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ABSTRACT
Purpose

Symptom clusters (scs) are adynamic construct. They
consist of at least 2 or 3 interrelated symptoms that
may be asignificant predictor of patient morbidity. In
aprevious study, we identified 2 scsin patients with
bone metastases.

e Anactivity-related interference cluster
e A psychology-related interference cluster

These scsmay be clinically important in the pain
and symptom management of patientswith metastatic
bone pain. It istherefore important to validate there-
ported scsto determineif they hold true acrosssimilar
patient populations.

Patients and Methods

From February to September 2007, our study accrued
52 patients with bone metastases [ 29 men (56%), 23
women (44%); median age: 68.5 years (range: 39-87
years)] who werereferred for palliative radiotherapy
(rT). Prostate (31%), breast (29%), and lung (19%0)
were the most common primary cancer sites. Treat-
ment arms ranged from single to multiple fractions,
with most patients receiving a single 8-Gy fraction
(77%) or 20 Gy in 5fractions (21%). The most preva-
lent sites for rT were spine (42%), hips (17%), and
pelvis (14%). Worst pain at the site of rr and func-
tional interference scores were assessed using the
Brief Pain Inventory (Bpi), a multidimensional pain
instrument that uses 11-point numeric rating scales.
Patients provided their symptom severity scores on
the Bp at baseline and at 4, 8, and 12 weeks post Rr.
At all timepoints, aprincipal component analysiswith
varimax rotation was performed on 8 items (worst
pain and 7 functional interferenceitems) to determine
rel ationshi ps between symptoms before and after rt
for bone pain.

Results

Two scswereidentified. Cluster 1 included worst pain
and interference with general activity, normal work,
and walking ability; cluster 2 consisted of interference
with mood, sleep, enjoyment of life, and relationswith
others. Our statistical analysisproduced varied results
for the 2 clustersfound in our previousinvestigation.
Thesedifferencesmay be an indicator for theinstabil -
ity of scs or may be aresult of the fewer number of
patients accrued in the present validation study.

Conclusions

The scsin our two studies were not identical for pa-
tients receiving palliative rt for symptomatic bone
metastases. Another sc validation study should be con-
ducted with a larger sample before a conclusion is
drawn about the existence of an unstable phenomenon
in sc research.
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1. INTRODUCTION

Bone metastasisis afrequent complication of cancer
and has been found in 70%—85% of cancer patientsat
autopsy 1. Metastasis most often occursin patientswith
primary breast, prostate, and lung tumours2. A pproxi-
mately 50%—75% of patientswill requiretreatment for
their metastatic bone pain with the aim of symptom
palliation 2. Radiation therapy has been shown to re-
lieve bone pain in approximately 80% of patients®.
The Brief Pain Inventory (sri) is a multidimen-
sional instrument that wasoriginally developedin 1994
by Cledland and Ryan® to addressthe problem of inad-
eguate pain control in cancer patients. The Br isthe
most frequently used multiple-item measureof painin
cancer research , and it is measured on the sensory
and affective dimensions. The sensory component of
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painintensity measuresworst, average, and current pain,
and the affective dimension of functional interference
includes general activity, normal work (including work
outsidethe homeand housework), walking ability, mood,
seep, relationswith others, and enjoyment of life. Pre-
viousresearch found that changesinworst pain aresig-
nificantly correlated with 6 of the 7 life functions,
“relationswith others’ being the exception”2.

The term “symptom cluster” was first coined by
Dodd, Miaskowski, and Paul in 2001 intheir work with
pain, fatigue, and sl eep disturbances®. Symptom clus-
ters have been proposed to consist of at least 210 or 3°
interrelated symptomsin astablegroup that isrelatively
independent of other clustersand that possibly reveals
specific underlying dimensions or mechanisms 10,
Symptoms within a cluster may or may not have the
same underlying cause®. However, to be considered
clustered, symptoms must have astronger rel ationship
with symptoms in the same cluster than with symp-
tomsin other clusters'®. Becausethe er assessespain
on several dimensions, the present study defined a
symptom cluster as 2 or more interrelated symptoms
or functional interferenceitems.

From May 2003 to January 2007, we conducted a
previous study at the Odette Cancer Centre and, using
the B, extracted 2 symptom clusters in patients re-
ceiving palliative radiation therapy (rt) for sympto-
matic bone pain1t. The 348 individualswho agreed to
participate in the study completed the sr before rT
(baseline) and at weeks 4, 8, and 12 post rr 11,

Two symptom clusterswereidentified at baseline:

e Anactivity-related interference cluster (cluster 1)
e A psychologicd-rdaedinterferencecuster (cluger 2)

Cluster 1 consisted of worst pain and interference
with normal work, general activity, walking ability, and
enjoyment of life. Cluster 2 consisted of interference
with relationswith others, deegp, and mood. I n respond-
ersto rr, no symptom clusters were identified in the
follow-up assessments. However, in non-respondersto
radiation, symptom clusters appeared at week 8 post
RT. Symptom clusters appear to be unstable, and so it
is clinically important to validate reported symptom
clustersfound in previousresearch to determineif they
hold true across similar patient popul ations.

The primary objective of the present study wasto
validatethefindingsfrom our previousstudy 11 by com-
paring the extracted symptom clusters at baseline and
at 4, 8, and 12 weeks post r.

2. PATIENTS AND METHODS

The Rapid Response Radiotherapy Program (RrRRP) at
the Odette Cancer Centreisaninnovative program that
wasinitiated in 1996 to providetimely palliativerr for
symptom relief in patients with advanced disease 2.
The rrrP provides an opportunity for cancer patients
to be assessed, planned, and treated on the day of first

consultation so asto relieve symptomatic cancer pain
and to maintain or improve quality of life.

All patients referred to the rrre for palliative rt
of symptomatic bone metastases were considered for
thisstudy. For study participation, patientshad to be at
least 18 years of age, to have radiologic evidence of
bone metastases, and to provideinformed consent. Pa-
tientswere excluded if therewas alanguage barrier or
if they had experienced a pathol ogic fracture or spinal
cord compression.

From February to September 2007, 52 patientsfrom
the rRrRrRP Were enrolled into the study. At initial con-
sultation, patientswith bone metastaseswere asked to
ratetheir worst pain and functional interference scores
on the Bri using 11-point numeric rating scales. The
numeric rating scal es had descriptive anchorsof O for
“no pain” or “does not interfere” and 10 for “worst
imaginable pain” or “completely interferes.”

All reference to pain was specific to the irradi-
ated sitein these patients. Patient demographics, which
included age, sex, cancer history, Karnofsky perform-
ance status (kps) 13, and analgesic consumption dur-
ing the preceding 24 hourswere recorded at thefirst
visit. Opioid analgesics were converted to total daily
oral morphine equivalent doses. The progress of apa-
tient’sresponse to palliative rr was monitored using
the Bp at 4, 8, and 12 weeks post rt. A research as-
sistant was responsible for obtaining epi scoresintel-
ephoneinterviews.

Patient confidentiality was maintained, and patients
were assigned a unique number for study identifica-
tion purposes. Ethical approval was obtained fromthe
hospital research ethics board, and all questionnaire
administration and information collection was per-
formed by atrained research assistant. The entire proc-
ess was consistent with the principles set out in the
Declaration of Helsinki on conducting clinical research.

Our study defined respondersto radiation treatment
as patients experiencing a complete (cr) or partial re-
sponse (Pr). The International Bone M etastases Con-
sensus Working Party 14 defines “ compl ete response”
asapain score of O at theirradiated site, with no con-
comitant increasein analgesicintake (stable or reduced
analgesicsin daily oral morphine equivalent doses). It
defines* partia response” asapain reduction of 2 points
or more at the irradiated site on a 0—10 scale without
anagesicincrease or with an analgesi c reduction of 25%
or more from baseline without an increase in paini4.

2.1 Satistical Analyses

Results are expressed as mean + standard deviation or
median and range for quantitative variables, and as
proportionsfor categorical findings. The chi-squaretest
was used totest for differencesinthe averages of symp-
tom severity and of functional interference scoresbe-
tween the sexes. The Spearman correlation was applied
at baselineto determine the strength of the correlation
between any 2 of the 8 items.
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Principal component analysis (pca) with varimax
rotation was applied to worst pain and the 7 functional
interferenceitems. To determinerel ationships between
items before and after rt for bone pain, rca was per-
formed on the 8 items at each time point for respond-
ersand for non-respondersalike.

The highest factor |oading score predicted the as-
signment of individual symptomsto an independent
factor. The Cronbach al pha stati stic was used to esti-
mate the internal consistency and reliability of the
derived clusters at baseline and at subsequent follow-
ups. Using abiplot graphic, robust rel ationships and
correlations between the 8 itemswere displayed; the
length and proximity of arrows acted as determinants
of the strength of the correlations. The final
communality refersto the percentage variancein an
observed variable that was accounted for by the re-
tained clusters.

A general linear mixed model was used to deter-
mine whether the Br items changed over time (from
baselineto week 12) in all patients and whether are-
sponder effect occurred over time (from week 4 to week
12). Resultswere considered significant at the 5% criti-
cal level (p <0.05). All calculations were performed
using the sas (version 9.1: SAS Institute, Cary, NC,
U.S.A.) and s-pLus (version 7.0: Mathsoft, Cambridge,
MA, U.S.A)) statistical software packages.

3. RESULTS

From February to September 2007, our study accrued
52 patientswith symptomatic bone metastases[ 29 men
(55.8%), 23 women (44.2%); median age: 68.5 years
(range: 39-87 years)] who received rr. All participants
provided complete baselinedataat initial consultation.
Table1 summarizes patient demographics and disease
information. These patients had a median kps of 70
(range: 40-90) and amedian daily morphine equiva-
lent dose of 10 mg. Prostate (30.8%), breast (28.9%),
and lung (19.2%) were the most common primary can-
cer sites. Most patientsreceived asinglefraction of 8
Gy tothe spine.

Tablen liststhe prevalences, sex differences, and
median severitiesfor “worst pain” and the 7 functional
interferenceitems. A symptom was considered present
if it was scored greater than 0. All 52 patients had a
“worst pain” score.

The 3 most prevalent interferenceitemswere gen-
eral activity (88.2%), enjoyment of life (88.0%), and
normal work (85.7%). For individual swho were expe-
riencing interference, all 8 items had a moderate-to-
severe functional median severity score, with normal
work being the highest (median score: 8). In using chi-
square analysesto test for sex differences, we observed
no significant difference between women and men on
any sr item except for relationswith others (p = 0.029).

Before rr, some of the patientsdid not experience
certain functional interference items. For those who
provided a score, Table i lists the symptom distress

of patient-assessed worst pain and of functional
interference scores. The median symptom distress
ranged from 3.5to 7 for the 8 items. “Worst pain” and
“normal work” had the highest symptom distress, with
“relationswith others’ ranking lowest.

The Spearman correlations in Table 1v depict the
strength of therel ationshi ps between the 8 items. Each
Spearman correlation was highly significant (p <
0.0001), except for therelationships of Slegpwith pain
(p =0.0008), with general activity (p = 0.0004), with
walking ability (p = 0.0068), and with relations with
others (p = 0.0029). Other nonsignificant Spearman
correlationswere observed for enjoyment of lifewith
walking ability (p=0.0014) and with normal work (p=
0.0003), and for rel ationswith otherswith normal work
(p=0.0015). Correlations between itemsranged from
0.38100.88, with thelowest correlation occurring be-
tween s eep and walking ability, and the highest corre-
lation occurring between normal work and general
activity.

Therca with varimax rotati on extracted principal
componentswith aminimum Eigenvalue of 0.75 that
each explained more than 10% of the total variance.
Two components or symptom clusterswere extracted

TABLE!| Patient characteristics

Characteristic Value

Patients (n) 52
Sex [n (%)]

Male 29 (55.8)

Femade 23 (44.2)
Age at radiation (years)

Mean + SD 66.9+11.6

Median (range) 68.5 (39-87)
Karnofsky performance status

Mean = SD 70.2+12.8

Median (range) 70 (40-90)
Total morphine equivalent (mg)

Mean + SD 77.6+163

Median (range) 10 (0-880)
Primary cancer sites [n (%)]

Prostate 16 (30.8)

Breast 15 (28.9)

Lung 10 (19.2)

Bladder 4(7.7)

Pancreas/gastric 3(5.8)

Others 4(7.7)
Sites of radiotherapy [n (%)]

Spine 22 (42.3)

Hips 9(17.3)

Pelvis 7(13.5)

Shoulders 5(9.6)

Rib or ribs 4(7.7)

Extremities 2(3.8)

Other 3(5.8)
Radiation dose [n (%)]

800 cGy/1 fraction 40 (76.9)

2000 cGy/5 fractions 11 (21.2)

3000 cGy/10 fractions 1(1.9)

SD = standard deviation.
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TABLE Il Prevalence, sex difference, and median severity of worst pain and 7 functional interference items

Symptom Functional prevalence Functional severity?

Total Overall Men Women ¥ Median

(n) [n (%)] [n (%)] [n (%)] p Value® (range)

Worst pain 52 52 (100) 29 (100) 23 (100) 0.999 7 (1-10)
General activity 51 45 (88.2) 24 (85.7) 21 (91.3) 0.523 7 (2-10)
Enjoyment of life 50 44 (88.0) 25 (92.6) 19 (82.6) 0.279 7 (1-10)
Normal work 42 36 (85.7) 18 (85.7) 18(85.7) 0.999 8 (2-10)
Walking ability 50 40 (80.0) 21 (77.8) 19 (82.6) 0.670 7 (2-10)
Mood 51 40 (78.4) 22 (78.6) 18 (78.3) 0.979 7 (1-10)
Sleep 51 40 (78.4) 20 (71.4) 20 (87.0) 0.180 6 (1-10)
Relations with others 50 31 (62.0) 13 (48.2) 18 (78.3) 0.029 6 (1-10)

a8 Functional severity in patients who scored greater than zero. 1 = minimum functional severity; 10 = worst possible functional severity.
b Sex difference as compared by chi-square test. “ Total” is all patients who scored the item. “Overall” isall patients who scored the item

asgreater than 0.

TABLE 111 \Worst pain scores and functional interferenceitems at base-
line (scale: 0-10)

Symptom Patients Mean Median (range)
(n) +D
Worst pain 52 6.50+2.57 7 (1-10)
Normal work 42 6.24+3.46 7 (0-10)
Generd activity 51 5.90+3.20 6 (0-10)
Enjoyment of life 50 5.74+2.96 6 (0-10)
Walking ability 50 5.62+3.58 6 (0-10)
Mood 51 4.92+3.58 5(0-10)
Sleep 51 4.90+3.61 5(0-10)
Relations with others 50 3.60+3.48 3.5(0-10)

SD = standard deviation.

from the questionnaire compl eted before rr, account-
ing for 77% of thetotal variance.

Cluster 1 included walking ability, general activ-
ity, normal work, and worst pain; it accounted for 67%
of thetotal variance. Cluster 2 included relationswith
others, enjoyment of life, mood, and deep; it accounted
for 10% of thetotal variance. Using the Cronbach al -
pha, theinternal reliabilities of the two clusters were
high at 0.85in cluster 2 and 0.92 in cluster 1, demon-
strating good internal consistency (Tablev). Thefinal
communalities showed that all thevariableswerewell
accounted for by thetwo clusters, with final communality
estimates ranging from 0.57 for sleep to 0.93 for gen-
eral activity. Figure 1 showsabiplot for thetwo princi-
pal components, cluster 1 and cluster 2, depicting a
two-dimensional model. Thetwo clustersare distinct,
being that they havedifferent orientations. Thearrows
of longer length and closer proximity suggest ahigher
correl ation between symptoms.

Because of attrition, follow-up response rates at
weeks 4, 8, and 12 were respectively 41.2%, 35.0%,
and 23.8% of the 52 patients. Using a general linear
mixed model, all worst pain and functional interfer-
ence scores significantly decreased over time (p <
0.0001), except for mood (p = 0.0002) and relations
with others (p=0.0047, Tablevi). However, total oral

morphine equivalent dose did not display asignificant
changefrom basdlinetoweek 12 (p=0.8091, Tablew).

The percentages of patients who responded to rt
throughout the foll ow-up assessments were 60.1% at
week 4, 67.9% at week 8, and 73.7% at week 12. Tar
ble vii sets out the number of patients at each time
point and the proportion that had acr or Pr to RT.

Because of the small samplesizein the responder
and non-responder groups alike, we decided not to run
the pca to extract symptom clusters. Any symptom
clustersextracted would not bereliablefrom astatisti-
cal viewpoint. Table viii summarizes the symptom
cluster dynamicsthroughout the duration of the study.
In keeping with thecriteriaof extracting symptom clus-
ters with a minimum Eigenvalue of 0.75 and a mini-
mum proportion of variance of 10%, 2 clusters could
be extracted at baseline, at week 4, and at week 8.
However, these clustersdid not remain consistent over
time; they varied at each time point. The functional
interference items that clustered consistently were
walking ability and general activity in cluster 1 and
relationswith othersand mood in cluster 2. The pair of
itemsin cluster 2 clustered together with those found
in cluster 1 after theinitiation of rT in weeks 4 and 8.
At week 12, no symptom clusters that met the symp-
tom cluster criteriacould beidentified.

4. DISCUSSION

Our findingson clusters match thetwo factors extracted
in aNorwegian validation study of theeri 15. Klepstad
and colleagues performed a principal factor analysis
with direct oblimin solution on asampl e of 300 hospi-
talized cancer patients[55% men; median age: 63 years,
median kps: 70 (range: 10-90)] 5. The most common
primary cancer siteswerebreast (20%), prostate (20%),
and lung (18%). Confirmed metastatic disease was
diagnosed in 235 patients. Klepstad et al. were ableto
extract 2 factors: interference with physical function
(general activity, walking ability, and normal work),
and interference with psychological function (mood,
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TABLE Iv Spearman correlation among worst pain and functional interferenceitems at baseline

Items Wor st General Mood Walking Normal Relations Seep Enjoyment
pain activity ability work with others of life
Worst pain 1
General activity 0.65 1
Mood 0.66 0.77 1
Walking ability 0.56 0.80 0.60 1
Normal work 0.61 0.88 0.67 0.72 1
Relations with others 0.58 0.62 0.70 0.58 0.48 1
Sleep 0.45 0.48 0.57 0.38 0.57 041 1
Enjoyment of life 0.59 0.59 0.62 0.44 0.53 0.58 0.55 1

a8 pVaue of Spearman correlation is highly significant (<0.0001) between items, except for sleep with worst pain (p = 0.0008), with
genera activity (p = 0.0004), with walking ability (p = 0.0068), and with relations with others (p = 0.0029); enjoyment of life with
walking ability (p = 0.0014) and with normal work (p = 0.0003); and relations with others with normal work (p = 0.0015).

TABLEV Factor loadings and final communality from the principal
component analysis

rel ationswith others, sleep, and enjoyment of life) 15,
A third factor of pain severity was extracted in the
Norwegian study, which included worst, least, aver-

Component Final age, and current pain. However, only worst pain was
1 2 communality included in our study’sanalysis. Consequently, worst
) o pain compounded the activity-related interference found
Walking ability 0.86 0.25 0.81 in our initial symptom cluster research in cancer pa-
Generd activity 0.86 0.44 0.93 . . : Y
tients with metastatic bone paini!.
Normal work 0.84 0.36 0.84 L - . .
Worst pain 0.64 0.59 0.75 ~ Thefindingsin the present validation study dlffﬁr
Relations with others 021 0.82 0.73 slightly from our initial symptom cluster research *-.
Enjoyment of life 0.32 0.80 0.75 We extracted 2 symptom clusters beforerr start, call-
Mood 0.48 0.76 0.80 ing cluster 1 “activity-related interference” and clus-
Seep 0.39 0.65 0.57 ter 2“ psychology-related interference.” Theseclusters
_ werereproducible at baselinein the current validation
Variance (%) 67 10 study; however, in the previous study, enjoyment of life
Cronbach apha 0.92 0.85

a Boldfaceindicates arelationship between the functional
interference itemsin each component.

-6 -4 -2 1] 2 4

was more highly correlated with the activity-related
interference items and compounded cluster 1 (activ-
ity-related interference) 1.

Theinitial findingsin our previous study showed
that the statistical analysisfailed to extract any symp-
tom clustersin the responder group after initiation of

3 Rt 1. The symptom clusters had dispersed at weeks 4,
8, and 12, and no cluster could be extracted with fur-

- ther statistical analysis (that is, pca). The disintegra-

§ tion of the symptom clusters was attributed to the

-0.4 -0.2 0.0 0.2 04

Comp.1
FIGURE 1 Biplot between components 1 and 2.

aleviation of symptomatic bone pain, which thus had
adirect influence on thefunctional interferencein all
7 items. The dynamics of the symptom clustersinthe
responders showed that all items were affected, thus
further supporting the validity of thespi °.

The current validation study was able to extract 2
symptom clustersat weeks4 and 8, and yet it failed to
extract any symptom clusters in week 12 of the fol-
low-up assessments. Although 2 symptom clusterswere
observed, these clustersvaried at each time point. The
items rearranged themsel vesto cluster with different
itemsinweeks4 and 8.

Among the 8 items, walking ability and general
activity consistently remained together in cluster 1 (ac-
tivity-related interference). The consistency for thispair
of itemsisevidence of acommon underlying construct,
which supportsthe theory developed by Kimet al. in
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TABLEVI Distress scores of worst pain and functional interference items of all patients (Pts) over time?

Item Basdline Week 4 Week 8 Week 12

Pts Mean+ D Pts Mean+ D Pts Mean+ SD Pts Mean+ SD

(n) (median) (n) (median) (n) (median) (n (median)
Worst pain 52 6.5£2.6 (7) 33 3.7£3.2 (4) 28 2.6+3.3 (0.5) 19 3.1+3.3(2)
General activity 51 5.9+3.2 (6) 31 3.7£3.8 (3) 27 2.613.4 (0) 19 2.7+£3.2 (0)
Mood 51 4.9+3.6 (5) 32 3.4+3.8 (1.5) 28 2.0£3.2 (0) 19 2.2+3.0 (0)
Walking ability 50 5.6£3.6 (6) 32 3535 (2.5) 28 2.6£3.5 (0) 19 2.8+3.7 (1)
Normal work 42 6.2+3.5 (7) 29 3.9+4.0 (3) 27 2.9+3.9(0) 19 3.1+3.8 (2)
Relations with others 50 3.6£3.5(3.5) 32 2.0+£3.1 (0) 28 1.8+3.2 (0) 19 1.8+2.6 (0)
Sleep 51 4.9+3.6 (5) 31 28+3.1 (1) 27 1.8£3.0 (0) 19 1.8£2.9 (0)
Enjoyment of life 50 5.7+£3.0 (6) 32 3.8+3.6 (3.5) 28 2.613.4 (0.5) 19 2.613.0 (2
Total morphineequivalent 49 77.6+£163.4 (10) 30 88.8+134.3 (3.5) 27 47.9+123.7 (0) 16  54.2+135.0 (0)

a Using ageneral linear mixed model, all pain and functional item scores decreased significantly over time (p < 0.0001), except for mood
(p = 0.0002) and relations with others (p = 0.0047). However, total oral morphine equivalent dose did not present a significant change

over time (p = 0.8091).
SD = standard deviation.

TABLE VIl Response rates

At 4 weeks At 8 weeks At 12 weeks

Patients (n) 33 28 19

Complete response@[n (%)]  9(27.3) 12 (42.9) 5(26.3)
Partial response@[n (%)] 11(333) 7(25.0) 9(47.4)
Responders [n (%)] 20(60.1) 19(67.9) 14(73.7)
Non-responders [n (%)] 13(394) 9(321) 5(26.3)

a8 Complete and partial responses were defined as set out by the
International Consensus of Bone Metastases Consensus
Working Party on palliative radiotherapy endpoints4,

200510, (Walking ability and general activity bothin-
volve considerable physical activity of thelower limbs.)
Onthe other hand, rel ationswith othersand mood con-
sistently remained together, yet transferred from clus-
ter 2 (psychology-related interference) at baseline to
cluster 1 (activity-related interference) in weeks4 and
8. Theinfluence of pain on psychological symptoms
may berelated to acombination of physical suffering
and a patient’sinterpretation of pain inthe context of
malignant disease.

At baseling, the 2 symptom clusters of activity-
related and psychology-related interference in the
present study differ dightly from those seenin the pre-
vious symptom cluster study 1. Inthe present research,
enjoyment of life had astronger correl ation with psy-
chology-related interferenceitemsthan with activity-
related interference items (as in the past). We also
observed that “worst pain” had ahigher correlation with
walking ability and general activity in cluster 1 and
therefore remained with these items at week 4. Inter-
estingly, “worst pain” clustered out of cluster 1 (activ-
ity-related interference) at week 4 and showed astronger
correlation with interferencewith sleepin cluster 2 at
week 8 (Table vii). We are unable to explain why a
patient’s worst pain would cluster with a subdued or
inactive state of dlegping than with astatethat requires

vigorous activity and stress on apatient’sbody, such as
walking ability, general activity, and normal work.

Symptom clusters are a dynamic construct and
remain unpredictabl e across varied treatments, condi-
tions, and time periods. Thissymptom cluster phenom-
enonisnot limited to the present research, but hasalso
been observed in earlier studies with symptom clus-
ters1617, Using the Edmonton Symptom A ssessment
Scal e on patients with bone® and brain metastases?’,
these two studies were able to extract symptom clus-
tersat baseline that rearranged at subsequent follow-
up weeks. Certain clusters changed after rt; others
remained stable. Asaresult, thefindingsin our present
study are not unexpected.

Kirkovaand Walsh8 refined theterm “ cluster sta-
bility” in an editorial published in Supportive Carein
Cancer. They defined cluster stability asacluster com-
position across subjects and time. It can be conceptu-
alized as specific clusters that exist in a variety of
patient populations or those influenced by acommon
intervention.

Symptom clusters are adynamic construct and are
influenced by a specific symptom, its severity, treat-
ment, primary cancer site, stage of disease, and symp-
tom meaning %21, Bone metastases may have a
different meaning to the patient at different timesdur-
ing the disease tragjectory 18, This difference may ex-
plain the variation of symptom clustersin the present
study from baselineto weeks 4 and 8.

In comparing the present validation study to the
previous study conducted in 2007, we observed that
patientsin the 2007 group had higher median “ worst
pain” and functional interference (specifically, genera
activity, walking ability, and enjoyment of life) scores.
They had lessinterference with relationswith others.
Median scores for mood and sleep interference were
identical in both studies. The severity of an individu-
al’sbone pain symptoms may determine greater clus-
ter variability 8. Our study did not test for significance,
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TABLE VIII

Summary of symptom cluster changes from baseline to subsequent follow-upsin al patients at each time point

Satistics Value Items?@
At basdline
Min. Eigenvalue 0.77
Min. proportion of variance ~ 10%
Cronbach alpha, cluster 1 0.92 Worst pain, walking ability, general activity, normal work
Cronbach alpha, cluster 2 0.85 Relations with others, mood, enjoyment of life, sleep
At week 4
Min. Eigenvalue 0.86
Min. proportion of variance ~ 11%
Cronbach alpha, cluster 1 0.95 Worst pain, walking ability, general activity, relations with others, mood
Cronbach alpha, cluster 2 0.84 Normal work, sleep, enjoyment of life
At week 8
Min. Eigenvalue 0.85
Min. proportion of variance  11%
Cronbach alpha, cluster 1 0.96 Walking ability, general activity, normal work, relations with others, mood, enjoyment of life
Cronbach alpha, cluster 2 0.77 Worst pain, sleep
At week 12
Min. Eigenvalue 0.44
Min. proportion of variance 5%
No clusters

a Boldface indicates the items that consistently clustered together despite the movement between clusters.

but the differences in median score may account for
the cluster instability acrossthe two studies.

4.1 Limitations

The differences between the two studies may be at-
tributableto thelesser number of patientsin the present
validation study. A sample size of 52 patientsis sig-
nificantly lessthan apopulation of 348 patients.

Comparisons between symptom cluster studies
remain difficult. Thevariationsin cluster composition
areadirect result of the measurement instrument, the
study methodol ogy, the statistical analysis, and the cut-
of f points used to determine a symptom cluster 2224,
Comparisons al so remain an obstacl e because no con-
sensus hasyet been reached concerning the definition
of a symptom cluster and the clinical meaning of a
derived cluster.

The present validation study adds to the explora-
tion and further understanding of symptom cluster dy-
namicsand the possibleinstability of symptom clusters
over timeand over subjects. Symptom cluster research
is still being refined, but it may eventually facilitate
diagnosisand treatment follow-up, and may aid in pre-
dicting survival in clinical practicel8.

An additional validation study with alarger pa-
tient population is highly recommended. The sample
sizein the present study was not large enough to pro-
ducerreliable results. To rule out the phenomenon of
cluster instability, more studies must be conducted
usi ng the same methodol ogy of extracting symptom
clusters: for example, use of a standard instrument;

similar patient populations; identical definitions, cri-
teria, and cut-off points; and repeated assessments at
appropriatetimeintervals.

5. CONCLUSIONS

Therefinement of definitions, development of criteria,
and determination of optimal statistical methods could
helpto devel op symptom cluster research standards and,
hopefully, toidentify clinically important clusters?8.

Following verification of asymptom cluster, sub-
sequent research hasto determine whether that cluster
occursin other patient samplesand whether it consti-
tutesa” symptom cluster diagnosis’ 18. The same study
should berepeated in patient samples other than abone
metastases group to seewhether ssimilar symptom clus-
ters can be extracted on the basis of cancer-related
painingeneral.

6. ACKNOWLEDGMENT

This project is generously supported by the Michael
and Karen Goldstein Cancer Research Fund.

7. REFERENCES

1. Tubiana—Hulin M. Incidence, prevalence and distribution of
bone metastases. Bone 1991;12(suppl 1):S9-10.

2. Patrick DL, Ferketich SL, Frame PS, et al. on behaf of the
National Institutes of Health State-of-the-Science Panel. Na-
tiond I nstitutes of Health State-of -the-Science Conference State-

217

CURRENT ONCOLOGY—VoLuME 15, NumBER 5



10.

11.

12.

13.

14.

VALIDATION OF SYMPTOM CLUSTERS

ment: Symptom Management in Cancer: Pain, Depression, and
Fatigue, July 15-17, 2002. J Natl Cancer Inst 2003;95:1110-17.
Hoskin P, Makin W. Oncology for Palliative Medicine. 2nd ed.
New York: Oxford University Press, 2003: 271-89.

Merskey H. Pain terms: a list with definitions and notes on
usage. Recommended by the1ase Subcommittee on Taxonomy.
Pain 1979;6:249.

Cledland CS, Ryan KM. Pain assessment: global use of the Brief
Pain Inventory. Ann Acad Med Singapore 1994;23:129-38.
Jensen MP. The validity and reliability of pain measures in
adultswith cancer. J Pain 2003;4:2-21.

Li K, Fung K, Sinclair E, et al. Correlation of pain scoreswith
functional interferenceinthe Brief Pain Inventory. Curr Oncol
2005;12:37-43.

Wu JS, Monk G, Clark T, Robinson J, Eigl BJ, Hagen N. Pallia-
tive radiotherapy improves pain and reduces functional inter-
ference in patients with painful bone metastases: a quality
assurance study. Clin Oncol (R Coll Radiol) 2006;18:539-44.
Dodd MJ, Miaskowski C, Paul SM. Symptom clusters and
their effect on the functional status of patients with cancer.
Oncol Nurs Forum 2001;28:465-70.

Kim HJ, McGuire DB, Tulman L, Barsevick AM. Symptom
clusters: concept analysis and clinical implications for cancer
nursing. Cancer Nurs 2005;28:270-82, quiz 283—-4. [Erratum
in: Cancer Nurs 2005;28:table of contents]

Hadi S, Fan G Hird AE, Kirou—Mauro A, Filipczak LA, Chow
E. Symptom clusters in patients with cancer with metastatic
bone pain. J Palliat Med 2008;11:591-600.

Danjoux C, Chow E, Drossos A, et al. An innovative rapid
response radiotherapy program to reduce waiting time for pal-
liative radiotherapy. Support Care Cancer 2006;14:38-43.
Karnofsky D, Burchenal JH. Theclinical evaluation of chemo-
therapeutic agentsin cancer. In: Macleod CM, ed. Evaluation
of Chemotherapeutic Agents. New York: ColumbiaUniversity
Press; 1949: 191-205.

Chow E, Wu JS, Hoskin P, Coia LR, Bentzen SM, Blitzer PH.
International consensus on palliative radiotherapy endpoints
for future clinical trials in bone metastases. Radiother Oncol
2002;64:275-80.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Klepstad P, Loge JH, Borchgrevink PC, Mendoza TR, Cleeland
CS, Kaasa S. The Norwegian Brief Pain Inventory question-
naire: tranglation and validation in cancer pain patients. J Pain
Symptom Manage 2002;24:517-25.

Chow E, Fan G, Hadi S, Filipczak L. Symptom clusters in
cancer patients with bone metastases. Support Care Cancer
2007;15:103543.

Chow E, Fan G, Hadi S, Wong J, Kirou—Mauro A, Filipczak L.
Symptom clusters in cancer patients with brain metastases.
Clin Oncol (RColl Radiol) 2007;20:76-82.

Kirkova J, Walsh D. Cancer symptom clusters—a dynamic
construct. Support Care Cancer 2007,15:1011-13.
Miaskowski C. Symptom clusters: establishing the link be-
tween clinical practice and symptom management research.
Support Care Cancer 2006;14:792-4.

Bender CM, Ergyn FS, Rosenzweig MQ, Cohen SM, Sereika
SM. Symptom clustersin breast cancer across 3 phases of the
disease. Cancer Nurs 2005;28:219-25.

Armstrong TS. Symptoms experience: a concept analysis.
Oncol Nurs Forum 2003;30:601-6.

Walsh D, Rybicki L. Symptom clustering in advanced cancer.
Support Care Cancer 2006;14:831-6.

Chen ML, Tseng HC. Symptom clusters in cancer patients.
Support Care Cancer 2006;14:825-30.

OkuyamaT, Wang XS, Akechi T, et al. Japanese version of the
MD Anderson Symptom Inventory: avalidation study. J Pain
Symptom Manage 2003;26:1093-104.

Correspondence to: Edward Chow, Department of
Radiation Oncol ogy, Odette Cancer Centre, Sunnybrook
Health Sciences Centre, 2075 Bayview Avenue, To-
ronto, Ontario M4N 3M5.

E-mail: Edward.Chow@sunnybrook.ca

*

Rapid Response Radiotherapy Program, Depart-
ment of Radiation Oncology, Odette Cancer Cen-
tre, University of Toronto, Toronto, ON.

CURRENT ONCOLOGY—VoLuME 15, NumBER 5



