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Fatigue patterns and correlates in male liver
cancer patients receiving transcatheter hepatic
arterial chemoembolization

Abstract Liver cancer is a leading
cancer in Taiwan, especially in males.
Transcatheter arterial chemoemboli-
zation (TACE) is a major treatment
for these patients, but research exam-
ining their fatigue experiences is
limited. The purposes of this longitu-
dinal, correlational study were to
identify (1) changes in fatigue,
symptom distress, anxiety and de-
pression in cancer patients across four
time points during the first week of
TACE treatment, and (2) factors
predicting changes in fatigue across
the four time points. Eligible male
inpatients with liver cancer were
recruited from a medical center in
Taipei. Subjects (n=40) were assessed
1 day before (T1), and during days 2
(T2), 4 (T3) and 6 (T4) of TACE.
Data were analyzed by descriptive
statistics, Pearson’s correlations, re-
peated measures analysis of variance
(ANOVA) and the generalized esti-
mating equation (GEE). Subjects had

mild to moderate levels of fatigue that
peaked at T2, and showed a decrease
at T3 and T4 but were still slightly
higher than at T1. The GEE analysis
showed that greater symptom distress,
anxiety and depression, higher
Adriamycin dosage, longer duration
of previous fatigue, and less education
significantly predicted fatigue chang-
es. The results indicate that the pattern
of fatigue in TACE during the first
week is similar to fatigue in patients
receiving chemotherapy. The results
also further indicate that fatigue is
associated to several factors. The
causal relationships between fatigue
and these related factors should be
examined. Interventions targeting
these factors should also be tested in
future studies.
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Introduction

Liver cancer, also known as hepatocellular carcinoma or
hepatoma, is a critical health problem. It has been ranked
fourth worldwide as a cause of cancer mortality [4]. In
Taiwan, hepatoma was ranked first in incidence among
males in the year 2000 [6], and as the top cause of death
among all cancer deaths in the year 2002 [10]. Both
surgical dissection and transcatheter arterial chemoembo-
lization (TACE) have been recognized as major modalities
for treating liver cancer [17, 23, 37]. TACE is a treatment

that occludes blood vessels supplying tumors by using
various embolizers, such as Gelfoam cubes, or powders,
or by injecting chemotherapeutic drugs. Adriamycin, the
chemotherapeutic agent most commonly used for TACE,
is known to be an effective treatment but has major side
effects. Because the route of administration of chemother-
apeutic drugs by TACE differs from the usual intravenous
(IV) route, patients’ experiences with Adriamycin may also
differ. Clinical observations in Taiwan indicate that many
patients experience fatigue during TACE, but there has
been little research exploring this problem.
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Fatigue has been recognized as one of the most dis-
tressing and common problems faced by patients receiving
chemotherapy [1, 5, 12, 18, 20, 21, 34]. Like pain, fatigue
has a negative impact on the patient’s quality of life [13,
25, 35] and daily function [11], but until recently it has
received even less attention than pain [11]. Understanding
patients’ fatigue experience, such as its pattern and as-
sociated factors during cancer treatment can help health-
care professionals identify patients’ fatigue problems and
care needs. Numerous studies have examined fatigue pat-
terns experienced by patients receiving chemotherapy, but
most of these studies have targeted breast cancer patients
receiving chemotherapy [1, 2, 19, 33]. Fatigue patterns
have been found to differ with various chemotherapeutic
protocols [1].

Besides characterizing fatigue patterns, related factors
need to be identified to give health-care professionals a
more comprehensive basis for understanding and manag-
ing cancer-related fatigue. Previous studies have shown
that symptom distress [2, 18, 22, 29], and psychological
distress (such as anxiety and depression) [5, 18, 22, 29]
might be associatedwith cancer patients’ fatigue. Treatment-
related factors [1, 32] and fatigue with prior chemotherapy
[19] might also be related to fatigue during chemotherapy.
However, to our knowledge, these factors have not yet been
examined simultaneously. Furthermore, the correlates of
fatigue were examined in a cross-sectional manner. In other
words, factors related to fatigue were assessed at only one
time point, which may not adequately capture the nature of
fatigue as a continuous process.

In Taiwan, most of the research on liver cancer has tar-
geted the effectiveness of treatment-related or basic science
issues [7, 8, 16]. One study, however, directly examined
patients’ fatigue problems during TACE treatment [24] and
found that fatigue was the most distressing issue for pa-
tients. However, that study did not examine psychological,
disease- and treatment-related factors (e.g. dose of chemo-
therapeutic agent). Given the high incidence of liver cancer
worldwide, particularly in Asia [4], understanding patients’
fatigue experience and its related factors during TACE is
crucial in helping health-care professionals provide better
care.

Therefore, the aims of this study were: (1) to examine
fatigue levels and patterns during the first 6 days of TACE
treatment, and (2) to identify the factors that predict the
changes in fatigue during the first 6 days of TACE treat-
ment. Fatigue was assessed at four time points: 1 day be-
fore TACE treatment (T1), and during days 2 (T2), 4 (T3)
and 6 (T4) of TACE. Demographic and disease-related
variables (age, education, being accompanied by a family
member, tumor size, duration of previous fatigue, number
of previous TACE treatments, dosage of Adriamycin),
symptom distress, anxiety and depression were examined
as potential factors predicting longitudinal changes of fa-
tigue measured across the four time points.

Methods

Subjects and setting

A prospective longitudinal, correlational design was used
in the current study. Eligible subjects were inpatients with
hepatocellular carcinoma admitted for TACE. Subjects
were recruited from two gastroenterology inpatient wards
in a Veterans’Administration (VA) general hospital in north-
ern Taiwan. The VA general hospital is also one of the lead-
ing medical centers in Taiwan for treating liver cancer
patients. Thus, not only veterans, but also the general public
are admitted. However, since liver cancer occurs in males
and females at a ratio of 8 to 3 in Taiwan [6], andmoremales
tend to be admitted to the VA hospital, very few female
patients were recruited. Due to the limited number of
women subjects (n=5), we analyzed only data from male
patients.

Procedure

Before data collection, the study was evaluated and ap-
proved by the Institutional Review Board of the hospital.
Informed consent was obtained from patients before they
were interviewed. Data were collected at four time points:
the day before TACE (T1), and on days 2, 4 and 6 of TACE
(T2, T3 and T4). Each patient was interviewed and required
to complete the scales at approximately the same time of
day over the time period from the day before TACE. At each
time point, fatigue, symptom distress, depression, and an-
xiety were assessed. At T1, data on demographic and dis-
ease-related variables were also collected (see below).

Instruments

Four scales were used to assess patients’ demographic and
disease-related information, fatigue, symptom distress, and
psychological distress: a background information form,
the revised Piper Fatigue Scale (PFS) [31], the modified
Symptom Distress Scale (SDS-m) [20], and the Hospital
Anxiety and Depression Scale (HADS) [39], respectively.
Background information included age, gender, education
(years in formal school education), religion, being accom-
panied by a family member, tumor size, number of previous
TACE treatments (none, one, two to four, five or more),
Adriamycin dose this time (mg), and duration of previous
fatigue (none, <6 months, ≥6 months).

The PFS [31] was used to measure level of fatigue. The
PFS, one of the most commonly used scales to assess
cancer patients’ fatigue level, has 22 items scored from 0
(no fatigue) to 10 (severe fatigue). As suggested by Piper
[30], the level of fatigue was categorized according to
score as “no fatigue” (score 0), “mild” (score 1–3), “mild
to moderate” (score 4–6), and “severe” (score 7–10). Its
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psychometric characteristics have been demonstrated to be
satisfactory [2, 31, 35]. A Chinese version of the PFS,
used for this study, was rigorously translated and back-
translated by the authors following the rule of instrument
translation across different languages [26]. Because all
subjects were hospitalized, two items, “the ability to com-
plete your work or school activities” and “your ability to
engage in sexual activity,” were deleted. The modified PFS
retained 20 items. The higher the score, the greater the level
of fatigue. In this study, Cronbach’s alpha for the revised
PFS was 0.97.

Symptom distress was measured using the SDS-m
[20, 28], which has been shown to have satisfactory psy-
chometric characteristics for detecting cancer patients’
symptom distress [27, 28]. The original SDS is a 13-item,
Likert-type scale with responses ranging from 1 (no symp-
tom at all) to 5 (severe and can’t tolerate). The higher the
score, the greater the level of symptom distress. The Chi-
nese version of the SDS has been shown to be reliable [20].
For this study, we kept only items directly related to symp-
toms of physical distress, excluding three psychologically
related items (outlook, concentration, restlessness) and fa-
tigue (to avoid overlap with the dependent variable [fatigue]
in this study). The final SDS used in this study (SDS-m) had
nine items; Cronbach’s alpha was 0.76.

The HADS [39] was used to measure levels of anxiety
and depression. The 14-item HADS has two subscales
(anxiety and depression), each with seven items. Each item
is scored from 0 (“not at all”) to 3 (“always”). Anxiety
(depression) scores range from 0 to 21 The higher the
score, the greater the level of anxiety (depression). Satis-
factory psychometric characteristics have been shown for
the HADS in cancer-related studies in Taiwan [9]. In this
study, Cronbach’s alpha values for the anxiety and de-
pression subscales were 0.71 and 0.66, respectively.

Data analysis

Data were analyzed by descriptive statistics, repeated-
measures analysis of variance (ANOVA), Pearson’s corre-
lation, and the generalized estimating equation (GEE).
Repeated-measures ANOVA was used to examine differ-
ences in fatigue levels over the four times (T1, T2, T3, T4).
For descriptive purposes, Pearson’s correlations were used
to explore preliminary relationships among fatigue, symp-
tom distress, anxiety, and depression at each time. The GEE
was normalized by Liang and Zeger to extend generalized
linear models to a regression setting for repeated observa-
tions within subjects [14, 38]. The GEE can appropriately
determine population-averaged estimates, accounting for
correlations between repeated observations [15, 38]. Inde-
pendent variables used to predict changes in fatigue were
demographic variables (age, education, being accompanied
by a family member), disease and treatment-related var-
iables (duration of previous fatigue, number of previous

TACE treatments, Adriamycin dosage, tumor size), overall
symptom distress, depression and anxiety.

Results

Subject characteristics

Of the 52 male subjects recruited, 40 completed all four
assessments. Among the 12 who did not complete the
study, five refused to participate and seven completed only
the pre-TACE assessment, refusing to continue after TACE

Table 1 Background characteristics

Variable n %

Age (years)
<50 2 5.0
51–60 5 12.5
61–70 16 40.0
>71 17 42.5
Education
Illiterate 3 7.5
Elementary 12 30.0
High school 14 35.0
College or higher 11 27.5
Accompanied by family member
Yes 27 67.5
No 13 32.5
Religion
Buddhist 14 35.0
Taoist 2 5.0
Christian 3 7.5
None 21 52.5
Duration of previous fatigue (months)
None 14 35.0
<6 14 35.0
≥6 12 30.0
Previous TACE treatments
0 10 25.0
1 10 25.0
2–5 16 40.0
≥6 4 10.0
Dose of Adriamycin (mg)
10 6 15.0
15 2 5.0
20 5 12.5
30 27 67.5
Tumor size (cm)
<1 4 10.0
1–3 15 37.5
4–6 10 25.0
>10 6 15.0
Missing 5 12.5
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due to physical discomfort. Comparison of baseline data
for the 40 patients who completed the study and the seven
who dropped out showed no significant differences in their
background characteristics, fatigue level, symptom distress,
anxiety or depression.

As shown in Table 1, the mean age of the 40 male
patients who completed the study was 67.38 years (SD
10.27, mode 65). The mean education level was 9.70 years
(SD 5.23). Two-thirds of the subjects (67.5%) were accom-
panied by a family member. More than half of the patients
did not have any religious belief (52.5%). Only 14 patients
(35%) reported not experiencing fatigue before the current
TACE. Of the 30 patients who had previously received
TACE, 16 had been treated two to five times. The major-
ity of the patients (n=27, 67.5%) were receiving 30 mg
of Adriamycin for the current TACE treatment. Tumor sizes
(determined by standardmedical assessments during TACE)
ranged from less than 1 cm to 14 cm.

Changes in fatigue, symptom distress, anxiety and
depression

The levels of fatigue, symptom distress, anxiety and
depression at the four time points were analyzed separately
by repeated measures ANOVA (Table 2). The results of
this within-group comparison showed that there were sig-
nificant differences in levels of fatigue, symptom distress,
and anxiety over time, but not in depression (Table 2). In
general, patients had mild to moderate levels of fatigue
that peaked on the second day of TACE and decreased on
the fourth and sixth days (Fig. 1). Symptom distress,
overall, was mild and followed a similar pattern to that of
fatigue, peaking on the second day of TACE. The three
most distressful symptoms across the four time points were
insomnia, appetite loss, and pain. Abdominal distension,
however, was perceived as the second most distressing
symptom on the day before TACE for these liver cancer
patients. Taken together, significant increases in fatigue
and overall symptom distress were seen on the second day
of TACE.

The mean scores for anxiety and depression for each
assessment section, overall, were under 7, except for the
anxiety level on the second day of TACE (Table 2). The
pattern of depression was similar to that of fatigue, with a
peak on the second day of TACE, but this increase was not
statistically significant. Anxiety levels showed a signifi-
cant peak on the second day of TACE treatment.

Relationships among fatigue and related variables

Relationships among fatigue and its correlates were first
explored by Pearson’s correlation, and if a significant re-
lationship was found between fatigue and any of these
factors collected at any time point, the relationship between
the factor and fatigue pattern was further evaluated using
the GEE (T2, T3 and T4). The results of the GEE analysis
revealed that, after controlling for the time factor, patients
with less education, receiving a higher dose of Adriamycin,
with longer duration of previous fatigue, more symptom
distress, greater anxiety and greater depression levels per-
ceived a greater level of fatigue during the first week of

Table 2 Analysis of fatigue, symptom distress, anxiety, and depression levels by repeated measures ANOVA (n=40) (T1 day before TACE
treatment; T2, T3 and T4 second, fourth and sixth days, respectively, of TACE treatment). The data presented are means (SD)

Variable T1 T2 T3 T4 F Post-hoc, pair-wise comparison

Fatiguea 3.55 (1.70) 4.85 (1.71) 4.37 (1.81) 4.01 (1.92) 13.119*** T2>T3>T1, T2>T4
Symptomb distress 1.32 (0.43) 1.79 (0.55) 1.47 (0.39) 1.46 (0.38) 11.121*** T2>T1, T2>T3, T2>T4
Anxietyc 6.75 (3.15) 7.83 (3.56) 6.13 (3.03) 6.88 (3.30) 3.451*** T2>T3
Depressiond 6.08 (2.44) 6.93 (3.09) 6.48 (3.22) 6.35 (3.50) 0.936 –

***P<0.001
aPFS fatigue mean scores range from 0 to 10; higher scores indicate more fatigue
bSDS-m mean scores range from 1 to 5; higher scores indicate more distress
cHADS-anxiety total scores range from 0 to 21; higher scores indicate greater anxiety
dHADS-depression total scores range from 0 to 21; higher scores indicate greater depression

Fig. 1 Changes in fatigue with error bars
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TACE treatment (Table 3). However, time itself did not
reach the level of significance (P=0.135). These findings
suggest that the changes in fatigue during the first 6 days
after TACE were not related to time but were related to
changes in other factors, such as symptom distress, anxiety
and depression.

Discussion

This is the first study in Taiwan to examine the severity
and changing pattern of fatigue and its correlates in liver
cancer patients during the first week of TACE treatment.
There were several important findings which are discussed
below.

Overall, patients in this study perceived a mild to
moderate level of fatigue across the four time points,
ranging from 3.55 (SD 1.70) to 4.85 (SD 1.71). These
findings are similar to those of So (4.7±1.7) who used the
PFS to examine fatigue levels in Chinese patients with
hematological malignancies after bone marrow transplan-
tation [35]. In the present study, fatigue levels changed
slightly over time, peaking on the second day of TACE
treatment, then gradually decreasing. However, even on
the sixth day of TACE (T4), the mean level of fatigue was
still higher than at pretreatment (T1). These results are
similar to those of Berger’s study of breast cancer patients
receiving adjuvant chemotherapy [1], in which fatigue
levels peaked at 48 h after chemotherapy (4.55 to 4.82 as
determined by the PFS). Our findings are very similar to
those of Schwartz et al. who examined chemotherapy-
related fatigue [34] and found that fatigue peaked on the
day after chemotherapy. These findings indicate that the
pattern of fatigue in patients undergoing TACE treatment
with Adriamycin is similar to the pattern found following
IVadministration in chemotherapy. However, more studies
should be done to validate this conclusion.

Similar patterns of change throughout the first week of
TACE treatment were also found for overall symptom dis-

tress, depression, and anxiety, except for a slight increase
in anxiety on the sixth day. The similarity of patterns for
these latter three variables and fatigue suggests that they
are closely linked. Using Pearson’s correlation, we found
mild to moderate to high correlations between fatigue and
these three variables (Pearson’s [product moment] coeffi-
cient ranged from 0.35 to 0.66, P=0.001 to 0.0001) at each
time point. This finding provides preliminary support for
the possibility that these variables cluster with patient fa-
tigue. However, in this study, we did not examine the causal
relationships among fatigue and these factors. Future stud-
ies should further validate the causal relationships among
these factors.

Taking the results from repeated measured ANOVA and
GEE together, several important issues became apparent.
First, although the change in fatigue over time was sig-
nificant as analyzed by repeated measures ANOVA, time
was not found to be significant in the GEE analysis, which
instead showed depression, symptom distress and anxiety
to be significantly related to fatigue. The results suggest
that although fatigue changes over time, time itself is not
the factor related to the changes in fatigue. The change in
fatigue over time is related to changes in depression, symp-
tom distress and anxiety. Second, the results of the GEE
analysis generally support the major findings of previous
chemotherapy-related studies. For example, depression, anx-
iety and symptom distress have been reported as correlates
of fatigue when measured cross-sectionally [2, 3, 5, 18, 22,
29]. However, these factors have not yet received sufficient
attention from clinicians. More effort, including clinical
education and research, should be applied to increase the
attention and ability of health-care providers to care for and
manage patients’ emotional and symptom distress in order
to decrease the patients’ fatigue.

Third, the GEE analysis also showed that disease and
treatment-related variables, i.e. duration of fatigue before
the current TACE treatment and dosage of Adriamycin,
can significantly predict changes in fatigue. These results
are similar to our clinical observations and provide further
support for a relationship between fatigue and variables
related to treatment [19, 34, 36]. The results further suggest
that clinicians should be particularly aware that patients
who receive higher doses of Adriamycin from TACE might
be at risk of developing severe fatigue after TACE. The
duration of fatigue before the current TACE is another fac-
tor not being sufficiently taken into account clinically. As-
sessment of the previous fatigue status before TACE would
give clinicians amore comprehensive picture to allow better
care and management of the fatigue of patients undergoing
TACE.

Tumor size and times of receiving TACE previously were
all assumed to be related to patient fatigue level, but they
were not significant in this study. The dose of Adriamycin,
however, was significantly related to fatigue. Since the dose
of chemotherapy is basically based on the size of the tumor,
chemotherapy (Adriamycin) dose and tumor size might be

Table 3 Changes in fatigue predicted by GEE (n=40)

Variable Estimate Error Z P

Intercept −2.65 24.43 −0.11 0.914
Time 1.55 1.04 1.50 0.135
Age 0.13 0.28 0.47 0.636
Education −1.21 0.50 −2.43 0.015
Dose of Adriamycin 0.005 0.006 6.99 0.000
Tumor size −0.008 0.007 −1.15 0.248
Accompanied by family member 9.67 6.04 1.60 0.110
Previous TACE treatments −2.05 1.70 −1.20 0.229
Duration of previous fatigue 0.02 0.009 2.34 0.019
Symptom distress 2.77 0.62 4.49 0.000
Anxiety 2.69 1.10 2.46 0.014
Depression 3.20 0.85 3.76 0.000
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correlated to some degree. This result further suggests that
the dose of Adriamycin may be a more sensitive reflection
of patient fatigue than tumor size and the number of TACE
treatments received previously. Future studies should val-
idate these findings.

Having less education was identified by GEE analysis
as a predictor of change in fatigue. The reason is unclear.
Indeed, inconsistencies in the relationships between fatigue
and demographic variables have previously been reported
[5, 34]. Further studies should examine both issues to clar-
ify their relationship with patient fatigue.

Although our study provided several important find-
ings, there were a few limitations. First, since all subjects
were male, the findings cannot be generalized to female
liver cancer patients receiving TACE. Second, since we
only examined the fatigue pattern for the first 6 days of
TACE treatment, it is not clear what changes might occur
over a longer period. Future studies should examine fatigue
issues over a longer period. Furthermore, since symptom
distress was found to be a significant predictor of changes in
fatigue, individual symptoms contributing to overall symp-
tom distress should be further examined to decrease overall
fatigue in liver cancer patients. Although we did not record

the pre- and post-medication used in patients receiving
TACE, the severity of symptom distress might have re-
flected the effect of medication. However, research is still
be needed to determine whether there are differences in
changes in fatigue and symptom distress with different
pre- and post-medication given to control the potential side
effects or symptom distress, such as pain and nausea.

In conclusion, the results of this study provide a clear
picture of the changing pattern of fatigue and its correlates
experienced by liver cancer patients during the first 6 days
of TACE treatment. In addition to a need for more longi-
tudinal studies examining fatigue changes to validate our
findings, future research should also develop and test in-
terventions that use the predictors identified in the current
study to enhance the relief of fatigue in patients undergoing
TACE treatment.
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