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Single nucleotide polymorphisms  
as predictors of treatment efficacy and 
adverse effects of morphine in palliative 
medicine: a literature review

Abstract
Introduction: Pain has a significant negative impact on the quality of life of cancer patients and implies 
numerous clinical consequences. Moderate to severe pain is common in patients receiving palliative 
care. A major issue is the individual variability resulting in different degrees of response to the analgesic 
effects of opioids, including morphine, and to the occurrence of their adverse effects. According to 
one of the theories of pharmacogenomics, single nucleotide polymorphisms (SNPs) are associated with 
opioid metabolism.
Material and methods: A literature review of the PubMed database identified 18 scientific articles 
concerning SNPs that affect the analgesic effects and adverse effects of morphine or other opioids, per 
morphine equivalent, from which additional 22 scientific articles were retrieved.
Results: The review identified SNPs in the genes OPRM1 A118G, COMT rs4680, ABCB1 C3435T, IL-6, IL-8, 
TNF-α, TAOK3, HTR3B, UGT1A1/UGT1A8 and OPRM1 Arg181Cys, which were found to affect both the 
occurrence of potential adverse effects and the different demand in palliative care patients for a dose 
of morphine that will effectively relieve pain. SNPs were found to significantly affect morphine metabo-
lism; the determination of this effect is individual-based. Most studies were conducted in small groups 
of individuals from ethnically diverse populations, which, if mutations are present, may significantly 
affect the efficacy of opioid-related SNP assays and the response of patients to the analgesic treatment 
administered.
Conclusions: Findings raise the prospect of the use of SNPs in clinical practice as part of personalised 
medicine in the future.
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Introduction

Pain in cancer patients significantly affects pa-
tients’ quality of life (QoL) and implies numerous 
clinical consequences. Pain can be caused by cancer 
as well as related treatment. Moderate to severe 
pain occurs in 50–80% of cancer patients [1, 2].  
The primary tools for pain management in the pallia-
tive care setting are opioid analgesics of the second 
and third step of the WHO’s pain relief ladder (PRL), 
including morphine that is a primary drug but has 
numerous adverse effects [3]. The lowest possible 
doses are used for effective analgesia, with as few 
adverse effects as possible. However, the problem 
is individual variability among patients, which cau-
ses different degrees of response to the analgesic 
effect of morphine and to the occurrence of poten-
tial adverse effects [4]. Opioid metabolism-related 
single nucleotide polymorphisms (SNPs) are one of 
the theories to explain this variability [5]. SNPs are 
the most common type of human genetic variation. 
This variation involves changing a single nucleotide 
(adenine, thymine, guanine or cytosine) to another, 
for example, in the event of the occurrence of a SNP 
in the OPRM1 gene, the adenine nucleotide is changed 
to guanine at position 118 (A118 > G) [6]. Since the 
discovery of the effect of SNPs on the functionality  
of various receptor proteins or enzymes, it has been 
considered how these changes affect the clinical re-
sponse during the use of opioids for pain management 
[7]. The search for the ideal “marker” to accurately 
assess a patient’s response to analgesic treatment is 
still underway. Numerous polymorphisms that may 
affect the clinical effects of morphine were found in 
genomic studies [4]. This article discusses the polymor-
phisms whose effects were described among palliative 
care patients to answer the question of whether SNPs  
in genes related to opioid metabolism, opioid recep-
tors or opioid transporters can be considered a marker 
to personalise analgesic therapy for each patient in or-
der to provide the most effective analgesia and safety  
in terms of potential adverse effects.

Material and methods

The literature review was conducted in the PubMed 
database using a MeSH (Medical Subject Headings) 
search and a text search. The search phrases included 
“snp”, “single nucleotide polymorphism”, “genetic poly-
morphism”, “oprm1”, “abcb1”, “comt”, “morphine”, 
“palliative”, “palliative care”, “palliative medicine” using 
the conjunction “and” to identify original articles, review 
articles and meta-analyses that were published up to Au-
gust 2022 and contained methods to study the effects 

of selected SNPs on the clinical effect and adverse effects 
of morphine or other opioids, the doses of which in this 
article were converted to a morphine equivalent daily 
dose (MEDD) [7]. Based on the search criteria, 50 articles 
were identified, of which 32 were rejected due to the 
use of drugs other than morphine or the use of other 
opioids without conversion to MEDD, lack of investiga-
tion of the effect of polymorphism on adverse effects  
of morphine and lack of relevance to pharmacological 
pain management. Additional 22 articles relevant to this 
review were extracted from references of the remaining 
18 articles.

The effect of single gene 
polymorphisms on demand  
for morphine in palliative care patients

OPRM1 118A>G
This gene encodes the mu-opioid receptor (MOR). 

MORs are one of three classes of opioid receptors.  
The other two classes are delta and kappa receptors. MORs 
are involved in the transmission and modulation  
of pain stimuli in the central and peripheral nervous 
system. Morphine acts mainly on MOR, causing anal-
gesia, miosis, bradycardia and hypothermia, as well 
as addiction. MOR is the main target of endogenous 
opioid peptides, such as beta-endorphins, enkepha-
lins, and opioid analgesics. The 118A>G allele is 
associated with alcohol/opioid dependence and with 
differences in terms of pain sensitivity but findings to 
date are inconsistent [8].

In an Italian study conducted among 137 cancer 
patients treated with morphine for pain, the presence 
of the A118>G polymorphism was found to signifi-
cantly reduce pain intensity on the Numeric (Pain) Ra-
ting Scale (NRS). It was revealed that A/A homozygous 
patients experienced less pain intensity compared 
to G/G homozygous patients during pain manage-
ment with morphine (ΔNRS = 3.73, SD = ± 1.72  
vs. ΔNRS = 0.3, SD = ± 1.77, p < 0.00001) [9].

In a study conducted among 207 cancer patients 
in Norway, Reyes-Gibby et al. found that patients 
who were homozygous or heterozygous carriers of 
the 118G allele had to receive higher daily doses  
of morphine to achieve effective analgesia (225 mg 
in the GG homozygous group vs. 97 mg in the group 
with the wild-type AA allele). Moreover, no factors 
were found to influence the results [10, 11]. Differen-
ces in gene alleles vary according to the environment, 
including geographic location and race of a patient. 
In studies conducted in the Asian population, diffe-
rences in the frequency of mutant allele, i.e. 118G  
in either homo- or heterozygous form, were observed 
in patients with a frequency of up to 38.39% among 
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112 Chinese Han cancer patients, who represent 19% of 
the world population. In a study by Di Gong et al. [12],  
similarly to patients in Norway, there was a higher 
daily demand for opioids, including morphine, in 
patients with the AG/GG genotype, compared to 
those with the AA genotype (97.33 mg/152.34 mg 
vs. 72.48 mg, p < 0.0004). It was also found that 
cancer patients who are carriers of the 118G allele had 
a greater demand for morphine and other opioids for 
pain management, compared to carriers of the 118A 
allele, i.e. wild-type allele (120.36 mg ± 79.12 mg/day 
vs. 81,48 ± 66.52 mg/day, p < 0,001). Based on this, 
it was concluded that A118G SNP in the OPRM1 gene 
may be one of the important factors for individual 
variability in demand for opioids in the cancer popu-
lation in China [12].

Similar results were found among patients in 
the Middle East. Hajj et al. [13] conducted a study 
among palliative care patients, which assessed not 
only the dependence of the dose of morphine on the 
presence of SNPs, among others in the OPRM1 gene, 
but also the subjectively assessed QoL by patients.  
The potential effect of the OPRM1 SNP on QoL will 
be described later in this publication. According to 
a study conducted among 89 palliative care patients 
in the Middle East, the presence of one 118G allele in 
the gene for MOR results in a greater demand for mor-
phine in patients with the AA genotype (50 mg/24 h 
vs. 30 mg/24 h, p < 0.001). There was a lower de-
mand for morphine with age and an increase in this  
demand with duration of analgesic treatment; ho-
wever, the presence of SNP in the OPRM1 gene was 
an independent factor in the increased demand for 
morphine for effective analgesia [13].

COMT rs4680 Val158Met
Catechol-O-methyltransferase (COMT) is an enzy-

me that metabolises catecholamines and has nume-
rous additional functions that also include involve-
ment in the pathogenesis of many neuropsychiatric 
diseases, migraine and Parkinson’s disease, and, 
most importantly, include participation in the regula-
tion of pain sensation. A polymorphism that causes 
substitution of valine by methionine at position 
158 (Val158Met) is one of the most extensively stu-
died SNPs in the gene for COMT. This polymorphism 
results in reduced thermostability of the enzyme and 
a subsequent three- to fourfold decrease in activity. 
Patients with the Met/Met homozygous genotype 
reveal the strongest response to experimental pain, 
i.e. thermal pain or pain induced by electrical sti-
mulation [6, 11].

Most of the available literature on the Val158Met 
SNP in the COMT gene relates to patients’ subjecti-

vely assessed sensitivity to pain stimuli. Some studies 
assessed the effect of the presence of polymorphisms 
in the COMT gene (SNP rs4680) on the demand for 
morphine or other opioids converted to a morphine- 
-equivalent dose (MED). In one of the first studies, 
a population of 207 cancer patients in Norway was 
assessed. There was a significant relationship between 
the presence of the Val/Val genotype and the daily 
dose of morphine. Patients with the Val/Val genotype 
received 155 ± 160 mg/24 h on average, patients 
with one copy of the allele and the Val/Met genotype 
received 117 ± 100 mg/24 h on average, and Met/Met 
patients 95 ± 99 mg/24 h on average (p = 0.025). 
Also, in a direct comparison of mean doses in the 
Val/Val genotype group, these patients were found to 
have significantly higher doses of morphine compa-
red to the Met/Met genotype group (p = 0.03). That 
study also revealed statistically non-significant higher 
concentrations of morphine metabolites: morphine- 
-3-glucuronide (M-3-G) and morphine-6-glucuronide  
(M-6-G). According to the authors, this trend is re-
flected by the activity of the Val158Met SNP, where 
the group with the Val/Val genotype, in addition to 
having the highest demand for morphine, also pre-
sents the highest plasma concentrations of morphine 
and metabolites. Furthermore, no factors were found 
to clearly affect the results, hence the conclusion that 
SNPs in COMT may be another source of individual 
variability in the clinical effects of morphine and other 
opioids [11, 14].

In a genomic study conducted in the same cancer 
group of 207 patients, genotyping detected 11 SNPs  
in the COMT gene which showed statistically signifi-
cant correlations, both individually and in haplotypes.  
In a genomic study conducted in the same cancer group  
of 207 patients, genotyping detected 11 SNPs in the 
COMT gene. These SNPs showed statistically signi-
ficant correlations, both individually and in haplo
types. The other SNPs of the COMT gene, despite their 
significant effects on demand for morphine, were 
a topic beyond the scope of this article concerning 
the most common SNPs, rs4680 Val158Met, and are 
thus not discussed further [15].

Although the results negate the independent ef-
fect of the previously described gene for the mu recep-
tor, the study by Matic et al. [16] found that SNPs in 
the COMT gene have an effect on the relative increase  
in morphine dosage during the first three days of treat-
ment. Significant effects were found for both carriers 
of single SNP rs4680 with the A/G and G/G genotypes  
(p < 0.012) and for the broader spectrum of SNPs 
that make up the LPS (low pain sensitivity), APS (ave-
rage pain sensitivity) and HPS (high pain sensitivity) 
haplotypes; however, no results were significant for 
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ΔMED (p < 0.06). Furthermore, despite the lack of a si-
gnificant effect of SNPs in the OPRM1 gene on doses  
of morphine, there is a strong correlation between the 
combination of SNPs for OPRM1 and COMT — patients 
with A118G OPRM1 SNP and Val158Met SNP in the 
COMT gene had a greater demand for morphine dose 
modification during the first three days of therapy 
(p < 0.001) [16].

In response to ample evidence suggesting a role 
for the Val158Met SNP in shaping the response to 
morphine treatment in cancer patients, a study was 
conducted in the Japanese population. Fifty patients 
with histopathologically confirmed malignancies and 
associated pain, in addition to previously untreated 
with opioid drugs, were included in an observational 
study that assessed the doses of morphine admini-
stered at which satisfactory analgesia was achieved 
on days 1 and 8 of therapy. There was a relationship 
between the presence of SNPs, G/G genotype in 
COMT and a significantly higher dose compared to 
patients with A/G and A/A genotypes (35.2 ± 11.5 mg 
vs. 29.5 ± 2.3 mg vs. 25.0 ± 7.1 mg, p = 0.013) on 
the first day of treatment [17].

The possibility of using SNPs in the COMT gene 
as a marker of response to analgesic treatment with 
morphine was confirmed by Matsuoka et al. [18], 
who conducted a study among cancer patients with 
pain. That study explored the relationship between 
changes in the expression of beta-arestin 1, COMT 
SNPs and OPRM1 in the Japanese population. Patients 
who are carriers of the A/A genotype required lower 
doses of morphine and had lower serum morphi-
ne concentrations compared to patients with the  
A/G genotype (p = 0.008) and G/G genotype (p = 0.03), 
and the OPRM1 SNP revealed no significant relation-
ship in that study [18].

The aspect of how polymorphisms affect pain 
sensation and morphine metabolism in children was 
poorly understood. Lucenteforte et al. [19] investiga-
ted a group of 87 cancer children treated with opioids 
and they conducted a systematic literature review. 
Similar to adults, children with the G/G genotype 
were found to have higher pain intensity compared to 
A/A homozygotes or A/G heterozygotes (p = 0.042). 
For children treated with morphine alone (n = 60), 
patients with the G/G genotype were found to require 
higher average daily doses of morphine compared to 
those with the other COMT rs4680 SNP genotypes, in 
order to achieve equal analgesia at Visual Analogue 
Scale (VAS) = 0 (p = 0.01). In a systematic review  
of five studies conducted among adults, the daily dose 
of morphine from the first pain measurement was 
significantly higher in patients with the G/G genotype, 
compared to A/G and A/A genotypes, indicating that 

the effect of SNPs in the COMT gene is age-indepen-
dent in terms of cancer pain management [19].

ABCB1/MDR1 C3435T
A membrane-bound protein encoded by this 

gene is a member of the ATP-binding-cassette (ABC) 
transporter superfamily. ABC proteins transport va-
rious molecules through extracellular and intracellu-
lar membranes. The P-glycoprotein encoded by the 
ABCB1 (ATP-binding-cassette B1) gene, also known as 
MDR1 (multidrug-resistance 1), is an ATP-dependent 
pump for various xenobiotics. Among other things, 
this protein acts as a transporter in the blood-brain 
barrier (BBB) and is an important part of it, as it affects 
the bioavailability of many drugs, especially opioids, 
including fentanyl and its derivatives as well as morphi-
ne and its metabolites, namely M-3-G and M-6-G [10].  
A trial conducted among 112 patients in Asia, in a stu-
dy previously described for the OPRM1 gene, found  
that the C3435T polymorphism in the ABCB1 gene 
results in an increased daily dose (p = 0.057) and ad-
justed daily dose of morphine, relative to body surface 
area (p = 0.028), in patients with CC/CT genotypes 
compared to the TT genotype [12].

Campa et al. [10] reported on the association 
of pain treatment with morphine and polymor-
phisms — the previously described OPRM1 SNP and 
ABCB1 C3435T revealed that 145 SNPs tested for the 
T/T homozygous genotype showed faster and better 
pain control with morphine compared to carriers  
of the wild-type allele homozygote, i.e. C/C (ΔNRS = 4.39,  
SD = ± 2.21 vs. ∆NRS = 2.31, SD = ± 1.73, p < 0.001) [9].  
It was found that not only a single SNP but also 
interactions of genotypes of different SNPs may be 
responsible for the variability in the clinical effect of 
morphine; patients with both the ABCB1 C/C genotype 
and OPRM1 G/G need significantly more morphine 
to achieve satisfactory analgesia. Moreover, a stati-
stical analysis revealed a statistically stronger rela-
tionship compared to single genes (ABCB1 F = 19.8, 
p < 0.00001 and OPRM1 F = 38.5, p < 0.00001) [10].

According to the WHO’s PRL, the standard tre-
atment for the management of pain is to include,  
in addition to opioids and non-opioid analgesics, 
drugs with no analgesic effect, i.e. co-analgesics, 
which when combined produce a synergistic and ad-
ditive effect. Benavides et al. [20] conducted a study 
among 36 patients with neuropathic pain who were 
reintroduced with therapy with nortriptyline and mor-
phine and then evaluated in three 2-week treatment 
phases (6 weeks in total). Patients receiving combined 
therapy with nortriptyline and morphine improved 
by 88% compared to no therapy in patients with the  
C/C genotype (p < 0.05) [20].
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Others
Two articles were found in which authors descri-

bed the effect of other, less commonly discussed 
SNPs on the efficacy of opioid therapy as measured 
in the difference in terms of pain intensity and doses  
of prescribed analgesics. These included SNPs for the 
IL-6, IL-8, TNF-a genes or a newly discovered poly-
morphism in the TAOK3 gene. As mentioned earlier, 
studies concerning the effect of SNPs on cancer pain 
and opioid treatment outcomes in children are much 
less frequent compared to similar studies conducted 
among adult palliative and oncology patients. There-
fore, a study in a cohort of paediatric patients, which 
examined the response to opioid analgesic therapy 
by comparing its efficacy in patients with SNPs for 
the IL-6, IL-8, TNF-a genes, seems very interesting. 
It appears that in the case of the SNP rs1800797 for 
IL-6, patients with the A/G or G/G genotype described 
their pain intensity significantly higher compared to 
A/A (p = 0.017), while G/G homozygous patients 
required significantly higher doses of morphine or 
MED compared to patients with other genotypes 
(p = 0.047) [20]. Interestingly, patients with at least 
one copy of the A allele had a significantly lower 
risk of achieving an NRS pain intensity score of more 
than 4 points. The SNP rs1800795 for IL-6 may also 
provide some indication of personal sensitivity to pain 
stimuli, as the same study revealed that carriers of the 
G/G genotype in SNP rs1800795 have a higher risk  
of pre-treatment pain intensity (PIt0 > 4 and ∆VAS > 2) 
compared to carriers of even one C allele [21].

A similar relationship was also described for 
the TNFa rs1800629 SNP — daily and total doses  
of morphine or other opioids per MED were statisti-
cally significantly higher (p = 0.010 and p = 0.031, 
respectively) in patients with the G/G genotype com-
pared to others. This leads to the conclusion that SNPs 
for IL-6 and TNF-a may also, in addition to the more 
extensively studied SNPs described above, be potential 
indicators of initial pain intensity in oncology patients 
and, at the same time, a marker of demand for opioids 
in a particularly important, but less studied, group of 
paediatric oncology patients [21].

Another interesting and newly discovered SNP that 
may be involved in the presence of individual varia-
bility in the analgesic effect of morphine may be two 
SNPs in the TAOK3 (TAO kinase 3, i.e. serine/threonine 
protein kinase) gene. These SNPs were discovered in 
genome-wide association studies (GWAS) as a factor 
for increased post-operative pain levels and the sub-
sequent greater demand for post-operative opioids 
converted to MEDD [21]. In a study conducted among 
110 hospice patients in Canada, the rs1277441 C/T and  
rs795484 A/G SNPs in the TAOK3 gene were analysed. 

It appears that homozygotes for rarer alleles (C in 
rs1277441 and A in rs795484, respectively) required 
a total MEDD of more than 800 mg for satisfactory 
pain control (p = 0.013 and p = 0.004, respectively) 
[22]. This coincides with the study conducted in the 
postoperative setting and may represent a reason for 
potentially clinically relevant variability in cancer pain 
management in the palliative medicine setting but 
requires further research [22, 23].

Effect of polymorphisms  
on the adverse effects of morphine  
in the palliative care setting

OPRM1
The concept of effective and appropriately selected 

analgesic treatment includes not only the reduction  
in absolute difference in terms of pain intensity before 
and after the implementation of treatment but also, 
as far as possible, the selection of doses of morphine 
or other opioids so as to minimise treatment-related 
adverse effects of these drugs.

Some palliative care patients with comorbid chro-
nic renal failure are more likely to experience adver-
se effects with morphine due to the accumulation  
of an active metabolite of morphine, i.e. morphine- 
-6-glucuronide (M-6-G). The search for factors that 
exacerbate or protect against the toxic effects of M-6-G 
led to the discovery that SNPs in the OPRM1 gene, par-
ticularly A118G SNP, are one of the factors that affects 
the possible occurrence of toxic effects. These SNPs 
were previously described in the perspective of mor-
phine sensitivity. A 2002 study described two patients 
treated with oral morphine for cancer pain with concu-
rrent renal failure. However, patients presented extre-
mely different treatment effects — patients homozy-
gous for the A allele, i.e. wild-type allele, presented 
numerous adverse effects of morphine use — excessive 
sedation and dizziness. Interestingly, the patient with 
the G/G genotype, in contrast to the A/A patient, did 
not present any adverse effects despite almost twice 
the serum levels of the morphine metabolite M-6-G 
(A/A — 941 ng/mL vs. G/G — 1735 ng/mL) at slightly 
different daily doses of morphine (35 mg vs. 41.1 mg). 
This indicates that in patients with A118G SNP A/G or 
G/G, the potential effect of morphine-6-glucuronidee 
will be attenuated and thus less severe adverse effects 
of morphine can be expected; however, a study with 
a larger sample would need to be conducted to con-
firm this [24].

Reports regarding the protective effect of carriers 
of SNP rs1799971 A118G with the G allele support the 
results of a study that indicates a significantly lower 
risk of somnolence as an adverse effect of morphine 
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treatment in G/G homozygous patients compared to 
carriers of the A allele (0% vs. 28.4%, p = 0.005) [25].  
The fact that patients are more susceptible to the 
sedative effects of opioids, especially morphine  
in carriers of A118G OPRM1 SNP with the A allele, 
may be considered as a potential marker of high-risk 
groups for this adverse effect, given that Hajj et al. [13] 
found an association between the presence of lower 
levels of cognitive function in carriers of A118G SNP 
A/G and A/A, and thus the use of opioids may result  
in cognitive and sedative impairment in this group, and 
consequently deterioration of QoL of palliative care 
patients [13]. A study conducted among 231 patients 
from a pain clinic found an effect of the OPRM1 G/G 
SNP genotype on sleep problems, including difficulty 
falling asleep and circadian rhythm disruption. This 
effect was more common in women (p = 0.002) [26].

SNPs in the OPRM1 gene, other than A118G, 
can also be very hazardous from the point of view  
of doctors who care for palliative patients. After a com-
plete absence of any response to opioids was observed 
in three Norwegian patients, DNA sequencing studies 
were performed in these patients, which revealed  
a previously unknown mutation in the mi-receptor 
gene that causes a conversion of arginine to cysteine 
at position 181, resulting in a μ-opioid receptor (MOR) 
that does not conduct any signals related to opioid 
stimulation. While one of the three patients — ho-
mozygous for the mutant allele — was completely 
insensitive to opioids, the response to the drugs was 
severely impaired in heterozygous patients. Due to 
the small sample size, this report can be conside-
red only an interesting fact. However, the possibility  
of ineffectiveness of opioids should be borne in mind, 
one reason for which could be a patient just having 
a SNP in the OPRM1 gene [27]. The possibility of the 
use of SNPs in morphine-related genes and their role in 
individual pain sensitivity and demand for opioids may 
also be supported by a study by Matthes et al. [28], 
in which it was observed that laboratory mice lacking 
the MOR after the use of morphine lacked analgesic 
effect, reward effect and withdrawal symptoms. At 
the same time, this effect was not observed for the 
other types of opioid receptor [28].

COMT
As a result of numerous studies, SNPs in the gene 

for catechol-O-methyltransferase are primarily asso-
ciated with an effect on pain sensation — an article by 
Diatchenko [7] succeeded in identifying three SNP ha-
plotypes of COMT — low-pain sensitivity, average-pain 
sensitivity and high-pain sensitivity [7]. However, the 
effect of such a SNP on pain sensation in patients 
receiving chronic opioid analgesic therapy was not 

investigated until 2019, when it was discovered that 
patients with chronic pain who received opioids, inc-
luding morphine or other opioids per MEDD, and were 
carriers of the Val/Met genotype presented symptoms 
of hyperalgesia when stimulated with thermal stimuli 
compared to patients with the Val/Val (p = 0.039) and 
Met/Met (p = 0.023) genotypes. This agrees with other 
studies in which heterogeneous research samples  
of adult patients with chronic pain also revealed 
an increased propensity for opioid-induced hype-
ralgesia when stimulated with thermal stimuli [29]. 
Opioid-induced hyperalgesia is a serious problem, in 
which a patient chronically taking opioids for chronic 
pain begins to experience an increase in pain sensation 
instead of the expected relief. This can be a potential 
problem in palliative care, where morphine is the pri-
mary analgesic to provide comfort to the patient at 
the end of life. The prospect is raised by the possibility 
of being able to tailor therapy to patients by using 
tools to assess genetic determinants, including SNPs 
in opioid-related genes such as COMT rs4680 [30].

In another study on the effect of SNPs involved 
in the metabolism of morphine and other opioids, 
which focused on the occurrence of central nervous 
system (CNS) adverse effects such as dizziness, nausea, 
confusion and nightmares, the relationship between 
the occurrence of these symptoms, the total daily 
dose of morphine or its equivalent and the presence 
of 15 different SNPs in the COMT gene was tested. 
Interestingly, the study found significantly more CNS 
adverse effects, however, these were not related to 
the rs4680 SNP in question but only to the SNP within 
intron 1. This SNP was an independent factor in the 
occurrence of adverse effects [31]. Tanaka et al. [25] 
investigated the two most common SNPs associated 
with individual variability in response to morphi-
ne, namely OPRM1 A118G and COMT Val158Met, 
and their potential association with opioid-induced 
adverse effects. As with the OPRM1 A118G SNP, the 
polymorphism studied in COMT was also found to be 
a statistically significant risk factor for opioid-induced 
somnolence [25].

ABCB1
P-glycoprotein is a protein that transports sub-

stances encoded by the ABCB1 gene out of the cell. 
This protein is largely responsible for the intracellular 
concentrations of morphine and M-6-G and M-3-G 
in the nervous system and contributes to the BBB. 
This activity affects the potential analgesic effect  
of morphine. However, as it turns out, it can also affect 
the adverse effects induced by morphine. Fujita et al. [32]  
found a significant reduction in the risk of experien-
cing fatigue, nausea and emesis in a Japanese popula-
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tion of patients. Patients with the T/T genotype at po-
sition 1236 and TT/TT diplotype at positions 2677 and 
3435 of the ABCB1 gene had lower fatigue intensity 
(p = 0.012). Diplotypes within the ABCB1 gene at 
positions 2677 and 3435 were associated with a lower 
risk of emesis during opioid treatment, provided that 
the diplotype did not contain G/C alleles [32].

Others
Morphine can alter the sensation of dyspnoea 

associated with lung and heart disease. For morphi-
ne-resistant dyspnoea, a SNP was found that turned 
out to be significant in a group of 2,294 patients.  
In the European Pharmacogenetic Opioid Study (EPOS), 
refractory dyspnoea was three times more common  
in patients with rs7103572 SNP HTR3B, which could 
not be confirmed among patients treated with fen-
tanyl or oxycodone [33]. Another observation is the 
effect of genetic variation within the SNP for UDP- 
-glucuronosyltransferase (UGT) on morphine meta-
bolism, manifested by individual concentrations of 
morphine metabolites, namely M-3-G and M-6-G, 
which are responsible for the adverse effects observed 
during morphine treatment. In the study by Fladvada 
et al. [34], the UGT1A1/UGT1A8 haplotypes were 
a predictor of reduced concentrations of morphine 
metabolites after oral morphine administration in 
morphine-treated patients of the previously men-
tioned EPOS (n = 759, false discovery rate-corrected 
p < 0.1) [34].

Conclusions

Pain is the primary symptom associated with can-
cer and is the one which most worsens the QoL, 
which is a significant clinical problem [1]. There are 
several challenges faced by pain management clini-
cians: the lack of effect of morphine, numerous drug 
interactions, individual variability in the metabolism 
of morphine and other opioids, as well as the low 
level of health education of the public and the myths 
associated with pain management, time constraints, 
inequality in access to health care [2]. The fact that 
there is individual variability in the effect of these dru-
gs, which means that the same dose in patient A may 
have an inadequate effect and cause adverse effects  
in patient B, raises major clinical difficulties. According 
to many concepts that aim to explain this situation, 
pharmacogenomic studies raise the prospect of the 
development of personalised medicine, in which a me-
dication and dosage can be tailored to the genetic 
profile of an individual patient. This reflects the need 
to find analgesics that are both safe and effective; 
however, it may be necessary to look not for a new 

substance but use advances in genetics to achieve 
such a situation [2, 4].

Over the past 20 years, there have been many 
reports regarding the impact of various SNPs on both 
the effects of morphine and other opioids or individual 
sensitivity to pain stimuli; however, there are few re-
ports summarising the available knowledge. In studies 
involving small groups of patients, the most common 
SNPs in the gene for MOR (OPRM1 rs1799971), cate-
chol-O-methyltransferase (COMT rs4680 and others) 
or ATP-binding cassette B1 (ABCB1 C3435T) presented 
statistical significance in the dose of morphine needed 
to achieve effective analgesia in cancer patients and 
those receiving palliative care. However, findings may 
vary according to which part of the world a study 
was conducted. Similar findings were observed in  
a relatively homogeneous European population  
in which the presence of polymorphisms altered the 
analgesic effect of morphine, as expected for a given ge-
notype. However, there was a study from Erasmus Uni-
versity Rotterdam, based on an article by Matic et al. [16]  
who found that the A118G SNP in OPRM1 was sta-
tistically significant only when combined with the 
presence of the Val158Met SNP in the COMT gene, 
not reaching the level of significance as a separate 
marker in palliative care patients [16]. A relationship 
between the presence of SNPs in the OPRM1 A118G 
genes and the demand for morphine in palliative 
care patients was also found in the Middle Eastern 
population, however, the findings are not consistent 
for this population. Chatti et al. [35] published the 
results of a pharmacogenomic study in which, by 
genotyping 129 cancer patients for 3 polymorphisms 
in the OPRM1 and COMT genes (including rs1799971, 
i.e. A118 > G and COMT rs4680), they found that 
there were no significant differences in relation to 
morphine doses that are needed to achieve analgesia 
in individual patient groups. The study was conducted 
in an ethnically heterogeneous group of patients from 
3 Tunisian hospitals. Moreover, the absence of patients 
homozygous for the 118G allele in the study group 
is discussed; the authors highlight the possibility  
of a geographic and ethnic correlation between the 
occurrence of SNPs in the OPRM1 gene and variability 
in response to morphine [35].

Most of the studies were conducted in small group 
sizes, where usually the number of patients partici-
pating in the study was less than 100. No significant 
relationship was found in a study conducted among 
2,294 European patients to examine the association 
between SNPs and the efficacy of morphine treat-
ment, despite considering 112 SNPs in 25 genes 
(including the most extensively discussed SNPs for 
COMT, OPRM1, ABCB1) that were associated with 
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variability in clinical response to morphine in several 
smaller studies. Therefore, the authors of that study 
imply that it is not appropriate to focus solely on the 
concept of searching for a single candidate gene as 
a marker for the efficacy of morphine treatment [36].

Similarly, when it comes to determining the rela-
tionship between the occurrence of single nucleotide 
polymorphisms and the timing of adverse effects  
of morphine, there are also studies that do not support 
the findings presented in this article which indicate 
a positive effect of SNPs in the OPRM1 or COMT genes 
on the occurrence of adverse effects such as sedation, 
somnolence, dizziness or cognitive impairment. Ku-
rita’s study based on data collected in the study by 
Klepstad (EPOS) [37] indicates that there is no signi-
ficant association between the 113 SNPs studied and 
the occurrence of any adverse effects of morphine.

Although there are studies whose results may not 
confirm the usefulness of morphine-related SNPs, 
the number of available studies conducted in smaller 
groups of patients raises the prospect of their use as 
a marker that is a part of personalised medicine, pro-
vided that larger studies are conducted for individual 
SNPs on a larger population, taking into account the 
genetic variation that is associated with different 
ethnic groups. In the future, the pharmacogenomic 
approach could be adapted to clinical practice as one 
of solutions to the challenges of opioid treatment 
[38, 39]. There are also studies showing that the de-
termination of the SNP rs1799971 of OPRM1 can be 
performed by a rapid assay using FRET-PCR, raising 
the prospect of adapting this method in the future 
as a screening of the population that needs morphine 
treatment [40].

According to the authors of this review, this study 
contributes important data and implies that in order 
to be able to express with certainty about the phar-
macogenomic approach as an effective method to de-
termine the response to morphine, it seems necessary 
to conduct studies involving large groups of patients, 
taking into account their ethnic and geographical 
conditions, as the available data indicate differences 
in the prevalence of polymorphisms in different ethnic 
groups and thus causing variation in the efficacy of 
analgesic treatment. A systematic review and meta- 
-analysis of available scientific studies could be a con-
tribution to a larger study. This review is not a sys-
tematic review, which is a limitation. However, the 
amount of evidence available in the literature should 
encourage the application of the pharmacogenomic 
approach in palliative medicine and the conduct of 
further studies, the results of which may represent 
a breakthrough in the pain management in palliative 
care patients and reduce the costs of pharmacothe-

rapy and treatment of complications in terms of both 
ineffective pain management and adverse effects.
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