
  

Supplementary table 

 1 

Gene SNP amino 

acid 

Drug Effects of 

alleles on 

risk of 

cardiotoxic

ity 

Cardia

c 

toxicit

y 

Function of 

gene 

Associat

ion with 

drug 

cardiac 

toxicity 

Drug transporters 

ABCC1 

(18, 

23, 25,113) 

rs246221 Val27

5 Val 

Epiru

bicin, 

Anthr

acycl

ines, 

Idaru

bicin 

Increased Arrhyt

hmia, 

perica

rditis, 

myoca

rditis, 

heart 

failure

, 

ventri

cular 

dysfu

nction 

Drug 

transporter 

implicated 

in ernergy-

dependent 

transport of 

cytotoxic 

agents out 

of the cell 

rs24622

1TC/TT 

genotyp

e is 

associat

ed with 

lower 

LVEF 

after 

anthracy

clines; 

ABCC1 

gene 

polymor

phisms 

result in 

reduced 

ABCC1-

mediate

d drug 

efflux, 

which 

attenuat

es the 

ability to 

scaveng

e 

reactive 

oxygen 

species 

from the 

extracell

ular 

rs4148350 N/A Increased 

rs4551140

1 

Gly67

1Val 

Increased 
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environ

ment 

and 

promote

s 

anthracy

cline-

induced 

cardioto

xicity. 

ABCC2 

(18,21,23,1

10,113) 

rs8187710 Cys1

515T

yr 

Anthr

acycl

ines, 

Rego

rafeni

b, 

Soraf

enib, 

Mito

xantr

one, 

Taxa

nes, 

Cispl

atin, 

meth

otrex

ate 

Increased Myoc

ardial 

ischae

mia 

and 

infarct

ion, 

Heart 

failure

, 

Cardia

c 

dysfu

nction

, 

arrhyt

hmia, 

cardio

myop

athy 

rs81877

10 

impairs 

ABCC2 

ATPase 

activity, 

resulting 

in 

decrease

d 

ABCC2 

efflux 

activity; 

rs3740

066 

commo

n GG 

genoty

pe was 

associa

ted 

with 

decreas

ed FS 

and EF 

values; 

It may 

modify 

the 

mRNA 

stabilit

y 

rs8187694 Val11

88Glu 

Increased 

rs3740066 Ile13

24 Ile 

Increased 

ABCB4 rs1149222 N/A Increased 
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(17,18,22-

23) 
rs4148808 N/A Anthr

acycl

ines 

Increased heart 

failure 

rs41488

08 is 

located 

in the 

promote

r region 

of the 

gene and 

may 

affect 

expressi

on, 

leading 

to 

intracell

ular 

accumul

ation of 

anthracy

clines. 

ABCC5 

(18,23,107,

113) 

rs7627754 N/A Fluor

ourac

il (5-

FU), 

Anthr

acycl

ines 

Increased Cardi

omyo

pathy, 

reduce

d left 

ventri

cular 

ejectio

n 

fractio

n 

rs76277

54 may 

affect 

transcrip

tional 

regulatio

n of 

ABCC5,

and  

polymor

phisms 

in 

ABCC5 

contribu

te to 

drug-

cardiac 

toxicity 

through 

modulati

on of 

cGMP 

levels. 

ABCB1 rs1128503 Gly41

2 Gly 

Idaru

bicin, 

Decreased Brady

cardia, 

SNPs 

were 
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(17-

18,23,25,1

13) 

rs2032582 Ser89

3Ala/ 

Thr 

Tyros

ine 

kinas

e 

inhibi

tors, 

Anthr

acycl

ines, 

Cycl

opho

spha

mide, 

Melp

halan

, 

Mito

myci

n C, 

Cape

citabi

ne, 

Taxa

nes, 

Lenal

idomi

de 

Decreased 
QTc 

prolon

gation

, 

Cardi

omyo

pathy, 

Atrial 

fibrill

ation, 

atrial 

flutter, 

Arrhyt

hmia, 

Conge

stive 

heart 

failure

, left 

ventri

cular 

Dysfu

nction

, 

torsad

e de 

pointe

s, 

Myoc

ardial 

ischae

mia 

and 

infarct

ion, 

perica

rditis, 

myoca

rditis, 

heart 

failure

, 

ventri

cular 

dysfu

nction

, 

related 

to 

altered 

SNPs 

have 

increase

d 

ABCB1 

mRNA 

levels in 

cardiac 

endothel

ial cells, 

could 

decrease 

the 

intracard

iac 

concentr

ations of 

drugs 

that 

cause 

QT 

prolonga

tion and 

cardioto

xicity. 

rs1045642 Ile11

45 Ile 

Decreased 
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Parox

ysmal 

arrhyt

hmias 

SLC22A6  

(21,23) 

rs6591722 N/A Anthr

acycl

ines 

Increased Decre

ased 

left 

ventri

cular 

functi

on 

multispecifi

c organic 

anion drug 

transporter 

rs65917

22 

polymor

phism 

mediates 

SF 

reductio

n. 

SLC28A3 

(18,22-23 

26) 

rs7853758 L461

L 

Anthr

acycl

ines 

Decreased Reduc

ed 

influx 

of 

anthra

cyclin

es into 

cardio

myoc

ytes 

Sodium-

dependent 

transporter 

involved in 

the 

homeostasis 

of 

endogenous 

nucleosides 

Carriers 

of the 

rs78537

58 

minor 

allele 

exhibit 

reduced 

SLC28A

3 

mRNA 

ex- 

pression. 

rs11140

490 

exerts its 

cardiopr

otective 

action 

by 

regulatin

g an 

SLC28A

3-

overlapp

ing, 

antisens

e long 

noncodi

ng RNA 

rs4877847 N/A Decreased 

rs1114049

0 

N/A Decreased 
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SLC28A

3-AS1. 

SLC10A2 

(23,25) 

rs9514091 N/A Anthr

acycl

ines 

Decreased Decre

ase 

entero

hepati

c 

circula

tion of 

anthra

cyclin

es 

a transporter 

responsible 

for the 

reabsorption 

of ileal bile 

acids 

 

SLC22A7 

(25,115) 

rs4149178 N/A Cape

citabi

ne, 

Anthr

acycl

ines, 

5-FU 

Decreased Reduc

ed 

anthra

cyclin

e 

transp

ort 

multispecifi

c organic 

anion drug 

transporter 

 

SLCO1A2 

(23,116) 

rs2857468 N/A Anthr

acycl

ines 

Decreased Reduc

ed 

anthra

cyclin

e 

transp

ort 

mediates 

intracellular 

influx of 

drugs 

 

SLC22A17 

(23) 

rs4982753 N/A Anthr

acycl

ines 

Decreased Reduc

ed 

anthra

cyclin

e 

transp

ort 

multispecifi

c organic 

anion drug 

transporter 

 

Drug metabolism enzymes 

CYP2B6 

(27-28) 

c.499C>G P167

A 

Meth

adon

e 

Increased prolon

gation 

of the 

QT 

interv

al of 

Catalyze the 

metabolism 

of clinical 

drugs such 

as 

efavirenz, 

SNPs 

affect 

the 

hydroph

obicity 

and 

c.1172T>

A 

I391

N 

Increased 
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c.415A>G K139

E 

Increased 
the 

cardia

c 

electri

cal 

cycle, 

TDP 

induce

s 

aLQT

S 

cyclophosp

hamide, 

bupropion, 

methadone 

conform

ation of 

the 

protein, 

resulting 

in 

alteratio

n of the 

metaboli

c rate ; 

rs81927

19 and 

rs32113

71 lead 

to a 

decrease

d 

expressi

on or 

decrease

d 

enzyme 

activity 

of 

CYP2B

6 ;rs374

5274 has 

been 

associat

ed with 

increase

d levels 

of a 

hepatic 

splicing 

variant 

lacking 

exon 4–

6 and 

decrease

d protein 

levels, 

caused 

by 

erroneou

s 

splicing, 

leading 

to 

C.445G>A E149

K 

Increased 

rs3745274 Gln17

2 Gln 

Increased 

rs8192719 N/A Increased 

rs3211371 Arg4

87Cy

s 

Increased 
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decrease

d 

metaboli

sm of 

substrate

s 

CYP3A4 

(28) 

c.1000G>

T 

E333

* 

Meth

adon

e 

Increased TDP metabolize 

endogenous 

compounds 

and 

xenobiotics 

CYP3A

4 SNP 

polymor

phism is 

associat

ed with 

increase

d blood 

methado

ne levels 

CYP3A5 

(21,32-

33,114) 

rs776746 N/A Anthr

acycl

ines/ 

Cycl

opho

spha

mide 

+ 

Doxo

rubici

n+ 

Vincr

istine 

+ 

Predn

isone

(CH

OP) 

Increased fractio

nal 

shorte

ning≤

28%,d

ecreas

ed left 

ventri

cular 

functi

on 

rs77674

6 and 

rs10264

272 may 

modify 

its 

alternati

ve 

splicing 

and 

protein 

truncatio

n, which 

can 

result in 

a less 

active 

CYP3A

5 

rs4646450 N/A Increased 

CBR1 

(23,34-38) 

rs9024 N/A Anthr

acycl

ines 

Increased acute 

cardia

c 

injury 

,chron

ic 

conge

stive 

use NADPH 

(reduced 

form of 

nicotinamid

e adenine 

dinucleotide 

phosphate) 

as a 

cofactor to 

It is a 

3’-UTR 

SNP 

that 

interfere 

with the 

inhibitor

y effects 

of hsa-

miR-
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heart 

failure 

catalyze the 

two-

electron 

reduction 

processes 

and 

metabolized 

drugs 

574-5p 

and hsa-

miR-921 

on 

CBR1 

mRNA 

expressi

on, the 

mutant 

A allele 

was 

initially 

observe

d to 

increase 

its 

mRNA 

and 

protein 

expressi

on and 

its 

activity 

CBR3 

(18,23,39,4

1-42) 

rs1056892 Val24

4Met 

Anthr

acycl

ines/

Trast

uzum

ab 

Increased acute 

cardia

c 

injury 

,chron

ic 

conge

stive 

heart 

failure 

Val244 

(rs10568

92 G) 

allele 

catalyze

s the 

synthesi

s of the 

cardioto

xic 

metaboli

te 

doxorub

icinol 

UGT1A6 

(22,44) 

rs6759892 Ser7

Ala 

Anthr

acycl

ines 

Increased Declin

e in 

Left 

ventri

cular 

fractio

nal 

catalyze the 

glucuronida

tion of 

endogenous 

or 

exogenous 

small 

compounds 
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shorte

ning 

UGT2B7-

161 

(43,45) 

rs7668258 N/A Pertu

zuma

b, 

trastu

zuma

b, 

Anthr

acycl

ines, 

epiru

bicin/

cyclo

phos

pham

ide-

docet

axel 

(EC-

D) 

Increased Heart 

failure

, 

declin

e in 

LVEF 

catalyze the 

glucuronida

tion of a 

diverse 

chemical 

base 

including 

steroids, 

bile acids, 

and opioids 

Its 

polymor

phism 

alter 

glucuron

idation 

ability 

and to 

affect 

metaboli

sm and 

toxicity 

of drugs. 

HNMT 

(22) 

rs1758388

9 

N/A Anthr

acycl

ines 

Increased Heart 

failure 

histamine-

metabolizin

g enzyme 

 

CYPOR 

(109) 

rs1324075

5 

N/A Anthr

acycl

ines 

Increased drop 

of left 

ventri

cular 

ejectio

n 

fractio

n 

(LVE

F) 

a 

steroidogeni

c and drug-

metabolizin

g enzyme 

which helps 

in the 

NADPH 

dependent 

transfer of 

electrons to 

cytochrome 

P450 (CYP) 

enzymes for 

their 

biological 

activity 

This 

gene 

polymor

phism 

results 

in 

decrease

d left 

ventricul

ar 

ejection 

fraction. 
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NOS3 

(107-108) 

rs1799983 Asp2

98Glu 

Anthr

acycl

ines 

Decreased myoca

rdial 

infarct

ion, 

ische

mic 

stroke 

Generates 

nitric oxide 

with L-

arginine in 

the 

endothelium 

which 

serves as an 

important 

deterrent to 

the 

pathogenesi

s of 

thrombosis 

by 

modulating 

the 

activation, 

adhesion 

and 

aggregate 

formation of 

platelets 

In a 

cohort 

of 

children 

treated 

with 

DOX, 

the TT 

genotyp

e of 

rs17999

83 was 

associat

ed with 

protectio

n from 

cardioto

xicity, 

whereas 

in the 

Chinese 

AML 

patient 

cohort, 

NOS3 

rs17999

83 wild-

type 

genotyp

e 

carriers 

were 

associat

ed with 

higher 

overall 

survival 

(OS) 

and 

higher 

NOS3 

mRNA 

expressi

on. 

Pharmacodynamics related genes or drug targets 
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No gene 

(47) 

rs9316695 / Trast

uzum

ab 

Increased drop 

of 

LVEF 

Unknown Unknow

n 

No gene 

(47) 

rs2841572

2 

/ Increased 

No gene 

(47) 

rs7406710 / Increased 

No gene 

(47) 

rs1193285

3 

/ Increased 

No gene 

(47) 

rs8032978 / Increased 

HER-2 

(24,48-

49,112) 

rs1801201 Ile65

4Val 

Trast

uzum

ab, 

Lapat

inib 

Increased Sympt

omati

c 

conge

stive 

heart 

failure 

, 

asymp

tomati

c left 

ventri

cular 

ejectio

n 

fractio

n 

declin

e. 

the 

molecular 

marker of 

ductal 

breast 

cancer 

rs11362

01 

polymor

phism 

leads to 

enhance

d 

dimeriza

tion of 

HER2 

molecul

e and 

binds 

neuregul

in to 

activate 

the 

ERBB 

pathway 

and 

affects 

cardiom

yocyte 

survival. 

rs10588

08 alter 

the 

rs1136201 Ile65

5/Val 

Increased 

rs1058808 Pro11

70Ala 

Increased 
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protein 

sequenc

e of the 

HER2-

neu 

protein 

thus 

increase

d 

trastuzu

mab 

cardioto

xicity. 

PDGFRα 

(51) 

rs1911889

30 

N/A Sunit

inib, 

pazo

panib

, 

soraf

enib,        

dasati

nib 

and 

niloti

nib 

Increased cardia

c 

fibrosi

s, 

Loeffl

er 

endoc

arditis

, heart 

sarco

ma 

and 

organi

c heart 

diseas

e. 

an isoform 

of the 

PDGFR 

family of 

tyrosine 

kinase 

receptors 

involved in 

cell 

proliferation

, survival, 

differentiati

on, and 

growth 

 

EGFR 

(51) 

rs1421360

33 

N/A Sunit

inib, 

soraf

enib, 

dasati

nib 

and       

lapati

nib 

Increased myoca

rdial 

infarct

ion, 

conge

stive 

heart 

failure

, 

hypert

rophic 

cardio

myop

athy, 

myoca

rditis 

a growth 

factor 

receptor that 

induces cell 

differentiati

on and 

proliferation 

upon 

activation 

through the 

binding of 

one of its 

ligands 
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Oxidativ

e stress 

related 

gene 

       

HAS3 

(17,54) 

rs2232228 Ala93 

Ala 

Anthr

acycl

ines 

Increased cardio

myop

athy 

HAS3 

encodes an 

enzyme 

involved in 

the 

synthesis of 

hyaluronan, 

a 

component 

of 

extracellular 

matrix that 

serves as a 

scaffold for 

organizing 

the cardiac 

cells, 

particularly 

during 

remodeling 

after injury. 

Hyaluronan 

also has 

anti-oxidant 

properties 

that 

promotes 

cardiac 

survival 

from 

oxidative 

stresses 

The 

rs22322

28 A/A 

genotyp

e 

significa

ntly 

reduces 

the 

expressi

on of 

HAS3 

mRNA 

levels, 

resulting 

in low 

hyaluron

ic acid 

levels, 

which 

may 

increase 

suscepti

bility to 

reactive 

oxygen 

species 

followin

g 

anthracy

cline 

exposur

e and 

increase 

the risk 

of 

cardioto

xicity. 

RAC2 rs1305833

8 

N/A rituxi

mab-

cyclo

phos

Increased heart 

failure

, 

myoca

Plasma 

membrane-

associated 

GTPase that 

Affects 

splicing 

or 

transcrip
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(18,20,117

) 

pham

ide, 

doxor

ubici

n, 

vincri

stine, 

and 

predn

isone 

(R-

CHO

P); 

Anthr

acycl

ines 

rdial 

fibrosi

s, 

Myoc

ytolys

is, 

patche

d 

myoca

rdial 

necros

is 

binds to a 

variety of 

effector 

proteins to 

regulate 

cellular 

responses. 

RAC2 

augments 

the 

production 

of reactive 

oxygen 

species by 

NADPH 

oxidase 

tion of 

RAC2 

thereby 

affecting 

RAC2 

mRNA 

and 

protein 

expressi

on 

CYBA 

(18,20,111

) 

rs4673 Tyr 

72 

His 

Anthr

acycl

ines 

Increased Arrhyt

hmia, 

heart 

failure

, 

myoca

rditis-

perica

rditis 

CYBA 

associates 

with NOX3 

to form a 

NADPH 

oxidase 

constitutivel

y generating 

superoxide 

Affects 

heme 

binding 

site and 

thus 

protein 

stability. 

Reduced 

NAD(P)

H 

oxidase 

activity 

in T 

allele 

carriers 

results 

in 

impaired 

ROS 

defenses 

and 

increase

d ROS 

levels 

under 

anthracy

cline 

exposur

e. 
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NCF4 

(18,20,118

) 

rs1883112 N/A Anthr

acycl

ines, 

doxor

ubici

n 

conc

urren

tly 

with 

cyclo

phos

pham

ide, 

vincri

stine 

and 

predn

isone 

(CH

OP) 

Increased cardia

c 

fibrosi

s, 

heart 

failure

, drop 

of 

LVEF 

Component 

of the 

NADPH– 

oxidase, a 

multicompo

nent 

enzyme 

system 

responsible 

for the 

oxidative 

burst in 

which 

electrons 

are 

transported 

from 

NADPH to 

molecular 

oxygen, 

generating 

reactive 

oxidant 

intermediate

s 

Homozy

gous A-

allele 

carriers 

associat

ed with 

ACT by 

downreg

ulation 

of the 

NADPH

-oxidase 

subunit 

NCF4 

Iron trasport and metabolism related genes 

C282Y 

(60-61) 

rs1800562 Cys2

82Tyr 

Anthr

acycl

ines  

Increased drop 

of 

LVEF 

Linked to 

the major 

histocompat

ibility 

complex 

(MHC) on 

chromosom

e 6p, HFE 

encodes the 

MHC class 

I-like 

protein HFE 

that binds 

beta-2 

microglobul

in. HFE 

influences 

iron 

absorption 

by 

Harmful 

iron 

deposits 

lead to 

myocard

ial cell 

damage 

H63D 

(60-61) 

rs1799945 His63

Asp 

Anthr

acycl

ines 

Increased 



   Pharmacogenomics in drug-induced cardiotoxicity 

 
17 

modulating 

the 

expression 

of hepcidin, 

the main 

controller of 

iron 

metabolism. 

Cardiac ion channel genes 

KCNE1 

(65,119) 

rs1805128 Asp8

5Asn 

Meth

adon

e 

Increased TDP, 

Acqui

red 

long 

QT 

syndr

ome 

regulates 

the function 

of the 

KCNQ1 

channel 

Co-

expressi

on of 

KCNE1 

D85N 

with 

KCNQ1 

and 

KCNH2 

leads to 

impaired 

IKr and 

IKs, 

disruptio

n of 

repolariz

ed 

potassiu

m 

currents, 

and 

inductio

n of 

aLQTS 

KCNE2 

(65) 

c.22A>G Thr8

Ala 

Meth

adon

e 

Increased Prolon

gation 

of the 

QT 

interv

al of 

the 

cardia

c 

electri

cal 

cycle, 

a 

functionally 

versatile, 

ubiquitously 

expressed 

potassium 

channel β 

subunit 
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Acqui

red 

long 

QT 

syndr

ome 

SCN5A 

(65) 

c.1715C>

A 

A572

D 

Meth

adon

e 

Increased Prolon

gation 

of the 

QT 

interv

al of 

the 

cardia

c 

electri

cal 

cycle, 

Acqui

red 

long 

QT 

syndr

ome 

encodes the 

alpha 

subunit of 

the main 

cardiac 

sodium 

channel 

Nav1.5. 

This 

channel 

predominate

s inward 

sodium 

current 

(INa) and 

plays a 

critical role 

in 

regulation 

of cardiac 

electrophysi

ological 

function. 

SNPs 

inhibit 

cardiac 

hERG 

Na⁺ 

channels 

and 

inhibit 

late Na+ 

currents 

leading 

to 

arrhyth

mias 

c.569G>A R190

Q 

Increased 

KCNQ1 

(65) 

c.733G>A G245

R 

Meth

adon

e 

Increased Prolon

gation 

of the 

QT 

interv

al of 

the 

cardia

c 

electri

cal 

cycle, 

Acqui

red 

long 

QT 

a voltage-

dependent 

potassium 

channel 

 

c.727C>T R243

C 

Increased  
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syndr

ome 

KCNH2 

(65) 

c.3163C>T R105

5W 

Meth

adon

e 

Increased Prolon

gation 

of the 

QT 

interv

al of 

the 

cardia

c 

electri

cal 

cycle, 

Acqui

red 

long 

QT 

syndr

ome 

encoding 

for Kv11.1 

or hERG 

channels 

and 

transports 

the rapid 

component 

of the 

cardiac 

delayed 

rectifying  

K + current. 

SNPs 

cause 

mild I 

Ks 

channel 

dysfunct

ion, 

leading 

to severe 

arrhyth

mias and 

sudden 

death 

Myocardial sarcomere structure or transcriptional regulation related gene 

RARG 

(15,67-69) 

rs2229774 Ser30

6/355 

/405/

416/4

27Le

u 

Anthr

acycl

ines 

Increased heart 

failure

, 

asymp

tomati

c 

cardia

c 

dysfu

nction 

As one of 

the subtypes 

that make 

up the 

Nuclear 

Retinoic 

Acid 

receptors 

(RARs), 

acts as a 

ligand-

dependent 

transcriptio

nal 

regulator, 

forms a 

heterodimer 

with the 

retinoid X 

receptor 

(RXR), and 

mediates the 

active 

metabolism 

increase 

double-

strand 

DNA 

breaks, 

reactive 

oxygen 

species 

producti

on, and 

cell 

death. 

reduce 

mitocho

ndrial 

numbers 

and 

attenuati

ng DNA 

repair. 

mediate

d via 

suppress

ion of 
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of vitamin 

A retinoic 

acid, while 

promoting 

proliferation

, 

differentiati

on, 

morphogene

sis and cell 

survival 

topoiso

merase 

2β 

(TOP2B

) 

expressi

on and 

activatio

n of the 

cardiopr

otective 

extracell

ular 

regulate

d kinase 

(ERK) 

pathway 

CELF4 

(17,66) 

rs1786814 N/A Anthr

acycl

ines 

Increased Decre

ased 

myoca

rdial 

pump 

functi

on, 

heart 

failure 

regulates 

developmen

tal splicing 

of the 

sarcomere 

thin 

filament 

gene  

encoding 

cardiac 

troponin T 

(TNNT2) 

Inductio

n of a 

mixture 

of 

TNNT2 

isoforms 

that 

interfere 

with 

calcium 

response

s and 

reduced 

contracti

lity, 

thereby 

increasi

ng the 

risk of 

cardiac 

dysfunct

ion after 

chemoth

erapy. 

Autophagy-related genes 

ATG13 rs1083861

1 

/ Anthr

acycl

ines,

Increased arrhyt

hmia, 

a 

an adaptor 

protein by 

recruiting 
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(70) Cycl

opho

spha

mide,

Paclit

axel,

Doce

taxel,

Carb

oplati

n 

reduct

ion in 

left 

ventri

cular 

ejectio

n 

fractio

n 

ULK1, 

RB1CC1 

and 

ATG101 to 

a core 

ULK1 

complex. 

The central 

involvement 

of ATG13 

in complex 

formation 

makes it an 

attractive 

target for 

autophagy 

regulation. 

*Stop codon. 2 
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