18]

5. PBPK & HRB S E R I PRI RE M A

7% Kz PBPK #5% (111 Simeyp 1] MPMLMechDermA.. GastroPlus (1] TCAT #571) & % 30 i B0 14y 77 F
RYE, H2ERAL SRR . 70 ) S B R 1 (CQAS) 5 A 2 JHk v JBE A2 4 i ) A TR S B A
MU LS S AU NIRRT B RiBiE . AL LS R GTEFR G A FE[19].
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51. MREH=

R AR AE %M (Virtual Bioequivalence, VBE) WA & H i i HEUE MEWIRE S« X TRV Q3
7 BURINEIE (IVPT) B A 10 2 il 22 1) 52 a1 7], T il PBPK A5 A A R0 2 0 46 oA AN R A= 22
FRAE (AR RS« T DRSS L I3 T8 ) () R A2 A . 7ETH SN PRI R SR, B 2 T A5 ) 245 15 D
PE R AR BATEA T R R R 2R, AWTIHERBRIENIGIR BE 50 M e b . XS BR N
37 % M (1%) 2 FDA L 55— A DL PBPK @A 5 BE HF 78 (148 B 4 il 24[20]

TE VR T 1H(QbD) M B, FI AL HEAT 2 8 & S HUURE /3 T (PSA) . HHILRIE R T 258
(CPPs) Ak} & 1 (CMAS) [ M5 & AT 5210 5 . O TN IR A A5 1t 2% (Clobetasol Propionate, CP)ff] PBPK 15 7Y
B FH T 000 28 5 45 245 s (R 254K 80 71 2 S 500k Jey 30 S F G 7 28 A U, M2 i) B s B BRI S T 7
ZH PRI b FRAH OGN, ASEAY ) DA R L C 77 R et [21] . 3 William [21]58 R H GastroPlus®Fr)igE j
X =W S FE s B AR 7 Dermovate TM L& H CP i1k

VP2 HMNHZ) ()30 NSAIDs $LE 2 B R s TR ERE . BEERERE R0
W T ARG AL DL 20 ROKE . PBPK 2 H ATME— A8 LLAER N 7 20 2 2 TR 2y J2 4 41
SIS AR E RN TR, AR08 T 55 #0223 7 7% £ (Target Site Exposure) 1 7iill. Garreau [22]% A
TER T EANHT B R RY AL = PBPRIZASAER, I ANIE ST 2 S AR AR E R A 6
Mpb B b ) e R

i e 2 R R AR B R R E S B . PBPK 1)l I i B K JE AR S B E
(Ontogeny/Pathophysiology), Tl 254 7E 57 5 52 45 B2 Jk (AN 4R T8 s « e RLPE R 98 )« AN [ fe 1 S A (0 5 A2
Ji) A K LBHZZAE N B IE B )15 M R G # E AUR: . Wojciechowsk [23155 A AR AR & JETF R T — AN
RZGWEN 7)Y, BT TAEALE 25 AR LR RN B8N 78 R TR R R L TILU e A 25 Je Fa s B R 1B Il

5.2. EARRRE

PIARIE B2 PBPK KA T MRS A oMl R A S e, R Rt R LRI N 2 2B =, BRI HIFZ
FARZ(SC) TEMER L Z(VE). HEE B IR SR ZENIA . RE 210 PR B R i o 2 o, A % X
431 41 1] I 5 A4 T2 B 4% (Intercellular Lipidic Pathway) 5 # J5i 41 s P4 1% 4% (Transcellular Corneocyte
Pathway), FF- 4751 N T BREFITHR K55 4% 12 (Appendagealpathway), 351 K201 8k = 25 f T 2540 1
TR IS 2 SC B B [24] . HIFIRECT IR G MR & AR RIFE RN LB T3 ) & 2 AR
oK . M PBPK Mg £ 5] N3 72435 BE (Thermodynamicactivity) fIlAL i 7772, Bha R 42 5 5
FIRZEIIFE . 29WBRIRIA BN “3h )23t M RIR 25 (Supersaturation) ™, DA IR BERR AL S50 API B 45
g (Crystallization) L% [25] [26]. FFIET2590005r T &2 LogP. pKa A sS4 b 40T 3 R i a9
WY HCREHE S [FNF ARSI (IVRT) FIAA S8 % B (IVPT) S, WHREAY btk LA B T3 i S 80 (n
R - MU B8 K (Vehicle/SC)) kAT a2 20 LA 1 1

5.3. ¥EBYIGHF

U T IS R PBPK F AL A ZIE A FDA $2MB 1 “ ZRPISIER R o« 3T AP & B AL B I0IE T
EO D S bk S B RS s B E % APL R 24BN ) S (R BR R A A BB R Y . 42 B
137 PK JE i S e Jay FR R i B2 2% 1k, PRI L B ME A 7R 5 08 o B SR T (AMID) s FH IR ORE it (dOF M),
AR Jie s 3 2572 (Tape Stripping/DPK) SRR 5 R S 1Bk 52 & W AUR L™ % 10 2 BUgU It 73 1T (PSA)
R B A NS4 6 R AN E T B PO sy, 4 RN 2 R AR 100 1 R [27] [28]

2019 42 PR 2 4. FDA 1K ELIEEME 75T PBPK HE AU AEM) 5 AU (VBE) M B A4 7 il 2 Hi i ——
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WAGF BRI 1% HIE NREETE B 1R S Q3 HidE k31 PBPK #5248, RLINFA % 1 A & 52 1 I
RER[20]. HAT, 7E FDA [ “BR 51 SR 2571 &Z(MIDD)” T H , & PBPK O 2% . EMA
7 Guideline on Quality and Equivalence of Locally Applied, Locally Acting Cutaneous Products 3 &+, 1E
g CET ORI BTN FN SRR SN E R . ATV E e R S BB A5 R I R
BRI T A,

75 R AR A R S SRS S — IR B RS AR RS TR, ) 5 S AU T 0) A 2%
B HERR L, SEHGR XS IR AR B  APRERE A DL R GEiH s e iR R & . H TR B3RE, 1%
BRI R A PK VPO IE [ A1 22 4 FE R AE 5 R A SRR IGIE (R 25 A B U A8 6 T il 245 R AL T &5
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