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Metabolism and pharmacokinetics of covalent tyrosine
kinase inhibitors

LIU Xiao-yun, CHEN Xiao-yan, ZHONG Da-fang”

(Shanghai Institute of Materia Medica, Chinese Academy of Sciences, Shanghai 201203, China)

Abstract: Covalent tyrosine kinase inhibitors (TKIs) can inhibit the signaling pathway of tumor cells by
covalent binding with cysteine residues of target proteins, which has the advantages of high potency, extended
duration of action and overcoming drug resistance. In this article, we will review the metabolism and pharma-
cokinetics of some covalent TKIs. Currently, the covalent TKIs approved by US food and drug administration
(FDA) are afatinib, neratinib, dacomitinib, osimertinib, ibrutinib and acalabrutinib. Pyrotinib have been approved
by National Medical Products Administration (NMPA) to reach the market recently. Covalent TKIs can covalently
bind with plasma proteins, especially human serum albumin, thus effected the pharmacokinetics of these drugs.
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Figure 1  Schematic representation of the covalent bond forma-
tion between EGFR and an covalent TKI
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Figure 2 Chemical structures of the 8 covalent tyrosine kinase inhibitors
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Table 1 A list of 7 marketed covalent tyrosine kinase inhibitors, the corresponding corporations that marketed them, approved time, their

route of administration, therapeutic indications, clinical dosing regimen, and therapeutic target

A d
Drug Corporation pi)i:]):e Dosing route/Therapeutic indication Clinical dosing regimen  Target (binding site)
Afatinib Boehringer Ingelheim 2013 Oral/Non-small cell lung cancer (NSCLC), 40 mg-d* EGFR (Cys-797)&
squamous NSCLC HER-2 (Cys-805)
HER-4 (Cys-803)
Neratinib Puma Biotechnology 2017 Oral/Breast cancer 240 mg-d* EGFR (Cys-797)8!
HER-2 (Cys-805)t!
Pyrotinib  Jiangsu Hengrui 2018 Oral/Breast cancer 400 mg-d* EGFR (Cys-797)
HER-2 (Cys-805)%
Dacomitinib ~ Pfizer 2018 Oral/NSCLC 45 mg-d* EGFR (Cys-797)1!
Osimertinib ~ AstraZeneca 2015 Oral/NSCLC 80 mg-d*? EGFR (Cys-797)12
Ibrutinib Pharmacyclics 2013 Oral/Mantle cell lymphoma (MCL), MCL/MZL: 560 mg-d*; BTK (Cys-481)13
chronic lymphocytic leukemia (CLL), CLL/SLL/WM/cGVHD:
marginal zone lymphoma (MZL), 420 mg-d*
Waldenstrém's macroglobulinemia (WM),
chronic graft versus host disease (cGVHD),
small lymphocytic lymphoma (SLL)
Acalabrutinib AstraZeneca 2017 Oral/mantle cell lymphoma (MCL) 100 mg/12 h BTK (Cys-481)1
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Figure 3  Arithmetic mean concentration-time profiles of osimer-
tinib and total plasma radioactivity in healthy male volunteers
after a single oral dose of 20 mg (0.037 MBq) [**C]-osimertinib
(semilogarithmic scale)?®. n = 8
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Table 2 Clearance pathway of the covalent tyrosine kinase inhibitors. NR: Not reported

Percentage of dose recovered Principal pathwa Percentage of total plasma Parent [cl
Drug (% recovered unchanged) palp Y Principal enzyme 9 . . P Plasma
- of clearance radioactivity ty/h
Feces Urine ty,/h
Afatinibl*6:47] 85.4 (62.3) 4.29 (1.80) Covalently bound FMO3 (negligible)  Parent (62.3%) 33.9 118
to plasma proteins
Neratinib89 97.1 (NR) 1.13 (NR) Metabolism CYP3A4, FMO Parent + active metabolites (26%) 16.2 NR
Pyrotinib(20:24 90.9 (20.4) 1.72 (0.862) Metabolism CYP3A4 Parent + major metabolites (16.8%)  29.3 47.9
Dacomitinib 78.8 (20) 3.2 (<1) Metabolism CYP2D6 Parent + PF-05199265 (55%) 54.6 182
Osimertinib?! 67.8 (1.2) 14.2 (0.71) Covalently bound CYP3A4/5 Parent + major metabolites (0.95%)  61.2 474
to plasma proteins
Ibrutinib®4 80.6 (0.77) 7.8 (NR) Metabolism CYP3A4/5 Parent + active metabolites (<20%) 3.14 47.3
Acalabrutinib®! 84 (NR) 12 (<1) Metabolism CYP3A NR 0.9 NR
GSH % A ok BT 56 5 (AR MEA 1 /N30 3, 4 9 3 7 ~e- Toul plasma raiosciity
- Pyrotinib
B 2R 1 S G T S M 5 T GSHL X G o
& ADME #F 78 H, A ISR R B0 PE SR B (8%) a2 K 2 g
F I (70%), F 51 5 B B JE L0 45 £ 10 L 28 1 g5
- s § N £ 0
2 TR E A . 2975 30% B 5 & AR o8 |
Ry as &, st 2 Je 2 WA B e EEAH R -
01

‘R,

TE N P50 o, B & Je AR SR AR 1K 7
R R FAHEME & 43 90 9 25 2577 & 1) 1.2% F10.71%, £
KE 5 B A 8 Je 2l AR (B R sl 45 & &= E
JiR) T BRI
22 MergEfe w2 (pyrotinib) S22 2 L EGFR/
HER-2 il 551 o {5 & J& # 57 1 ik 402 mg (5.55
MBaq) [*C]-Atig 5 JE i, JEUR B8 1Rl 38 2 45 24 711 &
) 92.6%, F& AR i i Z 73 73] /& 90.9% F11.72%. Hit
e A ) R, 20 2 R RO T
22.4%. P& 45 ik g 5 JE R IS T 1 1 24 B i 2%
B, 38 1t 20 1 8 5.0 A1 3.5 h, ik B 25 40 W IR A
NGNS . BRI S, I B B I A AR (VIF) =2
8570 L, Ul B ZGW o Ani iz P ik B J 1 I K R A
g5 %2 99.25%, H M RIGE R % (CL/IF) /2207 L. f2
AL, ML JE 1 AUC & R LG & 1.22~1.5709,

Mt & e A 2 AREHE AR, 43l 2 O-2% e HE At
ng B AR AL O i L, 2 AR 2 CYP3A4R, A
H i) T R g 2 kg F JE L SHR150980 (O-2 %
#K)SHR151468 (O- % & % & Jf: IU S itk v 21 4k v
1 i)« SHR151136 (Y & it s 24 4504k g N Tt i) o AR 4
AUC,_, L AE, & AT 43 il o I 5 e T80 5 7 1 10.9%,
1.9%-1.0% F13.0%. Ifil 2% *F K945 58.3% UM 5
I 2% 5 1 LA G G, A R R B A0 i
J& .SHR151136. SHR150980 . SHR151468 £l IfiL 3 &4 il
U 1 2 2 3 40 i 2 29.3.9.75.32.2.10.4 F147.9 h.
YR 25 )5 2 h, ZPWIAR T S I B A AN S5 A A o5

0 24 48 T 9% 120 14 168
Time /h
Figure 4  Arithmetic mean concentration-time profiles of pyro-
tinib and total plasma radioactivity in healthy male volunteers
after a single oral dose of 402 mg (5.55 MBq) [*C] - pyrptinib
(semilogarithmic scale). n =6, X+ s
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Table 3 The summary of drug-drug interaction of covalent TKIs. "Data from PharmaPendium (https://www.pharmapendium.com)

Drug

Changes in PK of covalent TKls

Effect of covalent TKIs on other drugs

Afatinib(®!

Neratinib°40

Dacomitinib[*-42

Osimertinib!

Ibrutinib

Acalabrutinib

Ritonavir: 139% C,,,, T 48% AUC
Rifampin: | 22% C,,., | 34% AUC
lansoprazole: | 71% C,,, | 65% AUC
Ketoconazole: 13.2XC,,,, T4.8XAUC
Rifampin: | 76% C,,,, | 87% AUC
Paroxetine: 110% C,,., T 37% AUC
Rabeprazole: | 51% C,,, | 39% AUC
Itraconazole: | 20% C,,,, T 24% AUC
Rifampin: | 73% C.,,..., | 78% AUCt
Omeprazole”: 12% C .., T 7% AUC
Ketoconazole: 729X C,., T 24X AUC
Voriconazole: T6.7X C,,,, 1 5.7XAUC
Erythromycin: 1 3.4X C,,.. T 3XAUCt
Rifampin: | >92% C,,, | >90% AUC
Omeprazole: | 79% C,,,, | 57% AUC
Calcium carbonate™: | 75% C,,, | 53% AUC
Itraconazole: T3.9X C,,, T5.1XAUC
Rifampin: | 68% C_,.., | 77% AUCt

Digoxin: 154% C,,,,, 1 32% AUC

Dextromethorphan: 9.7X C,_.., T 9.6X AUC

Simvastatin™: | 23% C,.., | 9% AUC
Rosuvastatin™ 1T 72% C,,., T 35% AUC
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