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Bioequivalence study of Ibrutinib Capsules in healthy volunteers
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Abstract: Objective To evaluate the bioequivalence of test and reference preparation of Ibrutinib Capsules under fasting and fed
condition. Methods A single center, randomized, open label, two-formulation, two-sequence, four-period and completely repeated
crossover trial under fasting and fed condition. 40 Cases and 32 healthy subjects were enrolled under fasting and fed condition,
respectively, and 140 mg test and reference preparation of Ibrutinib Capsules were taken orally every cycle. The plasma concentration
of ibrutinib was analyzed by LC-MS/MS method. Pharmacokinetic parameters were calculated by Phoenix WinNonlin 8.3, and other
statistical analysis was performed by SAS 9.4. Results The pharmacokinetic parameters Cmax, AUCo-t, and AUCo-» of healthy subjects
under fasting and fed condition all fell within the range of [80.00%, 125.00%] after logarithmic transformation. Conclusion The test
or reference product of Ibrutinib Capsules is bioequivalent in healthy volunteers under fasting and fed condition after a single oral
administration.
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R 2575 Kz Bl AR T 3 A B e I 3
52 A ) 70 23 LU i 70 7 £l R 52 1k v 1) A A 5 AR
PE, AR FH 23R AR -
1 #MREx%R

P4 5 Je e B2 (T): Ak 140mg, it
5 230201, HVLARIEZIARAF A~ S
A (R): il 4 s 143, Hikg 140 mg, fit5 1885793,
Catalent CTS LLC A==, HE. M. ESRE: (&
kg, £E Sigma AR, HEE (fikal, HA TCI
AT AR BT R F A E R 2 A
Fibt, JRESE 99.5%; AT E JB-ds XFIR S H
Artis Biotech Co. Ltd., i &%k 98.06%.

SR (0 R4, B35 DGU-20A5R it S #L,
LC-30AD M i 42, SIL-30AC H Bk %%, CTO-
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o AL, 6 B ARG - 2411 F [2023] 28 (33)
5, MR AR, PRI 72 5] 18~65
G EREZ A, TEE TR TR R, A
BRI S 25 2R AR E (Cra) A
PR AR 5 B 2R 65% . AR A6 I S 35 KPR
N 0.05, #6 HSZ AR5 2 L il R A 0 S 2 A 4R
&% Cpower) 2l 90%, B T/R JLAAT¥4)4E LL (geometric
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RN LR 39%, DL EHABTR AR, 4
JE IR 32 615238 %

A SERRIE L S TR — 8. RGN
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FAS [1) 32 52l E v, 51k 24 51, i 8 s I
% 29 7, HALRE 3 #i; FYYFEES (27.9+6.0)
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2.2 LC-MSIMS AR HEGE ERmKE
221 (i Venusil MP Cig (2) ik (100
mmXx4.6mm, 5um); FisiAH: 5mmol/L FEEERER K
WS 0.2%H R (A) - LI5S 0.2%H R (B) (15 :
85); MAFME: 0.7mL/min; HFE: 5L HI
HREEEEE: 4 °C; HlE: 40 C.
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222 JikM HMIEE U (ESD, RAIES
T AT, BRI 500 °Cs WE%5: 60 psi
(1psi=6895Pa); #fih™<: 60psi; LA <: 35psi;
WS L 5500V, RfEHLEN 100V, F T2
SIHTEIES XA A B 8 miz441.3—138.1, Hlif
Aei 36eV; i Je-ds miz 446.3—138.1, filffERE
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(1) WA BN JE-ds TR,
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FikE, 19 3.00 ng/mL WARE . NIREHET 4 C
UKFEHRIRAE . DL R R 7 S A T AT
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(2) 5 mmol/L BIRE/KIEWRE 0.2%H R (it
A A): HL 400 mL HEZlK, MAZ) 15.4 g BAER
He, SRR, IRAHS], RIS 500 mmol/L BEER L
W B 1000 mL 47K, i 10.0 mL 500 mmol/L
BERR VAT, TR 2.00 mL IR, TRA), RIS
0.2%H i 1) 5 mmol/L B R4k /K ATk -

(3) ZEF 0.2% R g GAiahAH B): HX 1600 mL
N, A 3.20mL R, JRA1, EIfSHS 0.2%H R
(205

(4) JiiE (QC) FEmAIER NR (LLOQ) ¥
TRATBCH]: RS SR A B Je R B o &, FH PP
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7K (50 : 50) FiE Bk TAEWE, 19 4.00. 12.0. 100,
1 000. 2400. 5000 ng/mL ] QC 1 LLOQ R A%
W, BT 4 CUKFEPORAT. UIANZ A SRR AR
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50.0. 120, 250 ng/mL FIAE S, JF035F 1.5mL ik
o, B T80 CUkfE T RA1E.
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FUK 5.0%; &F—ARIFEEAPPAY s A —HERM, 38
B2 10 RUE, /b 90%HISKIE &% . 45 R EIR,
21 1 2 A PR A 5 AR T B KA 5.2%,
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E1 FHERKRER HPLC-MS/MS EiE

Fig.1 HPLC-MS/MS chromatograms of Ibrutinib Capsules
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x1 ERYEREER ( x+s, n=3)
Table 1 Results of matrix effect ( X s, n=3)

FUERE/(ng mL™Y) I {E/(ng mL™")  FEFEN /%
0.6 0.6+0.01 100.5+2.5
120.0 119.7+2.9 99.7+2.4

A B EEAT R i, [FIREAT 2 N2 B
i B AR AN R 2 DNEIREEES (3
FHERRE N FR, STDO) Z3#r, I HLW 4 bruE il
S VAR Ak AL OpA R/ GRAEST S DA RS S 1287
B AT I 58 WIRPE TR e i gy, A
Z 5hRHEh et 5. DUAEZMR BEARE i rh AR il 42 o
WL AT, RN 5 AR R T AR BB A
Brs IR /N Z afeididb AT et [l ), 45 bk i b 42
LA 72 Y=0.391 00 X—0.005 68 (r=0.999 4),

2G5 EI A 0.200~150.00 ng/mL.

22.8 WEWREE. REEEIRL  RUAREEEE. HE
T A FEIRFE AR (B B e L% R
BISE 554 0.60. 5.00. 50.00. 120. 00 ng/mL)
ALLOQ Fffh (A& JE MK i W N 0.20
ng/mL), &EANREIREIAT 6 MEARSHT. VPR
AT B IR B AT A Sl B AR FE RS B R, 25 R
W 20 HEIAIRG 2 B2 . HERA B E I 20 3 ANt
H#A 2 d N T BNtz 4 AR
JRAERE A CBHAT S e R i =W B2 4 7 0.60.
5.00. 50.00. 120.00 ng/mL) A1 LLOQ Ff&h (i
P Je 3¢ R B E N 0.20 ng/mL), AN Bk
17 6 MEARIHT . VPAGREAN BT RIR BEKT B R
(PR REFIAG 2 B, S5 R 2.

R2 BEEMERERRER (x5
Table 2 Results of accuracy and precision ( x =s)

AR T B LN E (n=6) L% E (n=18) -
N N HEWIE (RED /%
(ng mL™) W E(E/(ng mL™) RSD/% WEAE/(ng mL™) RSD/%
0.20 0.2140.01 2.9 0.20+0.01 7.0 6.4
0.60 0.60+0.01 1.7 0.62+0.02 3.2 0.5
5.00 4.831+0.15 3.2 4.98+0.16 3.2 -3.5
50.00 49.40+1.10 2.3 50.60+1.60 3.2 -1.2
120.00 116.00+2.00 1.8 119.00+4.00 34 -3.6

229 fEtEikEe AR S AT AL I R TR AR UK
BT A 230, HI&ERERTE 4 CRMFTRE
73h. AEWEFE A AE-20. —80. —80 CZ&M4 T
SrAEIE 31 31, 73d R MR RUFs FERE O
BORTE P A MAE VKIS S A 2 hy IRFEAR
=20, =70 ‘C2fF N, WRREA 5 RiFase
RiF. W3R 3.

2.2.10 [EUsRiREE:  HY 0.60. 50.00. 120.00 ng/mL
fiSs e = 3ANREIRIE QC MIRFEM, BN
WREEHEAT 6 MEEARD T . BURARIEZ (3L, %
8 ) o i v it 2 2 O RE A R B VA R, 3RS
2 B R PR, TR B I PO AR FH 0.60+
50.00. 120.00 ng/mL RFAI AR CAMIIVE AR
AT SAEFR 5%), [FIREIUKRA R EKRES
QC FEMIEHGRRAH IR R EIRE 5, BMIE
WEEHEAT 6 MEARD T, WK 4. ZRER, Wix
WA, SRR T AR I R B EX
[ R A 20T 100%, HAR 55 2800, 24y

FEAR 2 543 BT 1 5 K
2.3 AhEEH

K SR A B 6 Stof 8% B ] A5 B 8] 5 A 1) a2
WREERMTREA ST, 21 3233 350 2 L) 3510 1
SPGB - TR i 2, DL 2. AR ERALH
HEZRENAGNESH . 2 F T
AUC wexirap=>20%, N FHAZJE I AUCowon tarzs Azs
AUC siextrap NINRRYESS 0T, 25824250t
5.1 Phoenix WinNonlin 8.3 AR A #8458 i,  HAh St
M ] SAS 9.4 R A B At 58 B o
2.4 EYEMMSH
241 FEIEWON  CRHAWERIEE, K
BTN BH Craxs AUCo4 Al AUC .04 X6 B i
JE A8 R A AR B AT 7 ZE 50 W, 7 ZE A T Y
LG AT IR A EACE S e RN, AR SZ
IR R AE BN, FE2% 823 A )
(P E I E CEPE S R 255 T 267 R
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&3 FEEMER ( X+s, n=6)
Table 3 Results of stability ( X +s, n=6)
A PSRRI E/(ng mL™Y)  SEIF SR E/ (ng mLY) RSD/% RE/%
VKIRTE 23 h 0.60 0.57+0.04 6.4 4.5
120.00 110.004-4.00 35 -8.6
#l% 5 4 CHE 73h 0.60 0.62+0.02 3.0 3.1
120.00 121.00+4.00 3.2 0.6
-20 ‘Cj & 31d 0.60 0.59+0.02 34 -1.4
120.00 111.0045.00 4.1 -7.8
-80 ‘Cji& 31d 0.60 0.6740.02 37 2.7
120.00 118.00+5.00 45 -1.8
-80 ‘Cj & 73d 0.60 0.6140.02 35 2.0
120.00 120.0043.00 2.3 0.3
—20 ‘CUfk5 & 0.60 0.604-0.02 25 -0.9
120.00 114.0045.00 4.0 -5.3
-80 Ci%mh5 X 0.60 0.61+0.03 4.7 2.0
120.00 117.0044.00 37 2.5
F4 ERERRBLER ( x+s, n=6)
Table 4 Results of recovery ( X =s, n=6)
PR R E/(ng mL™Y) PRI W T AR AR (1) U THI AR RIS /%
0.60 22365+ 777 22072+1503 101.6+6.7
50.00 1830 050+ 103 355 1 788 430446 555 102.34+4.9
120.00 4340 1784127 147 4272 945495 922 101.64+2.0
15 ; 43 -
1 i —— 1t E —— Zl
w ot e Zik
2 7 - 2R £ 27 1 e
@ < 9 -
< 3] m ]
%‘5 ] - g 11 A
e £ 3]
B ]
_5 """"""""""" _5 4
0 6 12 18 24 30 36 18 24 30 36
th th

B2 =fg (A) FERE (B) ORZIKXFIFIFISLLHIFIEFEHE R FI M RE-fa#hZk
Fig. 2 Mean concentration-time curves of ibrutinib after po administered with test and reference preparation under fasting
(A) and fed condition (B)

7 Swr<<0.294 (B}l CVwr<<30%), N K HIF
IR B T PP AR RS R . 2 s AN
Z IR R E A BN ESE Craxs AUCo4 Al AUCo-c0
I JUATSAME LE R 90% B A [X [A] 5 494 /£ 80.00% ~
125.00% CELFEL FHE D, TIIE B P9 o) 55 A= 0 55 2

# Swr=0.294 (Bl CVwr=30%), KM Lt
FURE IE 1P 3 A W S5 U i e v 7 kAT AR ) %
RS . BZARHIFR . S I Crmaxs AUCo A1

AU Co. [F] B 5 2 LR 264 11N R 2l 1 7 5 2 L
HIFIERE EMER: OZRHFESHHIF] (Yr—
Yr) 2—0S8%wr H] 95% & 15 X [8]_LFR/NF25TF 0 (Yr.
Yr 43 B A 32 7R 2 L 7)1% 25 3h 2 2 5 E AR
SRR M8, 0={[In(1.25)]2/0.252}, Swr N
Z L7 24 31 2 2 50 8 SR 0 B TR S5 1Ak P b
HEZ); @32 FMS 7 Craxs AUCot Ml
AUCo...) LT #4118 EL 74 7E 80.00%~125.00% (451
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FED o B EE LB S H Craxs AUCo:t+
AUC JIRF & AR IFRAE . WA 32kl 75 5
Z LU 18] AR

2 RE A . BJFIRE N IR O AR AR
e EE 2 A S el 140 mg JERIZ550%
SN 5.

5 BRIRFBRRXOBRZTRGT . SEHEFERHERHNEEZEANFESH
Table 5 Main pharmacokinetic parameters of ibrutinib after a single oral administration of Ibrutinib Capsules test and

reference product in healthy subjects

SH XA — £l — il

S (n=40) Z il (n=39) ZRFIF (n=31  SHHIF (n=32)
tmax h 1.000 (0.333~6.000)  1.000 (0.333~8.000) 4.333 (1.500~6.000) 4.000 (1.500~5.500)
Crnax ng mL1 11.58+7.24 10.7347.69 24.82+14.36 29.43+21.33
AUCot  hngmL? 39.528+20.226 42.352+25.046 71.19+35.25 80.06 +46.62
AUCo  hngmL? 47.36+20.29 51.14429.03 73.25+35.74 82.31+47.01
ti h 7.115+3.668 8.040+4.051 2.224+0.789 2.396+0.794
A2 ht 0.1334+0.086 1 0.1173+0.076 8 0.337640.081 4 0.3149+0.082 2

242 REFERIHT  tmax BEATECKT Wilcoxon 75
PR o

243 ZTEAEMENME  fEFEZREETIRRS
N ER 140 mg B0 5 e i B 27 i R E S LI,
3NFEEZF)2EZH Craxs AUCot AUCo.Z8 1%}
B W5 AT AE SRR, e Croax B Swr A
0.3814, >0.294, KSR E NI A %
ROME T IFAT E AT, (Y1—YR) 2—0S?wR HIH
] 95% & 15 X [8]_E R ¥—0.0710, /T 0, U1

L H sl 719 105.99%, % A [80.00%, 125.00%].
AUCo.. AUCo.- ] Swr 73719 0.268 2. 0.256 0,
/NT0.294, SRR AED A R DT iR AT S U
VRO, JURTEME B ECAE 23770 94.33%. 93.04%, 90%
EAEX A5 N (87.41%~101.80%). (84.83%~
102.03%), 5847 A\[80.00%, 125.00%], 455 L%
6. 1] WA IHAE ) tmax ALK R AR LS P H
49 0.660 6, &G A1 B Je i 3 52 1kl 551 A0 2 L i 77
(1) tmax 22 F LGB s

*6 EEMBREATSTEMEREREEZHNNFSHNEDSIEFN

Table 6 Bioequivalence evaluation of key pharmacokinetic parameters of Ibrutinib Capsules under fasting condition and

fed condition

ZH AL il — ﬂ“@ﬁ]ﬁ - ﬂ:ﬁ SIECLAR U AL Swr  MERNEZR%  HEERE%
ZAREF Sl (Zi/ZH0%  90% Cl/%

&l )

Cmax  nNg-mL?? 40 9.22 8.67 106.26 94.66~119.27 0.3814 39.57 94.12
AUCot hngmL? 39 3417  36.22 94.33 87.41~101.80  0.268 2 27.31 97.36
AUCo hngmL? 38 4039 4341 93.04 84.83~102.03  0.256 0 26.02 84.88
BIE

Cmax  Ng-mL?? 32 2132 2371 89.92 80.50~100.44  0.4416 46.40 81.47
AUCo« hngmL?! 32 6266 6853 91.43 84.85~9851  0.2734 27.86 89.69
AUCo» hngmL? 32 6452  70.70 91.27 84.89~98.12  0.2660 27.08 90.52

AR Bt v A D 25K . 32l K036 545
A 24 h R AR R A I 2 (RS IEED
K28 K AUC 2zl 2 Kb o B e AT i

BYE M 1 BTl A2 uE 1K
AUC yiexirap=>20% 15 DL, R AEWSE AT 3 i A7
SZARHE K AUCo- I I NBEAT BURNE 3 BT 2, IR
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SR A 8 R S 7R R e R B A AR A S R
244 EJFHEMERME  f@FEZREEE DR
i B Je IR 2 8 S L) 140 mg, 25325
# Crmax~ AUCo.n AUC o285 B 5 EAT 0%
RV, Crax 1) Swr N 0.441 6, KT 0.294, X
F 2 LU il b 2 119~ 380 A2 0 55 350k v AT 253
PP, (Yr—Yr) 2—0S%wr HHLN] 95% & 15 X 8] I
FR9-0.080 7, /NT2Z, JUATIIMHE EL I Al oA
89.77%, 7£[80.00%, 125.00%]. AUCo.+. AUCo-[#]
Swr 719 0.2734. 0.2660, /M T 0.294, FKHF
By ) S5 e O v, L AR S M LB 4 A
91.43%. 92.27%, 90%E {5 [X [A]4r 7~ (84.85~
98.51) %. (84.89~98.12) %, 35¢4=7% \[80.00%,
125.00%)], 25 F L3R 6. AT B tmax M ECXS FRANS
B P fE4 0.021 9, FBHAZ A2 LL il 5
tmax 22 72 A Si 1t = L (P<<0.05).
3 it

AWFFE A T E N LK A R LC-
MS/MS 2. TEFL AN AR FH 8 N — & & IR AN 6 T A
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