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hemotherapy-induced nau-
C sea and vomiting (CINV) is
a phenomenon common to
patients being treated for a solid
or hematologic malignancy. This
adverse effect to cancer treatment
persists in about half of all patients
receiving highly emetogenic treat-
ment (He et al., 2014; Zoto et al.,
2015), despite prophylaxis with
serotonin (5-hydroxytryptamine-3
[5-HT;]) antagonists, steroids,
and additional agents. Two broad
categories increase risk for CINV:
the emetogenic potential of chemo-
therapeutic drugs (Hesketh et al.,
1997) and patient-specific risk fac-
tors, such as younger age (Roscoe
et al., 2010), female gender (Hes-
keth et al., 2006), low or no alcohol
intake (Warr, Street, & Carides,
2011), and history of motion sick-
ness or pregnancy-induced nausea
(Pirri et al., 2011). Despite these
predictors for CINV, guidelines for
prophylaxis continue to be based
solely on the emetogenicity of
agents administered. New strate-
gies for CINV are unlikely until ad-
ditional data emerge.
Pharmacogenomics may or may
not yield such data. New research
into serotonin antagonists and
how these drugs work differently
in individuals with varying genetic
makeup is affecting the knowledge
of patient-specific CINV risk fac-
tors. Single nucleotide polymor-
phisms (SNPs) are DNA base sub-
stitutions that may affect protein
function in the serotonin pathway,
the neurologic pathway affected
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by chemotherapy in the peripheral
nervous system in the gut and in
the central nervous system (Bayo
et al,, 2012). This research has gen-
erated early knowledge with regard
to SNPs that influence serotonin
binding, drug metabolism, and drug
transport proteins. The purpose
of this review is to synthesize the
current literature regarding genetic
influence on CINV (see Table 1) and
to explore the implications this has
for nursing practice and research.

Serotonin Receptor
Polymorphisms

The neurotransmitter serotonin
binds to its associated receptor in
the postsynapse of the peripheral
and central nervous systems (Bayo
et al., 2012). This receptor is made of
five protein subunits, 5-HT3,¢. Differ-
ent combinations of protein subunits
bind together to form a pentamer
(Niesler et al., 2007). In theory, poly-
morphisms in any of the genes re-
sponsible for receptor proteins could
affect that protein’s function. In such
a case, the pentameric serotonin re-
ceptor may become less responsive
to serotonin antagonists, placing
patients at higher risk for CINV.

From the sole study evaluating
5-HT3, receptor proteins, 21 poly-
morphisms were identified (Kaiser
et al., 2004). However, none of the
altered proteins created any sta-
tistically significant effect on CINV.
Findings from the four studies
looking at 5-HT;; were conflicting.
One study found 13 polymorphisms
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TABLE 1. Summary of Studies Evaluating Genetic Influence in CINV

Study Genetics Findings
Babaoglu et al., 2005 ABCBL1 transporter 3435C > T associated with treatment efficacy
CYP2D6 Unlikely to influence findings
Fasching et al., 2008 5-HT35 receptor No SNPs significant
5-HT5¢ receptor Single variant of rs6766410 with higher CINV
Hammer et al., 2010 5-HT3p receptor One SNP correlated with CINV; not statistically significant
Hassan & Yusoff, 2011 CYP3A4 Individuals of Chinese descent have greater CINV after granisetron (Sancuso®)
prophylaxis compared to those of Malaysian and Indian descent; conclusion
was based on prior research, and no genotyping was performed.
He et al., 2014 ABCBL1 transporter 3435C > T associated with higher risk for CINV
Kaiser et al., 2002 CYP2D6 Ultrarapid metabolizers had higher CINV. Poor metabolizers had less CINV.
Kaiser et al., 2004 5-HTs, receptor No SNPs significant
Perwitasari et al., 2011  ABCBA1 transporter CTG haplotype associated with higher delayed phase CINV
CYP2D6 No SNPs significant
5-HT3s Higher vomiting and lower nausea in one genotype
Tremblay et al., 2003 5-HT35 receptor A small fraction of therapeutic failure is explained by one deletion variant.
CYP2D6 Extensive metabolizers had higher CINV.
Tzvetkov et al., 2012 OCT1 May increase efficacy of tropisetron (Navoban®) by limiting hepatic uptake
Ward et al., 2008 5-HT3c receptor No SNPs significant
5-HT35 receptor One patient with polymorphism and higher CINV
CYP2D6 No SNPs significant
Zoto et al., 2015 ABCB1 transporter 3435TT variant with significantly less CINV

ABCB1—adenosine triphosphate-binding cassette subfamily B member 1; CINV—chemotherapy-induced nausea and vomiting;
5-HT;—5-hydroxytryptamine-3; OCT1—organic cation transporter 1; SNP—single nucleotide polymorphism

in the 5-HTs; gene (Tremblay et al.,
2003) but only one deletion variant
that may have influenced CINV, and
this variant did not reach signifi-
cance. This finding was duplicated
in a second study (Ward, Kotasek,
& McKinnon, 2008), but it was not
supported in two other 5-HT;; stud-
ies (Fasching et al., 2008; Perwitasa-
ri et al,, 2011). The two studies not-
ing a trend with the deletion variant
had German samples, whereas the
studies not finding that variant
had Indonesian (Perwitasari et al.,
2011) and Australian (Fasching
et al., 2008) populations. This is
noteworthy because some SNPs
have been found more frequently
in specific ethnicities.

The two studies that evaluated
5-HT;c receptor proteins also var-
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ied in their findings. Fasching et
al. (2008) found a single variant
associated with a 50% risk for CINV
in the first 24 hours after treat-
ment, compared with risks of 19%
and 22% for the other two 5-HTs¢
variants examined. However, this
finding was not reproduced in a
second study (Ward et al., 2008). A
single study, to date, has evaluated
the 5-HT3p receptor gene (Hammer
et al., 2010). A single SNP was found
to correlate with higher risk for
CINV. However, this finding failed to
reach statistical significance.
Studies into serotonin receptor
polymorphisms have yielded con-
flicting results. No strong evidence
exists to assimilate into clinical
nursing practice. This early re-
search requires more diverse che-

motherapy regimens, population
diversity, and randomization to
generate data influential to clinical
practice.

Cytochrome P450
Polymorphisms

The effects of the cytochrome
P450 family of enzymes on drug
metabolism are well known. CINV
research has investigated how
polymorphisms in two enzymes,
CYP2D6 and CYP3A4, influence
the rate of serotonin antagonist
metabolism in ways not previously
understood. Rate of metabolism
has been categorized into four
groups: poor metabolizers, inter-
mediate metabolizers, efficient
metabolizers, and ultrarapid
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metabolizers (Sachse, Brockmoller,
Bauer, & Roots, 1997). Theoretical-
ly, a patient with a high rate of drug
metabolism may be underdosed for
CINV, and a patient with a slow rate
of metabolism may be using excess
medication when the therapeutic
ceiling has already been met.

Two studies have evaluated
CYP2D6 and CINV (Kaiser et al.,
2002; Perwitasari et al., 2011). Both
studies demonstrated a higher rate
of CINV for patients with SNPs asso-
ciated with faster drug metabolism.
Only Kaiser et al.’s (2002) study
reached statistical significance. The
difference may be ethnic. Kaiser et
al.’s (2002) Caucasian sample (N =
270) had 8% (n = 21) poor metabo-
lizers and 2% (n = 5) ultrarapid me-
tabolizers, whereas Perwitasari et
al’s (2011) Indonesian sample (N =
202) contained only intermediate
and effective metabolizers.

One study into CINV and sero-
tonin antagonist metabolism sam-
pled 158 Malaysian patients with
breast cancer (Hassan & Yusoff,
2011). The sample was stratified
by ethnic origin into individuals
of Chinese, Malaysian, or Indian
descent. The results suggested a
statistically significant higher risk
for CINV among those of Chinese
descent. This difference was at-
tributed to earlier studies suggest-
ing higher enzymatic activity for
CYP3A4 in Chinese patients with
breast cancer (Huang et al., 2003)
and lower CYP3A4 enzymatic activ-
ity in individuals of Indian descent
(Rais, Chawla, & Kohli, 2006).

These early studies into CINV
and serotonin antagonist metabo-
lism have not yet produced results
translatable to clinical practice.
However, these early data are com-
pelling; larger studies will help to
establish this area’s potential rel-
evance to nursing practice.

Transport Protein Polymorphisms

Transport proteins play a protec-
tive role for cells, influencing how

much of a drug enters a target cell
and removing excess drug once
inside (Jonker, Wagenaar, Van Eijl, &
Schinkel, 2003; Sakaeda, Nakamura,
& Okumura, 2002). Two transport
proteins, adenosine triphosphate-
binding cassette subfamily B mem-
ber 1 (ABCB1) and organic cation
transporter 1 (OCT1), have been
evaluated for polymorphisms that
may affect serotonin antagonist
availability and increase CINV risk.

Four studies have examined
ABCB1 polymorphisms for influ-
ence on CINV (Babaoglu et al., 2005;
He et al., 2014; Perwitasari et al.,
2011; Zoto et al., 2015). Three stud-
ies (Babaoglu et al., 2005; He et al.,
2014; Zoto et al., 2015) have found
an association between the ABCB1
3435TT genotype and better control
of CINV; however, the results of
He et al. (2014) were not statisti-
cally significant. Perwitasari et al.
(2011) used haplotype rather than
genotype analysis and found that
one ABCB1 haplotype (CTG) had an
increased risk for CINV but only in
the delayed phase of CINV.

A single study has been published
evaluating the effect of OCT1 on se-
rotonin antagonist drugs (Tzvetkov
et al., 2012). Patients with loss-of-
function SNPs in OCT1 were found
to have higher blood concentration
of tropisetron (Navoban®) and less
CINV. Ondansetron (Zofran®) levels
were not affected.

To date, some findings in the
protein transport literature have
shown reproducibility. This is en-
couraging and should stimulate
additional inquiry. Nurses should
be aware that SNPs in transport
proteins may explain some degree
of CINV treatment failure.

Areas of Future Research

Neurokinin 1 (NK1) antagonists
are another category of therapy for
highly emetogenic chemotherapy
(Hesketh, Aapro, Street, & Carides,
2010). These agents (e.g., aprepitant
[Emend®], fosaprepitant [Emend
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IV®]) are used alongside serotonin
antagonists and steroids as a triple-
drug anti-CINV regimen. Patients
receiving NK1 antagonists may also
have genetic polymorphisms that
affect the efficacy of these drugs. To
date, NK1 antagonists have not been
evaluated in this way.

A similar pharmacogenomic ap-
proach may be applicable to older
anti-CINV agents. Diphenhydr-
amine (Benadryl®), prochlorpera-
zine (Compazine®), and metoclo-
pramide (Reglan®) have largely
been replaced by the serotonin an-
tagonists, NK1 antagonists, and
steroids. Within the percentage
of patients that fail standard-of-
care CINV prophylaxis, a subset
for whom older agents are geneti-
cally optimal may exist. In this way,
pharmacogenomic research may
create new therapeutic options for
these older pharmaceuticals.

A few of the studies reviewed
attempted to correlate genotype
with patient-specific risk factors
for CINV (e.g., motion sickness
history). However, no study was
specifically designed for this, and
no correlation was found. Despite
this, patient-specific risk factors
likely have a genetic basis and are
in urgent need of dedicated inquiry.

Implications for Nursing

Although this stage of research
into the genetics of CINV may seem
to have limited value to nursing
practice, this is not the case. Nurs-
ing’s role in assessing and interven-
ing in CINV is complemented by this
new knowledge in multiple ways.

Prophylaxis failure: Research
into genetic polymorphisms that af-
fect CINV reminds oncology nurses
that this phenomenon remains a
frequent area of clinical concern.
Therefore, while genetic polymor-
phisms continue to be evaluated
in the laboratory setting, nurses
must continue to use all of the anti-
CINV strategies available through
current data. Knowing prior to the
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administration of chemotherapy
which patient-specific risk fac-
tors for CINV a particular patient
may possess is useful. In this way,
nurses can better identify those
patients who may need a more
detailed strategy for breakthrough
anti-CINV drug use, more specific
diet recommendations, and more
collaborative one-on-one time for
future CINV management.

Family history: Oncology nurses
are skilled at doing the most basic
genetic assessment: the family his-
tory. Asking about CINV in other
family members with cancer may
be helpful. A patient may recall that
a relative experienced CINV during
his or her cancer treatment and may
even know the efficacy of the medi-
cines used. Expanding the genetic
assessment that nursing already
implements to include a family his-
tory of CINV would be a logical first
step toward including the genetics
of CINV into clinical practice.

Patient education: Patients expe-
riencing CINV despite prophylaxis
need supportive explanations with
regard to why emetic control was
unsuccessful. Awareness of pos-
sible polymorphisms gives nurses a
potential tool for patient education
and support. In addition, explaining
to patients suffering from CINV that
the cancer research community
cares about them and is pursuing
better treatment may offer hope.

Conclusion

As the genetic influence on CINV
continues, the implications for
nursing practice will grow. The
day may come when CINV instru-
ments are developed that quan-
tify all CINV risk factors (including
genetics) and give nurses a tool
from which to recommend patient-
specific anti-CINV strategies. This
emerging knowledge regarding one
of the most feared side effects of
cancer treatment can only improve
the art and the science of what
nursing does every day.
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