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AIMS
To present a statistical model for defining interindividual variation in
response to morphine and to use this model in a preliminary
hypothesis-generating multivariate genetic association study.

METHODS
Two hundred and sixty-four cancer patients taking oral morphine were
included in a prospective observational study. Pain and morphine
side-effect scores were examined using principal components analysis.
The resulting principal components were used in an exploratory
genetic association study of single nucleotide polymorphisms across
the genes coding for the three opioid receptors, OPRM1, OPRK1 and
OPRD1. Associations in multivariate models, including potential clinical
confounders, were explored.

RESULTS
Two principal components corresponding to residual pain and central
side-effects were identified. These components accounted for 42 and
18% of the variability in morphine response, respectively, were
independent of each other and only mildly correlated. The genetic and
clinical factors associated with these components were markedly
different. Multivariate regression modelling, including clinical and
genetic factors, accounted for only 12% of variability in residual pain
on morphine and 3% of variability in central side-effects.

CONCLUSIONS
Although replication is required, this data-driven analysis suggests that
pain and central side-effects on morphine may be two separate
dimensions of morphine response. Larger study samples are necessary
to investigate potential genetic and clinical associations
comprehensively.

WHAT IS ALREADY KNOWN ABOUT
THIS SUBJECT
• There is considerable interindividual

variation in response to morphine for cancer
pain in terms of analgesia and side-effects.

• Different studies have used different
outcomes and measurement scales to assess
this variability.

• It is likely that there are a number of clinical
and genetic factors underlying this
variation, but no definitive factors have
been identified to date.

WHAT THIS STUDY ADDS
• This is the first study in which multiple

aspects of morphine response (including
pain and side-effects) are analysed together
to identify different elements of response.

• Principal components analysis identifies
residual pain on morphine and central
side-effects as distinct dimensions of
morphine response.

• Sensitivity to the analgesic effects of
morphine and development of
morphine-related central side-effects appear
to be associated with different clinical and
genetic factors.
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Introduction

The majority of patients taking morphine for cancer pain
achieve good analgesia with minimal side-effects.There is,
however, a significant proportion of patients (up to 30%)
who experience either inadequate analgesia despite esca-
lating doses and/or intolerable side-effects [1–4].

There is growing interest in the possibility that genetic
factors might play a role in the variability of opioid
response. Changes at a molecular level in the pharmacoki-
netic and pharmacodynamic pathways of an opioid may
be involved [5].

Association studies in cancer patients on opioids have
not as yet yielded any genetic or clinical marker that can be
used to explain interindividual variation in response to
opioids conclusively or to predict opioid response pro-
spectively. One of the biggest challenges in this area is that
there is little consensus with respect to definition of
outcome measures in pain and analgesia studies [6]. Most
studies have chosen one aspect of pain (often average
pain intensity or pain relief ) to determine the outcome
[7–9]. Some studies have examined the level of pain sen-
sation before and after administering the drug [10, 11].
Others have studied the dose of opioid required by indi-
vidual patients [7, 8, 12–16]. Two studies have explored
side-effects (central side-effects and nausea and vomiting,
respectively) in cancer patients on morphine as outcome
measures [17, 18]. Previous analysis of some of the patient
data included in this study has used ‘morphine responder’
vs. ‘morphine nonresponder’ as the study outcome, a defi-
nition based on patients’ subjective experience and the
observations of the experienced clinical team [3].

The situation is made more complex by the fact that
there is no standardized system for cancer pain assess-
ment and classification or indeed choice of pain intensity
scale [19–21]. Although the Brief Pain Inventory is a com-
monly used pain assessment tool, there is no consensus as
to which of the five pain intensity variables is most clini-
cally relevant. It is therefore difficult to compare results
from different studies and is one of the reasons underlying
nonreplication of genetic association studies in this field
[22].

In this study, we carried out a two-stage, data-driven
examination of interindividual variation in response to
morphine. In the first stage, a comprehensive assessment
of outcomes measuring morphine response was docu-
mented for each patient. Principal components analysis
(PCA) was used as a hypothesis-generating technique to
identify groups of morphine response outcome variables,
called ‘components’, which explain a proportion of the
interindividual variability seen in clinical practice. Principal
components analysis (or a similar factor analysis approach)
has been used previously to examine relationships
between different pain scores and thresholds [23, 24] and
between symptoms in patients with cancer [25–27]. This is
the first time that it has been used to identify clusters of

variables defining the underlying dimensions of morphine
response. In the second stage of this study, the resulting
principal components were used in an exploratory prelimi-
nary association study examining the effect of genetic
polymorphisms in genes coding for the opioid receptors
and other confounding clinical variables on morphine
response.

Methods

Subjects
Two hundred and sixty-four white Caucasian patients on
oral morphine for cancer pain were recruited to this pro-
spective observational study, which was carried out at the
Royal Marsden Hospital in London. Approval for this study
was given by the Research and Ethics Committee, and all
patients signed a written consent form before entering the
study. These patients were under the care of the clinical
palliative care team. Prior to recruitment into this study,
each patient’s morphine dose was titrated according to
individual response, until they either achieved adequate
analgesia without problematic side-effects or they failed
to achieve adequate analgesia despite escalating mor-
phine doses and/or experienced subjectively intolerable
side-effects.

Clinical data were collected contemporaneously at the
time of recruitment to the study. Pain severity was
recorded using the modified Brief Pain Inventory [28]. This
pain scoring system has been used in other studies in this
area [7, 8]. The following five dimensions of pain were
assessed: worst pain, least pain and average pain in the
previous 24 h, current pain and percentage pain relief from
morphine.For each of these pain modalities,study subjects
recorded pain severity on an 11-point numerical rating
scale (NRS) of either 0–10 (0 = no pain, 10 = worst pain
imaginable) or 0-100 (0 = no pain relief and 100 = 100% or
total pain relief ). Morphine side-effects (drowsiness, confu-
sion and hallucinations, constipation, dry mouth, myo-
clonus, itch and nausea) were recorded using the following
four point Likert scale: grade 0, ‘not at all’; grade 1, ‘a little’;
grade 2, ‘quite a bit’; and grade 3, ‘very much’. This scale is
similar to those used in other studies of response to
opioids [7, 18, 29, 30]. Demographic data (including age
and sex), cancer diagnosis, current morphine dose, length
of time on morphine and concomitant medications were
documented. For those patients who had died at the time
of analysis, the number of days between recruitment to the
study and death were recorded. These data on patients
who were still alive at the time of analysis were censored at
this point. Blood samples were taken for haematological
and biochemical analysis and genotyping.

Patients who were on subcutaneous, intramuscular or
intravenous morphine or other regular opioids or those
with renal impairment (plasma creatinine >1.5 times the
upper limit of normal) were not included in this study.

Dimensions of morphine response
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Single nucleotide polymorphism selection
and genotyping
DNA was extracted from whole blood samples (9 ml,
trisodium citrate or disodium EDTA vacutainers) using a
standard salting out method [31]. Single nucleotide poly-
morphisms (SNPs) were determined using sequence-
specific primers and polymerase chain reaction [32, 33].
Seven polymorphisms in OPRM1 (rs621029, rs1799971,
rs589046, rs563649, rs9479757, rs2075572 and rs533586),
eight in OPRK1 (rs10504151, rs7836120, rs6473799,
rs1365098, rs7016778, rs7824175, rs16918875 and rs963549)
and five in OPRD1 (rs1042114, rs533123, rs419335,
rs2236857 and rs2234918) were studied. The choice of can-
didate SNPs within each gene was based on location along
the gene and the existence of published data for that poly-
morphism. Polymorphisms in regions most likely to have
an impact on gene function were prioritized (promoter
region, exons, intron–exon boundaries and 3′ untranslated
region). The primer details are shown in Table S1.

Statistical analysis
Baseline patient characteristics were tabulated.

Stage one data analysis: principal components analysis
Principal components analysis is a variable reduction pro-
cedure. The purpose of PCA was to facilitate incorporation
of a comprehensive number of outcome variables measur-
ing response to morphine (including various pain intensity,
pain relief and morphine side-effect scores) into a smaller
number of artificial factors, called ‘components’, which
would account for much of the variability in morphine
response.

Although a formal prestudy power calculation was not
performed because the patient data were originally col-
lected for a different study [3], given that the reliability of
PCA may be affected by sample size, the adequacy of the
sample size and the suitability of the data for PCA were
formally tested.

The morphine response outcome variables (subjective
pain and side-effect scores) were entered into the PCA
modelling as numerical data. Component scores were cal-
culated using the regression method, and rotation (to
improve the interpretability of the components) was
carried out using an oblique method (direct oblimin). The
PCA modelling produces eigenvalues for each component.
These represent the variance in the data accounted for by
that component. Traditionally, components with eigenval-
ues >1 are retained, because these account for a greater
proportion of variance than is explained by one original
variable [34, 35 (p. 649)]. Factor loadings, presented in the
pattern matrix, represent the relationship between the
variable and the component, i.e. the substantive impor-
tance of each variable to that component.Only factor load-
ings with an absolute value >0.4 (explaining at least 16% of
variance in the component by that variable) were inter-
preted as being significant [36 (p. 638)].

Stage two data analysis: clinical and genetic association
study Multivariate linear regression analyses were con-
ducted to examine the association between the clinical
and genetic data and principal components, using the
individual patient component scores as the outcome vari-
able.The principal components were transformed because
they were not normally distributed. Clinical and genetic
factors significant at the level of 10% (P < 0.1) on univariate
analysis were introduced simultaneously into the multi-
variate model using a stepwise approach. Candidate clini-
cal variables included age, sex, time on morphine (in days),
dose of morphine (in milligrams per 24 h) and time to
death (in days), concomitant medications, biochemical and
haematological parameters and tumour diagnosis. A
co-dominant additive model was used, in which the geno-
types were entered into regression analyses as noncate-
gorical data. Only factors with P < 0.05 were retained in the
final model. As part of the linear regression analysis, an
ANOVA was carried out to determine whether the multivari-
ate model resulted in a significantly good predictor of the
outcome variable. A Bonferroni adjustment for multiple
testing was applied [37], dependent on the number of
factors included in the final modelling.

All genotype frequencies were tested for Hardy–
Weinberg equilibrium using c2 goodness-of-fit tests. Statis-
tical analysis and plots were performed using SPSS (SPSS
Inc., Chicago, IL, USA) and GraphPad (GraphPad Prism
version 4.02 for Windows; GraphPad Software, San Diego,
CA, USA).

Results

Two hundred and sixty-four patients were included in this
study. The characteristics of the study population are pre-
sented in Table 1.

The overall Kaiser–Meyer–Olkin measure of sampling
adequacy was 0.822, and Bartlett’s test of sphericity
<0.001, which suggested that the sample size was statisti-
cally adequate for this type of analysis and that PCA was
appropriate for this dataset.

Constipation, dry mouth and itch were excluded from
analysis because the individual Kaiser–Meyer–Olkin values
were 0.522, 0.554 and 0.534, which are only borderline for
sampling adequacy [35 (p. 620), 36 (p. 642)]. Myoclonus
was excluded from analysis because only 11 subjects expe-
rienced this symptom.

Two principal components emerged with eigenvalues
>1 (Figure 1 and Table 2). The first component, which
carried high loadings (absolute value >0.4) from all the
pain intensity scores, explained 42% of the total variance.
This component appears to represent residual pain after
dose titration on oral morphine. Component 2, accounting
for 18% of the total variance, received high loadings from
the central side-effects of confusion/hallucinations, drow-
siness, bad dreams and nausea. The final pattern matrix

J. M. Droney et al.
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(Table 2) demonstrates the loadings of each variable onto
each component after rotation.

Component 1 (residual pain) and component 2 (central
side-effects) were only mildly correlated, with Spearman
correlation coefficient rs = 0.27 (95% confidence interval
0.15–0.38).

A higher component 1 score (residual pain) was associ-
ated with a worse outcome in terms of pain control on
morphine, as evidenced by higher average, least, worst and
pain now scores and lower pain relief scores. Likewise, a
higher component 2 score (central side-effect) score was
associated with a higher individual symptom severity

score. Confusion and hallucinations were associated with
the highest loading of individual factors onto compo-
nent 2 (central side-effects).

All genotypes were in Hardy–Weinberg equilibrium.
Genotype frequency data are detailed in Table 3. The clini-
cal and genetic factors associated with variability in
residual pain and central side-effects on univariate analysis
after titration on oral morphine are shown in Tables 1
and 3.

Using multivariate linear regression, the following five
factors were retained as independent predictors of
residual pain on morphine: OPRK1 rs7824175, use of a

Table 1
Patient characteristics for total study population and univariate linear regression results

Patient characteristic Median (range)

P value
Component 1
(residual pain)

Component 2
(central side-effects)

Age (years) 60 (19–89) 0.163 0.259
Daily morphine dose [mg (24 h)-1] 100 (10–1280) 0.027 0.733

White blood cell count (¥109 l-1) 8.5 (0.1–68.1) 0.786 0.172
Serum sodium (mmol l-1) 136 (120–143) 0.377 0.085

Serum albumin (g l-1) 30 (11–48) 0.956 0.125
Serum calcium* (mmol l-1) 2.23 (1.5–2.9) 0.633 0.759

Days to death (days) 113.5 (5–2590) 0.985 0.032
Days on morphine (days) 81 (1–4455) 0.615 0.017

n (%)

Sex

Male 131 (49.6) 0.432 0.558

Female 133 (50.4)
Cancer diagnosis

Gynaecological 24 (9.1) 0.023 0.439
Lung 35 (13.3) 0.546 0.598
Breast 46 (17.4) 0.164 0.552
Urogenital 24 (9.1) 0.694 0.332
Upper gastrointestinal tract 26 (9.8) 0.925 0.897
Lower gastrointestinal tract 20 (7.6) 0.955 0.96
Head and neck 22 (8.3) 0.146 0.613
Sarcoma 30 (11.4) 0.076 0.06
Prostate 17 (6.4) 0.203 0.028
Haematological 15 (5.7) 0.042 0.231
Skin 10 (3.8) 0.066 0.414

Concomitant medications

Antibiotic 72 (27.3) 0.607 0.775

Anticonvulsant 53 (20.1) 0.292 0.708

Anticoagulant 59 (22.3) 0.777 0.062

Antiemetic 122 (46.2) 0.016 0.145

Aspirin 25 (9.5) 0.999 0.913

Benzodiazepine 45 (17) 0.745 0.305

b-Blocker 20 (7.6) 0.096 0.124

H2-blocker 14 (5.3) 0.77 0.037

NSAID 94 (35.6) 0.416 0.458

Paracetamol 106 (40.2) 0.227 0.707

Proton pump inhibitor 171 (64.8) 0.554 0.18

SSRI, SNRI antidepressants 31 (11.7) 0.153 0.019

Steroid 100 (37.9) 0.768 0.27

Tricyclic antidepressants 43 (16.3) 0.251 0.419

*Corrected for albumin. NSAID, non-steroidal anti-inflammatory drug; SNRI, serotonin noradrenaline reuptake inhibitor; SSRI, selective serotonin reuptake inhibitor.

Dimensions of morphine response
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b-blocker, taking an antiemetic, having a diagnosis of a
haematological cancer and the total daily morphine dose
(Table 4). Being on a b-blocker was found to be associated
with higher residual pain, whereas being on an antiemetic
was associated with lower residual pain. Daily morphine
dose contributed only slightly to the model.The five-factor

multivariate model accounted for 11.8% of variability in
residual pain on morphine.

Only one SNP (OPRM1 rs2075572) was retained in the
multivariate model as an independent predictor of devel-
oping central side-effects on morphine (Table 4). This
model accounted for only 3% of variability in central side-
effects of morphine.

Ten predictor variables were significant at the level of
10% (P < 0.1) on univariate analysis and were entered into
the multivariate models; therefore, the Bonferroni cor-
rected a was 0.005. When the Bonferroni adjustment for
multiple testing was applied, taking an antiemetic medica-
tion remained associated with residual pain, with taking a
b-blocker and OPRK1 rs7824175 being just outside signifi-
cance. No factors were retained as predictors of central
side-effects.

Discussion

The results from this study suggest that response to mor-
phine is not a homogeneously defined outcome. The
finding that residual pain and central side-effect scores
loaded onto separate components and the lack of sizeable
correlation between these two components indicates that
there are two different dimensions of morphine response.
This is supported by our regression analyses, which
suggest that the genetic and clinical factors associated
with these two morphine response outcomes may be
markedly different. The independence of these compo-
nents may be important for subsequent improvement in
therapy.

Pain researchers may intuitively consider pain and side-
effects to be different outcome phenotypes in terms of
response to opioids. However, until now, this has never
been rigorously explored. In this study, a statistical model
of response to morphine for cancer pain was defined using
principal components analysis. Instead of analysing each
pain or side-effect score separately, or instead of choosing
one single dimension of pain intensity to study, in this
study all pain and side-effect scores were included in the
PCA modelling. Principal components analysis has been
used in validation studies of the Brief Pain Inventory, and in
most of these studies the pain intensity scores loaded
highly onto the same component [38, 39], consistent with
our findings.

In this study, instead of concentrating on single SNPs, as
has been done in other studies, we used multivariate
regression to explore both the clinical and the genetic
factors associated with variability in clinical outcome on
morphine. The two independent principal components
(residual pain and central side-effects) accounted for a sig-
nificant proportion of variance in morphine response, 42
and 18%, respectively. However, the proportion of variabil-
ity in the PCA-defined clinical phenotypes (components)
explained by clinical and genetic factors in the regression
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Figure 1
Principal components of morphine response.The co-ordinates of the vari-
ables along the axes (components) represent a measure of the strength of
the relationship between the variable and the component. Worst pain,
average pain, least pain, pain now and pain relief scores correlate highly
with component 1 (x-axis); therefore, component 1 appears to represent
residual pain on morphine. Confusion, drowsiness, nausea and bad
dreams are correlated with component 2 (y-axis); therefore, component 2
appears to represent central side-effects. The variables that are highly
correlated with component 1 (residual pain; red ring) have a low correla-
tion with component 2. Likewise, variables that are highly correlated with
component 2 (central side-effects; blue ring) have a low correlation with
component 1

Table 2
Pattern matrix showing the loading of each variable onto each compo-
nent after rotation

Variable Component 1 Component 2

Eigenvalue (after rotation) 3.61 2.13

Percentage of variance explained 41.83 17.8
Average pain 0.885 0.085
Pain now 0.882 -0.061
Least pain 0.831 -0.087
Percentage pain relief 0.781 -0.027
Worst pain 0.744 0.173

Confusion* 0.083 0.774

Drowsiness 0.024 0.678

Bad dreams 0.070 0.671

Nausea -0.099 0.554

*Confusion includes hallucinations. Only factor loadings with an absolute value of
>0.4 were interpreted [36 (p. 638)].
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models was much lower (12 and 3% for residual pain and
central side-effects, respectively).Furthermore,many of the
clinical and genetic predictors of residual pain and central
side-effects did not remain significant after conservative
correction for multiple testing. These association analyses
can therefore be considered only exploratory in nature,
and further scrutiny of these results is merely theoretical.

Morphine acts on opioid receptors; therefore, the genes
coding for the opioid receptors were natural candidates for
an exploratory genetic association study. Although mor-
phine, like most other opioids, acts primarily through m
opioid receptors, polymorphisms in the d and k opioid
receptors were also examined because: (i) morphine also
binds, albeit with a much weaker affinity, to d and k opioid

Table 3
Genotype frequencies and univariate linear regression results

Gene/SNP

Genotype [% (n)] P value

AA Aa aa
Component 1
(residual pain)

Component 2
(central side-effects)

OPRM1

rs6912029 0.91 (226) 0.09 (23) 0.0 (0) 0.414 0.737

rs1799971 0.74 (183) 0.23 (58) 0.03 (8) 0.921 0.134

rs589046 0.53 (128) 0.41 (100) 0.06 (15) 0.338 0.299

rs563649 0.81 (197) 0.17 (41) 0.02 (5) 0.629 0.267

rs9479757 0.01 (2) 0.2 (49) 0.79 (198) 0.011 0.412

rs2075572 0.34 (83) 0.48 (118) 0.19 (47) 0.963 0.007

rs533586 0.46 (112) 0.43 (104) 0.11 (27) 0.47 0.02
OPRK1
rs10504151 0.8 (196) 0.18 (43) 0.02 (5) 0.628 0.123
rs7836120 0.68 (167) 0.28 (67) 0.04 (10) 0.299 0.977
rs6473799 0.6 (146) 0.36 (87) 0.04 (11) 0.39 0.179
rs1365098 0.48 (116) 0.42 (104) 0.1 (24) 0.209 0.499
rs7016778 0.73 (178) 0.26 (64) 0.01 (2) 0.254 0.429
rs7824175 0.8 (196) 0.18 (44) 0.02 (4) 0.012 0.487
rs16918875 0.844 (206) 0.15 (37) 0.004 (1) 0.319 0.307
rs963549 0.67 (164) 0.29 (71) 0.04 (9) 0.056 0.69

OPRD1

rs1042114 0.72 (176) 0.26 (63) 0.02 (4) 0.687 0.668

rs533123 0.63 (152) 0.32 (78) 0.05 (13) 0.573 0.798

rs419335 0.5 (121) 0.42 (101) 0.08 (21) 0.141 0.259

rs2236857 0.58 (142) 0.35 (86) 0.06 (15) 0.35 0.249

rs2234918 0.33 (82) 0.49 (118) 0.18 (43) 0.89 0.861

DNA was available for the following genes/SNPs: OPRM1 rs6912029, rs1799971, rs9479757 and rs9479757, n = 249; OPRM1 rs589046, rs563649 and rs533586, n = 243; OPRK1,
n = 244; and OPRD1, n = 243. SNP, single nucleotide polymorphism.

Table 4
Clinical and genetic factors predictive of residual pain and central side-effects on morphine, stepwise linear regression (additive model)

B (95% confidence interval) b P value

Model 1: residual pain
ANOVA F = 6.2, P = 2 ¥ 10-5, R2 = 11.8

Antiemetic -0.126 (-0.203 to -0.049) -0.203 0.001

OPRK1 rs7824175 -0.118 (-0.202 to -0.034) -0.17 0.006

b-Blocker 0.207 (0.058–0.355) 0.17 0.007

Haematological cancer 0.200 (0.027–0.374) 0.14 0.023

Morphine dose [mg (24 h)-1] <0.001 0.12 0.045
Model 2: central side-effects
ANOVA F = 6.99, P = 0.009, R2 = 3
OPRM1 rs2075572 -0.04 (-0.07 to -0.01) -0.174 0.009

Transformed components 1 and 2 were used as dependent variables in models 1 and 2, respectively. Abbreviations are as follows: B is the regression coefficient, which represents
the change in the dependent variable associated with a unit change in the predictor variable; b is the standardized regression coefficient; and R2 is the proportion of the variability
in the outcome variable that can be explained by its relationship with the predictor variables. Unadjusted a = 0.05; and Bonferroni-adjusted a = 0.005.
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receptors [40, 41]; (ii) opioid receptors are thought to inter-
act with each other and form heterodimers with altered
function, potentially affecting opioid response [42–47];
and (iii) m, d and k opioid receptors are all involved in noci-
ception. Interindividual variation in response to morphine
is the result of a complex interplay between variability in
nociception as well as sensitivity to the drug itself.

In humans, there is much less data regarding the influ-
ence of polymorphisms in OPRD1 and OPRK1 than OPRM1
in pain sensitivity or opioid response.Previous studies have
focused primarily on one polymorphism, OPRM1 rs1799971
(A118G) [7, 11, 13, 14, 48]. The clinical relevance of OPRM1
A118G, however, is difficult to interpret. Despite some posi-
tive associations, a number of studies demonstrate a nega-
tive or weak association between this SNP and opioid
requirements [14, 49, 50]. There is also controversy about
the functional relevance of this polymorphism [51–53]. In
our study, OPRM1 rs1799971 (A118G) was not retained in
the model of either residual pain or central side-effects.The
genetic factor associated with residual pain was an SNP in
OPRK1 (rs7824175). Association between this SNP and
opioid response has not been published previously.

Pain is one of the most complex measurable traits [54],
and it is reasonable to propose that the response to mor-
phine for cancer pain must be equally complex. Response
to morphine in terms of pain control and side-effects is
likely to be determined by many factors, including the
underlying pain sensitivity of the patient, along with the
nature and extent of the painful process, concomitant
medications, genetic and other clinical and environmental
factors.The wide range of clinical, drug and laboratory data
collected from each patient in this study allowed investi-
gation of other non-opioid factors that may influence
response to morphine. In this study, genetic and clinical
factors, such as concomitant medications and tumour
diagnosis, were retained as independent predictors of
morphine response. Taking an antiemetic medication was
associated with less residual pain on morphine, even after
correction for multiple testing. This is clinically logical,
because some antiemetics are known to have analgesic
properties [55]. Furthermore, being on an antiemetic may
also facilitate improved pain control because it may allow
adequate dose escalation through avoidance of dose-
limiting nausea. Being on a b-blocker was associated with
higher residual pain scores on morphine. Although this
factor resided just outside statistical significance after
correction for multiple testing, there are documented
molecular mechanisms that may support the biological
plausibility of this finding. There have been previous
reports of interaction between the adrenergic and opio-
idergic systems in terms of morphine response, tolerance
and dependence [56, 57]. Animal data suggest specific
molecular interactions and even dimerization between
b-adrenergic and k opioid receptors [58–60]; therefore, it is
conceivable that drugs which act on adrenergic receptors
may alter morphine response in association with genetic

variation in OPRK1, as suggested by our model. Only a very
low proportion of variability in central side-effects was
explained by the multivariate regression analysis. Central
side-effects were predicted by a single SNP, OPRM1
rs2075572, a finding which was nonsignificant after correc-
tion for multiple testing. Haplotypes containing OPRM1
rs2075572 have been found to be associated with variabil-
ity in experimental pain sensitivity [61], but this SNP has
not previously been associated with response to opioids.
Central side-effects as a clinical outcome may be con-
founded by phenotypic variability (i.e. variability in onset/
severity of symptoms), which is not captured by the study
data. It is also likely that there are many other clinical
factors that play a role in morphine response variability.For
example, there is documented association between blood
pressure, psychological distress and sleep and pain sensi-
tivity and response to opioids [21, 62, 63].These factors
were not measured as part of this study. A prospective
follow-up study in which data are collected before and
after patients were started on morphine would add further
information, particularly about factors such as pain inten-
sity at initiation of morphine therapy, the development of
morphine tolerance and side-effects, the fact that cancer
pain is likely to change in location, character and severity
with time and the context-dependent nature of pain per-
ception. Furthermore, although the number of SNPs
included for analysis in this study exceeds other studies in
this area, only a limited number of SNPs was genotyped
from each gene. Likewise, there are undoubtedly other
genes that influence morphine response, including COMT,
MDR-1 and UDR2B7.There have been some studies explor-
ing the association of single SNPs or two-SNP interactions
in these genes on pain perception and analgesia [8, 11, 64,
65], but these have not yet been included in large multi-
variate studies.

The findings presented in this paper are based on
data-driven analyses rather than a priori hypotheses. One
of the limitations of using any data reduction or multivari-
ate cluster analysis is that the components or clusters are
derived from statistical patterns and structures, rather
than necessarily being underpinned by the same genetic
architecture or biological mechanisms. To date, however,
our understanding of the biological and genetic mecha-
nisms that underlie the analgesic and toxic side-effects of
opioids is sparse; therefore, the use of such statistical tech-
niques to extract trends and patterns from multiple meas-
ures of morphine response may identify phenotype
subtypes or endophenotypes, which may in turn assist in
understanding the heterogeneity in this complex trait.
The use of endophenotypes and phenotype subtypes has
proved useful in areas such as psychiatry and respiratory
disease [66, 67]. Before application in clinical practice,
however, such phenotype subtypes need to be replicated
and, in terms of genetics, should be shown to have
common genetic risk factors, for example, in twin studies
[66].
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A further limitation of this study is that the sample size
is relatively small compared with other genetic association
studies in different fields. Genetic variability is likely to be
associated with small or modest effect sizes in complex
traits such as pain and analgesic response [68]. Therefore,
although the sample size was adequate to carry out PCA, a
larger sample size is probably required to identify the
smaller genetic effect sizes [69]. In addition, these findings
have not yet been replicated. Thus, the regression model-
ling must be considered preliminary and hypothesis gen-
erating. However, in terms of correcting for multiple
testing, the use of PCA component scores in the genetic
association study does reduce the multiplicity of analyses
that would be necessary if each score was to be examined
separately, whilst retaining as much clinical information as
possible. Additionally, although the findings presented
here require testing in larger, prospective studies, biologi-
cally sound hypotheses may be proposed to explain the
associations presented in the modelling.

Conclusion

Residual pain and side-effects on morphine appear to be
distinct dimensions of response to morphine.This hypoth-
esis is supported by the fact that residual pain and central
side-effect scores load onto separate components in PCA,
are only weakly correlated and may be associated with
different genetic and clinical predictors.

The data presented are exploratory and serve to
present a method of defining clinical outcomes and
approaching genetic analyses in studies of response to
morphine. Future work requires replication and confirma-
tion of the PCA modelling. It is likely that in order to carry
out a study of the size required to take into account mul-
tiple testing and with the power to identify small genetic
effect sizes, collaborations among research groups is
needed.We hope that this paper might generate interest in
carrying out such large studies, in which these factors may
be considered in the study design.
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