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Influence of genetic varia
nts of opioid-related
genes on opioid-induced adverse effects in
patients with lung cancer
A STROBE-compliant observational study
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Abstract
Despite the dramatic advancement of cancer chemotherapy and immunotherapy, the insufficient progress has beenmade in basic or
translational research on personalization of opioid therapy. Predicting the effectiveness of opioid analgesic therapy and the risk of
adverse effects prior to therapy are expected to enable safer and more appropriate opioid therapy for cancer patients. In this study,
we compared the incidence of opioid-induced adverse effects between patients with different variants of the genes related to
responsiveness to opioid analgesics.
Participants were 88 patients with lung cancer who provided general consent for exome sequencing and were treated with

morphine or oxycodone at Shizuoka Cancer Center Hospital between April 2014 and August 2018. Incidence rates for 6 adverse
effects of opioid therapy (somnolence, nausea, constipation, delirium, urinary retention, and pruritus) were determined and the
influence of single nucleotide polymorphisms in coding regions of the opioid m receptor 1 (OPRM1) (rs1799971), opioid d receptor 1
(rs2234918), opioid k receptor 1 (rs1051660), catechol-O-methyltransferase (COMT) (rs4680), dopamine receptor D2 (rs6275),
adenosine triphosphate binding cassette B1 (rs1045642), G-protein regulated inward rectifier potassium channel 2 (rs2070995), and
fatty acid amide hydrolase (rs324420) genes on those adverse effects were analyzed.
Analysis of OPRM1 gene variant status (Asn133Asp A>G) showed that G/G homozygotes were at significantly lower risk of

somnolence compared with A allele carriers (0% vs 28.4%; Fisher exact test, P= .005; OR, 0; 95% CI, 0–0.6), and analysis of COMT
gene variant status (Val158Met, G>A) showed that G/G homozygotes were at significantly higher risk of somnolence compared with
A allele carriers (35.0% vs 10.4%; Fisher exact test, P= .008; OR, 4.5; 95%CI, 1.4–18.1). No relationship between variant status and
adverse effects was found for the other genes.
These findings demonstrate that OPRM1 and COMT gene variants influence the risk of somnolence as an adverse effect of opioid

analgesic therapy.

Abbreviations: CI = confidence interval; COMT = catechol-O-methyltransferase; IC = inhibitory concentration; OPRM1 = opioid
m receptor 1; OR = odds ratio; SNPs = single nucleotide polymorphisms.
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1. Introduction
The advancement of personalized medicine has been one of the
major breakthroughs in cancer therapy in the 21st century. In the
area of chemotherapy, the development of the tyrosine kinase
inhibitor imatinib in 2001 dramatically improved the survival
rate of patients with chronic myelogenous leukemia.[1] Later in
2014 came nivolumab, from a new therapeutic class of drugs
called immune checkpoint inhibitors.[2] To date, many targeted
drugs and immunotherapy drugs have been developed and the
development of new drugs is ongoing.[3,4]

However, despite the dramatic advancement of cancer
chemotherapy and immunotherapy, 20% to 50% of all cancer
patients still experience pain,[5] and insufficient progress has been
made in basic or translational research on personalization of
opioid therapy, which is the mainstay of palliative care for cancer
pain. The history of opioid therapy began with the introduction
of morphine in the 19th century,[6,7] and today dozens of opioids,
including morphine derivatives and synthetic opioids, are used in
clinical practice. However, with all of these drugs, the extent of
therapy personalization is essentially limited to dose adjustment
based on a patient’s physical condition as assessed by hepatic
function indicators such as blood aspartate aminotransferase
and alanine transaminase or renal function indicators such as
creatinine.[8,9]

This limitation can be explained by our poor understanding of
the biological mechanisms and genetic factors that influence pain.
In addition, research on analgesic therapy is complicated by the
subjective nature of pain, including the influence of psychological
Figure 1. shows opioid mechanisms of action and related genetic variants. ABCB
ATF = activating transcription factor, CACN = calcium voltage-gated channel, COM
response element binding protein, CYP = cytochrome P450, DRD = dopamine rece
rectifier potassium channel, HTR = 5-hydroxytryptamine receptor, LAMB = lamin
sulfotransferase, TAOK = thousand-and-one amino acid protein kinase, UGT =

2

factors. However, various recent studies have shown that
sequence variations in different genes influence response to
analgesic therapy (Fig. 1).[10–12] Studies investigating the genetic
factors that are important for personalized therapy generally
adopt 1 of 2 approaches: a pharmacokinetic or pharmacody-
namic approach. The pharmacokinetic approach looks at genes
encoding proteins related to drug absorption, distribution,
metabolism, and excretion. In contrast, the pharmacodynamic
approach looks directly at sequence variations in receptors
directly involved in producing the pharmacological effect (eg,
opioid receptors) as well as genes involved in mechanisms such as
the release and reuptake of secondary hormones involved in
analgesic effects, including dopamine and noradrenaline.
The body of clinical research on sequence variations influenc-

ing pharmacokinetic and pharmacological effects in opioid
analgesic therapy have continued to grow in recent years, but the
majority of that research focused solely on the main analgesic
effect of the drugs, and few studies have investigated the incidence
of adverse effects or safety. In addition, of the variants that
previous research suggested as possibly influencing the clinical
effects of opioids, only a few have been analyzed to determine
their influence on adverse effects, and thus there may exist some
influence from the variants that have not yet been studied.
Therefore, to identify variants with the potential to provide
clinically useful information, it is important to assess the degree to
which these variants influence the clinical effects of opioids by
comparative analysis of multiple variants by using whole-exome
sequencing. In this study, we determined the single nucleotide
= adenosine triphosphate binding cassette B, ADRB = adrenergic receptor B,
T = catechol-O-methyltransferase, CREB = cyclic adenosine monophosphate
ptor D, FAAH = fatty acid amide hydrolase,GIRK =G-protein regulated inward
in B, MAO = monoamine oxidase, OCT = organic cation transporter, SULT =
uridine diphosphate glucuronosyltransferase.
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polymorphisms (SNPs) that are associated with a higher risk of
adverse effects by conducting an analysis of opioid-treated cancer
patients with lung cancer registered in a Project HOPE[13,14] that
is conducted at Shizuoka Cancer Center.
There are symptoms that are caused by the cancer itself, and

the incidence varies depending on the site.[15] For example, the
presence of gastrointestinal cancer may lead to an increased
incidence of opioid-induced nausea and constipation. To
eliminate confounding factors to the extent possible, it is
desirable that participants have a single type of cancer, and so
this study investigated patients with lung cancer.
2. Methods

2.1. Subjects

Participants were cancer patients with lung cancer who provided
general consent for exome sequencing at the Shizuoka Cancer
Center Hospital and later started treatment with morphine or
oxycodone between April 2014 and August 2018. Data from the
first 7 days of treatment were analyzed.
2.2. Adverse effect and patient characteristics

Incidence rates for adverse effects (somnolence, nausea, consti-
pation, delirium, urinary retention, and pruritus) in the morphine
and oxycodone groups were determined retrospectively from
electronic medical records and compared. Cases counted as
adverse effects were those the study researchers graded as grade 1
or higher per the Common Terminology Criteria for Adverse
Events Ver. 4.0 based on the description in electronic medical
records written by a physician, nurse, or pharmacist. Data on the
opioids used, initial opioid dose (mg/day), and final opioid dose
(mg/day), as well as sex, age, weight, performance status, renal
dysfunction, hepatic dysfunction, history of alcohol consump-
tion, history of smoking, and chemotherapy and radiation
therapy during the study period were collected as patient
characteristics that could influence the incidence of adverse
effects. Renal dysfunction was defined as grade 1 or higher
elevation of blood creatinine, and hepatic dysfunction as grade 1
or higher elevation of blood aspartate aminotransferase/alanine
transaminase per Common Terminology Criteria for Adverse
Events Ver. 4.0. Equivalent doses of opioids were calculated
based on oral morphine. The calculated ratio was 6:3:4:3 for oral
morphine to intravenous morphine to oral oxycodone to
intravenous oxycodone.[6,16]
Table 1

Patient characteristics.

Characteristic n= 88

Opioid (morphine/oxycodone) 49/39
Initial dose (mg), median (range) 15 (2–48)
Final dose (mg), median (range) 15 (2–144)
Sex (men/women) 64/24
Median age (range) 73 (14–89)
Median weight (kg) (range) 54.1 (29.2–77.8)
Performance status (�1/≥2) 41/47
Renal dysfunction (yes/no) 12/76
Hepatic dysfunction (yes/no) 14/74
History of alcohol consumption (yes/no) 55/33
History of smoking (yes/no) 72/16
Chemotherapy (yes/no) 7/81
Radiation therapy (yes/no) 14/74
2.3. Genetic variants

In this study, we systematically detected selected SNPs using
whole-exome sequencing, theses variants were visually confirmed
by Integrative Genomics Viewer.[17] Variants at the following 8
sites were investigated: the opioid m receptor 1 variant
rs1799971,[18] the opioid d receptor 1 variant rs2234918,[19]

the opioid k receptor 1 variant rs1051660,[20] the catechol-O-
methyltransferase (COMT) variant rs4680,[21] the dopamine
receptor D2 variant rs6275,[22] the P-glycoprotein adenosine
triphosphate binding cassette B1 variant rs1045642,[23] the G-
protein regulated inward rectifier potassium channel 2 variant
rs2070995,[24] and the fatty acid amide hydrolase variant
rs324420.[25] Incidence of each adverse effect was compared
between variants.
3

2.4. Statistical analysis

The incidence of each adverse effect was compared between
variants by Fisher exact test. A comparative analysis of patient
characteristics according to alleles carried and an odds ratio (OR)
analysis according to allele was also performed as supplemental
analyses of SNPs found to significantly influence the incidence of
adverse effects. We compared patient characteristics between the
variants by the Mann–Whitney U test for continuous variables,
initial opioid dose (mg/day), final opioid doses (mg/day), age, and
weight, and Fisher exact test for nominal variables. The
significance level was set at 0.05. All analyses were performed
by Bell Curve for Excel (Social Survey Research Information Co.,
Ltd., Tokyo, Japan) and R version 4.0.3 (R Foundation for
Statistical Computing, Vienna, Austria).
2.5. Ethical considerations

This study was conducted in compliance with the Ethical
Guidelines for Medical and Health Research Involving Human
Subjects and the Ethical Guidelines for Human Genome/Gene
Analysis Research. The retrospective data review and statistical
analysis were conducted with the approval of the institutional
review board of the Shizuoka Cancer Center (Approval No. 30-
28-30-1-3). All participants provided written informed consent
prior to this study.
3. Results

3.1. Patient characteristics

A total of 12,634 patients were treated with opioids between
April 2014 and August 2018, 550 of whom (all types of cancer)
provided general consent for exome sequencing. Eighty-eight of
those 550 patients had lung cancer. Table 1 shows the
characteristics of those patients.
3.2. Comparative analysis of each adverse effect between
variants.

Analysis according to rs1799971 variant status showed that
incidence of somnolence was significantly lower in GG carriers
than in carriers of other alleles (0% vs 28.4%; P= .005; OR, 0;
95% confidence interval (CI), 0–0.6) (Table 2). Analysis
according to allele showed that G allele carriers were at lower

http://www.md-journal.com
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Table 3

Supplemental analysis by patient characteristics for rs1799971 and rs4680.

rs1799971 ALT allele freq: 0.494 A>G OPRM1 rs4680 ALT allele freq: 0.335 G>A COMT
Characteristic G/G A/A+A/G OR 95% CI P G/G G/A+A/A OR 95% CI P

n=21 n=67 n=40 n=48
Opioid (morphine/oxycodone) 12/9 37/30 1.1 0.4 to 2.9 1.00

∗
23/17 26/22 1.1 0.5 to 2.8 .83

∗

Initial dose (mg), median (range) 15 (3-48) 15 (2-30) – – .25† 15 (5-20) 15 (2-48) – – .55†

Final dose (mg), median (range) 20 (3-120) 15 (2-144) – – .52† 15 (5-36) 15 (2-144) – – .99†

Sex (men/women) 18/3 46/21 2.7 0.7 to 10.3 .16
∗

26/14 38/10 0.5 0.2 to 1.3 .16
∗

Median age (range) 73 (55-85) 73 (14-89) – – .71† 74 (49-89) 70 (14-83) – – .15†

Median weight (kg) (range) 56.5 (37.9-77.5) 53 (29.2-77.8) – – .29† 51.5 (29.2-77.5) 55.4 (31.8-77.8) – – .09†

Performance status (�1/≥2) 12/9 29/38 1.8 0.7 to 4.7 .32
∗

18/22 23/25 0.9 0.4 to 2.1 .83
∗

Renal dysfunction (yes/no) 2/19 10/57 0.6 0.1 to 3.0 .72
∗

5/35 7/41 0.8 0.2 to 2.9 1.00
∗

Hepatic dysfunction (yes/no) 4/17 10/57 1.3 0.4 to 4.8 .73
∗

4/36 10/38 0.4 0.1 to 1.5 .24
∗

History of alcohol consumption (yes/no) 14/7 41/26 1.3 0.5 to 3.6 .79
∗

23/17 32/16 0.7 0.3 to 1.6 .38
∗

History of smoking (yes/no) 19/2 53/14 2.5 0.5 to 12.1 .34
∗

31/9 41/7 0.6 0.2 to 1.8 .41
∗

Chemotherapy (yes/no) 2/19 5/62 1.3 0.2 to 7.3 .67
∗

2/38 5/43 0.5 0.1 to 2.5 .44
∗

Radiation therapy (yes/no) 3/18 11/56 0.9 0.2 to 3.4 1.00
∗

4/36 10/38 0.4 0.1 to 1.5 .24
∗

CI = confidence interval, COMT = catechol-O-methyltransferase, OPRM1 = opioid m receptor 1, OR = odds ratio.
∗
Fisher exact test.

†Mann–Whitney U test.
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risk of somnolence compared with A allele carriers (P= .044; OR,
0.5; 95% CI, 0.2–0.95).
Analysis according to rs4680 variant status revealed that

incidence of somnolence was significantly higher in GG carriers
than in carriers of other alleles (35.0% vs 10.4%; P= .008; OR,
4.5; 95% CI, 1.4–18.1). Analysis according to allele showed that
G allele carriers were at higher risk of somnolence compared with
A allele carriers (P= .003; OR, 4.2; 95% CI, 1.6–11.5).
No other variants were found to significantly influence the

incidence of any of the 6 investigated adverse effects. However,
AA carriers for rs1045642 had a higher incidence of nausea
compared with carriers of other alleles (34.8% vs 16.9%; P= .08;
OR, 2.6; 95% CI, 0.9–7.7). GG carriers for rs6275 had a higher
incidence of constipation compared with carriers of other alleles
(60.0% vs 35.7%, P= .09; OR, 2.7; 95% CI, 0.9–8.5) and CC
carriers for rs2070995 had a higher incidence of constipation
compared with carriers of other alleles (51.4% vs 30.2%; P= .07;
OR, 2.5; 95% CI, 1.0–5.9).
3.3. Supplemental analysis of patient characteristics

Supplemental analysis comparing the opioids used, initial opioid
dose (mg/day), final opioid dose (mg/day), sex, age, weight,
performance status, renal dysfunction, hepatic dysfunction,
history of alcohol consumption, history of smoking, and
chemotherapy and radiation therapy during the study period
between GG carriers and carriers of other alleles for rs1799971
showed no significant difference in any characteristic between the
groups (Table 3). Similarly, an analysis comparing these 12
patient characteristics between GG carriers and carriers of other
alleles for rs4680 showed no significant difference between the
groups.
4. Discussion

The results of this study suggest that the risk of somnolence
during opioid therapy is low in GG carriers for rs1799971 and
high in GG carriers for rs4680. These findings should be very
useful because there are currently no drugs that prevent or reduce
opioid-induced somnolence. Therefore, in clinical practice,
5

opioid therapy could be started carefully in patients who are
not GG carriers for rs1799971 and in patients who are GG
carriers for rs4680.
The reason that GG carriers for rs1799971 have a low

incidence of somnolence might be due to the change in the base
from A to G at rs1799971 causes the amino acid to convert from
asparagine to aspartic acid, and receptor activity is strongest for
AA but weaker for AG and GG, in that order.[26] This reduction
in the activity caused by the change in amino acid also influences
the analgesic effect. A clinical study in patients with cancer pain
showed that the opioid dose necessary to achieve analgesia was
also 2.1 times higher for GG carriers than AA carriers.[23]

Another study that compared patients’ self-reported ratings of
pain relief revealed that GG carriers experience less reduction in
numerical rating scale pain ratings.[27] Given that our study was
retrospective, we were unable to compare self-reported ratings of
pain relief due to lack of numerical rating scale data for some
patients. However, our finding that GG carriers had a higher,
though not significantly higher, final opioid dose than carriers of
other alleles (20mg/day vs 15mg/day) is consistent with the
findings of previous studies that GG carriers require a higher
opioid dose. In addition, 1 study showed that receptor activity
even decreases in AG or GG carriers who are given an inactive
placebo,[28] which indicates that carrier status also influences the
effects of endogenous opioid peptides such as endorphins. This
weakening of activity is much more pronounced for morphine
(AA carriers, inhibitory concentration (IC) 50=47nM; GG
carriers, IC50=260nM) than fentanyl (AA carriers, IC50=62
nM; GG carriers, IC50=102nM).[29] Further research into this
effect is warranted for many different opioids.
A study on the involvement of rs1799971 in opioid-induced

somnolence in patients with noncancer pain showed that many
GG carriers experience sleep disorders.[30] The article did not
discuss these sleep disorders in depth, but it is likely that the GG
genotype caused these insomnia symptoms. On the other hand,
there are few studies that examine the influence of genetic
variants on opioid-induced somnolence for cancer patients in
detail. Since the consensus of important clinical difference for the
incidence of somnolence is not defined, it is difficult to compare
with previous studies. However, this study showed large

http://www.md-journal.com
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differences for rs1799971 variant status (GG carriers, 0%; AG or
AA carriers 28.4%; P = .005) and rs4860 variant status (GG
carriers, 35.0%; AG or AA carriers 10.4%; P= .008) in Table 2.
In addition, no significant difference was found in the comparison
of background factors related to the incidence of adverse events
such as performance status in Table 3. Despite the low number of
patients (N=88), it can be considered that the results have clinical
significance.
In the COMT variant rs4860, a base change from G to A

converts the encoded amino acid from valine to methionine and
reduces COMT activity to a third or fourth of its original
level.[31,32] Reduced COMT activity leads to poor metabolism of
noradrenaline and increased concentration of noradrenaline in
the body, and the effects of this on the brain’s arousal centers may
explain the reduction in somnolence. The increased noradrena-
line concentration could also have influenced the analgesic
effects. A clinical study in patients with cancer pain showed that
GG carriers require an approximately 1.5-fold higher intrave-
nous morphine dose than AA carriers.[21] However, we did not
observe a similar trend in this study. We only reviewed data from
the first week of opioid therapy in order to reduce the impact of
confounding factors, but it is possible that we could have
observed a difference in the required therapeutic dose if the
treatment period had been longer. Long-term studies spanning
the entire period from initiation of opioid therapy until death are
warranted.
We had initially predicted that reduced receptor activity

associated with rs1799971 would also influence the risk of
adverse effects besides somnolence, including nausea or consti-
pation. However, we found no significant differences for those
symptoms. Some following limitations of this study may have
influenced the result. This could be because we were unable to
rule out effects of concomitant medications due to the
retrospective nature of this study. In practice, many patients
are treated prophylactically with laxatives such as magnesium
oxide and sennoside or antiemetics such as prochlorperazine
before starting opioid therapy, and these drugs might have
influenced our results. The lack of a standardized approach for
evaluating adverse effects between the healthcare providers who
wrote the electronic medical records and the researchers in this
studymay also have affected results. Accordingly, a more detailed
prospective study must be conducted in the future. We also
obtained unexpected results for some other SNPs. We thought
that rs6275 would influence the incidence of nausea and delirium
because it is a dopamine receptor variant,[22] and that rs324420
would influence the incidence of nausea, as has been previously
shown,[25] but we found no significant difference for either SNP
in the present study. Although no significant difference was
observed, the AA carrier for rs1045642 tended to have a higher
risk of nausea. This result was similar to the previous study
investigating the incidence of nausea and vomiting with
morphine response in the postoperative period.[33] Reasons for
this could be effects of concomitant medications given to prevent
adverse effects, as we discussed for rs1799971, or that we needed
larger sample size to detect a significant difference in delirium
because it occurs less frequently than somnolence. We had also
predicted that rs2070995 would influence the incidence of
pruritus because G protein active potassium channels are
involved in cutaneous sensation,[24] but it actually appeared to
be associated with constipation rather than pruritus. Further
basic research to investigate the effect of rs2070995 on
6

gastrointestinal motility is warranted because no study to date
has reported such an effect.
5. Conclusion

In summary, our analysis of the correlation between 6 adverse
effects of opioid therapy and genetic variants at eight sites showed
that rs1799971 and rs4680 may be risk factors for somnolence.
No drugs to prevent or reduce opioid-induced somnolence have
yet been developed, and we believe our findings could aid in
further personalization of opioid therapy and better understand-
ing of the mechanisms involved in somnolence.
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