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Dual single-nucleotide polymorphism biomarker
combination for opioid selection to treat cancer pain
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Abstract. We have been exploring biomarkers that could
help physicians select the appropriate opioid for individual-
ized treatment of cancer pain. Recently, we identified a single
nucleotide polymorphism (SNP) of CCLI1 (rs17809012) as
one such biomarker that was significantly associated with the
analgesic effect of morphine. The current study measured the
plasma concentrations of chemokines/cytokines in pre-treat-
ment plasma samples of a total of 138 patients who were
randomized to receive morphine (n=70) or oxycodone (n=68).
Based on the results, one cytokine, IL-16, was identified whose
plasma concentrations showed a clear bias between patients
with cancer pain who responded well and responded poorly
to oxycodone. A genotypic analysis also identified a SNP of
the IL-16 gene (rs4778889) as being significantly associated
with the analgesic effect of oxycodone. Whether both of the
SNPs identified as being significant (CCLII rs17809012 and
IL-16 1s4778889) could be used in combination to accurately
predict which opioid might be the most suitable to provide
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pain relief in patients with cancer was assessed. Morphine
tended to provide superior analgesic effect over oxycodone
in patients with the /L-16 rs4778889 TT genotype and the
CCLI11 1517809012 AG/GG genotype (n=45), while a trend
towards a greater analgesic effect of oxycodone was observed
in patients with other genotype combinations of these SNPs
(n=93) (P=0.0012 for the interaction), suggesting that the
IL-16 34778889 and CCLI1I rs17809012 SNPs could serve
as a potential dual-biomarker combination for personalized
analgesic therapy in patients with cancer pain.

Introduction

Recently, single nucleotide polymorphisms (SNPs) have begun
to be considered as potential biomarkers to select the appro-
priate opioid for use in patients with cancer pain. A CYP2D6
SNP (rs1065852) has been shown to affect the metabolism of
several opioids (e.g., codeine and tramadol) and been proposed
as a predictive biomarker for selection of the most suitable
opioid for treating cancer pain (1-3). The p-opioid receptor
gene (OPRM1) has a SNP that could allow individualization
of pain treatment based on the predicted response. For G-allele
carriers of this SNP, tapentadol and methadone may be more
suitable than hydromorphone, oxycodone or fentanyl (4). In
Japan, morphine and oxycodone are the most frequently used
opioids, although there is still a lack of consensus on which of
the two would be the better choice in individual patients (5).
Since the sensitivity to and side effects of opioids vary widely
among patients, we also attempted to identify SNPs of genes
that could potentially predict differences in the responses of
patients to morphine and oxycodone. To identify the most
appropriate biomarker SNP(s) for predicting the efficacy of
each opioid, we conducted a randomized controlled trial, the
RELIEF study (Trial registration number: UMINO00015579;
date of registration: November 4, 2014, patients recruited:
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November 2014 to February 2020 in Kindai University
Hospital, Osaka, Japan.), in which we randomized a total of
138 patients (1:1) to receive either morphine (Group M) or
oxycodone (Group O), based on the COMT rs4680 SNP as a
biomarker; we identified several candidate SNPs in this trial
from among the SNPs that have previously been suggested
as possibly being linked to pain sensitivity and/or opioid
efficacy (6-8). Based on further screening, we identified a
SNP, CCL11 rs17809012, as having the potential to predict
the response to morphine (6). We assessed the analgesic
response in each patient on a numerical rating scale (NRS) for
pain. The ANRS, defined as the difference between the NRS
score recorded before the start of opioid treatment and that
recorded after opioid dose titration, was smaller (namely, the
degree of pain relief was smaller) in patients with the CCL1]
rs17809012 A A genotype treated with morphine [least square
mean (LSM) for ANRS, 2.33] as compared with that in the
AA+oxycodone (LSM 3.48), AG/GG+morphine (LSM 3.58),
and AG/GG+oxycodone (LSM 3.16) groups (6). These results
suggest that the CCL1I rs17809012 SNP could be a predictive
biomarker for the effect of morphine.

In regard to the key mechanisms underlying chronic pain,
it has come to be increasingly accepted that chemokines (such
as CCL11) and cytokines serve as major mediators that activate
glial cell interactions with neurons (9,10). Therefore, we sought
to explore additional biomarkers, besides the CCLI1 rs17809012
SNP, from among the 39 chemokines/cytokines included as
analytes in the Bio-Plex Pro Human Chemokine assay kit used
by us. In this study, we measured the plasma concentrations
of these 39 chemokines/cytokines in pre-treatment plasma
samples collected from a total of 138 patients enrolled in the
RELIEEF study, and found that one cytokine, IL-16, showed a
bias in plasma concentrations between patients who responded
well and responded poorly to oxycodone. Moreover, genetic
analysis also showed that rs4778889 SNP genotype residing in
the IL-16 gene may allow discrimination between patients who
responded well and responded poorly to oxycodone. Based on
these findings of our current and previous studies, we propose
that the dual-biomarker combination of CCLI] rs17809012
and IL-16 rs4778889 SNPs could be useful to accurately guide
selection of the more appropriate opioid between morphine and
oxycodone in individual patients with cancer pain.

Patients and methods

Patients and samples. We enrolled a total of 138 patients with
advanced malignancies based on our eligibility criteria in the
RELIEF study,arandomized controlled trial recently conducted
by us (Trial registration number: UMIN000015579) (8). Our
cohort did not include any subjects whose families could
influence the genotype independency. In the present study,
we measured the plasma concentrations of chemokines/cyto-
kines in pre-treatment plasma samples of the study subjects
and performed genotyping of the /L-16 SNPs in their DNA
samples. The 138 patients who fulfilled the eligibility criteria
of suffering from cancer pain that necessitated daily treatment
with opioids were randomized to either morphine (Group M;
n=70) or oxycodone (Group O; n=68) (Fig. 1).

Calculation of the optimal study sample size and the inclu-
sion and exclusion criteria have been described in our previous

trial report (8). The baseline characteristics of the 138 patients
are presented in Table I.

Opioid administration and dose titration. The opioid-naive
patients were started on treatment with an intermediate-release
(IR) opioid, according to the guidelines for opioid use and
titration (NCCN Guidelines™, Adult Cancer Pain) (11,12), by
specialized palliative care physicians. Opioid titration on day 1
following onset of cancer pain has been described in detail in
a previous report (6). In brief, the minimum standard starting
dose of an IR opioid, that is, 5 mg for morphine and 2.5 mg
for oxycodone, is administered repeatedly to the patients until
a decrease of the score on an NRS for pain (0=no pain to
10=maximal pain) by =33% or by <3 is recorded post-titration
(day 1) as compared with the score recorded prior to the start of
opioid treatment (6). Classification of the patients according to
the required opioid dose (high-dose group/low-dose group) for
each opioid was as defined previously (6,8); namely, patients
requiring =10 mg of IR morphine, or =7.5 mg of IR oxycodone
were classified into the high-dose group, while those requiring
5 mg of IR morphine or 5 mg or less of IR oxycodone were
classified into the low-dose group.

Measurement of the plasma chemokine/cytokine
concentrations. Plasma samples of the patients were collected
on day 1 prior to the start of treatment (pre-treatment samples)
using a Venoject II vacuum blood-collecting tube (Terumo).
The blood samples were centrifuged for 10 min at 1,200 g, and
the supernatants (pre-treatment plasma samples) were frozen
immediately and stored at -80°C until use. The concentrations
of the 39 chemokine/cytokines listed in Table II were measured
in the pre-treatment plasma samples of the patients using a
BioPlex 200 System (Bio-Rad Laboratories), in accordance
with the manufacturer's protocols. Levels of one of the cyto-
kines (GM-CSF) included as an analyte in the kit were omitted
from the analysis, because only 29 out of the 138 patients had
detectable amounts of this cytokine in the plasma.

Genotyping. Genomic DNA was isolated from the blood
samples, as described previously (13). Genotyping was
performed for 2 SNPs (rs4778889 and rs11556218) of the IL-16
gene (Interleukin 16, Gene ID: 3603) and a SNP (rs17809012)
of the CCL11 gene (C-C Motif Chemokine 11, Gene ID: 6356)
using a PCR-based Tagman SNP Genotyping Assay, in accor-
dance with the manufacturer's instructions (Thermo Fisher
Scientific, Inc.).

Statistical analysis. The differences in the required dose (high
or low) were estimated for each opioid using Fisher's exact test
for categorical variables or Mann-Whitney U test for ordinal
data (Table I). To screen for chemokines/cytokines relevant
to the effects of the opioids, patients were divided into high-
and low-concentration groups for each analyte according to
its plasma concentration using the cutoff value that had been
defined as the median concentrations for all patients (Table II).
The ANRS, defined as the difference in the score on an NRS
for pain (hereinafter, NRS score) before the start of opioid
treatment on day 1 and after opioid titration (day 1), was used
as the dependent variable for comparing between the high-
and low-concentration groups for each analyte using simple
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Patients eligible for daily opioid treatment
“RELIEF study” (n=138, Morphine n=70, Oxycodone n=68)

Day 1 (Pre-treatment) «———

Pain intensity (NRS)

Day 1 (Post-treatment) <—

== \lorphine or Oxycodone titration

Recording of the score on a NRS for pain prior to the initiation of opioid
treatment and after opioid titration (ANRS) for each patient (n=138)

Quantifying the chemokine/cytokine concentrations in pre-
treatment plasma sample of each patient on Day 1
using the Bio Plex-Pro human chemokine assay kit

Screening for new predictive biomarkers from among the 39
chemokines/cytokines->>0One candidate (IL-16)

“Genotyping study”

Genotyping of 2 SNPs in /L-16 gene (rs4778889 and rs11556218)
and one SNP in the CCL11 gene (rs17809012) in the same subset
of the patients (n=138) using Tagman SNP Genotyping Assay
and statistical analysis to examine the predictive potential

of these SNPs as biomarkers

Figure 1. Schema of the study design. IL-16, interleukin 16; CCL11, C-C motif chemokine ligand 11; NRS, numerical rating scale; SNP, single-nucleotide

polymorphism.

regression analyses. In addition to the analytes, the inde-
pendent variables considered were the age (<70/=70 years),
sex, performance status score (1/=2), pre-NRS score (1-10),
total score on the HADS (Hospital Anxiety and Depression
Scale) (14), total score on the SE-MPQ-2 (Short-Form McGill
Pain Questionnaire-2) (7), and the required drug dose (high
or low), among which the pre-NRS, HADS, and SF-MPQ-2
scores were ordinal variables.

For the analysis in the genotypic study of the SNPs,
we characterized the SNPs of CCLI1 rs17809012, IL-16
rs4778889 and IL-16 rs11556218 by performing simple regres-
sion analyses separately for Group M and Group O. As the
CCLI1 rs17809012 SNPs had already been characterized for
135 patients in our previous study (6), we additionally analyzed
this SNP for the 3 remaining patients in this study. ANRS was
set as the dependent variable.

We also analyzed the three SNPs (CCLI1 rs17809012,
IL-16 rs4778889 and IL-16 rs11556218) in the entire subject
population (n=138), adding ‘treatment (morphine or oxyco-
done)’ as the independent variable in place of ‘dose’, which was

omitted due to the incompatible dosage forms between the two
opioids (8). We analyzed data from the entire subject popula-
tion by a simple regression analysis and a multiple regression
analysis with adjustments for confounding variables. The vari-
ance inflation factor (VIF) was used to diagnose problems of
multicollinearity. P<0.05 was set as denoting statistical signifi-
cance. The analyses were performed using the JMP statistical
software (v14.2; SAS Institute).

Results

Screening for chemokines/cytokines with predictive potential
for opioid effect. Out of the 39 cytokines/chemokines, our
simple regression analyses identified one candidate predictive
factor, IL-16, as a cytokine whose plasma concentrations were
significantly correlated with the effect of oxycodone (Table SI).

We also examined the concentration-treatment interac-
tions for the ANRS. A forest plot was constructed based on the
estimate (relative risk) with its 95% CI in the 2 concentration
groups (low and high) for each analyte (Fig. 2). Better efficacy
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Table I. Baseline characteristics of the patients.

Morphine group (n=70)

Oxycodone group (n=68)

Number of Low High Low High

Required dose patients (n=41) (n=29) P-value (n=53) (n=15) P-value
Age (years), n (%) 0.052 1

<70 62 23 (56.1) 9(31.0) 23 (43.4) 7 (46.7)

=70 76 18 (43.9) 20 (69.0) 30 (56.6) 8(53.3)
Sex, n (%) 0.225 0.382

Males 79 22 (53.7) 20 (69.0) 27 (50.9) 10 (66.7)

Females 59 19 (46.3) 9(31.0) 26 (49.1) 5(33.3)
Performance status, n (%)*¢ 1 1

0 10 3(7.3) 0(0) 3.7 4(26.7)

1 80 23 (56.1) 18 (62.1) 31 (58.5) 6 (40.0)

2 35 11 (26.8) 7(24.1) 15 (28.3) 3(20.0)

3 10 3(7.3) 3(10.3) 2(3.8) 2(13.3)

4 4 12.4) 1(3.5) 2(3.8) 0(0)
Pre-NRS score, mean (SD)° 49 (2.0) 59 2.1) 0.031 50(1.9) 7.0 (1.6) 0.0006
HADS score, mean (SD)° 15.3(7.5) 16.6 (7.9) 0.5 14.5(7.3) 15.5(6.9) 0.641
SF-MPQ-2 score, mean (SD)° 389(28.5) 442(31.2) 0.459 52.1(40.2) 75.1(364) 0.055

“Fisher's exact test. "Mann-Whitney's U test. “Performance status was compared between (0 + 1) and (2 + 3 + 4). pre-NRS score, pre-treatment
score on the numerical rating scale; HADS score, total score on the Hospital Anxiety and Depression Scale; SF-MPQ-2 score, total score on the
Short-Form McGill Pain Questionnaire-2; SD, standard deviation; Low/High, patients requiring low/high doses of the opioids.

with oxycodone was observed in patients with plasma IL-16
concentrations in the lower half of the concentration range,
while morphine was more effective in patients with IL-16
concentrations in the upper half of the concentration range
(P value for interaction=0.02).

Genotyping study. Next, we focused on the SNPs residing in
the IL-16 gene. We selected the rs4778889 and rs11556218
SNPs, which have been identified previously as being func-
tional (15-18). As suggested before (19), these two SNPs were
found to be closely related. Patients with the major genotype
of rs4777889 (TT) exclusively showed the major genotype of
rs11556218 (TT). Meanwhile, patients with the minor allele
(C) of rs4777889 had either the major allele (T) or minor
allele (G) of rs11556218 (Table SII). These results suggest that
the minor allele in rs11556218 emerged in an IL-16 gene with
the minor nucleotide (C) in rs4777889 that is more ancestral,
and linkage disequilibrium was evident between the two SNPs
loci (~9.3 kbp) in our cohort (d'=0.999).

We first confirmed if these SNPs were linked to the
analgesic effect of oxycodone, as the analgesic effect of
oxycodone differed between patients with higher and lower
plasma concentrations of IL-16 (Table SI), and the expression
levels of the IL-16 gene could be modulated by these IL-16
SNPs. A simple regression analysis for Group O showed that
the IL-16 rs4777889 and IL-16 rs11556218 genotypes were
correlated with the ANRS. The ANRS values in the patients
who were homozygous for the major allele (/L-16 rs4777889
TT and IL-16 rs11556218 TT) were significantly lower by
0.45 and 0.44, respectively, on average, as compared with the

ANRS values in patients who were carrying the minor alleles
(IL-16 rs4777889 TC/CC and IL-16 rs11556218 TG/GG;
P=0.027 and 0.034, respectively) (Table III). In contrast, for
patients of Group M, the ANRS value was lower by 0.56 in the
patients who were homozygous for the major allele of CCL11
(rs17809012 A A) as compared with that in patients who were
carrying the minor allele [rs17809012 (AG/GG)] (P=0.019)
(Table III) (6). These results confirmed that the rs4777889
(or rs11556218) and rs17809012 SNPs could be specific
biomarkers to predict the analgesic effects of oxycodone and
morphine, respectively.

Regardless of the opioids that were used in the overall
subject population, these SNPs appeared to affect the ANRS,
although analysis using a simple regression model revealed
that the differences between the IL-16 rs4777889 genotype
groups were statistically insignificant (Table SIII). We also
performed a multiple linear regression analysis with adjust-
ments for the age, sex, ps, pre-NRS score, treatment used,
genotype, and total scores on the HADS and SF-MPQ-2,
which still revealed significant differences of the ANRS
between the CCL11 rs17809012 genotype groups (difference
in ANRS between the genotype groups=0.25 with P=0.049),
but not between the IL-16 rs4777889 genotype groups
(difference in ANRS between the genotype groups=0.14,
with P=0.286) (Table SIV, multiple regression model 1).
We did not select IL-16 rs4777889 and IL-16 rs11556218
SNPs as covariables at the same time, because these SNPs
with linkage disequilibrium highly confounded each other
(with VIFs of 2.85 and 2.98, respectively; data not shown).
However, the analysis using CCLI1 rs17809012 and IL-16
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Table II. Chemokines/cytokines measured for plasma concentrations.

Items Non-abbreviated form Median concentration®
CCL21 C-C Motif Chemokine Ligand 21 34264
CXCL13 C-X-C Motif Chemokine Ligand 13 38.2
CCL27 C-C Motif Chemokine Ligand 27 950.2
CXCL5 C-X-C Motif Chemokine Ligand 5 1048.1
CCL11 C-C Motif Chemokine Ligand 11 95.1
CCL24 C-C Motif Chemokine Ligand 24 68.6
CCL26 C-C Motif Chemokine Ligand 26 15.0
CX3CL1 C-X3-C Motif Chemokine Ligand 1 154.6
CXCL6 C-X-C Motif Chemokine Ligand 6 55.8
CXCL1 C-X-C Motif Chemokine Ligand 1 186.7
CXCL2 C-X-C Motif Chemokine Ligand 2 2914
CCL1 C-C Motif Chemokine Ligand 1 58.3
IFN-vy Interferon-gamma 24
IL-1B Interleukin-1 beta 16.3
IL-2 Interleukin-2 10.1
IL-4 Interleukin-4 159
IL-6 Interleukin-6 21.8
IL-8 Interleukin-8 29.7
IL-10 Interleukin-10 25.7
IL-16 Interleukin-16 3232
CXCL10 C-X-C Motif Chemokine Ligand 10 72.0
CXCL11 C-X-C Motif Chemokine Ligand 11 3439
CCL2 C-C Motif Chemokine Ligand 2 243
CCL8 C-C Motif Chemokine Ligand 8 22.1
CCL7 C-C Motif Chemokine Ligand 7 719
CCL13 C-C Motif Chemokine Ligand 13 27.0
CCL22 C-C Motif Chemokine Ligand 22 4410
MIF Macrophage Migration Inhibitory Factor 689.9
CXCL9 C-X-C Motif Chemokine Ligand 9 410.0
CCL3 C-C Motif Chemokine Ligand 3 7.3
CCL15 C-C Motif Chemokine Ligand 15 34584
CCL20 C-C Motif Chemokine Ligand 20 174
CCL19 C-C Motif Chemokine Ligand 19 109.8
CCL23 C-C Motif Chemokine Ligand 23 2854
CXCL16 C-X-C Motif Chemokine Ligand 16 4242
CXCL12 C-X-C Motif Chemokine Ligand 12 607.7
CCL17 C-C Motif Chemokine Ligand 17 88.7
CCL25 C-C Motif Chemokine Ligand 25 435.1
TNF-a Tumor Necrosis Factor-alpha 232

“Median pre-treatment plasma concentrations (pg ml™!) of the cytokines and chemokines in the 138 patients.

rs11556218 SNPs as covariables showed significant differ-
ences of the ANRS between both the CCLII rs17809012
genotype groups and IL-16 rs11556218 genotype groups
(differences in ANRS between these genotype groups=0.28
and 0.31, with P=0.028 and 0.040, respectively; Table SIV,
multiple regression model 2), and there seemed to be no
strong confounding variables, with uniformly low VIF
values for all SNPs (<1.5) for both multiple regression
models 1 and 2 shown in Table SIV.

Predictive factors for opioid selection. Next, we examined
the genotype-treatment interactions influencing the ANRS.
The LSM for ANRS for each genotype-treatment interaction
was calculated based on the results of the multiple regres-
sion analysis (Table SV). A significant interaction (P=0.018)
was observed between the CCLII genotype and treatment
(Table SV and Fig. 3) (6), while no such interaction was
observed between the IL-16 rs4777889 or IL-16 rs11556218
genotype and treatment (Table SV and Fig. 3).
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Figure 2. Forest plots comparing the ANRS for the two treatments according to the plasma concentrations (low and high) of 39 chemokines/cytokines. The
dotted line represents the regression coefficient (estimate) for treatment in the overall subject population. ANRS, difference in the score on the numerical rating
scale for pain recorded prior to the start of opioid treatment and after opioid titration. CI, confidence interval; L, concentrations (pg/ml) lower than the median
values for each cytokine; H, concentrations (pg/ml) higher than the median values for each cytokine; NRS, numerical rating scale.

Four combinations of genotypes can be generated from the
two SNPs, IL-16_rs4777889/CCL11_rs17809012,i.e.i) TT/AA,
ii) TT/(AG+GQ), iii) (TC+CC)/AA, iv) (TC+CC)/(AG+GG).
We also analyzed the interactions influencing the ANRS
between each of the 4 genotype combinations and treatment
(Table SV and Fig. 3). Significant interaction (P=0.001)
was detected when comparison was conducted between
patients with ‘TT/AG+GG’ (n=45) and others (n=93)
(rs4778889/rs17809012, combination II; Table SV and Fig. 3).
As shown in Table 1V, the LSM of the ANRS was 4.00 for the
Group M patients with the TT/AG+GG genotype, which was
higher by 1.4 than the LSM in the Group M patients with the
remaining genotypes. In contrast, the LSM of the ANRS was
2.85 for the Group O patients with the TT/AG+GG genotype,
which was lower by 0.68 than the LSM for the Group O patients
with the remaining genotypes. No significant genotype-treat-
ment interactions were observed for any of the other genotype
combinations (Fig. 3 and Table IV). A similar analysis was
performed for another IL-16 SNP (rs11556218), and we
detected a weaker significance level of the genotype-treatment
interaction for the ANRS (P=0.022; Fig. 3).

Discussion

In the previous study, we confirmed three SNPs (TRPVI
rs222749, CCL11 rs17809012, HNMT rs1050891) as being
involved in the analgesic effect of morphine. Out of the three,
we found that the CCLI1 rs17809012 SNPs could be a poten-
tial biomarker to guide selection of the more suitable opioid
between morphine and oxycodone for treating cancer pain (6).
Patients of Group M with the major CCL/I rs17809012 geno-
type (AA) showed a significantly reduced ANRS (P=0.006),
suggesting that oxycodone should be preferred for patients with
this genotype of CCLI] to obtain better pain relief. However,
for the patients with the minor allele of the rs17809012
(AG/GG), morphine appeared to be a better choice, but this
interaction was not statistically significant (P=0.358) (6).

In the current study, we used pre-treatment plasma samples
of patients to screen for chemokines/cytokines with potential
value as biomarker(s) to guide opioid selection. From among
the 39 chemokines/cytokines measured, we identified only
the plasma concentrations of IL-16 as possibly having the
potential to predict the analgesic effect of oxycodone. Analysis
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Table III. Simple regression analyses to identify the SNP determinants of the ANRS on day 1 in the morphine and oxycodone
groups.

Morphine (n=70) Oxycodone (n=68)

Partial regression Partial regression

Variable § t-value coefficient (95% CI) P-value § t-value coefficient (95% CI)  P-value
Age -002 -0.19 0.85(-0.53t00.43) 0.851 004 030 0.76 (-0.33t0 0.44) 0.764
Sex -003 -022 -0.05(-0.54t00.44) 0828 -0.12 -095 -0.18(-0.57t00.21) 0.345
Performance status -007 -0.60 -0.15(5-0.64 t0 0.3) 0.549 0.22 1.84  0.36 (-0.03 t0 0.75) 0.070
Pre-NRS score 0.58 5.81 0.55(0.36t00.74) <0.0001 0.60 6.11 047 (032t00.63) <0.0001
HADS score 0.07 0.59  0.02 (-0.04 t0 0.08) 0.555 0.15 1.19  0.03 (-0.02 to 0.09) 0.237
SE-MPQ-2 Total score  0.26 226  0.02(-0.00 to 0.03) 0.027 0.29 242  0.01(0.002t00.02) 0.018
Dose -0.16 -138 -0.33(-0.81t00.15) 0.174 -0.15 -122 -0.28(-0.74t00.18) 0.228
Genotype

IL-16 (rs4778889) -001 -0.10 -0.03(-0.52t00.47) 0918 -027 -227 -045(-0.84t0-0.05) 0.027

IL-16 (rs11556218)  -0.17 -142 -042(-1.01t00.17) 0.161 -026 -2.17 -044(-0.84t0-0.03) 0.034

CCLI11 (rs17809012) -0.28 -241 -0.56(-1.01t0-0.10) 0.019 0.11 0.86  0.16 (-0.22 t0 0.55) 0.394

ANRS, difference in the score on the numerical rating scale recorded prior to the start of opioid treatment and after opioid titration; SNP,
single-nucleotide polymorphism; CI, confidence interval; pre-NRS score, pre-treatment score on the numerical rating scale; HADS score, total
score on the Hospital Anxiety and Depression Scale; SF-MPQ-2 score, total score on the Short-Form McGill Pain Questionnaire-2; I1L-16,
interleukin 16; CCL11; C-C motif chemokine ligand 11. 3 standardized partial regression coefficient for ‘<70’ (Age), ‘male’ (Sex), ‘0 and 1’
(Performance status), ‘Low’ (Dose), “TT’ for rs4778889, “TT’ for rs11556218 and ‘AA’ for rs17809012 (Genotypes).

P-value for
Estimate (95% Cl) P-value interaction
Total - —eT— 0.52 (-0.43 0.17) 0.400
1
T —_— -0.01 (-0.39 0.38) 0.979
IL-16 (rs4778889) ' 0.246
TC/CC —_— -0.38 (-0.88 0.12) 0.137
1
T —— -0.09 (-0.44 0.26) 0.617
IL-16 (rs11556218) ' 0.993
TG/GG : -0.09 (-0.69 0.52) 0.774
1
AA —_— -0.49 (-0.89 -0.09) 0.017
CCL11 (rs17809012) ! 0.018
AG/GG ————— 0.23 (-0.22 0.69) 0.310
TT/AA _— —0.47 (-1.02 0.07) 0.088
rs4778889/rs17809012 (1) . 0.140
Others —_— 0.02 (-0.35 0.38) 0.934
1
TT/(AG/GG) | | ——e——— 0.58(0.051.11) 0.034
rs4778889/rs17809012 (II) ! 0.001
Others ——d -0.46 (-0.82 -0.11) 0.011
(TC/CC)/AA : -0.49 (-1.100.11) 0.108
rs4778889/rs17809012 (Ill) ' 0.225
Others —r— -0.03 (-0.38 0.32) 0.870
(TC/CC)/(AG/GG) n -0.54 (-1.45 0.37) 0.233
rs4778889/rs17809012 (IV) ' 0.308
Others —_—r —0.08 (-0.40 0.25) 0.653
1
TT/AA —_— -0.42 (-0.91 0.07) 0.093
rs11556218/rs17809012 (1) ! ( ) 0.147
Others e 0.04 (-0.34 0.43) 0.822
|
TTHA -t 0.32 (-0.20 0.83) 0.220
rs11556218/rs17809012 (II) "AG/Ga) X ¢ ) 0.022
Others —— -0.41 (-0.78 -0.03) 0.033
1
T A L -0.55 (-1.33 0.22) 0.152
rs11556218/rs17809012 (I1l) (TG/GGYA ! ( ) 0.234
Others ——— -0.04 (-0.38 0.30) 0.809
1
-0.10 (-1.08 0.89) 0.835
| rs11556218/rs17809012 (IV) (TGIGGIAGIGG) I' ( ) 0.931
Others —-I—— -0.14 (-0.46 0.18) 0.383
-1.0 0.0 1.0 2.0

Favors oxycodone €——— —» Favors morphine

Figure 3. Forest plots comparing the ANRS for the two treatments according to the genotypes of three SNPs (IL-16_rs4778889, IL-16_rs11556218 and
CCL11_rs17809012) and the genotype combinations (I-IV for each of the IL-16/CCL11 SNP combinations). The dotted line represents the regression coef-
ficient (estimate) for treatment in the overall subject population. ANRS, difference in the score on the numerical rating scale for pain recorded prior to the start
of opioid treatment and after opioid titration. NRS, numerical rating scale; SNP, single-nucleotide polymorphism; CI, confidence interval; Others, patients with
the other genotype combinations; IL-16, interleukin 16; CCL11, C-C motif chemokine ligand 11.
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Table IV. LSMs of ANRS for patients (n=138) in terms of interaction between their genotype (combination) and treatment.

Variable® Group® n LSM Standard error 95% CI
IL-16 (rs4778889)*treatment TT + morphine 43 3.02 0.27 2.48-3.56
TC/CC + morphine 27 3.07 0.35 2.39-3.76
TT + oxycodone 45 3.03 0.27 2.50-3.56
TC/CC + oxycodone 23 3.83 0.37 3.09-4.57
CCL11 (rs17809012)*treatment AA + morphine 34 247 0.30 1.87-3.07
AG/GG + morphine 36 3.58 0.29 3.00-4.17
AA + oxycodone 38 345 0.29 2.88-4.01
AG/GG + oxycodone 30 3.12 0.32 2.48-3.75
(rs4778889/rs17809012)*treatment ~ (TT/AA) + morphine 21 2.29 0.39 1.52-3.05
(Others) + morphine 49 3.37 0.25 2.87-3.87
(TT/AA) + oxycodone 22 3.23 0.38 2.48-3.98
(Others) + oxycodone 46 3.34 0.26 2.82-3.86
(rs4778889/rs17809012)*treatment [TT/(AG/GG)] + morphine 22 4.00 0.37 3.27-4.73
(Others) + morphine 48 2.60 0.25 2.11-3.10
[TT/(AG/GG)] + oxycodone 23 2.85 0.36 2.13-3.56
(Others) + oxycodone 45 3.53 0.26 3.02-4.05
(rs4778889/rs17809012)*treatment [(TC/CC)/AA] + morphine 13 2.77 0.50 1.78-3.76
(Others) + morphine 57 3.11 0.24 2.63-3.58
[(TC/CC)/AA] + oxycodone 16 3.75 045 2.86-4.64
(Others) + oxycodone 52 3.16 0.25 2.67-3.66
(rs4778889/rs17809012)*treatment [(TC/CC)/(AG/GG)] + morphine 14 2.93 0.48 1.97-3.88
(Others) + morphine 56 3.07 0.24 2.59-3.55
[(TC/CC)/(AG/GG)] + oxycodone 7 4.00 0.68 2.65-5.35
(Others) + oxycodone 61 322 0.23 2.76-3.68

2#’Denotes interaction between the genotype (or genotype combination) and treatment (opioid); >+’ denotes ‘and’, e.g., AA + morphine
represents patients with genotype AA treated with morphine. IL-16, interleukin 16 (rs4778889); CCL11, C-C motif chemokine ligand 11
(rs17809012); (others), other genotype combinations; LSM, least square means; ANRS, difference in the score on the numerical rating scale
recorded prior to the start of opioid treatment and after opioid titration; CI, confidence interval.

of the interaction between the plasma concentration of IL-16
and treatment for the ANRS showed that patients with plasma
IL-16 concentrations in the lower half of the range of concen-
trations responded significantly better to oxycodone treatment.

We next focused on several SNPs residing in the IL-16
gene. We selected two (rs4778889 and rs11556218 SNPs),
which have been identified previously as being func-
tional (15-18). For both SNPs, in the Group O patients,
homozygosity for the major allele (TT for both SNPs) was
associated with a reduced ANRS, implying a lower analgesic
effect, as compared with the genotypes including at least one
minor allele (C for rs4778889 or G for rs11556218). These
minor alleles may be linked to low plasma concentrations
(expression levels) of IL-16, because in the current study, we
showed that the effect of oxycodone in the Group O patients
was significantly better in those with lower concentrations
of IL-16. This result, however, appeared to be inconsis-
tent with the finding of Burkart er al (20), who reported a
several-fold increased expression of /L-16 associated with
the minor allele (C) as compared with the major allele (T)
of rs4778889, which is putatively located in the promoter
region of the human /L-16 gene (21). They used a luciferase
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Figure 4. Significance of the ANRS in patients treated with morphine (blue)
or oxycodone (orange) is expressed by the LSMs + standard error sepa-
rately for the genotype combinations (rs4778889/rs17809012) of: i) TT/AA;
ii) TT/(AG/GG); iii) (TC/CC)/AA; and iv) (TC/CC)/(AG/GG). ANRS, differ-
ence in the score on the numerical rating scale for pain recorded prior to the
start of opioid treatment and after opioid titration; Numbers in parentheses
indicate the numbers of patients. LSMs, least square means; NRS, numerical
rating scale.

reporter assay in an in vitro experiment, which may not
have accurately reproduced the status in vivo (22,23).
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Indeed, a positive association has been reported between
the rs4778889 TT genotype and IL-16 expression levels in
Crohn's disease (24) and Grave's diseases (25), which are
consistent with our results. Further analyses may be required
to clarify this issue.

The rs11556218 SNP, another /L-16 SNP located on
exon 6 of the gene, can result in an asparagine to lysine
substitution in the IL-16 protein. This substitution may
alter the protein structure and function (26), but whether
it affects the pain perception or sensitivity remains largely
unknown, although it has been reported to be associated
with an elevated risk of development of gastric cancer,
colorectal cancer and osteosarcoma (16,17). We found that
this SNP was in linkage disequilibrium with rs47788809.
Thus, a trend towards a reduced ANRS value associated
with homozygosity for the major allele (TT for both SNPs)
as compared with heterozygosity or homozygosity for the
minor allele was observed for both the SNPs in the Group O
patients (Table III). When the interaction between treatment
and the genotype for the ANRS was analyzed, the trends
associated with the IL-16 rs4778889 genotypes were found
to be stronger because the combination of the rs4778889
TT genotype with the CCLI1I rs17809012 AG/GG genotype
was associated with a higher effect of morphine (P=0.034),
while no such association was observed for combination of
the rs11556218 TT genotype with the CCLI1 rs17809012
AG/GG genotype (P=0.22) (Fig. 3). Thus, the Group M
patients with the rs4778889 TT genotype and rs17809012
AG/GG genotype showed an LSM for the ANRS of 4.00,
which was more than 1.00 higher than LSMs in the Group
M patients with the other rs4778889/rs17809012 genotype
combinations and the Group O patients with the same geno-
type combination (Fig. 4). In contrast, the Group O patients
with the genotype combinations other than rs4778889
TT/rs17809012 (AG/GG) showed an LSM for the ANRS that
was about 1.00 higher than LSMs in the Group M patients
with the respective genotype combinations (Fig. 4).

SNPs of drug transporters, metabolizing enzymes, and
opioid receptors known to modulate the pharmacokinetic and
pharmacodynamic effects of opioids have been suggested as
potentially useful biomarkers for aiding in opioid selection for
patients with cancer pain (1-3). To the best of our knowledge,
this study, as an extension of our previous study (6), is the
first to show that cytokine or chemokine SNPs could also be
used to choose between opioids (morphine or oxycodone). Our
previous study suggested that the CCL11 rs17809012 SNP could
be a biomarker that could predict the effect of morphine (6).
However, our current study demonstrated that two SNPs (i.e.
CCLI11 rs17809012 and IL-16 rs4778889) in combination could
significantly predict the effect of both opioids and, therefore,
enhance the validity of the choice (morphine or oxycodone)
further than the use of CCL11 rs17809012 alone.

IL-16 is considered as being a proinflammatory cytokine,
and by binding to its receptor (CD4), it promotes the secre-
tion of inflammatory cytokines, such as TNF-a, IL-1p and
IL-6 (11). IL-6 is also known as a pronociceptive cytokine, like
CCLI11 (27). These cytokines/chemokines form networks that
induce nociceptive and neuropathic pains. How these networks
contribute to the pathogenesis of cancer pain, characterized by
a mixed-mechanism pain state, is still unknown. Our findings
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regarding the interactions between the cytokines (or chemo-
kines) and opioids may be expected to pave the way towards
elucidation of the mechanisms of cancer pain and its treatment.

Our study had some limitations. Cancer pain is widely
known to be an inflammatory response mediated by complex
interactions among many cytokines and chemokines. These
humoral factors are induced in different ways depending on
the cancer type, grade and stage. We enrolled subjects with
a variety of cancer types in the study (Table SVI), however,
classification of patients into these categories could not be
performed due to our small sample size and lack of data, which
could have introduced some biases. Second, we detected a
positive relationship between the genotype and plasma levels
for IL-16 in this study, but unexpectedly, this was not the case
for CCL11. While we measured the plasma concentrations of
CCL11, we observed no relationship of the plasma concentra-
tions of CCL11 with the treatment effect in this study, unlike
the case for the CCLI11 genotype, which showed a significant
correlation with the treatment effect (6). This divergence could
weaken the reliability of our findings; however, a positive rela-
tionship between the plasma concentrations and the genotype
may not necessarily be observed if the genotype is not linked
to regulation of the gene expression but to other biological
function(s) of the encoded protein.

In conclusion, we found two biomarker SNPs that can be
used in combination to guide treatment selection between
morphine and oxycodone for the treatment of cancer pain.
Patients with the /L-16 rs4778889 TT genotype and CCLI1]
rs17809012 AG/GG genotype may be expected to benefit from
treatment with morphine, while patients with the remaining
genotype combinations could be expected to benefit from
treatment with oxycodone, both of which are significant.
Nucleotide sequencing of these two SNP regions can be readily
performed in patients with cancer pain, so that physicians
can have the option of selecting the more effective opioid for
individual patients with cancer pain, a new therapeutic concept
that warrants further clinical evaluation.
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