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Abstract
Purpose The aims of the present study were to investigate the symptom clusters in terminally ill patients with cancer using the
European Organization for Research and Treatment of Cancer Quality of Life Questionnaire Core 15 Palliative Care (EORTC
QLQ-C15-PAL), and to examine whether these symptom clusters influenced prognosis.
Methods We analyzed data from 130 cancer patients hospitalized in the palliative care unit from June 2018 to December 2019 in
an observational study. Principal component analysis was used to detect symptom clusters using the scored date of 14 items in the
QLQ-C15-PAL, except for overall QOL, at the time of hospitalization. The influence of the existence of these symptom clusters
and Palliative Performance Scale (PPS) on survival was analyzed by Cox proportional hazards regression analysis, and survival
curves were compared between the groups with or without existing corresponding symptom clusters using the log-rank test.
Results The following symptom clusters were identified: cluster 1 (pain, insomnia, emotional functioning), cluster 2 (dyspnea,
appetite loss, fatigue, and nausea), and cluster 3 (physical functioning). Cronbach’s alpha values for the symptom clusters ranged
from 0.72 to 0.82. An increased risk of death was significantly associated with the existence of cluster 2 and poor PPS (log-rank
test, p = 0.016 and p < 0.001, respectively).
Conclusion In terminally ill patients with cancer, three symptom clusters were detected based on QLQ-C15-PAL scores. Poor
PPS and the presence of symptom cluster that includes dyspnea, appetite loss, fatigue, and nausea indicated poor prognosis.
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Introduction

It is well-known that patients with advanced cancer experi-
ence various distressing symptoms as their end-of-life ap-
proaches. In particular, symptoms such as dyspnea and fatigue

have been found to increase in severity compared with symp-
toms such as pain, nausea, anxiety, and depression [1].
Therefore, most patients with cancer seek relief from suffering
at the end of their lives. Most studies regarding cancer-related
symptoms in palliative care settings have focused on a single
symptom, but recently, knowledge dissemination and applica-
tion of symptom clusters have been proposed for palliative
care [2].

Symptom clusters are defined as two or more inter-related
symptoms that are present together, independent of other
symptom clusters [3, 4]. Dong et al. demonstrated that patients
with advanced cancer had four common symptom clusters:
anxiety–depression, nausea–vomiting, nausea–appetite loss,
and fatigue–dyspnea–drowsiness–pain. However, a few stud-
ies included in this review were conducted on terminally ill
cancer patients [3]. Although the Edmonton Symptom
Assessment System (ESAS) is frequently used as a symptom
assessment tool, quality-of-life (QOL) questionnaires such as
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the European Organization for Research and Treatment of
Cancer Quality of Life Questionnaire Core 15 Palliative
Care (QLQ-C15-PAL) are also useful for assessing patient-
reported outcomes (PROs) in palliative care settings [5, 6].
Therefore, we consider that it is valuable to explore symptom
clusters in terminally ill patients with cancer using tools spe-
cific to palliative patient populations, such as the QLQ-C15-
PAL.

For patients with advanced cancer, an accurate prediction
of survival is important for clinical and personal decision-
making in the last months, weeks, and days of life [7]. The
Palliative Prognostic Index (PPI) is a standard tool for
predicting the short-term prognosis in palliative care [8]. The
PPI is composed of performance status (Palliative
Performance Scale (PPS)), decline of oral intake, presence
and absence of edema, dyspnea at rest, and delirium. In the
parameters for PPI, individual distress symptoms such as de-
lirium or dyspnea have been reported as independent predic-
tors of survival in cancer patients [9]. However, these are
subjective factors, and therefore it is often difficult for clini-
cians to use these tools for prognosis prediction unless they
evaluate patients’ symptoms correctly.

We have already conducted a clinical prospective observa-
tional study to examine the possible predictors of prognosis
for terminally ill patients with cancer [10]. We found that
some QOL scores, such as fatigue and dyspnea using the
QLQ-C15-PAL, as well as inflammatory biomarkers, such
as C-reactive protein (CRP), albumin (Alb), and neutrophil-
to-lymphocyte ratio (NLR), were significant prognostic fac-
tors, and we estimated the cutoff values for poor prognosis in
such patients. In the same clinical study, we compared the
correlations between the scores of the patients themselves
and the scores of health care professionals [11]. These are
often called PROs and clinician-reported outcomes (CROs),
respectively. PROs and CROs showed higher correlation in
pain and anorexia (appetite loss), and the degrees of exact
agreement vary between fatigue (15.4%) and nausea
(57.7%), which showed a negative correlation with the mean
of each QLQ-C15-PAL score [11].

Throughout these studies, we found some statistically sig-
nificant correlations between the items in the QLQ-C15-PAL,
which means that the items are not independently scored and
there are some items that behave similarly within a patient.We
hypothesized that these may be symptom clusters, and it is
useful to clarify the details of such symptom clusters in termi-
nally ill patients. Ganesh et al. have investigated the symptom
clusters using QLQ-C15-PAL score which is a palliative-
specific patient-reported QOL assessment tool; however, the
study was limited to the patients undergoing radiotherapy for
advanced cancer [12]. Thus, we investigated the symptom
clusters in nonselective terminally ill patients with cancer at
the time of hospitalization in palliative care unit using the

QLQ-C15-PAL. In addition, we examined whether these
symptom clusters were related to survival prediction.

Methods

Design and patients

The data in this study were obtained from our prospective
observational study [11], which was conducted with cancer
patients newly hospitalized in the palliative care unit from
June 2018 to December 2019. Among them, only the baseline
data at the time of hospitalization were extracted and used for
this secondary analysis. The study was conducted in accor-
dance with the Declaration of Helsinki and Ethical Guidelines
for Epidemiology Research and was approved by the Ethics
Committees at the hospital on May 15, 2018, and the univer-
sity with which the authors are affiliated. Patients were includ-
ed in this observational study if they could answer the ques-
tionnaires during the study period. Data were collected from
130 patients’ questionnaires using the Japanese version of the
QLQ-C15-PAL. The QLQ-C15-PAL is a self-report tool with
10 domains of 15 items that evaluates a patient’s QOL. In the
present study, analyses were conducted using responses for 2
functional domains (physical functioning (3 items) and emo-
tional functioning (2 items)) and 7 symptom domains (dys-
pnea (1 item), pain (2 items), insomnia (1 item), appetite loss
(1 item), constipation (1 item), fatigue (2 items), and nausea (1
item)) on a 4-point scale (1 = not at all, 2 = a little, 3 = quite a
bit, 4 = very much). Patients’ baseline data including age, sex,
PPS, cancer type, presence or absence of metastasis, and in-
flammatory biomarkers (CRP and Alb) were collected from
the medical records at the time of hospitalization.
Additionally, all patients were followed up until death or dis-
charge during the study period.

Statistical analysis

Descriptive statistics were summarized as the prevalence and
severity of the 2 functional domains (5 items) and 7 symptom
domains (9 items). To detect some symptom clusters and ex-
amine whether any interrelationships exist among the func-
tional and symptoms domains, a principal component analysis
(PCA) with varimax rotation was conducted on the intensity
of 14 items at the time of hospitalization in the palliative care
unit. PCA transforms several observed variables into a smaller
number of variables, called principal components [13]. There
are some reports regarding statistical analyses of symptom
clusters in cancer patients [12, 14]. In this study, we followed
the analysis conditions in these previous reports, and an ei-
genvalue higher than 0.8 was used to select the number of
significant principal components, each explaining more than
10% of the total variance and contained at least two symptoms
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[14]. Inter-factor correlations were examined using the values
of factor loading by PCA, and the internal consistency and
reliability of the derived symptom clusters were assessed with
Cronbach’s alpha coefficient (< 0.5, unacceptable; ≥ 0.5,
poor; ≥ 0.6, questionable; ≥ 0.7, acceptable; ≥ 0.8, good; and ≥
0.9, excellent internal consistency) [15].
Based on the results of PCA, we examined whether the

presence of these symptom clusters could be prognostic fac-
tors. At first, the scores of each item in the 2 functional do-
mains and 7 symptom domains were re-scored as binary var-
iables, where responses of 2, 3, or 4 corresponded to “pres-
ence” and a response of 1 corresponded to “absence.” Next,
for each patient, a symptom cluster was defined as present if
the patient had at least half of the items included in each
symptom cluster, and the symptom cluster was defined as
absent if not [16]. Moreover, we classified PPS scores into
three groups, (≥ 70, 40–60, and ≤ 30) based on the results of
a previous study [17]. Survival time in each patient was de-
fined as the period from the date of admission to the palliative
care unit to the date of death. Data from patients without
available information regarding survival because they left
the palliative care unit or remained in the palliative unit during
the study period were censored. Survival data were analyzed
using Cox proportional hazards regression analysis to deter-
mine whether the existence of each symptom cluster and each
group of PPS scores were a significant factor in distinguishing
the survival curves. The Kaplan–Meier method was applied to
draw the survival curves to evaluate the influence of the exis-
tence of the symptom clusters and PPS on survival, and sur-
vival curves were compared between the groups with or with-
out the corresponding symptom clusters using the log-rank
test.

SPSS Statistics for Windows (version 22.0; IBM, Armonk,
NY) and Bell Curve® for Excel Version 2.15 (Social Survey
Research Information Co., Tokyo, Japan) were used to ana-
lyze the data. Statistical significance was set at p < 0.05.
Missing data were excluded for each analysis.

Results

Table 1 summarizes the patients’ backgrounds, as well as the
previous study [11]. The median age was 74 years (range 32–
97 years), and 71 patients (54.6%) were male. The major
cancer type was lung cancer (n = 31, 23.8%), and almost all
patients presented with metastasis (n = 114, 87.7%). At the
end of the study period, 109 patients died, and the information
for 21 patients was missing.

The 14 items of QLQ-C15-PAL scores except overall QOL
are listed in Table 2, and the numbers of patients who claimed
each of the scores in those items at the time of hospitalization
in the palliative care unit are summarized. The mean score of
each item, excluding nausea (Q9), ranged from 2 (a little) to 3

(quite a bit). Among all items, the highest proportion of “very
much” was found in Q7 (felt weak; 44.6%), followed by Q2
(in bed; 44.4%).

Table 3 shows the PCA results for the data at the time of
hospitalization. The results of PCA suggested that the data
were classified into three symptom clusters as follows: cluster
1 contained the two items of pain (Q5, Q12), emotional func-
tioning (Q13, Q14), and insomnia (Q6); cluster 2 contained
the two items of fatigue (Q7, Q11), dyspnea (Q4), appetite
loss (Q8), and nausea (Q9); and cluster 3 contained the three
items of physical functioning (Q1, Q2, and Q3). Constipation
alone (Q10) was extracted as another cluster; however, Q10
was excluded because this cluster contained only one item.

For the patients in the present study, the presence or ab-
sence of clusters was defined according to the rules described
in the Methods. There were 92 patients (71.3%) in cluster 1,
109 patients (84.5%) in cluster 2, and 108 patients (86.4%) in
cluster 3. Each cluster accounted for 20.0%, 17.1%, and
16.9% of the total variance, respectively, and Cronbach’s al-
pha values were 0.79, 0.72, and 0.82, respectively, which

Table 1 Patient characteristics

Number of
patients (%)

Total number of patients 130

Median age (years, minimum–maximum) 74, 32–97

Sex (male/female) 71 (54.6)/59 (45.4)

PPS

≥70 20 (15.4)

40–60 74 (56.9)

≤30 29 (22.3)

Unknown 7 (5.4)

Cancer types

Lung 31 (23.8)

Colorectal 26 (20.0)

Pancreas 12 (9.2)

Gastric 7 (5.4)

Liver 7 (5.4)

Breast 5 (3.8)

Esophagus 5(3.8)

Ovarian 4 (3.1)

Uterine 4 (3.1)

Prostate 3 (2.3)

Other 26 (20.0)

Metastasis (no/yes) 16 (12.3)/114 (87.7)

Inflammatory biomarkers (median, range) n=126

CRP (mg/dL) 3.9 (<0.1–32.1)

Alb (g/dL) 2.6 (1.2–3.9)

Death, survival time (day, median) 18 (n=109)

PPS, Palliative Performance Scale;CRP, C-reactive protein;Alb, albumin
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were considered acceptable. There were 4 patients with no
symptom cluster, 14 patients with 1 cluster, 41 patients with
2 clusters, and 71 patients with 3 clusters.

Table 4 shows the results of a univariate or multivariate
Cox proportional hazards regression analysis using the exis-
tence of symptom clusters and PPS as independent variables.

Of the three clusters, cluster 2 was significantly (p = 0.018 and
p = 0.023, respectively) associated with an increased risk of
death in both the univariate and multivariate analyses. The
hazard risks and their 95% confidence intervals from multi-
variable analysis revealed that those who had cluster 2 had a
two-fold increased risk of death compared to patients who did

Table 2 Summary of QLQ-C15-
PAL scores in the patients at the
time of hospitalization

QLQ-C15-PAL Not at all
(1)

A little (2) Quite a bit
(3)

Very much
(4)

Mean±SD Total (N)

N % N % N % N %

Q1: short walk 22 17.3 37 29.1 20 15.7 48 37.8 2.7±1.14 127

Q2: in bed 16 12.7 20 15.9 34 27 56 44.4 3.0±1.05 126

Q3: need help 34 26.8 27 21.3 23 18.1 43 33.9 2.6±1.21 127

Q4: dyspnea 41 31.5 42 32.3 29 22.3 18 13.8 2.2±1.03 130

Q5: pain 32 24.6 42 32.3 30 23.1 26 20 2.4±1.06 130

Q6: insomnia 46 35.4 31 23.8 34 26.2 19 14.6 2.2±1.08 130

Q7: felt weak 11 8.5 22 16.9 39 30 58 44.6 3.1±0.97 130

Q8: appetite loss 25 19.2 33 25.4 24 18.5 48 36.9 2.7±1.15 130

Q9: nausea 71 54.6 32 24.6 16 12.3 11 8.5 1.7±0.97 130

Q10: been constipated 46 35.9 41 32 22 17.2 19 14.8 2.1±1.06 128

Q11: been tired 16 12.4 46 35.7 26 20.2 41 31.8 2.7±1.04 129

Q12: pain interference 31 24 40 31 27 20.9 31 24 2.4±1.10 129

Q13: felt tense 55 42.6 33 25.6 29 22.5 12 9.3 2.0±1.01 129

Q14: felt depressed 35 27.1 40 31 34 26.4 20 15.5 2.3±1.03 129

N number of patients who claimed each symptom score,Mean, SD arithmetic mean and standard deviation, Total
(N) the total number of patients from whom symptom data was obtained. These are not necessarily the same
because of missing data. QLQ-C15-PAL: EORTC QLQ-C15-PAL (European Organization for Research and
Treatment of Cancer Quality of Life Questionnaire Core 15 Palliative Care)

Table 3 Symptoms clusters using
principal component analysis at
the time of hospitalization (n =
130)

Items N (%) of patients Inter-factor
correlations

Cronbach’s
alpha values

% of variance

Cluster 1 (n=129) 92 (71.3) 0.792 20.0

Q12: pain interference 0.869

Q5: pain 0.838

Q13: felt tense 0.669

Q6: insomnia 0.591

Q14: felt depressed 0.516

Cluster 2 (n=129) 109 (84.5) 0.721 17.1

Q4: dyspnea 0.710

Q8: appetite loss 0.669

Q9: nausea 0.630

Q7: felt weak 0.614

Q11: been tired 0.567

Cluster 3 (n=125) 108 (86.4) 0.820 16.9

Q1: short walk 0.856

Q2: in bed 0.837

Q3: need help 0.829
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not. In addition, poor PPS (≤ 30) was significantly associated
with an increased risk of death.

Figure 1 shows the Kaplan–Meier survival curves to eval-
uate the influence of the existence of each symptom cluster
and PPS on survival, where the log-rank test indicated a sig-
nificant difference in cluster 2 (p = 0.016) and PPS (p <
0.001). For cluster 1 and cluster 3, the survival curves were
not significantly different regardless of whether these symp-
toms existed. However, the median survival time of each clus-
ter was shorter in the presence of a cluster compared to its
absence.

Discussion

We performed an observational study to examine the exis-
tence of symptom clusters based on a patient-reported QOL
assessment tool in terminally ill patients with cancer hospital-
ized in a palliative care unit. Three symptom clusters were
identified as follows: cluster 1 (pain (pain and pain interfer-
ence), insomnia, emotional functioning (felt tense and felt
depressed)), cluster 2 (dyspnea, appetite loss, fatigue (felt
weak and been tired), and nausea), and cluster 3 (physical
functioning (short walk, in bed, and need help)).

It has been reported that there are several shared mecha-
nisms underlying the symptoms identified in cluster 1. The
relationship between insomnia and pain is indicated as a phys-
iological domain that includes neurological, metabolic, and
other biochemical causes. In addition, the psychological do-
main includes emotional and affective factors such as mood

and psychiatric disturbances, which are caused by and re-
spond to both insomnia and pain [18]. In other words, insom-
nia and altered pain responses are considered to lead to poorer
emotional functioning, such as depression. Jiménez et al. iden-
tified a neuropsychological cluster of symptoms including in-
somnia, depression, and anxiety, which is one of the psycho-
logical domains in advanced cancer patients, and reported that
those symptoms should be treated concomitantly [19]. Our
study suggests that pain (Q5, Q12), insomnia (Q6), and emo-
tional functioning (Q13, Q14) could be summarized as a
pain—neuropsychological cluster in terminally ill patients
with cancer.

The symptoms identified in cluster 2, except for dyspnea,
are characteristic of patients with cancer cachexia [20, 21].
Several studies have reported that CRP levels gradually in-
crease in response to chronic systemic inflammation associat-
ed with cancer cachexia in the terminal stage [22, 23]. Laird
et al. reported that elevated CRP levels are associated with
pain, anorexia, dyspnea, and fatigue in patients with cancer
[24, 25]. In our study, most patients had high CRP levels
(median: 3.9 mg/dL); therefore, we considered that dyspnea,
appetite loss, and fatigue excluding pain would exist in the
same cluster. The symptoms in this combined cluster are con-
sistent with previous reports [26], and Cheung et al. identified
a cluster that includes fatigue, dyspnea, drowsiness, nausea,
and appetite by assessing ESAS in outpatients with advanced
cancer. In addition, similar to previous studies [3, 14], our
results indicated that nausea and appetite loss exist in the same
cluster as a gastrointestinal symptom cluster. These results
suggest that dyspnea (Q4), appetite loss (Q8), fatigue (Q7,

Table 4 Results of Cox proportional hazards regression analysis of survival data

Univariate analysis (n=130) Multivariate analysis (n=117)

Variables n Estimates S.E HR 95% CI p Estimates S.E HR 95% CI p

PPS

≥70 20 0 ― 1 Reference 0 ― 1 Reference

40–60 74 0.329 0.290 1.389 0.787–2.452 0.257

≤30 29 1.192 0.328 3.292 1.729–6.267 <.001** 0.986 0.246 2.679 1.653–4.343 <.001**

Cluster 1

No 37 0 ― 1 Reference

Yes 92 0.007 0.222 1.007 0.652–1.557 .974

Cluster 2

No 20 0 ― 1 Reference 0 ― 1 Reference

Yes 109 0.703 0.297 2.019 1.129–3.611 .018* 0.731 0.322 2.077 1.104–3.907 .023*

Cluster 3

No 17 0 ― 1 Reference

Yes 108 0.324 0.290 1.382 0.784–2.438 .264

PPS Palliative Performance Scale. Cluster 1: pain (pain and pain interference), insomnia, emotional functioning (felt tense and felt depressed). Cluster 2:
dyspnea, appetite loss, fatigue (felt weak and tired), and nausea. Cluster 3: physical functioning (short walk, in bed, and need help)
* p < 0.05, **p < 0.01; estimates regression coefficients, S.E. standard errors of estimates, HR (95% CI) hazard ratio and 95% confidence interval
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Q11), and nausea (Q9) could be summarized as a dyspnea—
fatigue—gastrointestinal cluster even in terminally ill patients
with cancer.

To our knowledge, the present study is one of few to in-
vestigate the symptom clusters of several distress symptoms
that focused on patients with terminal cancer. It is difficult to
determine whether the symptom clusters identified in our
study are consistent in other terminally ill patient populations.
This is because symptom clusters have been reported to be
affected by several study methods, such as the chosen symp-
tom assessment tool, the prevalence of symptoms in the study
population, and patient backgrounds [16]. We used the QLQ-
C15-PAL and identified symptom clusters, and found that the
prevalence of the identified symptom clusters (clusters 1–3)
was 70% ormore. In addition, the variance of each cluster was
16.9 to 20.0%, and there were little differences between clus-
ters. Therefore, we consider that terminally ill patients with
cancer hospitalized in a palliative care unit may have any of
the three symptom clusters detected in our analysis. Further

validation studies of symptom clusters in terminally ill pa-
tients with cancer are needed to develop more effective ap-
proaches to relieve distress symptoms.

We identified a relationship between survival and symptom
clusters detected using PCA. Among the three symptom clus-
ters, the presence of cluster 2 (dyspnea, appetite loss, fatigue,
and nausea) was a significant prognostic indicator. Moreover,
the presence of this symptom cluster provided an approxi-
mately twofold increased risk of mortality in patients with a
short prognosis of less than 3 weeks. Individual symptoms of
dyspnea, appetite loss, and fatigue have been reported to be
independent predictors of survival in patients receiving palli-
ative care [9, 27]. Therefore, we hypothesized that cancer
patients with a combination of these distress symptoms would
have a higher risk of death. Our results indicate that it is im-
portant to confirm not only the presence of individual symp-
toms but also the presence of symptom clusters for the predic-
tion of survival in terminally ill cancer patients.
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Fig. 1 Relationships of the presence of clusters 1, 2, and 3 and Palliative
Performance Scale (PPS) with survival. The inserted numbers represent
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confidence interval (CI). Cluster 1: pain (pain and pain interference),
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Similar to our findings, Tsai et al. reported the association
of symptom clusters with the survival in terminally ill cancer
patients admitted to the palliative care unit [28]. The study
used their original assessment scale called “Symptom
Reporting Form” and evaluated the 15 symptoms such as
fatigue, appetite loss, pain, dyspnea, taste alteration, and dys-
phasia at the time of hospitalization. As results, they detected
5 symptom clusters, loss of energy, poor intake, autonomic
dysfunction, aerodigestive impairment, and pain complex. In
the present study, we used QLQ-C15-PAL and identified 3
clusters from the scale measurements of 2 functional domains
and 7 symptom domains, and the relationship between the
symptom clusters and survival time was evaluated. These
studies evaluated the symptom clusters using different assess-
ment scales and obtained similar results, suggesting that our
findings revealed that QLQ-C15-PAL can be also useful to
assess symptom clusters affected survival in terminally ill pa-
tients with cancer.

PPS is widely used as a physician-assessed performance status
and is well-known as a prognostic marker in patients with ad-
vanced cancer [29]. Lee et al. reported that both physical func-
tioning scores among QLQ-C15-PAL, namely patient-reported
performance status and PPS, showed a highly significant relation-
shipwith survival [30]. Therefore, we used PPS as a factor related
to prognosis in addition to symptom clusters based onQLQ-C15-
PAL. In contrast, our results indicated that PPS was a significant
prognostic indicator; however, physical functioning (cluster 3)
was not. Consequently, our results suggest that physician-
assessed performance status is a better prognostic factor than the
patient-reported status in terminally ill patients with cancer hospi-
talized in a palliative care unit.

This study had some limitations. First, our study was con-
ducted in a palliative care unit in a single hospital. Second, the
sample size was not large enough to ensure generalizability.
Third, we excluded patients who did not complete the QLQ-
C15-PAL questionnaire when hospitalized in the palliative
care unit. Thus, our findings may not apply to patients with
cognitive impairments or lack of consciousness, resulting in
selection bias and inaccurate characterization of actual symp-
tom clusters for terminally ill patients with cancer. Fourth, the
QLQ-C15-PAL also limited the evaluation to only 14 items;
thus, the clusters identified in our study may be oversimplified
compared with another symptom assessment tool or terminal-
ly ill patient population. Finally, this secondary analysis was
performed to investigate symptom clusters only at the time of
hospitalization, and we did not conduct a longitudinal
analysis.

Conclusion

We examined symptom clusters based on PROs in terminally
ill patients with cancer hospitalized in a palliative care unit.

Using PCA, three symptom clusters were detected based on
QLQ-C15-PAL scores, and the presence of the dyspnea—fa-
tigue—gastrointestinal cluster and poor PPS indicated poor
prognosis. The findings suggest that symptom clusters should
be carefully considered to manage the distress symptoms in
combination and predict survival in terminally ill patients with
cancer. These results are useful when clinicians make personal
decisions for terminally ill patients with cancer.
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