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Background: This study investigates whether demographical, disease-related and genetic
factors contribute to inter-individual differences in nausea and vomiting among patients
receiving opioids for cancer pain.
Methods: Cancer patients receiving opioids were included from 17 centres in 11 European
countries. Intensities of nausea and vomiting were reported by 1579 patients on four-point
categorical scales. In stratified regression models including demographical and disease-
related factors as covariates, 96 single nucleotide polymorphisms (SNPs) in 16 candidate
genes related to opioid- or nausea/vomiting signalling pathways (ABCB1, OPRM1, OPRK1,
ARRB2, STAT6, COMT, CHRM3, CHRMS5, HRH1, DRD2, DRD3, TACR1, HTR3A, HTR3B, HTR3C,
CNR1) were analysed for association with nausea and vomiting.
Findings: Age, body mass index, Karnofsky Performance Status, gender, use of antiemetics,
type of opioid, type of cancer and eight SNPs were associated with the inter-individual dif-
ferences in nausea and vomiting among cancer patients treated with opioids (p < 0.01). The
SNPs were rs1176744, rs3782025 and rs1672717 in HTR3B; rs165722, rs4680 and rs4633 in
COMT; rs10802789 and rs685550 in CHRM3. Only the SNP rs1672717 in HTR3B passed the
Benjamini-Hochberg criterion for a 10% false discovery rate.
Interpretation: Clinical characteristics and SNPs within the HTR3B, COMT and CHRM3 genes
may be associated with the variability in nausea and vomiting among cancer patients
receiving opioids. This knowledge may help to identify patients at particular risk for nau-
sea and vomiting during treatment with opioids for cancer pain.
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1. Introduction

The reported prevalence rates of nausea and vomiting in pa-
tients with cancer vary five-fold between studies (nausea
11-78%; vomiting 7-49%).! Some of this variability reflects
the large inter-individual differences in occurrence and inten-
sity of these symptoms among cancer patients receiving opi-
oids.?* Previous studies have suggested that age,*> gender,*”
type of opioid,® metastases® and cancer diagnoses? are associ-
ated with the inter-individual differences of nausea and vom-
iting. Other characteristics such as body mass index,
performance status, tumour burden, anticancer treatment,®
time since initiation of opioids,2 opioid dose, concurrent dis-
ease and use of drugs with anti- or pro-emetic effects may
also influence the occurrence and intensity of nausea and
vomiting in cancer patients, but have not been thoroughly
investigated yet. In addition, recent studies indicate that
some of the variability may be associated with genetic varia-
tion; either in genes related to opioid action or in genes re-
lated to the mechanisms of nausea/vomiting.>’~*° However,
there is a lack of studies systematically investigating how
demographical and disease-related factors contribute to vari-
ability in nausea and vomiting among cancer patients receiv-
ing opioids, and to our knowledge no studies have addressed
the possible contribution from genetic factors.

The effect of opioid analgesics may be influenced by their
route of administration, pharmacokinetics, receptor binding,
downstream signalling and non-opioid signal-modifying
mechanisms. Genes encoding proteins involved in cross-
membrane transport of opioids (ABCBI), receptor binding
and signalling (OPRM1 and OPRK1, ARRB2, STAT6) or modifying
systems (COMT) may play a role for the presence and intensity
of opioid effects including nausea and vomiting (Fig. 1).”-**3

The signalling pathways of nausea and vomiting, which
are separate clinical entities occurring independently or in
combination, have recently been reviewed.>****> Multiple sig-
nalling substances and receptors, hence multiple genes
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(CHRM3 and CHRMS, HRH1, DRD2 and DRD3, TACR1, HTR3A,
HTR3B, HTR3C, CNR1) are involved in the four neural pathways
converging in the ‘vomiting centre’ located in the medulla
oblongata (Fig. 2).>#710.2422

Knowledge of the mechanisms underlying the inter-indi-
vidual differences in nausea and vomiting during opioid
treatment is needed to identify patients at particular risk for
nausea/vomiting. Hence, the objective of this study was to
investigate, in a clinically relevant cohort of cancer patients
receiving opioids, whether the inter-individual differences
in nausea and vomiting are associated with demographical
factors, disease-related factors or genetic markers repre-
sented by single nucleotide polymorphisms (SNPs) of candi-
date genes in the opioid- or nausea/vomiting signalling
pathways.

2. Patients and methods

2.1. Patients

The European Pharmacogenetic Opioid Study (EPOS) is a mul-
ticentre, multinational study including 2294 patients from 17
different centres in 11 countries. All patients included were
>18 years old, had a verified diagnosis of malignant disease
and had received scheduled opioid treatment corresponding
to step III at the analgesic ladder of the World Health Organi-
sation (WHO),? for at least three days. Patients were excluded
if incapable of the language of the study centre. For the
genetic association analyses of nausea and vomiting, we also
excluded patients receiving chemotherapy (n=353). Non-
Caucasians (n=47) and Greek patients (n=5) were excluded
to minimise heterogeneity. Finally, patients where no geno-
mic DNA was available (n=20), all genotyping failed (n=3)
and neither the question about nausea nor the question about
vomiting was answered (n = 287) could not be included into
the analyses. Thus, the final sample size was 1579 patients
from ten countries.
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Fig. 1 - A basic illustration of the opioid signalling pathway, also showing the proteins and genes addressed in the present
study (genes in parentheses). Abbreviations: ABCB1, adenosine triphosphate-binding cassette subfamily B member 1gene;
ARRB2, arrestin 2 gene; CNR1, cannabinoid receptor 1 gene; COMT, catechol-O-methyltransferase gene; OPRK1, opioid
receptor k1 receptor gene; OPRM1, opioid receptor pl gene; STAT6, signal transducer and activator of transcription 6 gene.
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Fig. 2 - A basic illustration of the nausea and vomiting signalling pathways, also showing the proteins and genes addressed
in the present study (genes in parentheses). The three mechanisms by which opioids are thought to induce nausea/vomiting
are highlighted. Abbreviations: CHRM3, cholinergic receptor muscarinic 3 gene; CHRM5, cholinergic receptor muscarinic 5

gene; CNR1, cannabinoid receptor 1 gene; DRD2, dopamine receptor D2 gene; DRD3, dopamine receptor D3 gene; HRH1,
histamine type 1 receptor gene; 5-HTs3, 5-hydroxytryptamine (serotonin) type 3 receptor; HTR3A/3B/3C, 5-hydroxytryptamine

OPRM1, opioid receptor pl gene; TACR1, tachykinin receptor 1 gene.

(serotonin) receptor 3A/3B/3C gene; mAchR, muscarinic acetylcholine receptor; OPRK1, opioid receptor k1 receptor gene;

The study was designed and performed in accordance with

2.3.

the Declaration of Helsinki. Ethical committees at each study
centre or in each country approved the study. All patients
gave written informed consent before inclusion.

2.2. Assessments

Patients reported nausea and vomiting by answering the
European Organisation for Research and Treatment of Cancer
Core Quality of Life Questionnaire (EORTC-QLQ-C30).>* Symp-
tom intensity was assessed by four-point verbal rating scales
with the notations ‘not at all, a little, quite a bit and very
much’. Age, gender, body mass index (BMI), time since start
of opioid treatment, cancer diagnoses and localisation of
metastases were registered by a health care provider (physi-
cian or nurse). Providers also registered the consumption of
all drugs, country, Karnofsky Performance Status (KPS),>

and cognitive function by the Mini Mental State (MMS)
Examination.®

SNP selection, genotyping and quality control

Based on associations identified from the literature, putative

effect on nausea/vomiting, available information in databases
(SNPper, dbSNP, Ensembl, HapMap), and the frequency, func-
tionality and distance between SNPs, 104 SNPs within 16 can-
didate genes were selected (Supplementary Table 1). With a
few exceptions for SNPs identified as important in the litera-
ture, all selected SNPs had an expected minor allele frequency
(MAF) of >10% in Caucasians. All SNPs were present and
compatible with assay rules in the software SNPbrowser ver-
sion 3.5 (Applied Biosystems).

Genomic DNA was isolated from EDTA whole blood using
the Gentra Puregene blood kit (QIAGEN Science, Maryland,
USA) at HUNT Biobank, Levanger, Norway. Genotyping was
performed by applying the SNPlex Genotyping System
according to the supplier’s dry DNA protocol, using universal

SNPlex System kits and reagents and SNP-specific ligation

probes (Applied Biosciences, Foster City, CA, USA). The SNPlex
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signals were analysed using the GeneMapper® Software v4.0
(Applied Biosciences, Foster City, CA, USA) followed by man-
ual reading, quality control and data cleaning. Samples giving
low signals inseparable from negative controls and SNPs with
inconsistent clustering on inspection were rejected prior to
analysis and treated as missing data.

2.4.  Statistical analysis

The possible associations with demographical and disease-
related factors were investigated by univariate and multivari-
ate linear regressions with the EORTC nausea/vomiting scale
as the outcome of interest. The factors explored were age,
BMI, KPS, time on opioids, total daily oral morphine equiva-
lent dose, gender, use of antiemetics in the past 24 h (yes/
no), use of corticosteroids in the past 24 h (yes/no), type of
opioid, metastases and cancer diagnosis. Age, BMI and KPS
were analysed both as continuous and as dichotomised
variables (age <60 versus >60,> BMI <25 versus >25, KPS
<80 versus >80%). All factors significantly (p < 0.05) associated
with nausea/vomiting in univariate analyses were included in
the stepwise multivariate analysis stratified by country.
Genotype and allele frequencies were determined and
quality checked. SNPs where no genotypes were recorded,
SNPs where genotypes were not in Hardy-Weinberg equilib-
rium (HWE) (Chi-squared test, p < 0.0005) and SNPs with an
observed MAF <5% were rejected. The primary outcome was
the EORTC QLQ-C30 combined nausea/vomiting scale (range
0-100) for which multivariate linear regression was used. In
addition, two separate multivariate ordered logistic regres-
sions were performed for the nausea item (range 1-4) and
the vomiting item (range 1-4). All regressions were stratified
by country and use of antiemetics was included as a binary
stratification variable (antiemetics used/not used) for each
country.”® The demographical and disease-related factors
associated with nausea/vomiting (p < 0.05) were entered as
covariates. Analyses were also repeated without the inclusion
of covariates, as a sensitivity check. Unstratified analyses not
including covariates were used to compare symptom inten-
sity between those carrying the ‘risk’ allele and those not. Ap-
proaches adopted to mitigate the multiplicity issues were the
use of a 10% false discovery rate (FDR) reporting the Benja-
mini-Hochberg (BH) thresholds,® the pre-specification of
the nausea/vomiting scale as the primary outcome and the
pre-specification of the codominant genetic model for the pri-
mary analyses (dominant, recessive and additive models were
exploratory). We evaluated the data on an exploratory basis,
by interpreting p-values <0.01 as suggestive of effects that
should be evaluated in future studies. STATA version 11.0
was used for all analyses (StataCorp. 2009 STATA Statistical
Software: Release 11. College Station, TX: StataCorp LP).

3. Results

3.1. Patients

Among the 1579 patients included in the analyses, mean age
was 62 years, mean KPS was 61 and mean MMS total score
was 27. Fifty-four percent of patients were men, 79% were
hospitalised and 83% had one or more metastases. The

number of patients per country varied from 25 (Finland) to
405 (Norway). ‘Quite a bit’ or ‘very much’ nausea was reported
by 27% of patients and 14% reported ‘quite a bit’ or ‘very
much’ vomiting. Further characteristics of patients and opioid
treatment are given in Table 1.

3.2.  Association with demographical and disease-related
factors

The reported intensity of nausea and vomiting was signifi-
cantly (p <0.05) associated with age, BMI, KPS, gender, use
of antiemetics, use of steroids, type of opioid, metastasis
and cancer diagnosis (Table 2) in univariate analyses. The dis-
tribution of nausea and vomiting for each country is given in
Supplementary Table 2. In multivariate analyses stratified by
country, lower age, lower BMI, lower KPS (<80), female gender,
use of antiemetics, use of other opioids than fentanyl, and
cancer of the female reproductive organs were associated
with more nausea and vomiting (p <0.05) (Table 2). Thus,
these factors were included as covariates in the multivariate
regressions of genetic factors. No clear evidence of any impor-
tant interaction effects between covariates were found (data
not shown), thus subsequent analyses did not allow for such
interactions.

3.3.  Genotype distributions

The genotyping success rates, genotype- and allele frequen-
cies are shown in Supplementary Table 1. Three SNPs
(rs1202181 in ABCBI, rs7175823 in CHRMS5 and rs33940208 in
HTR3A) were excluded from analyses because no genotypes
were recorded. All remaining SNPs were in Hardy-Weinberg
equilibrium. Five SNPs (rs7815824 in OPRKI, rs16954146 in
ARRB2, rs1800496 in DRD2, rs34327364 in HTR3A and
13831455 in HTR3B) were excluded from subsequent analyses
due to MAF <5% and 96 SNPs were retained for further
analyses.

3.4.  Association with genetic factors

Within the HTR3B gene, associations between two SNPs
(rs1176744 and rs1672717) and the nausea/vomiting scale
(Table 3), three SNPs (rs1176744, rs3782025 and rs1672717)
and the intensity of nausea (Table 4), and the SNP
1s1176744 and vomiting (Table 5) were suggested. The signif-
icant association between rs1672717 and nausea (p = 0.0002)
in a dominant model passed the BH-threshold (Table 4).
Patients carrying the G-allele of rs1176744, the T-allele of
rs3782025 and the T-allele of rs1672717 had less nausea/vom-
iting (Table 3-5).

Two SNPs within the COMT gene (rs165722 and rs4680)
were associated with the intensity of nausea and vomiting
(Table 3) and nausea (Table 4) in codominant models
(p <0.01). In addition, the findings indicated an association
between rs4633 and the nausea/vomiting scale (Table 3) in a
dominant model (p < 0.01), but this SNP was successfully gen-
otyped in only 462 patients (Supplementary Table 1). None of
these associations passed the BH-criterion. Patients carrying
the C-allele of rs165722, the T-allele of rs4633 and the G-allele
of rs4680 had less nausea/vomiting (Table 3 and 4).
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Table 1 - Patient demographics, antiemetic treatment,

intensity of nausea and vomiting (N = 1579).

Mean SD
Age (years) 61.9 12.0
Body mass index (kg/m?) 236 46
Karnofsky performance status (range 0-100) 61.1 16.5
Mini mental state, total score (range 0-30) 269 33
Time since diagnosis (months) 30.8 44.6
Creatinine serum concentrations (umol/l) 744 39.8
Albumin (g/1) 317 71
EORTC NAUSEA/VOMITING scale (range 0-100) 23.8 28.3

N %
Gender
Female 729 46.2
Male 850 53.8
Department
Hospitalised patients 1254 79.4
Out-patients 325 20.6
Status of opioid treatment
Opioid recently initiated/titration 301 19.1
Stable dosing 1266 80.2
Antiemetic during the past 24 h
Yes 605 38.3
No 974 61.7
Systemic steroid during the past 24 h
Yes 759 48.1
No 820 51.9
Metastasis
Bone 691 43.8
CNS 84 5.3
Liver 383 243
Lung 345 218
Other 635 40.2
None 274 174
Cancer diagnosis
Gastrointestinal (including liver, pancreas) 373 236
Female reproductive organs 129 8.2
Head and neck 96 6.1
Other 981 62.1
Type of opioid
Morphine 622 39.4
Oxycodone 336 213
Fentanyl 454 28.8
Other 167 10.5
Country
Denmark 28 1.8
Finland 25 1.6
Germany 240 15.2
Iceland 115 7.3
Italy 308 195
Lithuania 41 2.6
Norway 405 25.6
Sweden 107 6.8
Switzerland 88 5.6
United Kingdom 222 141
EORTC 14 NAUSEA
Not at all 706  44.7
A little 438 27.7

able 1 - (continued)

N %

Quite a bit 274 17.4
Very much 157 9.9
EORTC 15 VOMITING

Not at all 1077 68.2
A little 281 17.8
Quite a bit 133 8.4
Very much 83 5.3

Abbreviation: SD, standard deviation.

Within CHRM3, associations were denoted between the
T-allele of rs685550 and more nausea/vomiting in a dominant
model (Table 3), and between the T-allele of rs10802789 and
more nausea in a codominant model (Table 4). These associ-
ations did not pass the BH-criterion.

4, Discussion

Among cancer patients treated with opioids, the intensity of
nausea and vomiting was significantly associated with age,
BMI, KPS, gender, use of antiemetics, type of opioid and type
of cancer. In addition, this exploratory study of 96 SNPs points
to HTR3B, COMT and CHRM3 as candidate genes for contribu-
tion to the inter-individual differences in nausea and vomit-
ing. Among the eight SNPs associated, only the association
with rs1672717 in HTR3B persisted after correcting for multi-
ple tests.

The demographical and disease-related characteristics of
included patients were as expected for cancer patients.’°
The prevalence of moderate or severe nausea and vomiting
(27% and 14%), and the use of antiemetics (38%) agree with
previous reports.m* In agreement with clinical experience
and the existing literature, we found that lower age,*” deteri-
orating physical status (lower BMI, lower KPS),*” female gen-
der or cancer of the female reproductive organs,** and the
need for antiemetics were associated with more nausea/vom-
iting. Nausea and vomiting were also associated with use of
opioids other than transdermal fentanyl.® Severity of nausea
and vomiting also differed between countries, possibly
reflecting different admittance-criteria of the centres, cultural
or linguistic differences of symptom assessment although
considered less important for nausea and vomiting,** or dif-
ferences in clinical practise regarding symptomatic
treatment.°

Our findings suggest that SNPs within HTR3B may contrib-
ute to nausea/vomiting. Activation of 5-HTj3 receptors in the
gastrointestinal-tract or in the chemoreceptor trigger zone
may lead to nausea and vomiting.® Of the five human receptor
subunits (5-HT3a_g),2>%! the 5-HTsp subunit is considered a
major determinant of serotonin-receptor function. In the
present study, patients carrying the G-allele (129Ser) of
1s1176744 (Tyr129Ser, c.386A >C) had less intense nausea
and vomiting. This finding is in line with the significantly
higher risk of paroxetine-induced nausea identified in Tyr/
Tyt carriers'” and the trend towards increased risk of chemo-
therapy-induced vomiting in Tyr/Tyr carriers,” whereas no
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Table 2 - Demographical and disease-related factors associated with the EORTC QLQ-C30 nausea/vomiting-scale.

Mean SD Univariate analysis Multivariate analysis
B 95% ClI P B 95% CI P

Age (years) -0.16 -0.28 to -0.05 0.006 -0.15 -0.26 to -0.04 0.006

<60 (0) 254 290

>60 (1) 22.6 27.7 -2.98 -5.80to -0.16 0.038
BMI (kg/m?) -0.33  -0.64 to —0.02 0.034 -0.28 -0.56to —0.01 0.045

<25 (0) 243 286

>25 (1) 22.1 27.4 -2.32 -5.32 to 0.68 0.129
KPS (range 0-100) -0.07 -0.16 to 0.01 0.106

<80 (0) 242 285

>80 (1) 16.9 22.9 -7.43  -13.57 to -1.29 0.018 -5.78 -10.48 to -1.07 0.016
Time since start opioids

<2 weeks (0) 26.2 28.8

>2 weeks (1) 22.6 27.9 -2.40 -5.82to 1.02 0.169
Total daily oral morphine equivalent dose in mg

<300 mg (0) 24.2 28.3

>300 mg (1) 23.1 28.2 0.49 -0.73 to 1.72 0.431
Gender

Male (0) 211 26.2

Female (1) 26.9 30.3 5.83 3.03 to 8.62 <0.001 3.12 0.25to 5.98 0.033
Antiemetic

Yes (0) 34.3 31.2

No (1) 17.3 241 -17.03 -19.78to -14.28 <0.001 -16.17 -19.10to -13.24 <0.001
Steroids

Yes (0) 21.0 27.2

No (1) 26.4 29.0 547 2.68 to 8.26 <0.001
Type of opioid (0 =no, 1 = yes)

Morphine 23.6 27.9 -1.41 -4.30 to 1.47 0.336

Oxycodone 25.3 27.5 2.76  -0.75 to 6.28 0.124

Fentanyl 224 28.6 -5.18 -8.89to -1.47 0.006 -5.26 -8.68 to -1.85 0.003
Metastases (0 = no, 1 = yes)

Bone 22.4 28.1 -2.54 -5.36 to 0.28 0.077

CNS 25.6 29.3 1.81 —4.41to 8.03 0.569

Liver 25.8 294 2.66 -0.61to 5.93 0.111

Lung 23.6 29.3 -0.22 -3.61to 3.17 0.898

Other 25.6 29.7 3.06 0.21to5.91 0.036
Cancer diagnosis (0 = no, 1 = yes)

Gastrointestinal 22.3 28.8 -1.78 -5.08 to 1.51 0.289

Female reproductive organs  33.5 32.0 11.14  6.05 to 16.22 <0.001 7.83  1.96 to 13.70 0.009
Head and neck 25.4 30.2 1.74 -4.10to 7.58 0.559

Other 22.9 27.6 -2.38 -5.30 to 0.54 0.110

Note: Both univariate and multivariate analyses were stratified by country. Age, BMI and KPS were investigated in the univariate analyses both
as continuous variables and as dichotomous variables. The logarithm of the total opioid oral morphine equivalent dose in milligrams was used

for the univariate analysis.

Abbreviations: SD, standard deviation; CI, confidence interval; BMI, body mass index; KPS, Karnofsky performance status.

association was found between rs1176744 and postoperative
vomiting® or fluvoxamine-induced nausea.'® The functional
consequences of the amino acid substitution (Tyrl29Ser) in
the extracellular N-terminal domain,?® are 20- to 10-fold
slower deactivation and desensitisation kinetics of the altered
receptor (129Ser).>? The altered receptor function might lead
to an altered activity of vagal afferent neurons and neurons
located in the dorsal vagal complex of the brainstem, leading
to a decreased susceptibility towards nausea and vomiting.
Although the functionality of the intronic SNPs rs3782025
(c.696 + 3792G > A) and rs1672717 (c.697-971G > A) are unclear,

the strength of associations between SNPs within the gene
and nausea/vomiting is likely to be similar as HTR3B is cov-
ered by only one haploblock in Caucasians (HapMap). The
present and previous studies™'” altogether indicate that ge-
netic variants within HTR3B could be of clinical relevance
for treatment of nausea/vomiting. Studies on nausea/vomit-
ing of different aetiologies, mapping the response to 5-HTj
antagonists in carriers of the altered genetic variants, are
needed.

COMT polymorphisms may influence nausea and vomit-
ing as the catechol-O-methyltransferase (COMT) enzyme
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Table 3 — Genetic factors associated with the EORTC QLQ-C30 nausea/vomiting scale (N = 1579%).

Gene Genotype Scale Multivariate analysis p-Value alleles”
SNP Allele Mean SD B 95% CI P Model
HTR3B
151176744 GG 24.8 28.9
GT 21.7 27.4 4.08 1.20 to 6.96 0.005 Codominant
TT 26.3 29.2 4.00 1.09 to 6.91 0.007 Recessive
G 22.2 27.7 0.004
Not G 26.3 29.2
151672717 CC 28.6 28.8
CT 22.9 27.9 5.81 1.82 to 9.80 0.004 Dominant
TT 23.6 28.7
T 23.2 16.7
Not T 28.6 28.8 0.002
COMT
15165722 CC 26.7 30.7
CT 21.7 26.7 4.99 1.97 to 8.02 0.001 Codominant
TT 26.8 29.3
C 23.2 28.1 0.045
Not C 26.8 29.3
154680 AA 26.2 29.2
AG 21.5 26.6 4.39 1.63 to 7.14 0.002 Codominant
GG 25.8 30.5
G 22.8 27.9 0.030
Not G 26.2 29.2
154633 CC 36.4 321
CT 253 28.7 8.88 2.30 to 15.46 0.008 Dominant
TT 29.9 29.2
T 27.0 28.9 0.006
Not T 36.4 32.1
CHRMS3
15685550 CC 18.0 22.5
CT 25.4 28.9 -6.74 -11.60 to -1.88 0.006 Dominant
TT 24.3 28.9
T 24.7 28.9 0.065
Not T 18.0 22.5

Abbreviations: SNP, single nucleotide polymorphism; SD, standard deviation; CI, confidence interval.
2 In 9 patients where one of the two EORTC QLQ-C30 questions (14 or 15) was missing, the other item was used to estimate the nausea/vomiting

score.

* p-Value of ordinal logistic regression in the analyses allowing for covariates and stratified by country and use of antiemetics.

** p-Value of unstratified analyses without the inclusion of covariates.

modulates neurotransmission by metabolising the catechol-
amine dopamine. Dopamine D, receptor blockade in the
area postrema and vomiting centre have an antiemetic ef-
fect and enhanced dopaminergic activity in patients receiv-
ing COMT inhibitors leads to more nausea/vomiting.
Increased dopaminergic neurotransmission in individuals
with a low-activity COMT enzyme, cause reduced levels of
enkephalins and higher density of p opioid receptors in
the brain, thereby influencing pain, analgesia and probably
other opioid effects.>® There are no details about clinical rel-
evance or functionality of the intronic 15165722
(c.—1+201C>T). The SNP rs4680 (c.472G > A) is a missense
mutation leading to an amino acid exchange (Vall58Met)
and a three-to four-fold reduction of the COMT enzyme
activity (158Met).>® In migraine without aura, patients with
the Met-allele had an increased incidence of nausea/vomit-
ing, most likely due to the elevated levels of dopamine.®* In
line with this hypothesis, patients carrying the G-allele re-
ported less intense symptoms in the present study. As the

T-allele of the rs4633 synonymous mutation (His62His,
¢.186C > T) is closely linked with the A-allele of rs4680 (Hap-
Map), and the TT genotype has been associated with re-
duced expression levels of COMT enzyme,*® we anticipated
that the TT genotype would be associated with elevated lev-
els of dopamine and increased nausea/vomiting. However
somewhat unexpected, patients carrying the T-allele re-
ported less nausea and vomiting in the present study. One
conceivable explanation for this discrepancy is that only
462 patients were successfully genotyped for the rs4633
polymorphism, possibly leading to a skewed genotype asso-
ciation. Rakvag et al. did not find any association between
SNPs in COMT and nausea/vomiting,”*®> but these studies
were not primarily designed to detect such associations,
the sample sizes were small (N=207 and N =197) and the
use of antiemetics was not controlled for in the analyses.
The results also indicated possible associations between
SNPs in CHRM3 (rs685550 (c.—146-66144G>A) and
rs10802789 (c.—249-8806C > T)) and nausea/vomiting. The
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Table 4 — Genetic factors associated with nausea (N = 1575).

Gene Genotype Absolute number of patients Multivariate analysis p-Value ~
SNP Allele  Not at all A little Quite a bit Very much Total OR  95% CI P Model
HTR3B
1s1176744 GG 59 44 23 16 142
GT 327 174 109 61 671 1.31 1.08 to 1.59 0.007 Codominant
TT 260 189 121 70 640
G 386 218 132 77 813 0.012
Not G 260 189 121 70 640
rs3782025 CC 103 82 59 28 272
CT 302 193 107 72 674 1.41 1.10to 1.79 0.006 Dominant
TT 158 80 56 33 327
T 460 273 163 105 1001 0.029
Not T 103 82 59 28 272
1s1672717 CC 77 74 50 26 227
CT 344 202 114 75 735 1.59 1.24 to 2.04 0.0002 Dominant
TT 244 145 98 49 536
T 588 347 212 124 1271 0.001
Not T 77 74 50 26 227
COMT
1s165722 CC 127 76 56 36 295
CT 307 201 102 54 664 1.35 1.10 to 1.65 0.004 Codominant
TT 140 91 74 42 347
@ 434 277 158 90 959 0.022
Not C 140 91 74 42 347
154680 AA 175 114 87 51 427
AG 373 232 119 63 787 1.33 1.10to 1.60 0.002 Codominant
GG 152 86 61 42 341
G 525 318 180 105 1128 0.010
Not G 175 114 87 51 427
CHRMS3
1510802789 CC 200 103 65 33 401
CT 256 180 111 75 622 0.74 0.59 to 0.92 0.007 Codominant
TT 106 67 49 25 247
T 362 247 160 100 869 0.005
Not T 200 103 65 33 401

Abbreviation: SNP, single nucleotide polymorphism; OR, odds ratio; CI, confidence interval.
* p-Value of ordinal logistic regression in the analyses allowing for covariates and stratified by country and use of antiemetics. p-Values in bold
represent associations that passed the Benjamini-Hochberg criterion for selection required by a 10% false discovery rate correction for multiple
testing.
** p-Value of unstratified analyses without the inclusion of covariates.

Table 5 — Genetic factors associated with vomiting (N = 1574).

Gene Genotype Absolute number of patients Multivariate analysis p-Value alleles”
SNP Allele  Not at all A little Quite a bit Very much Total OR  95% CI P’ Model
HTR3B
151176744 GG 99 21 15 8 143
GT 477 119 39 34 669 1.35 1.09 to 1.69 0.007 Recessive
TT 413 121 70 36 640
G 576 140 54 42 812
NotG 413 121 70 36 640 0.007

Abbreviation: SNP, single nucleotide polymorphism; OR, odds ratio; CI, confidence interval.
* p-Values of ordinal logistic regression in the analyses allowing for covariates and stratified by country and use of antiemetics.
** p-Value of unstratified analyses without the inclusion of covariates.

functional consequences of these SNPs are unknown. How- muscarinic antagonists impede motion sickness and opioid-
ever, the muscarinic acetylcholine receptors including the induced nausea/vomiting.*®
M; encoded by CHRM3, have been associated with the emetic Previous findings of associations between nausea/vomit-

pathway and opioid-induced nausea/vomiting,” and M, ing and genetic variants within OPRM1,"* DRD2,2 HTR3B,’
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HTR3C,'° ABCB1,"? ARRB2 or STAT6 genes'® were not repli-
cated. This may reflect the lack of reproducibility hampering
genetic association studies in general. Smaller studies, often
without strategies for control of covariates or handling of
multiple analyses readily result in non-replicable
associations.

We recognise some strengths and limitations of this
study. First, there may be several possible definitions of the
nausea/vomiting-phenotype in cancer patients receiving opi-
oids and antiemetics. The use of non-validated or site spe-
cific tools to assess nausea/vomiting precludes comparison
of results between studies. A strength of this study is that
we used the EORTC QLQ-C30, a well-validated assessment
tool which is formally translated into many languages. Other
features in favour of this study are that the number of pa-
tients is higher than in other studies addressing genetic var-
iability related to opioid effects, that measures have been
undertaken to control for false positive findings, that more
than one or a few candidate SNPs are included into the anal-
yses and, finally, that potential clinical confounding factors
are identified and included into the analytical strategy. A
limitation of the study is that symptom intensity was re-
corded over the past week, whereas administration of antie-
metics was recorded over the past 24 h. However, we believe
that since the use of antiemetics was recorded for the last
period of the assessment interval, the use of antiemetics is
related to the symptom intensity. Moreover, the symptom
assessments for the last 24 h and the past week are closely
related in cancer patients.?® In the present as in other genet-
ic studies selecting candidate genes, the outcome can be re-
lated to other hereto unexplored genes. New studies
investigating other genes or using other analytical tech-
niques, such as genome wide association studies, may iden-
tify genetic variation important for nausea and vomiting. For
instance, Hammer et al. observed that the SNP rs6443930 in
HTR3D was associated with chemotherapy-induced vomiting
after the analyses of the present study was performed.?’
Whether this variant is important in patients receiving opi-
oids for cancer pain is unknown. Finally, another limitation
is that no replication sample was included. Therefore, the
findings in this study should be replicated in a technically
and biologically independent study before the associations
can be regarded as conclusive.

In summary, the inter-individual variations in nausea and
vomiting seen among cancer patients receiving opioids are
associated with age, BMI, KPS, gender, use of antiemetics,
type of opioid and type of cancer. In addition, single nucleo-
tide polymorphisms within the HTR3B, COMT and CHRMS3
genes may play a significant role. This knowledge may help
clinicians to identify patients at particular risk for nausea
and vomiting during opioid treatment for cancer pain, there-
by improving the evidence base for individualised treatment
and avoidance of unnecessary patient suffering.
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