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ABSTRACT

Objective.The study objective was to evaluate whether there
are clinical or genetic differences between patients with
cancer-induced bone pain (CIBP) and patients with non-CIBP,
and, in the CIBP group, in those with good versus poor opioid
response.
Materials and Methods. A total of 2,294 adult patients with
cancerwhowerereceivingopioids formoderateor severepain
were included in theEuropeanPharmacogeneticOpioid Study.
Pain intensity and pain relief were measured using the Brief
Pain Inventory. Linkagedisequilibriumof 112 single nucleotide
polymorphisms was evaluated in 25 candidate genes, and 43
haplotypeswereassessed.Correlationsamongdemographical
factors, disease-related factors, genetic factors, CIBP, and pain
reliefwereanalyzedby logistic regressionmodels corrected for
multiple testing. Patientswith bonemetastases and bone/soft
tissue pain were defined as having prevalent bone pain (CIBP

population).This populationwas comparedwith patients who
had other types of cancer pain (non-CIBP).
Results. A total of 577 patients (26.2%) had CIBP, and 1,624
patients (73.8%) had non-CIBP. Patients with CIBP had more
breakthrough cancer pain episodes (64.2% vs. 56.4%, p5 .001),
hadsignificantlyhigherpain interferencein“walkingability inthe
past 24hours” (p, .0001), usedmore adjuvant drugs (84.1%vs.
78.3%,p5 .003), andhadahigher, albeit nonsignificant,median
overall survival (3.8 vs. 2.9months, p5 .716) than patients with
non-CIBP. None of the examined haplotypes exceeded p values
corrected for multiple testing for the investigated outcomes.
Conclusion. Patients with CIBP who were taking opioids had
a clinical profile slightly different from that of the non-CIBP
group. However, no specific genetic pattern emerged for CIBP
versus non-CIBP or for responsive versus nonresponsive
patients with CIBP. The Oncologist 2014;19:1276–1283

Implications for Practice: The objective of this study was to identify the characteristics that would make patients with bone pain
“different” fromthosewithpainof anykind.Genetic peculiarity has notemerged, and fromthis point of view the study is negative.
However, the study has shown some important clinical features. Patients with cancer-induced bone pain (CIBP) had more
breakthrough pain, had greater difficulty in walking, used more adjuvant drugs, and had a slightly longer median overall survival
than patients with non-CIBP. Patients with bone pain are carriers of a major symptom burden for a long time; thus, their
management is clinically complicated and requires relevant attitudes and skills.

INTRODUCTION

More than half of all patients with cancer experience pain [1].
Cancer-induced bone pain (CIBP) is a frequent cause of cancer
pain [2–4]. PecherstorferandVesely [5] reported thatCIBPwas
present in 34% of hospitalized patients with cancer and 45%
of patients enrolled in a palliative home-care program. In
mostcases,CIBP isassociatedwithmetastaticdiseaseandcaused
by tumor involvement of the bone.Tumor cells can elicit bone
pain by causing pathological fractures and microfractures
or by invading sensory nerve endings. Tumor burden causes

oxidative stress, and disruption of the normal bone homeo-
stasis will result in an acidic microenvironment. CIBP also is
associated with the release of inflammatory cytokines. These
biological processes are thought to mediate pain, but the ex-
perience of pain is closely related to characteristics of the
“host” [3, 6–8].

Patients with CIBP often experience a combination of
constant pain and pain exacerbations, either spontaneous or
episodic pain provoked by movement or weight bearing [7–11].
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Because of the complex etiology and clinical fluctuations
of pain intensities, treatment of CIBP often needs to be multi-
modal. Therapy can involve both pharmacological and non-
pharmacological approaches, including the administration of
various analgesics, bisphosphonates, radiation therapy, and
surgery [12, 13].

Opioids represent the basis of analgesic therapy of CIBP
[14–18] despite the lack of controlled clinical trials on the
effectiveness ofopioids in pain due to bonemetastases [19].
There is a large interindividual variability in opioid efficacy.
This variability has initiated numerous studies on the effect
of genotype for opioid pharmacokinetics and pharmacody-
namics.These studies aredesigned toassess the influenceof
single nucleotide polymorphisms (SNPs) in candidate pain
genes encoding receptors and ion channels implicated in
pain modulation [20] and/or the effect of genes encoding
drug-metabolizing enzymes and transporters on analgesic
drug pharmacokinetics [21]. A theoretical aim would be
to develop “point-of-care genotyping devices” to tailor
analgesic drug therapy to the individual patient [22, 23].
Some preliminary studies show promising results, but these
have not been replicated across larger studies, and the
ultimate aim of personalized prescribing remains elusive
[24–28].

One explanation for the lack of consistent genetic as-
sociation with opioid efficacy for cancer pain may be that the
studies usually include unselected cohorts of patients with
cancer pain. Because CIBP represents pain etiology with its
own biology, important clinical appearance can be missed in
a larger study includingall subgroupsofcancerpain.Therefore,
this study represents a secondary analysis of the European
Pharmacogenetic Opioid Study (EPOS), whose primary aim
was to assess the influence from genetic variability on opioid
use forcancerpain [27].The studyanalyzed2,294patientswith
cancer in an unselected group of patients with cancer and
observed no statistically significant relations between genetic
variability and opioid dose. In this study, we investigated the
specific characteristics of CIBP and address whether there are
clinical or genetic differences between patients with CIBP and
patientswith non-CIBP.The study also assessedwhether there
is genetic variability in patients with CIBP with good versus
poor opioid response.

MATERIALS AND METHODS

Study Design and Patients
A total of 2,294 patients with cancer were recruited in the
international, multicenter, cross-sectional EPOS [27], with
the principal aim to examine the association between
genetic variations and opioid efficacy on cancer pain relief.
Patients were eligible if they had verified malignant disease,
were aged $18 years, and were scheduled with opioid
treatment for moderate to severe pain for at least 3 days.
Patients who were not capable of speaking the language
used at the study centerwere excluded. A total of 93patients
were excluded from the genetic association analyses
(because 53 were of nonwhite ethnicity, 5 patients were
Greek, 24 did not have a blood sample, and 11 withdrew
from the study). Thus, 2,201 white patients were included
in the final genetic analyses.

Study Procedure and Assessment
At the time of inclusion, the study collected the following
information:demographicdata(age, gender,ethnicity), cancer
diagnosis, presence of metastasis, weight, height, place of
treatment, opioid treatment details (medications and
dosages, time since opioid treatment started), and use of
nonopioid and adjuvant medication. Opioid doses were
converted to equivalent total daily oral morphine doses
using standard tables [29]. Pain mechanisms were assessed
according to the Revised Edmonton Staging System for
cancer pain (visceral, bone soft tissue, neuropathic, mixed,
unknown pain) [30]. Breakthrough pain was evaluated as
present or not present. Pain intensities were measured
using the Brief Pain Inventory, an 11-point numeric rating
scale from 0 (“no pain”) to 10 (“pain as bad as you can im-
agine”) [31]. Pain relief was evaluated in percentage from 0%
(“no pain relief”) to 100% (“complete pain relief”) [31].

Cognitive function was assessed by the Mini-Mental State
Examination [32, 33], scoring from 0 to 30 (0–23 definite
cognitive dysfunction, 24–26 possible cognitive dysfunction,
27–30 no cognitive dysfunction). Functional status was as-
sessed by the Karnofsky Performance Status [34], scoring from
0% to 100%, with higher scores meaning better function.

The European Organization for Research and Treatment of
Cancer Quality of Life (EORTC QLQ)-C30 version 3.0 [35] was
used to assess the patient’s self-reportedquality of life (EORTC
QLQ-C30), which consists of 30 questions comprising 5 func-
tional scales (physical, role, cognitive, emotional, and social), 3
symptom scales (fatigue, pain, and nausea/vomiting), global
health status, perceived financial impact of the disease, and
single items to evaluate additional symptoms (dyspnea, loss of
appetite, insomnia, constipation, and diarrhea). Scores are lin-
early transformed into scales of 0 to 100 (100 corresponds to
high health-related quality of life for global health status and
the5 functional scales,whereas symptomburdenandfinancial
impact correspond tomaximumdifficulty). A validated version
in the language of each study center was applied for all in-
struments. Data from overall survival (OS) were available for
1,879 of 2,201 patients.

Patients with bone metastases and bone/soft tissue pain
were defined as patients with prevalent bone pain (CIBP pop-
ulation). This population was compared with patients with
pain not originating from bone metastases (non-CIBP pop-
ulation). Patients with a pain relief score of 90% or more were
defined as “good responders” to opioid therapy, and patients
with a pain relief score of 40% or less were defined as “poor
responders.”

ThestudywasconductedinaccordancewiththeDeclaration
of Helsinki on Biomedical Research Involving Human Subjects.
Approval from the ethics committees of each participating
center was obtained, and each participating subject provided
written informed consent.

Polymorphism Analyses
Whole blood samples were obtained and DNA extraction and
SNP analyses were performed as previously described [27].
Individuals with aminimumallele frequency of less than 5%or
in violation with the Hardy-Weinberg equilibrium (chi-square
test, p , .0005) were excluded [36]. The selection of genes
was based on genes reported to be candidates for genetic
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variability related to pain or genes coding molecules with
a putative role in inflammation and pain physiology. SNPs
were chosen according to location and expected frequency.
To evaluate the linkage disequilibrium between the SNPs,
we used the haplotype analysis software Haploview 4.2
(Broad Institute, Cambridge, MA, http://www.broadinstitute.
org/scientific-community/science/programs/medical-and-
population-genetics/haploview/haploview) [37] using the de-
fault algorithm. In our sample set, we could predict the following
haplotypeblocks:OPRD1 (rs678849-rs2236857),CRP(rs1130864-
rs1800947), IL10 (rs1800872-rs1800896), TGFB2 (rs1418553-
rs1890995),TACR1 (rs6725334-rs2024512), IL1A (rs17561-rs1800587),
IL1B (rs1143627-rs16944), CXCR7 (rs10183022-rs9287599),
HRH1 (rs2606731-rs346076), DRD3 (rs3732790-rs963468-
rs377367-rs1677719), DRD3 (rs6280-rs324026), HTR3D
(rs939334-rs6792482-rs6443930), HTR3C (rs6766410-rs6807362),
HTR3E (rs6443950-rs7627615), HTR3E (rs7432211-rs4912522),
TFRC (rs2284890-rs3817672), CCKAR (rs7665027-rs2000978-
rs2040342-rs3822222), TLR2 (rs4696480-rs3804100), HINT1
(rs3852209-rs2551038-rs3864283), ADRB2 (rs1042713-rs1042714-
rs1042717),GABBR1 (rs740882-rs29261-rs29259),TNF (rs17999641-
rs1800629),CNR1 (rs806368-rs12720071-rs1049353),OPRM1
(rs9479757-rs540825-rs562859-rs548646-rs1323042-rs618207-
rs639855-rs497976), IL6 (rs1800795-rs2069835-rs1554606-
rs2069845), CAK2B (rs10441113-rs4526269), ABCB1 (rs1045642-
rs4437575),ABCB1 (rs2235013-rs2235033-rs1128503-rs1202170),
GABBR2(rs108187393-rs10818743),CCKBR(rs2941029-rs2880898),
IL18 (rs360729-rs549908), IL18 (rs5744256-rs2043055-rs187238),
DRD2 (rs1554929-rs6279-rs1125394), DRD2 (rs7131440-
rs7122246), DRD2 (rs7131056-rs4648317), HTR3B (rs7103572-
rs1176744), TNFRSF1A (rs767455-rs4149570), STAT6 (rs3024971-
rs167769), IFNG (rs2193049-rs2069727-rs2430561), ARRB2
(rs4790693-rs3786047-rs1045280-rs2271167-rs2036657), ARRB2
(rs4329-rs4341-rs4362), COMT (rs2020917-rs5993882), and
COMT (rs4646312-rs165722-rs4680).

Statistical Analysis
The comparisons between patientswith CIBPand patientswith
non-CIBPrelated toclinical dataorhaplotypeswereanalyzedby
logistic regression models. Odds ratios and 95% confidence
intervals (CIs)were adjusted for gender and countryoforigin.To
mitigatethe issueofmultipletesting,a falsediscovery rate (FDR)
of less than 10% was used to determine haplotypes associated
with the dependent variable bone pain. FDR was controlled
using the Benjamini-Hochberg step-up procedure [38], on the
basis of all tests for significance of covariates for the regression
models.We examined models in which haplotypes were given
dominant, codominant, or recessive effects.

Overall survivalwas calculated fromthedateof inclusion in
the study to the date of death as a result of any reason. OSwas
estimated using the Kaplan-Meier life-table method and
compared by a 2-sided log-rank test. All statistical analyses
were carried out with SAS software (version 9.3, SAS Institute,
Inc., Cary, NC, http://www.sas.com).

RESULTS

Clinical and demographic characteristics of the patients with
CIBP (n5 577, 26.2%) and patients with non-CIBP (n5 1,624,

73.8%) were similar except for cancer diagnoses and presence
of bone metastasis (Table 1). Prostate and breast cancer were
more frequent in thosewithCIBP,whereasgastrointestinaland
cancer in reproductive organs were more frequent in those
with non-CIPB. Patients with CIBP had by definition 100% pre-
sence of bone metastasis, whereas 26% of the patients with
non-CIBP had bone metastases. The reports related to pain
were generally similar (Table 2). However, episodes of break-
through cancer painwere present in 370 patients (64.2%)with
CIBP and 911 patients (56.4%) with non-CIBP (p 5 .001).
Patients with bone pain had a significantly higher pain
interference in “walking ability past 24 hours” (p, .0001).

Analysis of quality of life reveals that physical and role
functionscaleswereassociatedwithpatientswithCIBPornon-
CIBP.Mean (SD) scoresof these scales of EORTCQLQ-C30were
higher in those with non-CIBP than in those with CIBP (42.1
[26.2] vs. 34.8 [24.0], p, .0001 for physical function and 28.9
[31.1] vs. 23.1 [26.7], p5 .0002 for role function). In regard to
symptoms, patients with CIBP had a mean constipation score
of 50.2 (37.2) comparedwith 43.2 (36.8) for patientswith non-
CIBP (p 5 .0003) and a mean pain score of 63.8 (27.7)
compared with 61.4 (28.5), respectively (p5 .096).

Themedianopioiddoseexpressedastheoralequivalentdaily
morphine use was similar in the two groups of patients: CIBP
group, median value 160 mg/24 hours (quartiles 80–380); non-
CIBP group, median value 180 mg/24 hours (quartiles 80–400)
(p 5 .10). More details on the use of analgesics are shown in
Table 3. Patients with CIBP more often used paracetamol or
corticosteroids, whereas nonsteroidal anti-inflammatory
drugsandgabapentinswereequallyapplied (Table3).Globally,
patients with CIBP received adjuvant drugs more frequently
than patients with non-CIBP (84.1% vs. 78.3%; p5 .003).

The efficacy of opiates to relieve the painwas similar in the
CIBP and non-CIBP groups. Median opioid doses of morphine,
oxycodone, and fentanyl were 80 mg/24 hours, 60 mg/24
hours, and 75 mg/hour, respectively, for patients with CIBP
compared with 60 mg/24 hours, 55 mg/24 hours, and
50 mg/hour, respectively, for patients with non-CIBP
(p5 .088, p5 .075, and p5 .090, respectively).

In regard to lifeexpectancy,patientswithCIBPhadahigher,
albeit nonsignificant, median OS (3.8 months; 95% CI,
3.2%–4.2%) than patients with non-CIBP (2.9 months; 95%
CI, 2.6%–3.3%) (p5 .716).ThemedianOSofpatientswithCIBP
who received high doses of opiates and experienced relief of
pain was higher than in patients who received high doses of
opiates and did not experience relief of pain: morphine, 7.2
(2.9–10.2) months versus 4.5 (1.7–5.5) months (p 5 .573);
oxycodone, 6.6 (3.2–9.0) months versus 2.7 (0.5–4.1) months
(p 5 .004); and fentanyl, 3.4 (1.8–4.6) months versus 2.4
(0.6–13.4) months (p5 .476).

Haplotypes Analyses and Pain
Of125SNPsanalyzed, 13wereexcluded fromthestudy:3 SNPs
(rs1202181 inABCB1, rs7175823 inCHRM5,and rs33940208 in
HTR3A) because no genotypes were recorded and 10 SNPs
(rs7815824 in OPRK1, rs16954146 in ARRB2, rs4878 and
rs11558046 inHINT1, rs1805009 inMC1R, rs1800496 inDRD2,
rs1799920 in HTR1, rs34327364 in HTR3A, rs3831455 in
HTR3B, and rs34826744 inHTR4) because allele frequencywas
less than 5%. All remaining 112 SNPs were in Hardy-Weinberg
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equilibrium and were retained for analyses. A linkage dis-
equilibrium analysis was performed for all SNPs according to
geneposition.We identified43different haplotypeblocks that
were evaluated according to bone pain and pain relief. Among

Table 1. Characteristics of study population

Variable

Patients with
CIBP
(n5 577), n (%)

Patients with
non-CIBP
(n5 1,624), n (%)

Age (yr)

Median (range) 66 (29–91) 62 (18–96)

Mean (SD) 64.9 (11.9) 61.6 (12.3)

Gender

Male 345 (59.8) 809 (49.8)

Female 232 (40.2) 815 (50.2)

Body mass index

Median (range) 24.2 (14.4–46.9) 23.0 (9.2–44.6)

Mean (SD) 24.3 (4.4) 23.3 (4.6)

Department category

Hospitalized patients 491 (85.1) 1,305 (80.4)

Outpatients 86 (14.9) 319 (19.6)

Tumor

Urologic 53 (9.2) 107 (6.6)

Lung 121 (21.0) 286 (17.6)

Breast 133 (23.1) 159 (9.8)

Prostate 159 (27.6) 98 (6.0)

Gastrointestinal 52 (9.0) 453 (27.9)

Female reproductive
organs

15 (2.6) 153 (9.4)

Hematological 16 (2.8) 108 (6.6)

Unknown origin 14 (2.4) 48 (3.0)

Others 36 (6.2) 283 (17.4)

Metastasis

Liver 138 (23.9) 409 (25.2)

Bone 577 (100) 416 (25.6)

CNS 42 (7.3) 88 (5.4)

Lung 112 (19.4) 377 (23.2)

Other 130 (22.5) 756 (46.6)

KPS

Median (range) 60 (20–100) 60 (10–100)

Mean (SD) 59.7 (16.7) 58.8 (17.5)

Creatinine serum
concentration (mmol/L)

Median (range) 67.0 (22.1–618.8) 66.0 (17.7–530.4)

Mean (SD) 74.4 (44.5) 74.6 (41.6)

Albumin serum
concentration (g/L)

Median (range) 33.0 (10.9–91.0) 32.0 (4.0–67.3)

Mean (SD) 32.7 (7.1) 31.5 (7.4)

Cognitive function
(MMSE sum score)

Median (range) 28 (11–30) 28 (9–30)

Mean (SD) 26.9 (3.4) 26.9 (3.4)

Abbreviations: CIBP, cancer-induced bone pain; CNS, central nervous
system; KPS, Karnofsky Performance Status; MMSE, Mini-Mental State
Examination.

Table 2. Characteristics of study population related to

cancer pain

Variable

Patients
with CIBP
(n5 577),
n (%)

Patients
with
non-CIBP
(n5 1,624),
n (%)

Pain category

“Pure/prevalent” bone pain 577 (100) —

Soft tissue — 397 (24.4)

Visceral pain — 347 (100)

Neuropathic pain — 102 (100)

Mixed pain — 757 (100)

Unknown pain — 18 (100)

Missing — 3

Breakthrough pain

Yes 370 (64.2) 911 (56.4)

No 206 (35.8) 705 (43.6)

Pain (BPI average pain)

#3 278 (55.0) 691 (50.5)

4–6 201 (39.7) 554 (40.5)

$7 27 (5.3) 123 (9.0)

Pain (BPI worst pain)

Median (range) 5 (0–10) 6 (0–10)

Mean (SD) 5.0 (2.7) 5.3 (2.8)

Pain (BPI least pain)

Median (range) 1 (0–9) 1 (0–10)

Mean (SD) 1.7 (1.7) 1.8 (1.8)

Pain (BPI average pain)

Median (range) 3 (0–10) 3 (0–10)

Mean (SD) 3.3 (2.0) 3.6 (2.2)

Pain (BPI now pain)

Median (range) 2 (0–10) 2 (0–10)

Mean (SD) 2.4 (2.2) 2.6 (2.3)

Pain (BPI severity indexpast24hours)

Median (range) 12 (0–39) 13 (0–40)

Mean (SD) 12.4 (7.3) 13.2 (7.8)

Pain (BPI relief)

Median (range) 70 (0–90) 70 (0–90)

Mean (SD) 58.5 (31.7) 57.5 (31.5)

Pain (BPI general activity past 24
hours)

Median (range) 5 (0–10) 5 (0–10)

Mean (SD) 5.0 (3.2) 4.8 (3.2)

Pain (BPI mood past 24 hours)

Median (range) 3 (0–10) 3 (0–10)

Mean (SD) 3.6 (3.0) 3.7 (3.1)

Pain (BPI walking ability past 24
hours)

Median (range) 5 (0–10) 4 (0–10)

Mean (SD) 5.2 (3.5) 4.4 (3.4)

Pain (BPI normal work past 24 hours)

Median (range) 7 (0–10) 7 (0–10)

Mean (SD) 6.3 (3.6) 5.9 (3.7)

(continued)
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these, 7 haplotypes, in 6 different genes, were associated
(uncorrected p , .05) with the presence of CIBP, but none
exceeded the Benjamini-Hochberg criterion (Table 4).

Patients with CIBP who experienced good pain relief and
poor pain relief were analyzed with respect to haplotype var-
iability.Twohaplotypeswere associatedwith agoodpain relief
response (uncorrected p , .05) (Table 5). However, none of
the associations passed the Benjamini-Hochberg criterion in
this case.

DISCUSSION

In this study comparing patients with CIBP and patients with
non-CIBP,weobserved thatexcept formore frequentepisodes
of breakthrough pain, reduced ability towalk, andmore use of
corticosteroids, the two pain groups were rather similar. In a
selection of pain-relevant genes, we did not find any genetic
variability, which after correction for multiple testing was sig-
nificantly associated with pain relief from opioid analgesic
therapy.

Not all patients with bone metastases exhibit symptoms.
Still, as many as two thirds of patients with metastatic bone
disease experience severe pain, particularly those who are in
advanced stages of cancer disease [39]. Bone involvement
increases the risk of serious complications, such as pathologic
fractures, hypercalcemia, and bonemarrow compression, and
significantly reducesqualityof life. In theabsenceofmetastatic
disease at other sites, the presence of bone metastases is
associated with a relatively long life expectancy [40–43].
Therefore, optimizing treatment is important, but CIBP can be
a therapeutic challenge because of a combination of an on-
goingbaseline component, neuropathic pains, andepisodesof
breakthrough pain.

This study represents anexpansionof previously published
analyses in an unselected population with cancer pain. In this
study, all patients with cancer regardless of pain etiology were

included [27]. Cancer pain may be a result of several pain
mechanisms, each with the potential for a unique pain path-
ophysiology.Thus, thenegative findings fromthis studymaybe
caused by a variable phenotype, for instance, pain caused by
bone pain versus pain caused by nerve destruction.Therefore,
wewanted to analyze the special characteristics and potential
genetic influence inCIBP. In our study, patientswith bonepain,
as expected, more frequently had cancer diagnoses that are
associated with a higher risk of bone metastases (e.g., breast
and prostate cancer). In a study by Berger et al. [44], patients
with bone metastasis required more frequent treatment with
opioids. However, in our study in which patient inclusion was
basedon theuseofopioids,wedidnotobserveanydifferences
in opioid dose for those with bone pain. Also, for other char-
acteristics, the similarities between those with and without
CIBP were more striking than the differences. In addition to
more frequent breakthrough pain, reduced ability to walk and
more use of corticosteroids in the two populations were
similar.Thisobservation implies that inpatientswithmoderate
or severe pain indicating the use of opioids, similar clinical
observations can be expected regardless of the presence of
bone pain.

In our previously published study including unselected
patients with cancer pain, the candidate genes were primarily
selectedon thebasis of their knownorputative involvement in
opioid analgesia. The results suggested that none of 112 SNPs
in 25 candidate genes showed significant associations with
opioid dose, and these findings did not support the use of
pharmacogenetic analyses for the assessed SNPs to guide
opioid treatment. Later reviews on the role of COMT and
OPRM1 genes demonstrated negative results [45, 46]. Still,
the individual variability of opioid pharmacology suggests that
patients’ genetic characteristics influence the response to
opioids.Thus, the lackof genetic associationmay be caused by
an imprecise phenotype and/or the studyhas not analyzed the
relevantgenes. In this study,wehavemadeaneffort toaddress
these two issues: first, by selecting a cohort with bone cancer
pain, andsecond,byaddinggenes important for inflammation.
Still, we did not observe any genetic variations that were
convincingly predictive of pain relief.

Generally, in studies evaluating the association of poly-
morphisms with palliative therapies, each single SNP has
been correlated separately with pain perception and/or
analgesic efficacy, and few data are available on the as-
sociation and clustering of SNPs in specific haplotypes. By
evaluating the nonrandom association of single alleles, we
identified a number of haplotype blocks. Several of these
showed an initial associationwith bone pain and pain relief,
but none could be concluded to represent a significant
association because they did not exceed the Benjamini-
Hochberg criterion. The lack of a statistical association of
molecularmarkerswithbonepainandpainreliefcouldbedueto
some limitations of the study. First, the lownumber of cases for
some haplotypes may limit statistical power and result in false-
negative findings. Second, the categorization of bone pain
was based on the clinical decision by the treating physician,
and the presence of bone metastasis was based on available
clinical evidence. It is evident that clinicians may err in the
categorization, and patients with advanced cancer may have
bone metastasis not detected by examination. The presence of

Table 2. (continued)

Variable

Patients
with CIBP
(n5 577),
n (%)

Patients
with
non-CIBP
(n5 1,624),
n (%)

Pain (BPI relations with other
people past 24 hours)

Median (range) 3 (0–10) 2 (0–10)

Mean (SD) 2.9 (2.9) 2.9 (3.0)

Pain (BPI sleep past 24 hours)

Median (range) 2 (0–10) 2 (0–10)

Mean (SD) 2.9 (3.0) 3.1 (3.1)

Pain (BPI enjoyment of life past 24
hours)

Median (range) 4 (0–10) 4 (0–10)

Mean (SD) 4.0 (3.3) 4.1 (3.2)

Pain (BPI interference index)

Median (range) 31 (0–70) 30 (0–70)

Mean (SD) 30.1 (17.3) 29.0 (17.2)

Abbreviations:—, no data; BPI, Brief Pain Inventory; CIBP,
cancer-induced bone pain.
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bone metastasis and pain is not equal to the presence of bone
pain. Finally, in this study a candidate gene approach was
selected primarily on the basis of inflammation and opioid
pharmacogenetics. Other genes involved in other aspects of

bone pain physiology or in opioid pharmacology could certainly
be involved, and other genetic analytical approaches could be
applied to detect effects from unknown, important genetic
variability.

Table 3. Use of analgesics (as the primary opioid)

Patients with CIBP, no. (%) Patients with non-CIBP, no. (%)

Morphine
n5 219

Oxycodone
n5 144

Fentanyl
n5 132

Morphine
n5 608

Oxycodone
n5 301

Fentanyl
n5 563

Daily total dose (median value
and quartiles)

80 (40–180)
mg/24 hours

65 (40–120)
mg/24 hours

51.5 (25–100)
mg/hour

71 (40–140)
mg/24 hours

60 (30–120)
mg/24 hours

50 (25–100)
mg/hour

Route

Oral 190 (32.9) 142 (24.6) — 499 (30.7) 288 (17.7) —

Subcutaneous 17 (2.9) 2 (0.3) — 76 (4.7) 8 (0.5) 1 (0.1)

Intravenous 11 (1.9) — — 30 (1.8) 5 (0.3) —

Transdermal — — 132 (22.9) — — 558 (34.4)

Intrathecal — — — 2 (0.1) — —

Epidural 1 (0.2) — — 1 (0.1) — 4 (0.3)

Use of rescue opioid included

Rescue morphine 82 (14.2) 2 (0.3) 39 (6.8) 203 (12.5) 16 (1.0) 173 (10.7)

Rescue oxycodone 1 (0.2) 64 (11.1) 7 (1.2) 2 (0.1) 118 (7.3) 21 (1.3)

Rescue fentanyl 1 (0.2) — 1 (0.2) 1 (0.1) 1 (0.1) 2 (0.1)

Other rescue opioid — 1 (0.2) 5 (0.9) 5 (0.3) 1 (0.1) 12 (0.7)

Time since start of opioid treatment
(months) (mean6 SD)

4.5 (8.4) 3.5 (5.9) 4.7 (8.4) 4.8 (12.1) 5.8 (12.7) 3.5 (8.2)

Time since start of opioid treatment
(months)

,1 80 (15.0) 49 (9.2) 36 (6.7) 236 (15.7) 102 (6.8) 196 (13.1)

1–3 48 (9.0) 40 (7.5) 35 (6.5) 143 (9.5) 86 (5.7) 166 (11.1)

$3 80 (15.0) 44 (8.2) 47 (8.8) 189 (12.6) 90 (6.0) 159 (10.6)

Current opioid

First-line opioid 159 (27.6) 93 (16.1) 90 (15.6) 457 (28.2) 167 (10.3) 408 (25.1)

Second-line opioid 35 (6.1) 42 (7.3) 30 (5.2) 98 (6.0) 99 (6.1) 110 (6.8)

Third-line or more 25 (4.3) 9 (1.6) 12 (2.1) 53 (3.3) 34 (2.1) 44 (2.7)

Adjuvants

Paracetamol 97 (16.8) 82 (14.2) 29 (5.0) 190 (11.7) 151 (9.3) 83 (5.1)

NSAIDs 66 (11.4) 34 (5.9) 48 (8.3) 166 (10.2) 58 (3.6) 171 (10.5)

Corticosteroids 124 (21.5) 86 (14.9) 73 (12.6) 279 (17.2) 131 (8.1) 277 (17.1)

Gabapentin or pregabalin 29 (5.0) 19 (3.3) 17 (2.9) 96 (5.9) 56 (3.4) 99 (6.1)

Abbreviations:—, no data; CIBP, cancer-induced bone pain; NSAID, nonsteroidal anti-inflammatory drug.

Table 4. Haplotypes with an initial significant association with the presence of CIBP

Gene SNPs Haplotype
No. of patients
with CIBP

No. of patients
with non-CIBP OR (95% CI) p value

IL6 rs1800795-rs2069835-
rs1554606-rs2069845

CTTG/CTTG vs. others 105 226 1.43 (1.11–1.86) .006

GABBR2 rs108187393-rs10818743 AT/AT vs. others 297 773 1.38 (1.08–1.76) .010

CCKAR rs7665027-rs2000978-
rs2040342-rs3822222

ATCC/ATCC vs. others 225 729 0.79 (0.64–0.96) .019

TNFRSF1A rs767455-rs4149570 CG/CG vs. others 76 285 0.72 (0.55–0.95) .019

TG/TG vs. others 25 39 1.87 (1.12–3.13) .016

COMT rs2020917-rs5993882 CT/CT vs. others 94 323 0.74 (0.57–0.96) .022

GCHC rs752688-rs4411417 CT/CT vs. others 371 957 1.25 (1.02–1.54) .028

HTR3B rs7103572-rs1176744 TG/TG vs. others 35 65 1.57 (1.02–2.42) .038

Abbreviations: CI, confidence interval; CIBP, cancer-induced bone pain; OR, odds ratio; SNP, single nucleotide polymorphism.
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CONCLUSION
This secondary analysis showed that patients with CIBP had
more breakthrough pain, had less walking ability, used more
corticosteroids, and had a slightly higher overall survival than
patients with other pain causes. Other clinical and treatment
characteristics, ingeneral,weresimilar.Wedidnotobserveany
genetic variability that predicted pain intensity or pain relief
in patients with CIBP. Further research is needed to elucidate
the role, if any, of genetic predispositions in the management
of CIBP.
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Klepstad, Stein Kaasa, Ragnhild Habberstad, Oriana Nanni, Dino Amadori,
Marco Maltoni

Manuscript writing: Emanuela Scarpi, Daniele Calistri, Pål Klepstad, Stein
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23. Lötsch J, Geisslinger G, Tegeder I. Genetic
modulation of the pharmacological treatment of
pain. Pharmacol Ther 2009;124:168–184.

24. Branford R, Droney J, Ross JR. Opioid genetics:
The key to personalized pain control? Clin Genet
2012;82:301–310.

25. Arendt-Nielsen L, Olesen AE, Staahl C et al.
Analgesic efficacy of peripheral kappa-opioid re-
ceptor agonist CR665 compared to oxycodone in
a multi-modal, multi-tissue experimental human
pain model: Selective effect on visceral pain.
Anesthesiology 2009;111:616–624.

26. Kim H, Clark D, Dionne RA. Genetic contribu-
tions to clinical pain and analgesia: Avoiding pitfalls
in genetic research. J Pain 2009;10:663–693.

27. Klepstad P, Fladvad T, Skorpen F et al. Influence
from genetic variability on opioid use for cancer
pain: A European genetic association study of 2294
cancer pain patients. Pain 2011;152:1139–1145.

28. Fladvad T, Fayers P, Skorpen F et al. Lack of
associationbetweengeneticvariabilityandmultiple
pain-related outcomes in a large cohort of patients

Table 5. Haplotype with an initial significant association with pain relief in patients with CIBP

Gene SNPs Haplotype No. of responders No. of nonresponders OR (95% CI) p value

HTR3E rs7432211-rs4912522 TG/TG vs. others 34 22 2.17 (1.10–4.30) .026

HTR3B rs7103572-rs1176744 TG/TG vs. others 8 8 3.09 (1.08–8.86) .036

Abbreviations: CI, confidence interval; CIBP, cancer-induced bone pain; OR, odds ratio; SNP, single nucleotide polymorphism.

©AlphaMed Press 2014
TheOncologist®

1282 Genetic Variability in Bone Cancer Pain



with advanced cancer: The European Pharmacoge-
netic Opioid Study (EPOS). BMJ Support Palliat Care
2012;2:351–355.

29. American College of Physicians. 2004: Dosing
and conversion chart of opioid analgesics. Available
at: http://www.acponline.org/clinical_information/
journals_publications/acp_internist/dec04/pain/
dosing_conv.pdf. Accessed July 1, 2014.

30. Fainsinger RL, Nekolaichuk CL, Lawlor PG et al.
A multicenter study of the revised Edmonton
Staging System for classifying cancer pain in ad-
vanced cancer patients. J Pain Symptom Manage
2005;29:224–237.

31. Daut RL, Cleeland CS, Flanery RC. Develop-
ment of the Wisconsin Brief Pain Questionnaire to
assess pain in cancer and other diseases. Pain 1983;
17:197–210.

32.Tombaugh TN, McIntyre NJ. The mini-mental
state examination: A comprehensive review. J Am
Geriatr Soc 1992;40:922–935.

33. Anthony JC, LeResche L, Niaz U et al. Limits of
the ‘Mini-Mental State’ as a screening test for
dementia and delirium among hospital patients.
Psychol Med 1982;12:397–408.

34. Karnofsky DA, Abelmann WH, Craver LF et al.
The use of the nitrogen mustards in the palliative
treatment of carcinoma. Cancer 1948;1:634–656.

35. AaronsonNK,Ahmedzai S, BergmanBetal.The
European Organization for Research and Treatment
of Cancer QLQ-C30: A quality-of-life instrument for
use in international clinical trials in oncology. J Natl
Cancer Inst 1993;85:365–376.

36. Hardy GH. Mendelian proportions in a mixed
population. Science 1908;28:49–50.

37. Barrett JC, Fry B, Maller J, et al. Haploview:
Analysis andvisualizationof LDandhaplotypemaps.
Bioinformatics 2005;21:263–265.

38. Benjamini Y, Hochberg Y. Controlling the false
discovery rate: Apractical andpowerful approach to
multiple testing. J R Stat Soc Series B StatMethodol
1995;57:289–300.

39. Coleman RE. Clinical features of metastatic
bone disease and risk of skeletal morbidity. Clin
Cancer Res 2006;12:6243s–6249s.

40. Chow E, Yee A. Bone secondaries. In: Glare P,
Christakis NA, eds. Prognosis in Advanced Cancer.
Oxford: Oxford University Press, 2008:269–283.

41. Angelo K, Dalhaug A, Pawinski A et al. Survival
prediction score: A simple but age-dependent
methodpredictingprognosis inpatientsundergoing
palliative radiotherapy. ISRN Oncol 2014;2014:
912865.

42. Ouyang WW, Su SF, Ma Z et al. Prognosis of
non-small cell lung cancer patients with bone
oligometastases treated concurrently with thoracic
three-dimensional radiotherapy and chemother-
apy. Radiat Oncol 2014;9:147.

43. HarriesM,TaylorA,HolmbergLetal. Incidence
of bonemetastases and survival after a diagnosis of
bone metastases in breast cancer patients. Cancer
Epidemiol 2014;38:427–434.

44. BergerA,DukesE,SmithMetal.Useoforaland
transdermal opioids among patients with meta-
static cancer during the last year of life. J Pain
SymptomManage 2003;26:723–730.

45. Andersen S, Skorpen F. Variation in the COMT
gene: Implications for pain perception and pain
treatment. Pharmacogenomics 2009;10:669–684.
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For Further Reading:
Charles J. Ryan, Philip J. Saylor, Jason J. Everly et al. Bone-Targeting Radiopharmaceuticals for the Treatment of Bone-
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Implications for Practice:
Bonemetastases remain a clinical challenge in prostate cancer and lead to substantial morbidity and impairment of quality
of life. A number of bone-targeted agents have been studied and approved in this setting for their abilities to palliate bone
pain or to prevent skeletal events, but radium-223 is the first agent to produce an improvement in overall survival. Further
study is required to optimize clinical use of radium-223 in sequence or in combination with other available agents.
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