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Abstract

Objectives: The aim of this study was to assess the impact of
polymorphisms in cytokine genes on pain severity and pain
treatment with palliative radiotherapy.

Methods: 81 patients were enrolled. Pain severity and dose
of analgesics were evaluated prior to radiotherapy and at 4, 12
and 24 weeks following treatment. The study analysed 12 gene
polymorphisms of 6 cytokines (IL-6, IL-10, TNFa, IL-1a, IL-1,
IL-1RA) involved in the pathogenesis of pain syndrome.
Results: Association between severe pain and patients’
variables and genotype groups of each cytokine gene studied
were analysed. Karnofsky index > 60 % and IL1RN rs2234677
polymorphism GG genotype were found to have significant
impact on severe pain prior to radiation. Patients with IL-1a
encoding gene IL1A rs1800587 CC genotype and patients with
IL-1B encoding gene IL1B rs1143634 CC genotype had
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significantly better response to radiotherapy. Patients with
IL-1RA encoding gene IL1RN rs315952 CC genotype had a
faster response to radiation.
Conclusions: Findings of this study emphasize the impor-
tance of gene polymorphisms which encode inflammatory
interleukins in the severity of pain and response to palliative
radiotherapy.
Regional research ethical committee number BE-2-39
ClinicalTrials.gov registration number NCT02024815
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Introduction

Multiple myeloma (MM) is a malignant clonal plasma cell dis-
order characterized by anaemia, renal insufficiency, painful
bone lesions and hypercalcaemia. Pain is the most common
and debilitating clinical finding in MM patients. Pain in multi-
ple myeloma can be divided into three main categories: bone
pain caused by disease (osteolytic lesions, fractures; vertebral
collapse, nerve compression), chemotherapy-induced neuro-
pathic pain arising from commonly used anti-myeloma agents;
and procedural pain resulting from invasive interventions
performed to treat the disease. Furthermore, the molecular and
cellular mechanisms underlying myeloma-associated bone
pain remain poorly characterized. In preclinical multiple
myeloma models both bone marrow denervation and patho-
logical nerve sprouting within bone tissue have been reported;
however, whether these findings accurately reflect the clinical
situation is still unknown [1]. During the interaction with bone
marrow stromal cells, MM cells stimulate emission of cytokines
such as IL-6, IL-10, TNFaq, IL-1 and others, which participate in
proliferation of plasma cells and pathogenesis of bone
destruction [2-6]. Circulating inflammatory cytokines are not
only involved in the growth of malignant cells but are also
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related to pain, depressed mood, fatigue and sleep disturbances
[7-11]. It is well known that the pain perception threshold, as
well as response to analgesics and pain relief has great inter-
patient variability [12]. Several studies have shown that vari-
able pain sensations and response to analgesics during the
course of oncologic disease are determined by distinct cytokine
gene variants [13-20]. Secretion of cytokines is regulated
genetically, therefore gene polymorphisms may impact cyto-
kine secretion. Medical literature suggests that single nucleo-
tide polymorphisms (SNPs) in certain cytokine gene promoter
sequences determine their secretion and concentration in the
blood [3, 5, 21-25]. Emission of substance P and irritant amino
acids leads to increases of cytokines in the presynaptic neurons,
thus sensitizesing the peripheral nociceptors and causing
increased pain sensation [26, 27]. This is the main hyperalgesia
mechanism in patients with chronic diseases [28]. Several
studies have evaluated the impact of polymorphisms in
inflammatory cytokine genes on the perception of pain,
depressed mood, sleep disturbances, fatigue, and dose and
response to analgesics in pancreatic, lung and breast cancer [9,
12-21, 29]. Reyes-Gibby et al. found that polymorphisms TNFA
rs1800629 and IL6 rs1800795 play a significant role in pain
severity and opioid dose used in lung cancer patients [16]. A
study of breast cancer patients confirmed that polymorphisms
in IL-1R2 and IL-10 were related to preoperative breast pain
[20]. Many other studies have demonstrated the impact of
polymorphisms in inflammatory cytokine genes on pain and
other cancer symptoms [9, 12-19, 21, 29]. This study examines
this phenomenon in patients with the multiple myeloma. Based
on studies conducted [9, 13-20] we evaluated a 12 SNP panel in 6
inflammatory cytokine genes. The aim of this study was to
assess how the perception of pain is influenced not only by
certain demographic and clinical factors, but also to evaluate
the influence of SNPs on the perception of severe pain in cases
of bone destruction due to MM prior to radiotherapy. And since
radiotherapy has an analgesic effect, we also assessed the in-
fluence of SNPs of inflammatory cytokine genes impact on pain
severity and analgesic intake to radiotherapy during the follow
up period after radiation treatment. To date, this is the first
study which evaluates the impact of gene polymorphisms of
inflammatory cytokines in relation to response to radiotherapy
in multiple myeloma patients.

Methods
Study design

A prospective observational study in a cohort of patients
with painful bone lesions due to MM. The endpoint of this

DE GRUYTER

study is to assess the impact of polymorphisms in cytokine
genes on pain severity and pain treatment with palliative
radiotherapy. The study sample was drawn from a previ-
ously described prospective randomized trial evaluating:
single vs. multiple fraction regimens for palliative radio-
therapy in treatment of MM [30].

Participants

Patients with diagnosed MM and painful bone destructions
at Hematology department of Hospital of Lithuanian Uni-
versity of Health Sciences (LT) were invited to participate.
Patients were selected for inclusion if they met the following
criteria: age >18 years, diagnosis of MM, based on the In-
ternational Myeloma Working Group’s criteria [31], pres-
ence of painful bone lesions (VAS >1) or impending fracture
verified by radiographs, Karnofsky index above 40 %
(“Disable; requires special care and assistance”), written
informed consent. Patients were excluded for the following
reasons: presence of bone metastases from solid tumours,
solitary plasmacytoma, prior receipt of radiotherapy
requiring repeated irradiation at the same site, inability to
complete quality of life questionnaires, patients that could
not be monitored after radiotherapy.

The study protocol was prepared in accordance with the
Helsinki Declaration and was approved by the Lithuanian
Regional Research Ethics Committee, number BE-2-39. The
participants provided informed consent.

Variables and data measurement

Pain severity was assessed using the visual analogue scale
(VAS) [32, 33]. Pain was assessed using the VAS scale by
asking patients to answer the question: “How much pain did
you experience on a scale of 0-10 during the last week?” A
graphical representation of the VAS scale was shown
alongside this question. 0 was classified as no pain. A pain
1-4 was classified as mild, 5-7 as moderate and >8 as severe
[34]. Analgesics were categorized into: opioid and non-
opioid. Opioid doses were converted to and are reported as
morphine-equivalent daily dose (MEDD) [35]. Demographic,
clinical and laboratory data were collected prior to radio-
therapy initiation. Pain severity and dose of analgesics uti-
lized were collected before radiotherapy initiation and at 4,
12 and 24 weeks following treatment. The analgesic response
rate was defined utilizing the International Consensus on
Palliative Radiotherapy criteria [36].

This study evaluated 12 gene polymorphisms of in 6
cytokines (IL-6, IL-10, TNFaq, IL-1q, IL-1B, IL-1RA) (Table 1).
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SNPs chosen for analysis were based on published literature
suggesting that they play a key role in MM bone disease
pathogenesis and pain perception [37-41]. All mensioned
interleukins’ gene polymorphisms play a significant role in
the development of bone metastasis by regulating inflam-
matory and bone resorption processes in such way affecting
the severity of bone lesions, disease progression, and pain.

Genomic DNA was extracted from peripheral blood
leukocytes using commercially available DNA extraction kit
(GeneJet Genomic DNA Purification kit, Thermo Fisher Sci-
entific). TNFA, IL1A, IL1B, ILIRN, IL-6 and IL-10 gene poly-
morphisms analyses were performed using a polymerase
chain reaction - restriction fragment length polymorphism
assay (PCR-RFLP).

Table 1: Incidence of polymorphisms in genes encoding cytokines.

Cytokines  Gene SNP  Allele Distribution of
frequency (%)  genotypes
N (%)
IL-6 rs1800795  C allele 47.5 GG genotype 23 (28.4)
G allele 52.5 GC genotype 39 (48.1)
CC genotype 19 (23.5)
IL-6 rs1800796  Callele 3.7 GG genotype 75 (92.6)
G allele 96.3 GC genotype 6 (7.4)
IL-6 rs1800797 G allele 52.5 GG genotype 23 (28.4)
A allele 47.5 GA genotype 39 (48.1)
AA genotype 19 (23.5)
IL-10 rs1800896 G allele 46.9 GG genotype 17 (20.9)
A allele 53.1 GA genotype 42 (51.9)
AA genotype 22 (27.2)
IL-10 rs1800871 C allele 74.1 CC genotype 41 (50.6)
T allele 25.9 CT genotype 38 (46.9)
TT genotype 2 (2.5)
IL-10 rs1800872  Callele 77.2 CC genotype 46 (56.8)
Aallele 22.8 CA genotype 33 (40.7)
AA genotype 2 (2.5)
TNFa rs1800629 G allele 85.2 GG genotype 57 (70.4)
Aallele 14.8 GA genotype 24 (29.6)
IL-1a rs1800587  Callele 62.9 CC genotype 28 (34.6)
T allele 37.1 CT genotype 46 (56.8)
TT genotype 7 (8.6)
IL-1B rs1143634  Callele 64.2 CC genotype 30 (37.1)
T allele 35.8 CT genotype 44 (54.3)
TT genotype 7 (8.6)
IL-1RA rs2234677 G allele 76.5 GG genotype 45 (55.5)
A allele 23.5 GA genotype 34 (42)
AA genotype 2 (2.5)
IL-1RA rs315952 C allele 50.6 CC genotype 20 (24.7)
T allele 49.4 CT genotype 42 (51.8)
TT genotype 19 (23.5)
IL-1RA rs2234663  1* allele 95.7 *1/*1 genotype 76 (93.8)
2* allele 3.7 *1/*2 genotype 2 (2.5)
3* allele 0.6 *2/*2 genotype 2 (2.5)

*1/*3 genotype 1 (1.2)
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The primer sequences and, annealing temperatures
used in each case are provided in Table 2 along with the
PCR-RFLP product sizes and restriction enzymes.

Statistical methods

Statistical data analysis was performed by using the IBM
SSPS Statistics 23 for Windows (SPSS Inc., Chicago, IL, USA).

Uni-variate analysis utilizing Chi square test for the in-
dependence (homogeneity) (or Fisher’s Exact test as appro-
priate) were performed. Odds ratios with 95 % confidence
interval were used to analyse the influence of patient de-
mographics, clinical, laboratory and genetic variables upon
pain severity. In multivariate analysis of research data, a
binary logistic regression model was used to draw conclu-
sions about the influence of parameters to the probability of
severe pain. Since quantitative values of pain severity and
analgesics did not follow normal distribution, Kruskal-
Wallis test, and its post hoc tests were used to compare
changes in pain severity and in analgesics among three
different groups. Differences were defined as statistically
significant if the p-value <0.05.

Results

3.1. A total 81 patients with MM and painful bone de-
structions were enrolled, their characteristics are detailed in
Table 3. The male gender 34.5% (N 30), the median age
66.5 years (43-84), the median Karnofsky index 60 % (50-80),
most of patients were III stage of disease 85.2% (N 69) and
IgG type of MM 64.2 % (N 52), radiation dose 8 vs. 30 Gy were
43.2 % (N 35) and 56.8 % (N 46) respectively, most common
irradiate site was spinal vertebrae 58 % (N 47), most of pa-
tients were with concurrent chemotherapy 85.2 % (N 69) and
without orthopaedic surgery 79.1% (N 64), most commonly
reported pain severity prior radiotherapy was 8-10 scores
according VAS 53.1% (N 43), median opioid dose (MEDD) at
baseline was 60 mg/day (10-260).

Characteristics significant for presence of
severe pain prior to radiotherapy

Univariate analysis was used to determined associations
between baseline report of severe pain (defined as 8-10
score on Visual Analogue Scale (VAS)) and mild to moderate
pain (i.e., VAS <7) and patient demographics (age, gender,
Karnofsky index), clinical (stage of disease, type of MM, or-
thopaedic surgery) and laboratory finding (haemoglobin
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Table 2: Genetic polymorphisms evaluated in the study including primer sequences, annealing temperatures, restriction enzymes and PCR and RFLP

product sizes.

NCBI 1,000 Primers (sense/antisense) Polymorphism Annealing Restriction Fragment sizes
genomes temperature (°C) enzyme after RFLP
browser:
rs1800629 5-AGGCAATAGGTTTTGAGGGCCAT-3’ TNFA -308G>A 63 Ncol 87 + 20 bp (G)
5-TCCTCCCTGCTCCGATTCCG-3' 107 bp (A)
rs1800587 5-ATCACACCTAGTTCATTTCCTCTATTTA-3’ IL1A c.-889C>T 60 Ncol 166 + 29 bp (C)
5-GATTTTTACATATGAGCCTTCCATG-3’ 195 bp (T)
rs1143634 5-CTCAGGTGTCCTCCAAGAAATCAAA-3’ IL1B ¢.3954C>T 63 Taql 110 + 80 bp (C)
5-GCTTTTTTGCTGTGAGTCCCG-3’ 190 bp (T)
rs2234677 5-GCATCAAGTCAGCCATCAGC-3’ ILTRN 1812G>A 59 AlwNT 185+ 150 + 4 bp (G)
5-CCAGAGCCTGAAAGCATTTG-3' 335+ 4 bp (A)
rs315952 5-AGGGAGGCAGCACAGGACTT-3’ ILTRN 66 MspAl 198 + 132 bp (C)
5-AGTCCCTGCAGTCCTTGCCA-3’ ¢.11100T7>C 330 bp (T)
rs2234663 5-CTCAGCAACACTCCTAT-3’ ILTRN (86bp)n 58 240 bp (2 repeats)
5-TCCTGGTCTGCAGGTAA-3’ 325 bp (3 repeats)
410 bp (4 repeats)
500 bp (5 repeats)
595 bp (6 repeats)
rs1800797 5-GGAGACGCCTTGAAGTAACTGC - 3’ 116 -597G>A 58 Fokl 116 + 47 bp (A)
5-GAGTTTCCTCTGACTCCATC - 37 163 bp (G)
rs1800796 5’-GGAGACGCCTTGAAGTAACTGC - 3’ 116 -572G>C 58 Mbil 101 + 62 bp (G)
5-GAGTTTCCTCTGACTCCATC - 3 163 bp (C)
rs1800795 5“TTGTCAAGACATGCCAAAGTG-3¢ IL6 -174 C>G 59 Nlalll 135+ 111 + 54 bp
5-TCAGACATCTCCAGTCCTATA-3¢ (G) 246 + 54 bp (C)
rs1800896 5“CTCGCTGCAACCCAACTGGC-3* IL10-1082 A>G 54 Mnlt 106 + 33bp (G)
5“-TCTTACCTATCCCTACTTCC-3¢ 139 bp (A)
rs1800871 5% TCATTCTATGTGCTGGAGATGG-3¢ 1110 -819 T>C 58 Maelll 125 + 84bp (C)
5 TGGGGGAAGTGGGTAAGAGT-3* 209 bp (T)
rs1800872 5 GTGAGCACTACCTGACTAGC-3¢ IL10-592 A>C 63 Rsal 175 + 237 bp (A)
5% CCTAGGTCACAGTGACGTGG-3¢ 412 bp (Q)

level in blood) variables. Results showed that only Karnofsky
index <60 % (OR 2.97; 95% CI 1.11-7.95; p=0.028) had a sta-
tistically significant influence on pain severity (i.e.,8-10
score on VAS). Other parameters did not show any difference
between groups (Table 4).

Univariate statistical analysis was used to evaluate the
relationship between severe pain before radiotherapy and
genotype groups of each cytokine polymorphism. None of
the genotypes analysed were found to be significant for se-
vere pain before radiation treatment, only a borderline as-
sociation was observed in patients with GG genotype of
IL1RN rs2234677. This polymorphism was prevalent in pa-
tients with severe pain prior to radiotherapy as, compared to
patients with GA and AA genotypes (OR 2.31; 95% CI 0.94—
5.65; p=0.065). The results are shown in Table 5.

Based on the results of the univariate analysis two
variables: Karnofsky index <60 % and IL1RN rs2234677 were
included in the binary logistic regression model for deeper
analysis of their influence on severe pain. Both parameters,

showed statistically significant influence to determining the
probability of the severe pain (Table 6).

Impact of polymorphism of genes encoding
cytokines on pain relief

The Kruskal-Wallis test was used to measure the differences
in pain severity before radiotherapy and during the moni-
tored period (4, 12 and 24 weeks after radiotherapy), at the
same time point among patients with different genotypes
(Table 7 and Figure 1).

The analysis showed that patients with IL-1a encoding
gene IL1A rs1800587 CC genotype responded significantly
better to radiotherapy and experienced milder pain at 12 and
24 weeks as, compared to TT and CT genotypes. Additionally,
patients with IL-1B encoding gene IL1B rs1143634 CC geno-
type reported milder pain after radiation treatment at 12 and
24 weeks, compared to TT and CT genotypes.
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Table 3: Baseline demographics and disease characteristics.

Characteristics N (%)
Gender:

Male 30 (34.5)
Female 51 (65.5)
Age, years 66.5 (43-84)

Mean (range)
Karnofsky Index, %
Median (range; mean)

60 (50-80; 60.1)
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Table 4: Univariate analysis of demographic and disease parameters are
compared with each other in terms of severe pain.

Clinical stage:

II 12 (14.8)
I 69 (85.2)
Paraprotein type:

IgG 52 (64.2)
IgA 9(11.1)
Light chains 18 (22.3)
IgM 1(1.2)
Non-secretory 1(1.2)
Radiation dose, Gy:

8x1fr 35(43.2)
3x10fr 46 (56.8)
Irradiated sites:

Spinal vertebrae 47 (58)
Pelvic bone 20 (24.7)
Extremities 14 (17.3)
Orthopedic surgery:

Yes 17 (20.9)
No 64 (79.1)
Concurrent chemotherapy at baseline:

Chemotherapy 69 (85.2)
None 12 (14.8)
Pain severity prior to radiotherapy initiation:

0-3 0 (0)
<4 13 (16)
5-7 25(30.9)
8-10 43 (53.1)
Pain medication at baseline:

Opioid 64 (79)
Non - opioid 17 (21)

Opioid dose at baseline, mg/day

60 (10-260; 69.39)

Parameter Severe Mild and OR p-Value
pain moderate pain (95 % CI)
N (%) N (%)

Gender:
Male 14 (32.6) 16 (42.1) 0.66  0.375
Female® 29 (67.4) 22 (57.9) (0.27-

1.64)
Age:
>65 years 26 (60.5) 25 (65.8) 0.79  0.620
<65 years® 17 (39.5) 13(34.2) (0.32-

1.97)
Clinical stage:
il 37 (86.0) 32(84.2) 116  0.816
g 6 (14.0) 6 (15.8) (0.34-

3.94)
Karnofsky index:
<60 % 19 (44.2) 8(21.1) 297 0.028
>60 %° 24 (55.8) 30 (78.9) (1.11-

7.95)
Paraprotein type:
Others 18 (41.9) 12 (31.6) 156  0.339
IgG® 25 (58.1) 26 (68.4) (0.63-

3.89)
Hemoglobin
level, g/I:
<80 2(4.7) 5(13.2) 032 0174
>80? 41(95.3) 33 (86.8) (0.06-

1.77)
Orthopedic
surgery:
No 33 (76.7) 31 (81.6) 0.75  0.594
Yes® 10 (23.3) 7(18.4) (0.25-

2.20)

“Reference group. Statistically significant parameters are in bold.

Impact of polymorphism of genes encoding

Median (range; mean)

Patients with IL-1RA polymorphism ILI1RN rs315952 CC
genotype had a faster response to radiotherapy. Their pain
severity significantly decreased after radiotherapy at
4 weeks, compared to patients with TT and CT genotypes. A
borderline association was observed in patients who were
homozygous for the G allele in IL-10 encoding gene IL10
rs1800896, they experienced greater pain at 4, 12 and
24 weeks after radiotherapy, compared to patients with AA
and GA genotypes (p=0.061, p=0.09 and p=0.062 respectively).

cytokines on analgesics intake

The Kruskal-Wallis test was used to compare differences in
doses of analgesics before radiotherapy and during the
monitored period (4, 12 and 24 weeks after radio-therapy), at
the same time point among patients with different genotypes
(Table 8 and Figure 2).

The analysis showed that patients with IL-1a encoding
gene IL1A rs1800587 CC genotype had a significantly stronger
response to radiotherapy and the dose of opioid analgesics
significantly decreased at 12 and 24 weeks post-therapy,
compared to patients with TT and CT genotypes. The same
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Table 5: Genotype groups of each cytokine gene analyzed for assessment of severe pain before radiotherapy in univariate analysis. Genotypes are

compared with each other in terms of severe pain.

Polymorphism Genotype Severe pain Mild and moderate OR (95 % CI) p-Value
N (%) pain N (%)

116 rs1800795 GG 11 (25.6) 10 (26.3) 0.96 (0.36-2.60) 0.940
CC+GC 32(74.4) 28(73.7)

116 rs1800796 GG 40 (49.4) 35(43.2) 0.875 (0.166-4.617) 1°
GC 3(3.7) 3(33.7)

116 rs1800797 GG 12(27.9) 10 (26.3) 1.08 (0.41-2.89) 0.872
GA + AA® 31(72.1) 28(73.7)

IL10 rs1800896 AA 11 (25.6) 11(28.9) 0.84 (0.32-2.25) 0.734
GA + GG* 32(74.4) 27 (71.1)

IL10 rs1800871 cc 24 (55.8) 17 (44.7) 1.56 (0.65-3.76) 0.320
CT+T1T° 19 (44.2) 21(55.3)

1110 rs1800872 cc 27 (62.8) 19 (50) 1.69 (0.69-4.09) 0.246
CA + AA® 16 (37.2) 19 (50)

TNFA rs1800629 GG 29 (67.4) 28(73.7) 0.74 (0.28-1.34) 0.54
GA? 14 (32,6) 10 (26.3)

IL1A rs1800587 cc 17 (39.5) 11(28.9) 1.61 (0.63-4.07) 0.317
CT+T1T° 26 (60.5) 27 (71.7)

IL1B rs1143634 cc 18 (41.9) 12 (31.6) 1.56 (0.63-3.89) 0.34
CT+TT° 25(58.1) 26 (68.4)

IL1RN rs2234677 GG 28 (65.1) 17 (44.7) 2.31(0.94-5.65) 0.065
GA + AA? 15(39.9) 21(55.3)

ILTRN rs315952 T 9 (20.1) 10 (26.3) 0.74 (0.27-2.08) 0.568
CT+ CC 34 (79.9) 28(73.7)

ILTRN rs2234663 *1/*1 40 (93) 36 (94.7) 0.74 (0.12-4.69) 0.749
Others® 3(7) 2(5.3)

*Reference group. "Fisher’s Exact Test.

Table 6: Factors significant for presence of severe pain before radio-
therapy in multivariate analysis.

Parameter B coef. p-Value OR (95 % CI)
of model
Karnofsky >60 % vs. 1.2 0.021 3.33(1.196-9.296)
index <60 %°
IL1RN GG genotype vs. 0.96 0.046 2.62 (1.02-6.72)
rs2234677  GA and AA
genotypes®

“Reference group.

trend was observed with patients expressing IL-1p encoding
gene IL1B rs1143634 CC genotype.

Patients with IL-1RA encoding gene IL1RN rs315952 CC
genotype needed significantly lower doses of opioid anal-
gesics after radiotherapy at 4 weeks, compared to patients
with TT and CT genotypes. A borderline association was
observed in patients who were homozygous by the G allele in
IL-10 encoding gene I1.10 rs1800896. They indicated a greater
pain at 4,12 and 24 weeks after radiotherapy and they used a
larger dose of opioid analgesics, compared to patients with
AA and GA genotypes (p=0.057, p=0.085 and p=0.071

respectively). Moreover, a borderline association was
observed that patients with IL-1RA encoding gene IL1RN
rs315952 CC genotype and IL-IRN encoding gene IL1RN
rs2234663 *1/*1 genotype needed smaller doses of analgesics,
compared to others (p=0.068 and p=0.062, respectively).

Discussion

Almost 70 % of all MM patients receive one or more radiation
courses for treatment of painful bone lesions during their
disease course [42]. After radiotherapy the pain severity can
be reduced by 75-100 % from the previous level [42, 43].
Radiotherapy reduces pain by inhibiting inflammatory me-
diators in the irradiation site. It is well known that pain
sensation, pain reduction and analgesic intake is highly in-
dividual [12]. Demographic characteristics and clinical var-
iables may modify an individual’s perception of pain and
response to analgesics. Several mechanisms may be involved
in pain perception and relief: drug metabolizing proteins,
transporters, nociceptors, proinflammatory cytokines and
their impact on genetic variability. The literature indicates
that itisnecessary to strive for personalized opioid analgesic
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Table 7: Pain (VAS) before radiotherapy and change in pain severity among patients with different genotypes during the monitored period.

Cytokine Genotype Pain assessment (VAS score)
gene SNP K _ . _
Before RT, median After 4 weeks, median After 12 weeks, median After 24 weeks, median
(mean; min-max) (mean; min-max) (mean; min-max) (mean; min-max)
IL1A cT 7(7.2; 2-10) 2(3.3;0-10) 0 (3.0; 0-10)a 0 (3.4; 0-10)b
rs1800587 CC 8 (7.4; 2-10) 4(3.8; 0-10) 0 (1.0; 0-5) 0 (0.4; 0-3)c
T 10 (8.7; 5-10) 6 (5.4; 0-9) 5 (4.6; 0-7)a 5(4.0; 0-7)c, b
p-Value 0.259 0.282 0.013 (a 0.019) 0.006 (b 0.029, c 0.018)
IL1B cT 7 (6.9; 2-10) 2 (3.5; 0-10) 2 (3.3; 0-10)e 2(3.5; 0-10)g
rs1143634 CC 9(7.8;3-10) 3(3.5;0-10) 0 (0.8; 0-5)d 0 (0.4; 0-5)f
1T 10 (8.7; 5-10) 6 (5.4; 0-9) 5(4.6; 0-7)d, e 5(4.0; 0-7)f, g
p value 0.096 0.323 0.002 (d 0.011, e 0.008) 0.002 (f 0.004, g 0.02)
IL1RN cT 8(7.8;2-10) 4 (4.2; 0-10) 0(2.8; 0-10) 0(2.7; 0-10)
rs315952 cc 6 (6.4; 2-10) 0 (1.8; 0-9)h 0(1.7; 0-9) 0(1.5; 0-8)
T 7 (7.6; 3-10) 4 (4.5; 0-10)h 0(2.8; 0-10) 0(2.8; 0-10)
p value 0.156 0.023 (h 0.036) 0.505 0.591

Statistically significant parameters are in bold. a, b, s, d, e, f, g. h p-values of the post hoc analysis of Kruskal Wallis test.

prescriptions for cancer patients in order to effectively bal-
ance pain control with the prevention of abuse and related
harm [44]. Identifying genotype-pain relief associations can
significantly influence patient care by enabling more
personalized, effective, and safer pain management strate-
gies. Studies have demonstrated the impact of SNPs in genes
encoding for proinflammatory cytokines on pain severity
and pain relief in the treatment of other malignancies [9,
12-20, 29]. The current study analysed the influence of
selected SNPs of IL-6, IL-10, TNFa, IL-1a, IL-1B and IL-1RA
genes on pain severity and pain treatment with radio-
therapy in patients with painful bone lesions due to MM. Our
study gives the preliminary evidence that SNPs in cytokine
genes are associated with pain perception and analgesic
response to radiotherapy in patients with MM.

It is well known that increased levels of IL-6 and TNF-a
in the serum correlate with greater pain in chronic inflam-
matory disorders. High levels of IL-6 in the serum correlates
with advanced stage of myeloma, higher degree of hone
destruction and it is associated with poor prognosis of the
disease [4]. IL-6 is involved in the response to nociceptive
irritants and could modulate the opioid analgesia pathway
[45]. There is a strong link between the concentrations of the
TNF-a and pain severity in patients with chronic disorders
[28]. The rare A allele in the TNFA rs1800629 polymorphism
influences a higher production of TNF-a in the serum and in
such way increases inflammatory pain [46]. However, which
SNP in the IL-6 encoding gene promoter alters the concen-
tration of IL-6 in plasma is under debate [23, 25, 47].

Reyes-Gibby et al. evaluated the influence of genetic
variability in cytokine genes on pain and response to anal-
gesia in patients with non-small cell lung carcinoma

receiving supportive care [16, 18, 19]. These three clinical
studies demonstrated that TNFA rs1800629 polymorphisms
have a relation with the pain severity [16, 18, 19]. The authors
identified that gender differences played a role in the asso-
ciation between genotype groups, pain and, opioid dose,
specifically the TNFA rs1800629 polymorphism GA and AA
genotypes in men and IL6 rs1800795 polymorphism GC and
CC genotypes in women [16]. Patients with TNFA rs1800629
polymorphism GG and GA genotypes experienced a greater
response to analgesic treatment [16]. A clinical study by
Miaskowski et al. found that polymorphisms in interleukin-1
receptor 1 (IL1R1), IL6, and NFKB1 were associated with
severity scores related to a group of treatment-related
symptoms [29]. In contrast to their findings, we did not find a
correlation between TNFA rs1800629 and IL6 rs1800795
polymorphisms and pain severity nor with analgesic
response. This could be related to the smaller sample size in
our study, as well as differences in populations (genetic
background, ethnicity, or demographic characteristics of the
patient population) may vary between studies, influencing
the frequency of polymorphisms and their relationship with
pain and analgesic response.

While it is logical that declining pain severity would be
associated with decreased analgesic use, measuring both
provides important additional insights: it helps evaluate how
well the analgesic regimen is controlling pain over time,
beyond just patient-reported pain levels; an increase in
analgesic use despite stable or increasing pain scores could
indicate tolerance or side effects; it offers a more nuanced,
comprehensive picture of pain management progress and can
inform more precise, patient-centered care. Several studies
have examined the role of IL-1 in pain relief and opioids
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Figure 1: Pain severity before radiotherapy and during
the monitored period (4, 12 and 24 weeks after
BeforeRT Afterdwesks  After L2weeks  After 28 weeks BeforeRT Afterdwesks  After 12weeks  After 28 weeks radiotherapy), at the same time point among patients
p=0.32 p=0.002 p=0.002 p=0.24 p=0.61 p=0.24 . . .
with different genotypes. VAS (visual analogue scale),
RT (radiotherapy).
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consumption [21, 48, 49]. The IL-1 family includes IL-1, IL-1a  [48]. In contrast, I-1RA inhibits the production of IL-1p, IL-1a.
and IL-1RA. Secretion of IL-1B and IL-1a induces inflammation ~ There is also evidence that IL1A rs1800587, IL1B rs1143634 and
and induce the expression of other proinflammatory genes ILIRN rs2234663 polymorphisms correlate with the IL-1 and
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Table 8: Morphine equivalent daily dose (mg/day) before radiotherapy and its reduction during the monitored period in patients with different

genotypes.

Cytokine gene
SNP

Genotype Morphine equivalent daily dose (mg/day)

Before RT, median
(mean; min-max)

After 4 weeks, median
(mean; min-max)

After 12 weeks, median
(mean; min-max)

After 24 weeks, median
(mean; min-max)

ILTArs1800587 CT 50 (58.8; 10-260) 0(37.2; 0-270)
CC 20 (56.5; 10-140) 0(35.4; 0-180)
T 20 (47.1; 10-150) 30 (42.1; 0-135)
p value 0.998 0.401
IL1Brs1143634 (T 50 (59.1; 10-260) 0(37.1; 0-270)
cc 20 (56.2; 10-140) 0(35.7; 0-180)
T 20 (47.1; 10-150) 30 (42.1; 0-135)
p value 0.969 0.401
ILTRN rs315952  CT 60 (58; 10-140) 7 (40.9; 0-180)
CC 10 (38.2; 10-150) 0 (14.8; 0-135)e
T 60 (71.4; 10-260) 10 (51.6; 0-270)e
p value 0.068 0.032 (e 0.043)

0(31.2; 0-270)
0(16.1; 0-120)a
5 (32.9; 0-130)a

0.007 (a 0.039)

0 (29.7; 0-240)
0 (11.9; 0-120)c
5(32.9; 0-130)c

0.039 (c 0.043)

0 (26.5; 0-240)

0 (15.6; 0-130)

0(38.2; 0-270)

0.304

0 (41.9; 0-240)
0(5.2; 0-120) b
5(22.9; 0-120)b

0.008 (b 0.012)

0 (41.4; 0-240)

0 (7.5; 0-120)d
5 (22.9; 0-120)d

0.022 (d 0.039)

0 (34.5; 0-240)

0(15.9; 0-120)

0(23.8; 0-180)

0.505

Statistically significant parameters are in bold. a, b, ¢, d, e p-values of post hoc analysis of Kruskal-Wallis test.

IL-1RA production [21, 50, 51]. IL1A rs1800587 and IL1B
rs1143634 T allele increase the IL-1f and IL-1a levels in plasma
during the inflammation and exacerbate pain [52, 53]. Our
findings provide further evidence and support and correlate
with the results of these studies. Specifically, the ILIRN
rs2234677 polymorphism GG genotype was associated with
the severe pain in bone destructions before radiotherapy.
Patients with IL1A rs1800587 CC genotype or with IL1B c.
rs1143634 CC genotype had a significantly better response to
radiotherapy. Lastly, patients with the ILIRN rs315952 CC ge-
notype had a faster response; and pain severity and analgesic
intake were lower at 4 weeks after radiation compared to
patients with TT and CT genotypes. Our study showed that
patients with these genotypes may benefit more from radio-
therapy for pain relief. By identifying such patients, clinicians
can decide which of them will have better pain relief options.

The influence of IL1B polymorphism was found in
another study looking at patients with pancreatic carcinoma
[17]. The authors observed that women, African Americans,
advanced stage of disease, depressed mood, TC and CC ge-
notypes for IL1B rs1143627, TT and TA genotypes for IL8
rs4073 are significant predictors of severe pain [17].

IL-10 plays anti-inflammatory role by suppressing the
secretion of IL-1, IL-6, TNF-a [54]. Increased serum levels of
IL-6 and IL-10 are observed in MM patients and correlate
with progressive MM disease [25]. Promoter polymorphisms
rs1800896 A allele, rs1800871 T allele, rs1800872 A allele were
reported to be associated with decreased secretion of IL-10
whereas polymorphisms of rs1800872 C allele are associated
with increased levels of IL-10 [55]. In our study we found a
borderline association in patients homozygous for the G
allele in IL-10 encoding gene IL10 rs1800896 indicating

greater pain sensation 4, 12 and 24 weeks after radiotherapy.
These patients had a weaker response to radiotherapy and
needed larger doses of opioids, as compared to patients with
AA and GA genotypes. Rausch et al. analysis of lung cancer
patients supports our findings where they found an associ-
ation between pain symptoms and polymorphisms in IL10
rs1800871 [15]. In this way, testing the interleukins poly-
morphisms for oncological patients diagnosed with pain
syndrome due to metastatic disease would allow us to pre-
dict the benefits they will derive from analgesic treatment
and plan it accordingly.

Both genetic and nongenetic factors can influence pain
severity in oncology patients [9, 11, 12, 14, 17-21, 29]. The
advanced stage of disease, younger age, gender, depressed
mood, fatigue together with cytokines polymorphisms
correlate with pain severity. In our study we found that
clinical factor (Karnofsky index >60 %) and genetic factor
(and IL1RN rs2234677 poly-morphism GG genotype) can in-
fluence severe pain before radiotherapy. Our study con-
tributes additional data suggesting the influence of cytokine
gene polymorphisms on pain perception and analgesic
response to radiotherapy in MM patients. There is still
debate about which radiotherapy treatment regimen is
more effective, but to date there is no evidence that multiple-
fraction radiotherapy is more effective than single-fraction.
In this study, patients were treated with single and multiple
fractions in equal proportions and no treatment regimen
was found to be superior in terms in pain relief, which is
supported by other studies too [30, 33, 56, 57].

Our study is, to our knowledge, the first to analyze the
role of selected cytokine gene SNPs (IL-6, IL-10, TNFa, IL-1q,
IL-1B, and IL-1RA) in modulating pain severity and
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Figure 2: Doses of analgesics before
radiotherapy and during the monitored period
(4,12 and 24 weeks after radio-therapy), at the
same time point among patients with different
genotypes. MEDD (morphine-equivalent daily
dose), RT (radiotherapy).

contribute to interindividual variability in pain sensitivity
and radiotherapy-induced analgesia. Understanding the as-
sociation between cytokine gene polymorphisms and pain
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response to radiotherapy may help identify patients who are
more or less likely to benefit from this treatment. Such
knowledge could enable more personalized pain manage-
ment strategies, improving both the efficacy of analgesic
therapy and patients’ quality of life.

There are some limitations in this study. The number of
patients in the study is limited and we assessed only 12 gene
polymorphisms of 6 cytokines however the pain and
response to analgesic treatment is an integrated process
with other numerous genes. Further studies with more pa-
tients and combination of multiple cytokines poly-
morphisms are needed to explain the predictors of pain and
response to palliative radiotherapy.

In conclusion, this study gives preliminary results that
interleukins polymorphisms — pain relief associations can
significantly impact patient care, particularly in the treatment
of painful bone lesions in MM patients undergoing radio-
therapy. The findings highlight that cytokine gene SNPs can
influence pain severity and analgesic response. Specific ge-
notypes were associated with either higher pain intensity or a
better response to radiotherapy, allowing for more precise
predictions of how patients will respond to treatment.

The application of genetic testing could enhance pain
management strategies, enabling more personalized treat-
ment and minimizing adverse effects. While these results
are promising, further studies with larger patient cohorts
and more comprehensive genetic analyses are needed to
refine pain prediction models. Ultimately, genotyping could
become an essential tool in oncological pain management,
helping clinicians customize treatment based on a patient’s
genetic profile, leading to better pain relief outcomes and
improved quality of life.
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