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ABSTRACT

Background: Small-molecule tyrosine kinase inhibitors (TKIs) have had major impacts on anticancer therapy by targeting the
catalytic activities of dysregulated tyrosine kinases. TKls have not presented traditional toxicities; however, some serious adverse
effects, including hepatotoxicity, have been documented in clinical trials and post—marketing surveillance, Although TKl-induced
hepatotoxicity can cause severe clinical complications in patients, the underlying mechanism is still unclear., Methods: Studies on
TKl=induced hepatotoxicity were identified by Pubmed search, and relevant articles were reviewed. Results: Immunoallergic
reaction, cytochrome P (CYP) 450 polymorphisms, and formation of reactive metabolites are under consideration as mechanisms of
TKI=induced hepatotoxicity, Host protein—drug metabolite conjugates are recognized as antigens by class Il major histocompatibility
complexes and are believed to cause liver injuries. Polymorphisms in CYP, which influences TKI metabolism, can slow TKI
metabolism and may induce development of hepatotoxicity, The formation of reactive metabolites during drug metabolism can
induce hepatotoxicity by directly causing cytotoxicity, leading to cell dysfunction, and indirect toxicity by mediating secondary
immune reactions, Concurrent use of various medications with TKI can also cause hepatotoxicity by affecting drug transporter or
enzyme activities, Conclusion: Periodic monitoring of patients taking TKIs and risk/benefit reassessments though post marketing
surveillance are necessary to prevent hepatotoxicity,
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Table 1. Approved kinase inhibitors for cancer

FDA KFDA Brand name
Kinase inhibitor approval approval (Us) Indication Black box warning
year year ’
Primary target: Crizotinib 2011 2011 Xalkori
ALK Ceritinib 2014 2015 Zykadia
Alectinib 2015 2016 Alecensa  ALK-positive NSCLC
Brigatinib 2017 2018 Alunbrig
Lorlatinib 2018 - Lorbrena
BCR-ABL Ph+ ALL or CML, aggressive systemic
. mastocytosis, dermatofibrosarcoma
Imafinit 2001 2006 Cleevec protuberans, Kit (CD117)-positive
GIST, et al
Dasatinib 2006 2007 Sprycel  Ph+ ALL or CML
Nilotinio 2007 2007 Tasigna  Ph+ CML Qr prolongation and Sudden
Deaths
Bosutinib 2012 - Bosulif Ph+ CML

Hepatotoxicity, Arterial occlusion,
Ponatinib 2012 2017 Iclusig Ph+ ALL or CML Heart failure, Venous
thromboembolism

BRAF Vemurafenib 2011 2012 Zelboraf  BRAF-mutant melanoma
Dobrafenib 2013 2014 Tofinlar v mutant melanoma, NSCLC,
anaplastic thyroid cancer
Encorafenib 2018 - Braffovi  BRAF-mutant melanoma
BTK lorutinib 2013 2014 Imbruvica Chronic lymphocytic leukemia,
mantle cell lymphoma, et al
Acalabrutinib 2017 - Calquence Mantle cell lymphoma
CDK48:6 Palbociclib 2015 2016 lbrance
Ribociclib 2017 ) Kisqal HR-positive, HER2-negative breast
cancer
Abemaciclib 2017 2019 Verzenio
CSFIR Pexidartinib 2019 - Turalio  Tenosynovial giant cell tumor Hepatotoxicity
EGFR Gefitinib 2003 2003 Iressa
Erlotinib 2004 2005 Tarceva
Afatinib 2013 2014 Gilotrif ~ EGFR-mutant NSCLC
Osimertinib 2015 2016 Tagrisso
Dacomitinib 2018 - Vizimpro
HER2 Lapatinib 2007 2007 Tykerb Hepatotoxicity
HER2-positive breast cancer
Neratinib 2017 - Nerlynx
FGFR Erdafitinio 2019 ) Balversa Urothelial carcinoma, |?CCI||y
advanced or metastatic
FLT3 FLT3-positive acute myeloid
Midostaurin 2017 2019 Rydapt  leukemia (AML), mast cell leukemia,
et al
Gilteritinib 2018 - Xospata  FLT3-positive AML Differentiation syndrome
MEK Trametinib 2013 2015 Mexkinist BRAF-mutant melanoma, NSCLC,

anaplastic thyroid cancer
Cobimetinib 2015 2015 Cotelic ~ BRAF-mutant melanoma

Binimetinib 2018 - Mektovi  BRAF-mutant melanoma
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Table 1. Continued

FDA KFDA

Kinase inhibitor approval approval Brcn((iJJ Q)O me Indication Black box warning
year year ’
PI3K Chronic lymphocytic leukemia, Hepatotoxicity, Severe diarrhea/
Idelalisib 2014 2015 Zydelig  follicular B-cell non-Hodgkin colitis, Pneumonitis, Infection,
lymphoma, et al Intestinal perforation
Alpelisib 2019 ) Pigray HR-positive, HER2-negative, PIK3CA-
mutant breast cancer
TRK Larotrectinio 2018 ) Vitrakvi Solid .’rumors with NTRK fusion
proteins
VEGFR Sorafenib 2005 2008 Nexavar HCC, RCC, differentiated thyroid
cancer
Sunitinio 2006 2006 sutent T pancreatic neuroendociine oy icin,
fumors, RCC
Pazopanib 2009 2010 Votrient  RCC, soft tissue sarcomas Hepatotoxicity
. . QT prolongation, torsades de
\
andetanib 2011 2013 Caprelsa  Medullary thyroid cancer pointes, and sudden death
Axitinib 2012 2012 Inlyta RCC
Cabozantinio 2012 2017 Cobometyx Medullary thyroid cancer, HCC, Hemorrhoge, Perforations and
RCC, fistulas
Regorafenib 2012 2013 Stivarga HMCe:?sTohc colorectal cancer, GRT, Hepatotoxicity
Lenvatinib 2015 2015 Lenvima HCC, RCC, differentiated thyroid

cancer

ALK, anaplastic lymphoma kinase; ALL, acute lymphoblastic leukemia; BRAF, v-raf murine sarcoma viral oncogene homolog B1; BTK, bruton's
tyrosine kinase; CDK, cyclin-dependent kinase; CML, chronic myeloid leukemia; CSF, colony stimulation factor; EGFR, epidermal growth factor
receptor; FGFR, fibroblast growth factor receptor; FLT3, fms related tyrosine kinase 3; GIST, gastrointestinal stromal tumor; HCC, hepatocellular
carcinoma; HER2, human epidermal growth factor receptor 2; HR, hormone receptor; MEK, mitogen-activated protein kinase kinase; NSCLC,
non-small cell lung cancer; PI3K, phosphatidylinositol 3-kinase; PIK3CA, phosphatidylinositol-4,5-bisphosphate 3-kinase, catalytic subunit alpha;
Ph+, philadelphia chromosome-positive; RCC, renal cell carcinoma; TRK, fropomyosin receptor kinase; NTRK, neurotrophic receptor tyrosine

kinase; VEGFR, vascular endothelial growth factor receptor.
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