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Background: Patients with advanced cancer often experience a multitude of symptoms. Due to the
potential interrelation of symptoms, symptom clusters of 2 or more concurrent symptoms have been
advocated for use in the palliative setting to provide better management of symptoms.

Methods: The principal component analysis (PCA), exploratory factor analysis (EFA) and hierarchal cluster
analysis (HHCA) were conducted on responses to items 1-14 in the European Organisation for Research and
Treatment of Cancer Quality of Life-C15-Palliative (EORTC QLQ-C15-PAL) at baseline and days 5 and
10 following RT.

Results: There was complete data for 109, 90 and 87 patients at baseline, day 5 and day 10 respectively.
The average age was 72 years. The most common site of primary was the prostate (36.7%), and almost all
patients presented with bone metastases (95.4%). Analyses identified 2—4 clusters at each interval. From
baseline to day 10 follow-up, across all analyses, items associated with physical functioning clustered
consistently with shortness of breath. Pain and pain interference clustered with nausea at baseline; and with
sleep at both follow-up intervals. Cronbach’s alpha values for the clusters ranged from 0.53 to 0.90.
Conclusions: Fluctuation of symptom clusters was observed in a short time frame following palliative RT.
Although clusters were dynamic, several items tended to cluster together. Further research is required to

validate these clusters.
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Introduction

It has been long acknowledged that patients with advanced
cancer experience a multitude of symptoms, either due
to their disease or treatment (1). Due to the potential
interrelation of symptoms, analyses have revealed symptom
clusters consisting of 2 or more concurrent symptoms in
certain patient populations. Dodd et /. were among the first
to demonstrate the clinical significance of this phenomenon,
as they provided early insights into the effects of symptom
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clusters on individual functional status (2). Further research,
as well as knowledge dissemination and application of
symptom clusters has been greatly advocated for in the
palliative care (3).

In oncological research, the Edmonton Symptom
Assessment System (ESAS), M.D. Anderson Symptom
Inventory and Symptom Distress Scale are commonly used (4).
Although identification and validation of symptom clusters
in palliation can have profound implications on care in this
setting, there have been few studies conducted reporting on
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clusters using tools specific to palliative patient populations.
The present study investigated symptom clusters in patients
undergoing radiotherapy for advanced cancer using a
palliative-specific quality of life (QoL) assessment tool.

Methods

Patients undergoing palliative radiotherapy at the Rapid
Response Radiotherapy Program (RRRP) in Sunnybrook Health
Sciences Centre were enrolled in two clinical trials testing
the safety and efficacy of anti-emetics ondansetron (5) and
palonosetron in the prophylaxis of radiation-induced nausea and
vomiting. Ethics approval was obtained, and all patients provided
informed consent. Patients received radiotherapy to bone
metastases or soft tissue masses in the lower abdomen and pelvic
regions. QoL was assessed using the European Organisation
for Research and Treatment of Cancer Quality of Life-C15-
Palliative (EORTC QLQ-C15-PAL) at baseline and 2 follow-
up intervals (days 5 and 10 post-radiation). Validated for use in
patients with advanced cancer, the C15-PAL assesses various
aspects of QoL with 14 items (Q1-14) on a 4 point Likert scale
(1—not at all, to 4—very much), and overall QoL (Q15) (6).
In the present study, analyses were conducted using responses
for Q1-14.

Patient demographics (e.g., age, gender), disease-related
characteristics (e.g., primary cancer, site of metastases) and
treatment-related characteristics (e.g., dose/fractions) were
included. To compare baseline characteristics between the
two studies, a Wilcoxon rank-sum nonparametric test or
Fisher exact test was applied for continuous and categorical
variables. Two-sided P values of less than 0.05 were
considered statistically significant.

Symptom clusters were identified using three different
statistical procedures: the principal component analysis
(PCA), exploratory factor analysis (EFA), and hierarchal
cluster analysis (HCA).

PCA

To examine whether any interrelationships existed between
the items, PCA for qualitative data was performed for
Q1-14 at baseline using the PRINQUAL procedure in
statistical analysis software (SAS version 9.4 for Windows).
The PCA transforms ordinal variables monotonically by
scoring the ordered categories, so that the covariance matrix
is optimized (7). The PRINQUAL procedure iterations
produce a set of transformed variables. Each symptom’s new
scoring satisfies a set of constraints based on the original
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scoring of the symptom and the specified transformation
type. The new set of scores is selected from the sets of
possible scorings that do not violate the constraints so that
the method criterion is locally optimized, and the varimax
rotation was also applied.

The first principal component accounts for as much
of the variability in the data as possible. The number of
significant principal components was selected with an
eigenvalue higher than 1.0; wherein, each component
explained at least 5% of the variance, and contained at least
two symptoms. The highest factor loading score predicted
the assignment of individual symptoms to an independent
factor. The internal consistency and reliability of the
derived clusters was assessed with Cronbach’s alpha (<0.5
as unacceptable, >0.5 as poor, >0.6 as questionable, >0.7
as acceptable, >0.8 as good, and >0.9 as excellent internal
consistency) (8,9)

EFA

The EFA is the most commonly applied method of
cancer symptom cluster identification (10,11). Applied to
this area of symptom cluster research, factor analysis is a
statistical approach used for finding the common factors
that explain the correlation between symptoms and,
extending this conceptually, finding the commonality that
“binds” 2 or more symptoms together into a common
concept (12). Factor analysis is used to predict a set of
latent factors that are responsible for covariance among
a group of symptoms. Symptoms due to this latent factor
would covary more strongly with each other than they
would with symptoms that are affected by a different
latent factor (13).

With the EFA, the maximum likelihood method was
applied for approximately multivariate normal data. The
varimax orthogonal rotation method was also used. The
numbers of factors were also selected by the eigenvalue
greater than 1.0, indicating that almost 10% of variance
in the symptom is shared with the latent factor after
controlling for the correlation between factors. PROC
FACTOR procedure in SAS was conducted for this analysis.

HCA

The HCA is another procedure that can be used to define
a symptom cluster. Cluster analysis is an exploratory
technique that it is used to discover underlying groups of
individuals who are similar in their symptom experience or
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symptom profile (10). Therefore, this method is focused on
classification and trying to put similar entities together into
a cluster and separate this cluster from other clusters. The
PROC VARCLUS run clusters on the basis of centroid
components.

The centroid cluster algorithm was first used to split
the variables into the two clusters. 1-R’ ratio was the ratio
of one minus the value in the Own Cluster column to
one minus the value in the Next Closest column. Cluster
analyses were conducted additionally until low ratios
indicated well-separated clusters.

Results

There were 109 patients with complete C15-PAL data at
baseline who were included in the present analysis. The
average age was 72 years, and the majority of patients were
male (67.9%) (1able 1). The most common primary was
prostate (36.7%), and almost all included patients presented
with bone metastases (95.4%).

Among the 109 total patients who had baseline C15-PAL
scores, 90 and 87 patients had complete C15-PAL data at
days 5 and 10 respectively. C15-PAL scores for Q1-14 at
each visit are summarized in Table 2. Different symptom
clusters were identified at the three time points. Factor
loadings and final communalities using the PCA and EFA
are provided in Tibles 3,4, respectively. R’ figures for own
and next clusters, as well as 1-R” ratios used in the HCA are
provided in Tuble 5.

Baseline

Using the PCA, 3 clusters were observed (component
1: Q1-4, Q7, Q11; component 2: Q5, Q8-10, Q12;
component 3: Q6, Q13-14). The clusters accounted for
32.3%, 12.8% and 10.4% of the total variance; and had
Cronbach’s alpha values of 0.81, 0.65 and 0.53, respectively.
The EFA method identified 3 clusters (component 1: Q1-4,
Q7-8, Q11; component 2: Q5-6, Q9, Q12; component
3: Q10, Q13-14). The clusters explained 61.4%, 21.6%
and 17.0% of the total variance; and had Cronbach’s alpha
values of 0.81, 0.61 and 0.60, respectively. The HCA
derived 3 clusters (cluster 1: Q1-4, Q7, Q11; cluster 2: Q5,
Q8-9, Q12; cluster 3: Q6, Q10, Q13-14). The clusters
accounted for 52%, 50% and 42% of the total variance,
respectively.
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Day § follow-up

The PCA produced 3 clusters (component 1: Q1-4, Q7,
Q11; component 2: Q5-6, Q10, 12-14; component 3:
Q8-9). The clusters accounted for 45.5%, 11.4%, and 7.2%
of the total variance; and had Cronbach’s alpha values of
0.90, 0.80 and 0.55, respectively. The EFA method identified
2 clusters (component 1: Q1-4, Q7-9, Q11; component 2:
Q5-6, Q10, Q12-14). The two clusters explained 86.4%
and 13.6% of the total variance; and had Cronbach’s alpha
values of 0.87 and 0.80, respectively. HCA derived 3 clusters
(cluster 1: Q1-4, Q7-8, Q11; cluster 2: Q5-6, Q12; cluster
3: Q9-10, Q13-14). The clusters explained 60%, 65% and
51% of the total variance, respectively.

Day 10 follow-up

The PCA identified 3 clusters (component 1: Q3-4, Q7,
Q11, Q13-14; component 2: Q1-2, Q5-6, Q12; component
3: Q8-10). The clusters accounted for 54.0% 10.2% and
8.0% of the total variance; and had Cronbach’s alpha values
of 0.90, 0.88 and 0.65, respectively. The EFA method
derived 3 clusters (component 1: Q1-4, Q7-9, Q11;
component 2: Q10, Q13-14; component 3: Q5-6, Q12).
These clusters explained 81.7%, 12.6% and 5.7% of the
total variance; and had Cronbach’s alpha values of 0.87, 0.72
and 0.73, respectively. The HCA derived 4 clusters (cluster
1: Q1-2, Q7-8, Q11; cluster 2: Q9-10; cluster 3: Q5-6,
Q12; cluster 4: Q3—4, Q13-14). The 4 clusters accounted
for 74.0%, 68.0%, 72.5% and 70.2% of the total variance.

Discussion

A summary of the symptom clusters identified using the
three statistical procedures at all time points are displayed
in Table 6. At baseline, items “short walk” (Q1), “in bed”
(Q2), “need help” (Q3), “short of breath” (Q4), “felt
weak” (Q7) and “been tired” (Q11) consistently clustered
together. Items “pain” (Q5), “felt nauseated” (Q9), “pain
interference” (Q12) usually clustered together. At the day
5 follow-up, “short walk” (Q1), “in bed” (Q2), “need help”
(Q3), “short of breath” (Q4), “felt weak” (Q7), and “been
tired” (Q11) repeatedly clustered together, similar to their
behavior at baseline. Slightly different from baseline, “pain”
(Q5), “trouble sleeping” (Q6) and “pain interference” (Q12)
usually clustered together. At day 10 follow-up, items “pain”
(Q5), “trouble sleeping” (Q6) and “pain interference” (Q12)
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Table 1 Patient characteristics
Patient characteristics Total patients (n=109) Ondansetron (n=30) Palonosetron (n=79) P value
Age (years) 0.64
Mean + SD 72.0+11.37 71.3+11.0 72.3+11.4
Median [range] 4 [33-92] 74 [40-91] 74 [33-92]
Dose categories (Gy) 0.49
8 70 (64.2%) 21 (70.0%) 49 (62.0%)
20 27 (24.8%) 5 (16.7%) 22 (27.9%)
30 12 (11.0%) 4 (13.3%) 8(10.1%)
Sex 0.64
Male 74 (67.9%) 19 (63.3%) 55 (69.7%)
Female 35 (32.1%) 11 (36.7%) 24 (30.4%)
Primary cancer site 0.83
Prostate 40 (36.7%) 29 (36.7%) 11 (36.7%)
Breast 21 (19.3%) 13 (16.5%) 8 (26.7%)
Gl 16 (14.7%) 13 (16.5%) 3(10.0%)
Bladder 11 (10.1%) 9 (11.4%) 2 (6.7%)
Lung 10 (9.2%) 7 (8.9%) 3 (10.0%)
Other 6 (5.5%) 5 (6.3%) 1(3.3%)
Unknown 5 (4.6%) 3 (3.8%) 2 (6.7%)
Metastases
Bone 104 (95.4%) 27 (90.0%) 77 (97.5%) 0.13
Brain 1(0.9%) 0 (0.0%) 1(1.3%) 0.54
Lung 16 (14.7%) 2 (6.7%) 14 (17.7%) 0.23
Lymph nodes 22 (20.18%) 5 (16.67%) 17 (21.5%) 0.79
Liver 18 (16.5%) 3 (10.00%) 15 (19.0%) 0.39

clustered together like they did at day 5. Departing from
baseline and day 5, “short walk” (Q1), “in bed” (Q2), “need
help” (Q3), “short of breath” (Q4) and “been tired” (Q11)
clustered together. At all three intervals, “felt tense” (Q13)
and “felt depressed” (Q14) consistently clustered together.

From baseline to day 10 follow-up, across all types of
analyses, items associated with respiratory (shortness of
breath) and physical functioning (walking ability, staying
in a chair/bed, weakness, tiredness) clustered together with
exception of weakness at day 10. At baseline, pain and pain
interference clustered with nausea; whereas, at both follow-
ups, they clustered with sleep.

Palliative radiotherapy can impact QoL in a variety
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of ways, which is reflected in changes documented by
assessment tools (14). Due to the different characteristics
of the various questionnaires used in previously conducted
symptom cluster research in palliative oncology patients,
it is difficult to make comparisons with the results from
the present study. In a review of clusters reported in
32 observational studies, Dong ez al. identified 4 consistent
groups of symptoms in patients with advanced cancer:
anxiety-depression, nausea-vomiting, nausea-appetite loss,
and fatigue-dyspnea-drowsiness (4). Early symptom cluster
research focused on the relationships between pain, fatigue
and sleep disturbances in cancer patients (2). Mediation
analyses in a study conducted by Beck ez 4/ later indicated

Ann Palliat Med 2018;7(2):192-204



196 Ganesh et al. Symptom clusters using C15-PAL

Table 2 EORTC C15-PAL scores at each visit

Not at all A little Quite a bit Very much
ltems Visit Total (n)
n % n % n % n %
Q1: short walk Baseline 34 31.5 32 29.6 18 16.7 24 22.2 108
Day 5 29 32.6 26 29.2 11 124 23 25.8 89
Day 10 28 33.7 27 32.5 12 14.5 16 19.3 83
Q2:in bed Baseline 23 211 26 23.9 39 358 21 19.3 109
Day 5 26 28.9 20 22.2 27  30.0 17 18.9 90
Day 10 24 27.9 26 30.2 19 221 17 19.8 86
Q8: need help Baseline 72 66.1 25 22.9 7 6.4 5 4.6 109
Day 5 59 65.6 15 16.7 9 10.0 7 7.8 90
Day 10 60 69.8 12 14.0 7 8.1 7 8.1 86
Q4: short of breath Baseline 79 72.5 21 19.3 8 7.3 1 0.9 109
Day 5 52 58.4 29 32.6 6 6.7 2 2.2 89
Day 10 60 69.0 19 21.8 5 5.7 3 3.4 87
Q5: pain Baseline 6 5.5 32 29.4 40  36.7 31 28.4 109
Day 5 9 10.0 32 35.6 30 333 19 21.1 90
Day 10 14 16.1 29 33.3 32 368 12 13.8 87
Q6: trouble sleeping Baseline 44 40.4 29 26.6 23 21.1 13 11.9 109
Day 5 35 38.9 29 32.2 18  20.0 8 8.9 90
Day 10 32 36.8 34 39.1 13 14.9 8 9.2 87
Q7: felt weak Baseline 24 22.0 38 34.9 30 275 17 15.6 109
Day 5 18 20.0 37 411 16 17.8 19 21.1 90
Day 10 23 26.4 28 32.2 17 19.5 19 21.8 87
Q8: lacked appetite Baseline 38 35.2 37 34.3 19 17.6 14 13.0 108
Day 5 33 36.7 25 27.8 20 22.2 12 13.3 90
Day 10 37 42,5 19 21.8 17 19.5 14 16.1 87
QQ: felt nauseated Baseline 84 77.8 17 156.7 5 4.6 2 1.9 108
Day 5 69 76.7 16 17.8 3 3.3 2 2.2 90
Day 10 67 77.0 10 11.5 7 8.0 3 3.4 87
Q10: been constipated Baseline 56 51.4 27 24.8 13 11.9 13 11.9 109
Day 5 39 43.3 22 24.4 17 18.9 12 13.3 90
Day 10 39 44.8 26 29.9 11 12.6 11 12.6 87
Q11: been tired Baseline 16 14.7 37 33.9 37 33.9 19 17.4 109
Day 5 9 10.1 27 30.3 32  36.0 21 23.6 89
Day 10 13 15.3 34 40.0 18 212 20 23.5 85

Table 2 (continued)
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Table 2 (continued)
Not at all A little Quite a bit Very much
Iltems Visit Total (n)
n % n % n % n %
Q12: pain interference Baseline 21 19.4 22 20.4 36 33.3 29 26.9 108
Day 5 26 29.2 25 28.1 21 23.6 17 19.1 89
Day 10 34 39.1 20 23.0 16 18.4 17 19.5 87
Q13: felt tense Baseline 37 33.9 34 31.2 30 275 8 7.3 109
Day 5 33 36.7 37 411 12 13.3 8 8.9 90
Day 10 40 46.0 28 32.2 10 11.5 9 10.3 87
Q14: felt depressed Baseline 41 37.6 46 42.2 14 12.8 8 7.3 109
Day 5 33 36.7 45 50.0 8 8.9 4 4.4 90
Day 10 38 43.7 32 36.8 11 12.6 6 6.9 87

EORTC, European Organisation for Research and Treatment of Cancer; PAL, palliative.

Table 3 Symptom clusters using the PCA at each visit

Cluster ltems Component 1 Component 2 Component 3 Final communality
Baseline
1 Q1: short walk 0.75 0.21 0.01 0.61
Q2: in bed 0.75 0.31 0.03 0.66
Q3: need help 0.80 -0.09 0.01 0.65
Q4: short of breath 0.51 0.01 0.19 0.30
Q7: felt weak 0.63 0.28 0.14 0.50
Q11: been tired 0.75 0.32 0.19 0.70
2 Q5: pain 0.12 0.69 0.28 0.57
Q8: lacked appetite 0.27 0.68 -0.09 0.54
QQ: felt nauseated 0.21 0.68 -0.08 0.51
Q10: been constipated -0.13 0.43 0.40 0.36
Q12: pain interference 0.18 0.81 0.22 0.74
3 Q6: trouble sleeping 0.18 0.05 0.52 0.31
Q13: felt tense 0.06 0.22 0.81 0.72
Q14: felt depressed 0.13 -0.06 0.78 0.63

Table 3 (continued)
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Table 3 (continued)

Cluster ltems Component 1 Component 2 Component 3 Final communality
Day 5
1 Q1: short walk 0.72 0.44 0.15 0.73
Q2: in bed 0.73 0.43 0.21 0.77
Q8: need help 0.80 0.22 0.08 0.70
Q4: short of breath 0.62 -0.02 0.20 0.42
Q7: felt weak 0.72 0.33 0.39 0.77
Q11: been tired 0.70 0.33 0.44 0.79
2 Q5: pain 0.14 0.82 -0.06 0.69
Q6: trouble sleeping 0.26 0.50 -0.07 0.32
Q10: been constipated -0.39 0.65 0.29 0.65
Q12: pain interference 0.46 0.73 0.04 0.74
Q13: felt tense 0.36 0.68 0.33 0.69
Q14: felt depressed 0.30 0.59 0.27 0.51
3 Q8: lacked appetite 0.38 0.10 0.69 0.63
QQ: felt nauseated 0.12 0.02 0.73 0.55
Day 10
1 Q3: need help 0.77 0.33 0.10 0.71
Q4: short of breath 0.85 0.07 -0.04 0.72
Q7: felt weak 0.80 0.27 0.22 0.76
Q11: been tired 0.72 0.36 0.29 0.74
Q13: felt tense 0.62 0.58 0.19 0.76
Q14: felt depressed 0.68 0.41 0.24 0.69
2 Q1: short walk 0.53 0.66 0.09 0.72
Q2: in bed 0.57 0.63 0.17 0.75
Q5: pain 0.01 0.91 0.18 0.85
Q6: trouble sleeping 0.48 0.59 —-0.003 0.58
Q12: pain interference 0.44 0.74 0.20 0.78
3 Q8: lacked appetite 0.51 0.13 0.71 0.77
QQ: felt nauseated -0.05 0.004 0.87 0.77
Q10: been constipated 0.16 0.32 0.62 0.52
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Table 4 Symptom clusters using the EFA at each visit

199

Cluster Iltem Component 1 Component 2 Component 3 Final communality
Baseline
1 Q1: hort walk 0.67 0.21 0.03 0.67
Q2: in bed 0.74 0.26 0.04 0.74
Q83: need help 0.73 -0.10 0.02 0.73
Q4: short of breath 0.38 0.15 0.11 0.38
Q7: felt weak 0.57 0.15 0.26 0.57
Q8: lacked appetite 0.37 0.20 0.20 0.37
Q11: been tired 0.65 0.23 0.28 0.65
2 Q5: pain 0.16 0.83 0.02 0.16
Q6: trouble sleeping 0.06 0.25 0.15 0.06
QQ: felt nauseated 0.22 0.28 0.05 0.22
Q12: pain interference 0.25 0.72 0.21 0.25
3 Q10: been constipated 0.04 0.22 0.35 0.04
Q13: felt tense 0.08 0.38 0.64 0.08
Q14: felt depressed 0.23 -0.11 0.76 0.23
Day 5
1 Q1: short walk 0.65 0.47 - 0.64
Q2: in bed 0.70 0.46 - 0.71
Q3: need help 0.54 0.37 - 0.43
Q4: short of breath 0.46 0.20 - 0.25
Q7: felt weak 0.89 0.29 - 0.87
Q8: lacked appetite 0.58 0.12 - 0.36
QQ: felt nauseated 0.29 0.10 - 0.09
Q11: been tired 0.82 0.34 - 0.78
2 Q5: pain 0.10 0.79 - 0.63
Q6: trouble sleeping 0.16 0.39 - 0.17
Q10: been constipated 0.17 0.27 - 0.10
Q12: pain interference 0.35 0.84 - 0.83
Q13: felt tense 0.43 0.61 - 0.56
Q14: felt depressed 0.42 0.43 - 0.36

Table 4 (continued)
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Table 4 (continued)

Cluster Iltem Component 1 Component 2 Component 3 Final communality
Day 10
1 Q1: short walk 0.63 0.16 0.53 0.71
Q2: in bed 0.67 0.26 0.51 0.77
Q8: need help 0.56 0.39 0.21 0.51
Q4: short of breath 0.46 0.40 0.10 0.38
Q7: felt weak 0.78 0.29 0.21 0.73
Q8: lacked appetite 0.62 0.36 0.18 0.55
QQ: felt nauseated 0.17 0.15 0.12 0.07
Q11: been tired 0.80 0.30 0.32 0.83
2 Q10: been constipated 0.21 0.39 0.25 0.26
Q13: felt tense 0.36 0.73 0.39 0.81
Q14: felt depressed 0.34 0.89 0.21 0.95
3 Q5: pain 0.17 0.22 0.82 0.75
Q6: trouble sleeping 0.23 0.40 0.41 0.38
Q12: pain interference 0.41 0.38 0.69 0.78

EFA, exploratory factor analysis.

Table 5 Symptom clusters using the HCA at each visit

1-R*Own cluster

Cluster ltems R?, own cluster R?, next cluster —_——
1-R"Next cluster
Baseline

1 Q1: short walk 0.5514 0.1135 0.5060

Q2: in bed 0.6074 0.2055 0.4942

Q3: need help 0.5073 0.0392 0.5127

Q4: short of breath 0.3319 0.0675 0.7165

Q7: felt weak 0.5155 0.1430 0.5653

Q11: been tired 0.6054 0.1965 0.4912

2 Q5: pain 0.5699 0.1000 0.4779

Q8: lacked appetite 0.4308 0.1481 0.6682

Q6: trouble sleeping 0.4203 0.0666 0.6210

QQ: felt nauseated 0.6040 0.1542 0.4682

Q12: pain interference 0.5699 0.1000 0.4779

Q6: trouble sleeping 0.2488 0.0245 0.7701

Table 5 (continued)
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Table 5 (continued)

201

1-R*0Own cluster

Cluster ltems R?, own cluster R?, next cluster —_———
1-R*Next cluster
Q183: felt tense 0.6199 0.1554 0.4500
Q14: felt depressed 0.4811 0.0836 0.5663
Day 5
1 Q1: short walk 0.6747 0.3035 0.4670
Q2: in bed 0.7516 0.3093 0.3596
Q3: need help 0.5357 0.1791 0.5656
Q4: short of breath 0.3789 0.0754 0.6718
Q7: felt weak 0.7985 0.2899 0.2838
Q8: lacked appetite 0.4128 0.2119 0.7450
Q11: been tired 0.7574 0.2926 0.3429
2 Q5: pain 0.7429 0.1945 0.3192
Q6: trouble sleeping 0.5023 0.0847 0.5437
Q12: pain interference 0.7312 0.4285 0.4704
3 Q9: felt nauseated 0.3264 0.0762 0.7292
Q10: been constipated 0.4260 0.0670 0.6152
Q13: felt tense 0.6519 0.3773 0.5591
Q14: felt depressed 0.6663 0.3057 0.4806
Day 10
1 Q1: short walk 0.7076 0.4092 0.4949
Q2: in bed 0.7747 0.4948 0.4459
Q7: felt weak 0.7588 0.4238 0.4187
Q8: lacked appetite 0.6189 0.3898 0.6245
Q11: been tired 0.8494 0.4511 0.2743
2 Q9: felt nauseated 0.6799 0.0769 0.3468
Q10: been constipated 0.6799 0.1764 0.3887
3 Q5: pain 0.7660 0.3008 0.3347
Q6: trouble sleeping 0.6271 0.2936 0.5278
Q12: pain interference 0.7863 0.5247 0.4496
4 Q3: need help 0.6601 0.4657 0.6361
Q4: short of breath 0.6020 0.2717 0.5464
Q13: felt tense 0.7742 0.4750 0.4301
Q14: felt depressed 0.7797 0.4186 0.3788

HCA, hierarchal cluster analysis.
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Table 6 Summary of symptom clusters results using the PCA, EFA, and HCA

Clusters determined

Cluster
1% cluster 2" cluster 3“cluster 4" cluster
Baseline
Using PCA Q1, Q2, Q3, Q4, Q7, Q11 Q5, Q9, Q12, Q8, Q10 Q13,Q14, Q6 -
Using EFA Q1, Q2, Q3, Q4,Q7,Q11,Q8 Q5, Q9, Q12, Q6 Q13,Q14, Q10 -
Using HCA Q1, Q2, Q3, @4, Q7, Q11 Q5,Q9, Q12, Q8 Q13, Q14, Q6, Q10 -
Day 5
Using PCA Q1, Q2, Q3, Q4, Q7, Q11 Q5, Q6, Q12, Q10, Q13, Q14 Q8, Q9 -
Using EFA Q1,Q2,Q3,Q4,Q7,Q11,Q8,Q9 Q5,Q6,Q12,Q10,Q13, Q14 - -
Using HCA Q1, Q2, Q3, Q4,Q7,Q11,Q8 Q5, Q6, Q12 Q9, Q10,Q13, Q14 -
Day 10
Using PCA Q11,Q7,Q3, Q4, Q13, Q14 Q1, Q2, Q5, Q6, Q12 Q8, Q9, Q10 -
Using EFA Q11,Q7,Q3,Q4,Q1,Q8,Q2,Q9 Q10,Q13,Q14 Q5, Q6, Q12 -
Using HCA Q11,Q7,Q1, Q8, Q2 Q10, Q9 Q5, Q6, Q12 Q3, Q4, Q13, Q14

PCA, principal component analysis; EFA, exploratory factor analysis; HCA, hierarchal cluster analysis.

that pain both directly and indirectly (through sleep
disturbance) impacted fatigue (15).

Using data from a face-valid symptom reporting form,
Tsai et al. reported and termed 5 different symptom
clusters: loss of energy (fatigue, weakness), poor intake
(anorexia, taste alteration, dysphagia, constipation, dry
mouth/thirsty), autonomic dysfunction (restlessness/
heat, dizziness, insomnia, night sweats), aerodigestive
impairment (nausea/vomiting, abdominal fullness, dyspnea)
and pain complex (16). Chen er al. performed the same
three statistical procedures (HCA, PCA, EFA) on Brief
Pain Inventory (BPI) data collected in a similar sample
of patients at 4-, 8- and 12-week follow-up intervals (17).
The authors observed varying patterns of symptom
cluster presentation over time in different subgroups (e.g.,
responders, non-responders); however, they noticed a
frequent core cluster of symptoms consisting of worst pain,
general activity, walking ability, normal work, and enjoyment
of life. Khan ez 4l. conducted PCA, HCA and EFA analyses
on ESAS data collected at 1, 2-, 4-, 8- and 12-week
following radiation in a similar patient population (18).
At baseline, the PCA and HCA identified three clusters:
(I) depression and anxiety; (II) fatigue, drowsiness, pain,
and poor well-being; and (III) nausea, poor appetite, and
dyspnea. Similarly, two clusters were observed with the
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EFA: (I) depression and anxiety; and (II) fatigue, drowsiness,
pain, nausea, poor appetite, dyspnea, and poor well-being.
At 1 week, the PCA and HCA identified three clusters: (I)
pain, nausea and poor appetite; (II) fatigue, drowsiness, and
dyspnea; and (IIT) depression, anxiety, and poor well-being.
At 2 weeks, the PCA and HCA identified two clusters: (I)
depression, anxiety, nausea, poor appetite, and poor well-
being; and (II) fatigue, drowsiness, and pain. The same two
clusters were observed with the EFA at 1- and 2-week: (I)
depression, anxiety, nausea, and poor well-being; and (II)
fatigue, drowsiness, pain, poor appetite, and dyspnea. Pain
clustered with nausea at 1 week, and clustered with fatigue
and drowsiness at baseline and 2 weeks. All patients in the
present study were prescribed anti-emetics, and this may
contribute to the difference observed. BPI and ESAS focus
on interference with function, and symptoms respectively.
In using the C15-PAL, we were able to study relationships
between both symptoms and interference with function
which are relevant to palliative patients. However, more
investigation is required using this tool to validate the
clusters identified.

In a secondary analysis conducted of the NCIC CTG
SC.23 trial, McDonald et al. reported that 40% of patients
experienced pain reduction and improved QoL at day 10
post-radiation using the EORTC QLQ-Bone Metastases

Ann Palliat Med 2018;7(2):192-204
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Module (BM22) in addition to the C15-PAL (19). Another
significant influence on pain during this shorter follow-up
period is pain flare, which was reported in 40% of patients
with bone metastases within 10 days post-radiotherapy (20).
Patients in this particular analysis were also prescribed anti-
emetics, as recommended by current guidelines, from which
patients may experience side-effects such as headache or
constipation in the follow-up period (5). Other limitations
of the study include the large proportion of patients with
bone metastases, and the short observation time. We were
also unable to explore changes in symptom clustering with
those who responded to radiation treatment versus those
who did not.

Our results suggest dynamism of symptom clusters
immediately following radiotherapy treatment in this
patient population, which should be further explored in
future symptom cluster research. Three separate analyses of
data collected by a palliative QoL assessment tool in patients
with advanced cancer undergoing radiation treatment
were used. Respiratory and physical functions were found
to frequently cluster together. Pain and pain interference
clustered with nausea at baseline, and subsequently, with
sleep at follow-up. Fluctuation of symptom clusters was
observed in a short time frame following radiation.
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