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Notable advances have recently been achieved in drug therapies for renal cell carcinoma (RCC). Several tyrosine kinase
inhibitors (TKIs) and immune checkpoint inhibitors (ICIs) have been approved for metastatic RCC (mRCC). The current
first-line treatment for mRCC involves combination therapies using TKIs and ICIs. However, there is no consensus on which
TKI+ICI therapy is best or how to select the appropriate therapy for individual patients with RCC. The kidney expresses
various metabolic enzymes, including CYP and uridine diphosphate glucose (UDP)-glucuronosyltransferase (UGT). Although
information on CYP and UGT expression in the kidney is limited compared to our understanding of liver expression, the main
CYP and UGT subtypes expressed at high levels in the kidney are estimated to be CYP2B6, CYP3AS, CYP4Al1l, CYP4F2,
UGT1A6, UGT1A9, and UGT2B7. In RCC, the expression profiles and levels of these enzymes are somewhat altered com-
pared with normal kidney. The main known subtypes of CYP and UGT in RCC are CYP1B1, CYP3AS, CYP4A1l, UGT1AG6,
UGT1A9, UGT1A10, and UGT2B7. High CYP expression has been reported in several cancers, possibly conferring resistance
to anti-cancer drugs including TKIs, due to extensive drug metabolism. Additionally, CYP and UGT expression levels may
possibly affect cancer prognosis by metabolizing endogenous substrates, regardless of their role in anti-cancer drug metabo-
lism. In this review, I discuss CYP and UGT expression level profiles in RCC based on previously published papers, including
ours, and examine possible relationships between these enzyme expression profiles and treatment outcomes for patients with

RCC.
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Table 1. First-line Treatment of Immune Checkpoint Inhibitor-
based Therapy for Clear Cell Metastatic Renal Cell Carcinoma

IMDC risk groups Standard of care

Favorable risk Lenvatinib/Pembrolizumab
Cabozantinib/Nivolumab

Axitinib/ Pembrolizumab

Intermediate and poor risk Lenvatinib/Pembrolizumab
Cabozantinib/Nivolumab
Axitinib/ Pembrolizumab

Ipilimumab/Nivolumab

IMDC: International Metastatic RCC Database Consortium.
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Fig. 1. Summary of Estimated CYP and UDP-glucuronosyl-
transferase (UGT) Protein Expression Patterns in Normal Kidney
(A) and Renal Cell Carcinoma (RCC, B)

Illustrated expression patterns are based on previous studies which provided
evidence of protein expression levels. White circles represent subtypes whose
protein expression levels are strongly dependent on genetic variants or possibly
on cell environment conditions. Down arrows indicate that expression levels of
these proteins are decreased in RCC compared to those in normal kidney.
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Fig. 2. A Hypothetical Scheme of the Role of CYP and UDP-glucuronosyltransferase (UGT) in Renal Cell Carcinoma (RCC), Focusing on

Metabolism of Anti-cancer Drugs by These Proteins

(A) Metabolism of tyrosine kinase inhibitors, which are clinically used against RCC, by CYP3A. The metabolite of N-de-ethylated sunitinib retains inhibitory activity
against tyrosine kinases as are exhibited by the unchanged form. (B) A schematic image of the relationship between CYP and UGT expression and anti-cancer drug levels in
RCC cells. Excessive metabolism by CYP and UGT might potentially confer drug resistance by metabolizing a drug into an inactive form.
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Fig. 3. A Hypothetical Scheme of the Roles of CYP and UDP-glucuronosyltransferase (UGT) in Renal Cell Carcinoma (RCC), Focusing on

Metabolism of Endogenous Substrates by These Proteins

Endogenous substrates are converted by CYP and UGT into their active or inactive forms. During the metabolism of these substrates, various converted products or
by-products, such as reactive oxygen species (ROS), might potentially affect RCC cell proliferation, migration, and invasion, ultimately influencing the prognosis in patients
with RCC. mTOR: Mammalian target of rapamycin, 20-HETE: 20-hydroxyarachidonic acid, G: glucuronide.
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