International Journal of General Medicine

Dove

REVIEW

An Update in Our Understanding of the
Relationships Between Gene Polymorphisms and
Chemotherapy-Induced Nausea and Vomiting

Yilan Jin*
Xiaorong Li*
Caihong Jiang*
Jun Zhao
Guang Liu

Hui Li

Gaowa Jin
Quanfu Li

Department of Medical Oncology, Ordos
Central Hospital, Ordos, 017000,
People’s Republic of China

*These authors contributed equally to
this work

Correspondence: Quanfu Li; Gaowa Jin
Department of Medical Oncology, Ordos
Central Hospital, 23th Yinjihuoluo
Western Road, Ordos, 017000, People’s
Republic of China

Tel +86 0477-8363279

Fax +86 0477-8363158

Email li_qfedu@|63.com;

jingw 145@126.com

Abstract: The occurrence and severity of chemotherapy-induced nausea and vomiting
(CINV) are influenced by many factors; this includes therapeutic factors, such as the
dose, administration mode, and chemotherapeutic agent emetogenicity, as well as
patient-related risk factors, such as the gender, age, alcohol consumption history, and
anxiety level. However, these factors cannot fully explain the individual CINV differ-
ences. In recent years, the correlation between gene polymorphism and CINV has been
a hot research topic; the present paper reviews current research on CINV-related gene
polymorphisms, and the results indicate that the use of gene polymorphism for the
optimization of CINV efficacy is of important clinical significance.

Keywords: chemotherapy-induced nausea and vomiting, gene polymorphisms, prevention
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Introduction

Nausea and vomiting are common adverse reactions to chemotherapy. If
untreated, chemotherapy-induced nausea and vomiting (CINV) can affect 70—
80% of patients undergoing chemotherapy; this may lead to complications,
such as water and electrolyte disturbance, quality of life reduction, and treat-
ment interruption.’? CINV is influenced by complex metabolic and gene-
environment interactions, which leads to inter-individual differences in its
occurrence and severity. It is influenced by a variety of factors; this includes
therapeutic factors, such as the chemotherapeutic agent emetogenicity, dose,
administration route, and various environmental triggers, as well as patient-
related factors, such as the gender, age, alcohol consumption history, and
anxiety level.> With the development of technology, gene polymorphism detec-
tion has become possible. New studies and discoveries based on gene poly-
morphism suggest that it may be an independent CINV influencing factor in
patients.* All gene polymorphisms involved in CINV and related pharmacoge-
netic mechanisms, such as genetic drug transporter variation, drug metabolic
enzymes, and drug receptors, may affect patient CINV occurrence and severity.
The present study aims to briefly review several relatively well-established
gene polymorphism findings associated with their different, sometimes para-
doxical, effects on CINV.
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Methods

Literature Search

Pieces of electronic literature published from July 2020 to
July 2021 were obtained from the following databases:
PubMed®, Excerpta Medica Database, China National
Knowledge Infrastructure, Wanfang Data, China Science
and Technology Journal Database, and Chinese
BioMedical Literature Database. The reference list of
related articles was consulted to find more qualified stu-
dies. The keyword combination was chemotherapy or can-
cer AND nausea or vomiting or antiemetics or
chemotherapy-induced nausea and vomiting or chemother-
apy-induced vomiting or chemotherapy-induced nausea
and gene or genes or genetics or polymorphism or candi-
date genes or gene expression or pharmacogenetics.

The inclusion criteria were: (1) studies involving patients
with cancer receiving chemotherapy agents; (2) studies with
patients assessed for nausea and/or vomiting outcomes; (3)
studies with genotyped patients; and (4) studies evaluating
the association between genetic polymorphisms and che-
motherapy-induced nausea (CIN) and/or chemotherapy-
induced vomiting (CIV), and/or antiemetic effectiveness.

The exclusion criteria were: (1) studies investigating
patients with post-operative nausea and vomiting; (2) studies
investigating patients with radiotherapy-induced nausea and
vomiting; and (3) studies with genotype associations only
evaluated in the context of the pharmacokinetics.

After excluding articles with a lack of pharmacoge-
nomic information or articles published before 2000 (the
human genome was sequenced in 2000), 29 original
research articles focusing on genetic polymorphisms and

CINV were included in the present study.

Data Synthesis

These 29 studies were summarized using the following
prespecified evaluation criteria: Author, country, year;
emetogenicity of the chemotherapy regimen; sample char-
acteristics (ie, sample size, age, gender, diagnosis, and
antiemetic treatment); CINV assessment (ie, instrument[s]
and CINV assessment timing); gene(s) and associated
polymorphism(s) classified by function; major study
outcome(s); major findings; sample characteristics; CINV
genotyping
method types; specific evaluated polymorphisms; che-

assessments; CINV assessments timing;
motherapy drug types; and the results. The above-listed

data are summarized in tabular and narrative forms.

The CINV Mechanism and the Antiemetic

Mechanism and Classification

Depending on the time of first chemotherapeutic drug
use, CINV can be divided into acute-phase CINV and
delayed-phase CINV. This is a complicated process
involving neuroanatomy, central and peripheral path-
ways, neurotransmitters, and receptors.” The peripheral
pathway is wusually characterized by acute-phase
CINV;® its mechanism is that the chemotherapeutic
agents act on the enterochromaffin cells in the gastro-
intestinal tract mucosa, causing the release of a large
amount of serotonin (5-hydroxytryptamine 3 [5-HT3])
to act on the adjacent vagus fiber corresponding recep-
tors and leading to an afferent stimulus that terminates
in the dorsal brain stem (primarily in the nucleus trac-
tus solitarius) and subsequently activates the central

8 The central

pattern generator.sf pathway occurs
mainly in centers of the higher central nervous system
located in limbic forebrain structures, such as the
amygdala, which is usually characterized by drug-
induced delayed vomiting.® Substance P is the main
neurotransmitter that activates neurokinin-1 (NK-1) in
the central pathway. The 5-HT3 receptors are cross-
linked with the NK-1 receptors, but the mechanisms
involved are not fully understood.” The mechanism of
nausea may not be identical to the mechanism of
vomiting; the exact mechanism remains unclear.
However, the clinical management of nausea and
vomiting usually occur simultaneously.'’

The interaction between different pathways and
neurotransmitters leads to the development of different
CINV types. Thus, to achieve maximum effectiveness,
its prevention and treatment require the use of drugs
targeting these pathways and transmitters.'' The most
commonly used antiemetics are currently generally
classified into 5-HT3 receptor antagonists (5-HT3RA),
NK-1 NK-1/

5-HT3 compounds, atypical antipsychotics, benzodia-

receptor antagonists, glucocorticoids,

zepines, phenothiazines, and cannabinoid
antiemetics.'> ' Among them, in addition to the
5-HT3RA (eg, ondansetron, tropisetron, palonosetron,
etc.), antipsychotic drug olanzapine, NK-1 receptor
antagonists (intravenous: Such as fosaprepitant, oral:
Such as aprepitant), and glucocorticoids (generally
refer to dexamethasone), which are standard CINV
therapeutic drugs, olanzapine has been receiving an

increasing amount of attention.'”
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CINV and Drug-Receptor

Pathway-Related Gene Polymorphisms
Serotonin Pathway

Of the 5-HT receptors (5-HTRs), only 5-HTR3, which is
a ligand-gated ion channel, plays a role in CINV
pathogenesis.'® It is distributed in the central and periph-
eral systems and ultimately exerts a role in intestinal
motility.'” It is composed of five subunits (5-HT3A-E)
encoded by the HTR3A-E gene; these receptor subtypes
Different
subunit compositions contribute to the SHTR3 system’s

cause CINV under different circumstances.'®

complexity.'® Cell culture experiments and clinical studies
show that genetic variants of the 5-HTR3 gene are asso-
ciated with altered protein function and clinical outcomes
in patients with CINV.'® The standard drug for the pre-
vention of acute CINV is 5-HT3RA; its action mechanism
is binding to and selectively inhibiting 5-HT3R excitation.
This inhibition occurs in the chemosensory trigger zone at
the central site and in the peripheral region, thereby attenu-
ating CINV.?® Data suggest that variants in the HTR3A-D
gene may be associated with CINV as well as the thera-
peutic effect of 5-HT3RA in patients.'®!7-1921-29

Kaiser et al sequenced and performed a haplotype ana-
lysis of the HTR3A gene in 233 patients on highly emeto-
genic chemotherapy regimens; the results showed that
HTR3A CT haplotype carriers (unreported rs IDs) were
less likely to develop CINV after prophylactic antiemetic
treatment (Chi-squared test, p = 0.01).>' Certain studies
analyzed the relationship between some common HTR3A
loci (rs1062613, r1s1176722, rs1176719, 12276303,
rs909411, and rs1176713) and CINV; no correlation was
discovered.”*** It would appear that due to the paucity of
relevant studies and the unclear nature of the predictive
gene, the single genotype of 5S-HTR3A cannot be used as
a genetic predictor for the antiemetic efficacy of
5-HT3RA.

A common polymorphism of the 5-HT3B subunit is
—100 _-102AAG deletion. Tremblay et al hypothesized
that HTR3B gene polymorphisms might have an impact
on acute CINV and the therapeutic effects of SHT3RA.
They sequenced the entire 5-HTR3B and found that
among patients with CINV, homozygous patients with
—100 -120AAG deletion had a higher frequency of
vomiting than other patients in the recessive model (Chi-
squared test, n = 242, p < 0.02).>* However, only 1.2% of
the patients were homozygotes for this allele; thus, only
a small proportion of treatment failures could be

explained by this variant.'” Kang et al reached the same
conclusion in Korean patients in the dominant model
who were prophylactically administered ramosetron
(Mann—Whitney U-test, n = 50, p = 0.02)."
Furthermore, domestic researchers Cao Jiayan et al
found that the TT genotype incidence at rs3758987 was
significantly lower than the non-TT genotype incidence
(Logistic regression, n = 212, p = 0.014).>> However,
a 2021 research by Tsuji et al found no connection
between the two.%® Other studies failed to find any cor-
relation between CINV and the loci of HTR3B
rs1176744, 1s4938058, 1rs7943062, 1rs12795805, or
152276305, 7719:21:24.23.27.30.33 A Jthough there are more
studies on the polymorphism of the HTR3B gene than
on any other subunit gene, the heterogeneity of research
on ethnicity and polymorphism distribution may lead to
different results. Hence, the meta-analysis of the primary
and secondary outcomes in certain studies has little
significance.*?

Fasching et al analyzed the common non-
synonymous single nucleotide polymorphism (SNP) of
SHTR3 and found that a rare C allele homozygote at the
HTR3C rs6766410 locus was correlated with acute phase
110, p = 0.01)."° In

contrast, Pud et al reported that, in a recessive model,

vomiting (Chi-squared tests, n =

a rare N allele homozygote at the same locus was corre-
lated with a reduction in the severity of delayed CIN
110, p = 0.04).%’
This SNP causes a change in the amino acid sequence

(Cochran-Mantel-Haenszel test, n =

from lysine to arginine, which may alter the HTR3C
structure. However, a study by Ward et al and Tsuji
et al found no correlation between the seven SNPs (ie,
1651C>T, 3885C>T, 3894C>A, 6342C>T, 7051G>A,
7082C>T, and 7142G>C, 1214C>G) or rs6766410 with
CINV.'"2° Although the 4 studies included the same
locus, three different results emerged. This may have
been caused by the smaller sample size available for
evaluation, as there is a low number of relevant studies
due to the lack of focus on this particular locus. Larger
scale studies are needed to clarify the correlation.
Hammer et al showed that rs6443930, a rare C allele
homozygote of HTR3D, might be correlated with
enhanced antiemetic efficacy for 5-HT3RA (Kaplan
110, p = 0.048).>> However,
Tsuji et al did not find any correlation between the

Meier log rank test, n =

two.?® At the time that the present review was written,
no other articles investigating the correlation between
HTR3D and CINV were identified.
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The serotonin transporter (SERT) can terminate the
action of 5-HT
a corresponding site. In a retrospective analysis of 166

through its rapid wuptake from
patients with colorectal cancer conducted in Southern
China, Wei Yisheng et al found that moderate—severe
CINV was associated with the rs956304 genotype of the
SERT promoter polymorphic locus (Chi-squared test, n =
166, p = 0.011), which was independent of the rs1176744,
r$12795805, and rs2276305 loci,*® and that the rs956304
AG+GG genotype was an independent risk factor for the
development of moderate—severe CINV in patients with
colorectal cancer. This study provided a new perspective
and concept for the study of CINV-related gene poly-
morphism in China.

NK-1 Receptor Pathway

Aprepitant is a NK-1 receptor antagonist that acts on the
area postrema of the brain and is mainly effective against
delayed CINV. Recently, an association between the tachy-
kinin receptor 1 (TACRI1) gene-encoding NK1 receptor
and CINV has been considered.”® There are 2 studies
analyzing the relationship between certain TACR1 loci
(rs2111375, rs3771836, rs6715729,  1s3821313,
1s3755468, Y192H, and rs17838409) and CINV.**2°
Tsuji et al found that rs3755468TT was a significant com-
plete response (CR) determinant in delayed-phase CINV
(Logistic regression, n = 166, p = 0.014).%¢

CINV and Drug Metabolism

Pathway-Related Gene Polymorphisms

Cytochrome P4502D6 (CYP2D6) is one of the most
important drug-metabolizing enzymes in the liver. Most
antiemetic drugs, including the 5-HT3RA and dopamine
receptor antagonists, are metabolized by the CYP2D6
system, and its variation can lead to significant changes
in the metabolism of antiemetic drugs and may ulti-
mately affect the drug action and the occurrence of
adverse reactions.”** The activity of CYP2D6 varies
widely within the same race and may include the follow-
Ultrafast metabolizer (UM),
extensive metabolizer (EM), intermediate metabolizer
(IM), and poor metabolizer (PM). The distribution of
CYP2D6 in different ethnic groups is also very different,
resulting in different PM, IM, EM, and UM percentages
in specific populations. For example, CYP2D6 UM is

ing patient genotypes:

rare among the Chinese, only accounting for approxi-
mately 1% of the total population.®

Kaiser et al investigated the influence of the CYP2D6
genotype on the therapeutic effects of 5-HT3RA and found
that the serum concentration of tropisetron was higher in
patients with the CYP2D6 PM allele (p < 0.03) and that
the incidence of acute CIV was increased in UM allele
carriers (Chi-squared analysis, n = 270, p < 0.001, p < 0.03
for  the
respectively);*® the difference was more significant in the

tropisetron and  ondansetron  groups,
tropisetron group than in the ondansetron group. The
researchers considered PM allele carriers to have the high-
est 5-HT3RA blood concentration and, therefore, the best
protection against CINV. Meanwhile, the UM allele car-
riers were considered to have the least protection against
CINV when given the standard doses. Another study
found that UM allele carriers had an increased risk of
developing severe CINV (Chi-squared test, n = 242, p =
0.03),* while a different study found a decrease in the
CINV complete control rate in patients carrying three
active CYP2D6 alleles (ie, UMs) who received prophylac-
tic ondansetron therapy (Chi-squared test, n = 202, p <
0.05).>' However, no significant correlation was found
between the other phenotypes (rs16947, rs3892097, and
rs1065852) and CINV. Despite the result discrepancy in
the above-listed studies, there is still some guidance, with
respect to the UM allele, for clinical practice concerning
CINWV.

In vitro studies have shown that cytochrome P4503A
(CYP3A) enzymes are involved in the metabolism of
palonosetron and aprepitant.**>’ Yokoyama et al found
no correlation between CINV and CYP3AS5 rs776746 in
a triple antiemetic regimen consisting of palonosetron,
aprepitant, and dexamethasone that is used in Japanese
patients with breast cancer (Chi-squared test, n = 125,
p = 1.00).%

CINV and Drug Transport
Pathway-Related Gene Polymorphisms

The gene polymorphisms of drug transport proteins may
be a source of variation in drug configuration and
response.*® The polymorphisms of the ATP-binding cas-
sette transporter protein Bl (ABCB1), ATP-binding cas-
sette transporter protein G2 (ABCG2), ATP-binding
cassette transporter protein C1 (ABCC1), copper transpor-
ter P-type ATP gene (ATP7B), and organic cation trans-
porter 1 (OCT1) may alter the uptake and efflux rates of
chemotherapeutic agents entering the blood—barrier, result-
ing in CINV differences.
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ABCBI

ABCBI, or the multidrug resistance gene, encodes the
P-glycoprotein, which is a trans-membrane protein that is
considered an important transporter protein in limiting the
accumulation of drugs, including many chemotherapeutic
agents and antiemetics.**** Babaoglu et al determined the
ABCBI1 3435C>T genotype in patients and analyzed its
relationship with the antiemetic effect of 5-HT3RA.*° The
results showed that the rare T allele homozygote or hetero-
zygote was associated with the reduced occurrence and
severity of acute-phase CIV compared with the common
C allele homozygote or heterozygote (Chi-squared test,
n =216, p = 0.04). He and Zoto reached a similar conclu-
sion when they found that CINV severity and incidence
were reduced in patients with the rare T allele homozygote
compared with patients with a homozygous or heterozy-
gous common C allele (Logistic regression, n = 215 and
n =239, p = 0.002 and p = 0.016, respectively).***!
A meta-analysis showed that the risk of acute CINV was
significantly lower in the recessive model but not signifi-

1.32 These results are

cantly different in the dominant mode
different from the results of Jin et al in the 2021 study of
the Chinese population. Jin et al found that the ABCBI
3435C>T TT genotype in the olanzapine group was asso-
ciated with a lower, delayed TP rate in patients using the
olanzapine-based triple antiemetic regimen (Chi-squared
test, n = 210, p = 0.006). Meanwhile, in the aprepitant
group it was associated with patients with the 2677G>T/A
GG genotype (p = 0.008).*> In 2013, Tsuji et al evaluated
64 patients with breast cancer being treated with adriamy-
cin in combination with cyclophosphamide; they con-
cluded that the acute-phase CR rate was not correlated
with 3435C>T (Cochran-Mantel-Haenszel test, n = 64,
p = 0.19); however, there was a significant correlation
between ABCB1 2677G>T/A polymorphism and patients
achieving CR within 24 hours of chemotherapy (p =
0.047).* In contrast, a 2017 study of 156 patients on
cisplatin conducted by the same researchers yielded dis-
similar results: The CR rate was significantly higher in
patients with the ABCB1 3435TT genotype than in
patients with the non-TT genotype (Logistic regression,
p = 0.022); the CR rate was also higher in patients with the
ABCBI 2677TT genotype than in other genotypes (p =
0.063).** However, no significant CR rate difference was
found in ABCBI1 1236C>T gene carriers. This is consis-
tent with the results of Jin et al.** The results of Zoto et al,
on the other hand, suggest a positive correlation between

1236C>T and CIV incidence (p = 0.027).*' Another study
reported a higher incidence of grade 3/4 delayed-phase
CINV in carriers of the ABCB1 gene CTG haplotype
(C3435T, C1236T, and G2677T) than in other haplotypes
(p <0.05).>" A multivariate analysis conducted by He et al
concluded that the CG haplotype carrier was correlated
with a risk of grade 3/4 nausea and was an independent
prognostic marker.*’

As ABCBI is one of the most investigated gene poly-
morphisms related to CINV and drug transport pathways,
the discrepancy between the results of ABCBI-related
studies may be caused by the high bias risk in some
studies as well as the synergistic or antagonistic effects
between different loci within the gene.

ABCCI, ABCG2, and ATP7B

The proteins encoded by the ABCC1 and ABCG2 genes
are trans-membrane proteins; they are part of the blood—
brain barrier and can cause the efflux of some chemother-
apeutic agents.* One study found that patients with mis-
sense mutations in ABCG2 rs2231142 had an increased
risk of CIN; this was possibly caused by the SNPs redu-
cing the ABCG2 exocytosis activity.*> A multivariate ana-
lysis by Yokoyama et al showed a significant correlation
between the ABCG2 rs2231142 AA genotype and acute
severe nausea (p = 0.049).” However, Lamba et al failed
to find any correlations among ABCCI1 15246240,
rs2238476, and CINV.*

The ATP7B gene encodes the ATP7B enzyme. Higher
levels of mRNA expression of ATP7B are correlated with
higher rates of efflux as well as the accumulation of
chemotherapeutic agents in the blood.*® Lamba et al con-
ducted an exploratory study on SNPs in ATP7A and
ATP7B
rs1801244 and an increased CIN risk (Cox-proportion
hazards models, n = 90, p = 0.027).*

and found a correlation between ATP7B

OCTI

As one of the most abundantly expressed drug transport
proteins in the human liver, OCT1 is important for its
antiemetic effects. It is highly polymorphic throughout
different ethnic groups, which can lead to differences in
transporter function and variation in response to antie-
metics. However, this remains controversial.*’

One study assessed the correlation between five common
OCT!1 haplotype loss-of-function polymorphisms and the
pharmacokinetics and therapeutic effects of 5-HTRA.*” The
in vitro experiments showed that the amino acid substitutions
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(ie, R61C, C88R, G401S, M420del, and G465R) OCTI
polymorphisms might inhibit the tropisetron uptake.
Patients with complete active OCT1 allele deletion had the
highest plasma concentrations of tropisetron, at 3 hours and 6
hours after administration, and ondansetron, at 3 hours after
administration (Logistic regression, n = 270, p < 0.05).
Patients with active OCT]1 allele deletion exhibited a higher
CR rate (p = 0.007). The researchers concluded that patients
with complete active OCT1 allele deletion had an impaired
cellular uptake and reduced biological inactivation, resulting
in prolonged drug residence time in the circulation system
and better therapeutic effects.*®

The above-mentioned studies suggest that polymorph-
isms of this drug transport pathway gene may be a CINV
influencing factor. However, while our understanding of
the gene is increasing, further studies are still needed to
provide stronger evidence. It is hoped that OCT1 will play
a key role in CINV treatment in the future.

Other Related Gene Polymorphisms and
CINV

Excision Repair Cross Complementation Gene
Platinum compounds act by binding with DNA; this leads
to intra-strand cross-links that disrupt DNA structure. The
excision repair cross complementation gene (ERCC) is
a key nucleotide excision repair pathway component, and
a high expression of ERCC proteins and genes is corre-
lated with cisplatin resistance and chemotherapy toxicity.*®
Yokoi et al conducted a study of 156 Japanese patients
treated with cisplatin during chemotherapy; the multifac-
torial logistic regression analysis showed the ERCCI
8092C>A gene AA as a significant acute-phase CINV
predictor (Logistic regression, p = 0.011).%® The research-
ers concluded that the ERCC1 8092A allele causes the
decreased expression and increased injury of this enzyme
in normal gastrointestinal tissues. Thus, it promotes the
small intestinal cell dysfunction induced by cisplatin but
does not decrease its effect; hence, CINV continues to
occur. However, Lamba et al found no correlation between
the ERCC4 15744154 and CINV.*

Dihydropyrimidine Dehydrogenase Gene

Dihydropyrimidine dehydrogenase (DPYD), encoded by
the DPYD gene, is the first rate-limiting enzyme in the
S-fluorouracil catabolic cascade. It plays a key role in the
fluorouracil catabolism, and a DPYD deficiency affects
fluorouracil-related side effects.*” One study found an
increased CINV risk in patients with the DPYD*2A

rs3918290 splice donor variant (Logistic regression, n =
2594, p = 0.007).°° Madi et al found that the rare DPYD
Asp949Val
increased emetogenic toxicity in a large sample of 1456

mutation, variant, was correlated with
patients with advanced colorectal cancer (Logistic regres-
sion, p = 0.002).51 However, there was no correlation
between CINV and the DPYD variants of Cys29Arg,
Val732lle, Metl166Val, Lys259Glu, Ser534Asn,

Ile543Val, and IVS14+1G>A.

Methylenetetrahydrofolate Reductase Gene
Methylenetetrahydrofolate reductase (MTHFR) is a key
enzyme in the folate metabolism; it plays an important
role in DNA methylation and gene regulation.® The
MTHFR activity level affects the methylation of genomic
DNA. There are several MTHFR gene mutation types; the
most common is the C677T point mutation.”® Gao
Changming et al investigated the relationship between
MTHFR polymorphisms and 5-fluorouracil-based che-
motherapy regimen efficacy and toxicity in 57 Chinese
patients with advanced gastric cancer, and the CINV inci-
dence was significantly higher in patients with the MTHFR
C677T TT, TC, and A1298C AA genotypes than in patients
with other genotypes (Chi-squared test, p = 0.04 and p =
0.00, respectively).’* In contrast, Kou Junyan et al’s study
of patients with non-small-cell lung cancer treated with
platinum in combination with gemcitabine found no corre-
lation between the MTHFR C677T genotype and CINV
(Chi-squared test, n = 105, p = 0.773).%

X-Ray Repair Cross-Complementary Gene |

The X-ray repair cross-complementary gene 1 (XRCC1) is
a widely studied DNA repair gene known to play an
integral role in base excision repair. Yang Mudan et al
investigated 159 patients with colorectal cancer in China
and found that the CINV incidence was significantly
higher in patients with the XRCC1 G28152A AA or AG
genotype than in patients with the GG genotype (Chi-
squared test, p < 0.01).>

Generic Transcription Factor IIE Subunit |

The generic transcription factor IIE1, encoded by the
generic transcription factor IIE subunit 1 (GTF2E1) gene,
is essential for transcription initiation through direct inter-
action with DNA repair factors.’® Lamba et al conducted
an SNP typing of the candidate genes associated with
platinum and paclitaxel in the DNA samples of 90 adult
male patients diagnosed with advanced non-small-cell
lung cancer; the correlation with survival and toxicity
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Table | Basic Characteristics of Clinical Trials of CINV-Related Gene Polymorphisms
Reference Sample | Cancer Type Emetogenicity | Antiemetics (%) Phases Response
Size Criteria
(Nmen/n)
Kaiser et al.,20023¢ 116/270 Breast, lung, MEC+HEC Ondansetron(64) or 0-24 h Severity:
Germany NHL, MM,HL, tropisetron(36)+/+ Nausea: Mean of
others glucocorticoids (58) VAS;
Vomiting:Mean of
episode
Kaiser et al.,2004?' 105/242 Breast, lung, MEC+HEC Ondansetron(65)or 024 h Severity:
Germany NHL,HL,MM, tropisetron (35)+/+ Nausea: Mean of
ovarian, others glucocorticoids (56) VAS;
Vomiting: Mean
of episodes
Babaoglu et al.,2005°° 54/216 Breast, MEC+HEC Ondansetron (39) or | 0—24 h Occurrence:
Turkey lymphoma,lung, tropisetron (26) or 2-5 days Complete
others granisetron (35) control (no
+/+glucocorticoids vomiting, rescue
(88) medication and
nausea < 2)
He et al.2014% 112/215 AML MEC Ondansetron 024 h Severity:
China 2-5 days Acute nausea:
Grade /2 vs. 3/4;
Acute vomiting:
Grade 1/2 vs. ¥4
Delayed emesis:
Complete
control
(no vomiting,
nausea< 5)
Lamba et aIA,ZOI44 90/90 NSCLC MEC+HEC Not available 0-24 h Severity:
USA 2-5 days Acute nausea:
Grade 1/2 vs. 3;
Acute vomiting:
Grade 1/2 vs. 3;
Delayed emesis:
Complete
control
(no vomiting,
nausea< 5)
Kang et al,, 2017"7 33/50 Colon MEC Ramosetron and I h, 6 h,24 h, day 2 | Severity:
Korea dexamethasone and day 7 Mean of RINVR
Tsuji et al., 2017* 98/156 Not available HEC Granisetron (51) or 0-120 h Occurrence:
Japan palonosetron (49) + Complete
dexamethasone and control (no
aprepitant vomiting, no
rescue
medication)
(Continued)
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Table | (Continued).

Reference Sample | Cancer Type Emetogenicity | Antiemetics (%) Phases Response
Size Criteria
(Nmen/n)
Oliva et al.,20|759 98/114 Breast HEC Ondansetron + 0-10 days Occurrence:
Sweden betametason +/+ Nausea or no
aprepitant +/+ nausea
metoclopramid

Yokoyama et aIA,20I829 0/125 Breast HEC Palonosetron + 0-24h Occurrence:

Japan dexamethasone and 2-5 days Complete

aprepitant/ response (no

fosaprepitant vomiting, no
rescue
medication);
Complete
control (no
vomiting, nausea
< 25, no rescue
medication)

Madi et al.,20|85| Not Colorectal MEC Not available 0-24 h Occurrence:

UK available/ | adenocarcinoma 2-5 days Complete

2183 control (no
vomiting and
nausea)

Tsuji et al,2020 0/166 Breast HEC Granisetron 0-120 h Occurrence:

Japan?® +dexamethasone+ Complete

aprepitant control (no
vomiting, no
rescue
medication)

Jin et al,,2021%? 83/210 Lung,cervical, HEC Dexamethasone 0-24h Occurrence:
esophageal, +tropisetron 2-5days Total protection
miscellaneous, +olanzapine/ (no vomiting,
others aprepitant rescue

medication and
nausea< 25)

Abbreviation: CINV, chemotherapy-induced nausea and vomiting; CIV, chemotherapy-induced vomiting.

was analyzed,® and the results revealed a correlation
between the transcription factor GTF2E1 rs447978 (spe-
cific allele not reported) and a reduced risk of CIN (p =
0.004). Platinum acts on inter-strand and intra-strand DNA
cross-links, and the genetic variation in this gene may have
implications for platinum’s pharmacokinetic and pharma-
codynamic pathways or lead to differences in response and
tolerability between patients.”

Dopamine D2 Receptor Gene

Mukoyama et al investigated the rs6277 and rs1076560 of
the dopamine D2 receptor gene and the rs4680 of the
catechol-O-methyltransferase gene; the results showed
that only C homozygote patients with rs1076560 had an
increased CINV incidence (Logistic regression, n = 60, p =
0.016).% This study also investigated the same loci; how-

ever, no association was found.*?
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Table 2 Summary of Findings on Associations Between CIN and Candidate Gene Polymorphisms

Target Gene Snp Findings References
Serotonin receptor genes HTR3A CT haplotype (8046 T > C and 1CIN occurrence Kaiser et al., 2004?'
10,627 G > T)
HTR3B rs45460698 (—100_-102delAAG TCIN severity Tremblay et al., 2003%*
deletion variant) Kang et al., 2017'7
rs3758987 TT 1CIN occurrence Cao et al, 2016%°
HTR3D rs6443930 CC tantimeitic efficacy in serotonin Hammer et aI..ZOIO22
antagonists treated patients
Serotonin transporter Promoter | rs956304 AG+GG TCIN severity Wei et al., 2018
Drug metabolizing gene CYP2D6 UMs (CYP2D6*1 + duplicate 1CIN severity Kaiser et al., 2002;*¢ Tremblay
allele) et al,, 2003;** Perwitasari et al..201 13!
PM (Two alleles of CYP2D6*3 | CIN severity and fserum tropisetron Kaiser, 2002
CYP2Dé6*4 CYP2D6*5 concentration
CYP2D6*6)
Drug transport genes ABCBI rs|1045642TT (3435C> T) | acute CIN severity Babaoglu et al., 2005;*° He
et al,2014;* Zoto et al.,2015;*' Tsuji
et al.2017*
tdelayed CIN severity in olanzapine Jin et al,,2021*
group
rs20325282 non-GG (2677G>T/ | |delayed CIN occurrence in aprepitant Jin et al,2021*
A) group
rs|128503TT (1236C>T) 1CIN severity Zoto et al,, 2015
rs1045642;rs20325282; TCIN occurrence in patients who are Perwitasari et al., 201 1;3' He et al,
rs| 128503 carriers of the CTG or the CG 2014%
haplotype
ABCG2 rs2231142 AA TCIN occurrence Lamba et al.,2014;* Yokoyama
et al,2017%
ATP7B rs1801244 (valine to leucine TCIN occurrence Lamba et al.,2014*
change)
Drug metabolizing gene DYPD rs3918290 (c.1905 + | G > A) 1CIN occurrence in patients with splice | Lee et al., 2014%°
donor variant
rs67376798 TT(Asp949Val) 1CIN occurrence Madi et al.2014°'
DNA synthesis genes MTHFR rs1801133 CC(C677T) 1CIN occurrence Gao et al.2004>*
rs1801131 AA(A1298C) 1CIN occurrence Gao et al.2004>*
DNA repair pathway genes XRCCI rs25487 GG(G28152A) 1CIN occurrence Yang et al.,2013%°
Transcription factor gene GTF2EI rs447978 (specific allele not TCIN occurrence Lamba et al.,2014*
reported)
DRD2 rs1076560 CC 1CIN occurrence Mukoyama et al., 20167
Cell death process FAS/ rs2234978 TCIN occurrence in FEC treated Oliva et al,, 2017%°
CD9%5 patients
Cell cycle progression RBI / rs2854344 TCIN occurrence in FEC treated Oliva et al,, 2017%°
LPAR6 patients
Chemokine gene ccL2 rs2530797 1CIN occurrence in FEC treated Oliva et al,, 2017%°

patients

Abbreviation: 1, increased; |, decreased; CIN, chemotherapy-induced nausea.
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Table 3 Summary of Findings on Associations Between CIV and Candidate Gene Polymorphisms

Dove!

Target Gene Snp Findings References
Serotonin receptor genes | HTR3A CT haplotype (8046 T > Cand | |CIV occurrence Kaiser et al., 2004*'
10,627 G > T)
HTR3B rs45460698 (—100-102delAAG | 1CIV severity Tremblay et al., 2003%*
deletion variant) Kang et al.,, 2017"7
rs3758987 TT(T> C) LCIV occurrence Cao et al,, 2016
HTR3C | rs6766410 CC tacute CIV episodes Fasching et al., 2008'
ldelayed CIV severity Pud et al.,2014%
HTR3D rs6443930 CC tantiemetic efficacy in serotonin Hammer et aI.,20|022
antagonists treated patients
Serotonin transporter Promoter | rs956304 AG+GG 1CIV occurrence Wei et al., 20183%°
Tachykinin receptor genes | TACRI rs3755468 TT(1323 T > C) TCIV occurrence Tsuji et al,,2020%
Drug metabolizing gene CYP2D6 | UMs (CYP2D6*| + duplicate TCIV occurrence Kaiser et al., 2002;
allele) Tremblay
et al,, 2003;** Perwitasari
etal,2011*'
PM (Two alleles of CYP2D6*3 | CIV occurrence and fserum Kaiser, 20023¢
CYP2D6*4 CYP2D6*5 tropisetron concentration
CYP2D6%6)
Drug transport genes ABCBI rs1045642 TT (3435C>T) | acute CIV occurrence Babaoglu et al., 2005;*° He
et al. 2014 Zoto
et al,2015"
1 delayed CIV occurrence in Jin et al., 2021
olanzapine group
rs20325282 TT (2677G>T/A) 1CIV occurrence in granisetron Tsuji et al.,2013;* Tsuiji
treated patients et al,2017*
rs20325282 non-GG ldelayed CIV occurrence in aprepitant | Jin et al.,2021*
(2677G>T/A) group
rs|128503TT (1236C>T) | CIV occurrence Zoto et al., 2015*
rs1045642; rs20325282; TCIV occurrence in patients who are Perwitasari et al., 201 13
rs128503 carriers of the CTG or the CG He et al, 2014%°
haplotype
ATP7B rs1801244 (valine to leucine 1CIN occurrence Lamba et aI.,20I44
change)
OCTI R61C,C88R,G401S,M420del, LCIV occurrence in tropisetron Tzvetkov et al., 2012%
G465R treated patients who lack active
OCT]1 allele
DNA repair pathway ERCCI rs3212986AA (8092C> A) tacute CIV occurrence Yokoi et al., 2018%
genes
(Continued)
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Table 3 (Continued).

Target Gene Snp Findings References
Drug metabolizing gene DYPD rs3918290 (c.1905 + | G > A) | 1CIV occurrence in patients with Lee et al., 2014%°
splice donor variant
rs67376798 TT(Asp949Val) 1CIV occurrence Madi et al.,2014°'
DNA synthesis genes MTHFR | rsI801133 CC(C677T) LCIV occurrence Gao et al.2004>*
rs1801131 AA(A1298C) 1CIV occurrence Gao et al.,2004>*
DNA repair pathway XRCCI | rs25487 GG(G28152A) LCIV occurrence Yang et al,2013%*
genes
Transcription factor gene | DRD2 rs1076560 CC 1CIV occurrence Mukoyama et al., 20162

Abbreviation: 1, increased; |, decreased; CIV, chemotherapy-induced vomiting.

Acetaldehyde Dehydrogenase 2 (ALDH2)

It has been reported that habitual alcohol consumption is
negatively correlated with CINV> and that the ALDH2
gene might be the main factor affecting the alcohol meta-
bolism. Toshitaka et al hypothesized that the alcohol meta-
bolism enzyme gene may affect the metabolism of emetic
chemotherapeutic drugs; they conducted a research study
but found no correlation between ADLH2 rs671 and
CINV.*®

Fas Cell Surface Death Receptor Gene,
Lysophosphatidic Acid Receptor 6, and CC
Chemokine Ligand Gene 2

Oliva et al examined 48 SNPs in 43 genes and analyzed
the correlation of each SNP with patient-reported nausea
and vomiting frequency and intensity; the study included
114 females with breast cancer who received chemother-
apy with
cyclophosphamide.® The following three SNPs were

S-fluorouracil, epirubicin, and
found to be correlated with an increased risk of nausea:
Fas cell surface death receptor gene (FAS) rs2234978
(Chi-squared test, p = 0.03), lysophosphatidic acid recep-
tor 6 (LPARG6) rs2854344 (p = 0.03), and chemokine
(C-C motif) ligand 2 (CCL2) rs2530797 (p = 0.01). FAS,
LPARG6, and CCL2 genes are important for the control of
cellular homeostasis. CCL2 is a chemokine gene involved
in immune regulation and inflammatory processes,*’
LPARG6 is a key component of the cell cycle control
pathway,”® and FAS is a death receptor system gene that
mediates apoptosis induction to maintain immune home-
ostasis. In addition, these genes are important for the
patient’s immune response as well as the elimination of

abnormal and cancerous cells.®' Researchers speculatively

suggest that inflammation and cell death may also be
correlated with CINV.

Gene polymorphisms other than the three most studied
pathways of serotonin receptor genes, drug metabolism,
and drug transport are equally clinically important for
exploring and providing individualized CINV treatment
and optimizing clinical antiemetic regimens. Thus, they
provide new directions for future studies.

Discussion

The basic characteristics and results of the above-listed
studies are summarized in Tables 1-3 for a brief analy-
sis of the correlation between CIN/CIV and gene poly-
morphisms. As shown in Table 2, a total of 23 loci of
16 genes are associated with CIN occurrence or severity
in 21 studies; as shown in Table 3, a total of 22 loci of
15 genes are associated with CIV occurrence or severity
in 25 studies. It would seem that CINV partially
depends on the differences between the genes involved
in DNA repair, cell function, drug metabolism and
transport, drug targets, serotonin receptors, NK-1 recep-
tors, cell cycle processes, and cell death processes.
Taken together, the reasons for the lack of consistency
in the results of the above-mentioned studies include the
sample characteristic heterogeneity, small sample sizes,
gene frequency differences across ethnic populations,
uncontrolled differences in phenotypic characteristics,
and different CINV assessment tools.%> To date, there
are few candidate gene studies based on different per-
spectives, and it is difficult to draw clear conclusions
from such data due to the limitations mentioned above.
Therefore, a larger scale, more diverse populations, and
more rigorous validation studies (eg, genome-wide
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association studies) are needed to provide comprehen-
sive evidence for the utility assessment of genetic poly-
morphisms as CINV predictors.

Genotype-based antiemetic prescriptions may become
increasingly practical as the cost of genotyping decreases
and Clinical Laboratory Improvement Amendments-
certified genotyping becomes more readily available.'
The use of genetic polymorphisms to optimize the CINV
effectiveness is beginning to receive attention, and indivi-
dualized CINV prevention guided by a combination of
patient clinical characteristics and genotyping is the direc-
tion of future development. It is expected that truly tai-
lored antiemetic protocols will be available in clinical
practice soon.
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