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Abstract

Background Although early detection and improved treat-
ment have increased the number of long-term survivors, little
is known about the prevalence and associations of clinically
relevant fatigue (CRF) in disease-free stomach cancer survi-
vors. Because no effective CRF management strategy yet
exists, understanding CRF risk factors is important for devel-
oping treatment approaches.

Methods Stomach cancer survivors (N=374) completed a
mailed survey that included the Brief Fatigue Inventory,
Beck Depression Inventory, and the European Organization
for Research and Treatment of Cancer QLQ-C30 question-
naire and its gastric module QLQ-STO22. We assessed
sociodemographic, clinical, and symptom characteristics
using multivariate logistic regression models to identify
CRF-associated factors.

Results Approximately half of disease-free stomach cancer
survivors reported CRF, which was associated with female
gender, low economic status, rural residence, current smoker,
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early tumor progress, current depression, and poor perfor-
mance. Significant relationships of CRF with current depres-
sion and poor performance status remained robust after
adjusting for potential confounders. Most functional and
symptom scores of fatigued survivors deteriorated more than
in non-fatigued survivors. Additionally, congruence between
tumor progress and surgery type might influence CRF
severity.

Conclusion In disease-free stomach cancer survivors, CRF is
a common problem that is strongly associated with quality of
life and other symptoms. Current depression, poor perfor-
mance, and perceived understanding regarding postoperative
condition are important CRF risk factors. Thus, CRF manage-
ment in this population should focus on identifying these
factors.
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Introduction

Cancer treatment basically has a curative intent, and to date,
most post-treatment studies have focused on disease-based
outcomes such as treatment response or disease recurrence.
However, as the number of long-term cancer survivors in-
creases [1], increasing attention has been directed toward
patient-based outcomes including symptom management
and quality of life (QoL) [2]. Especially in modern surgical
oncology, the importance of these outcomes following cancer
resection cannot be overemphasized. Aside from the biologi-
cal consequences of multimodality therapies, functional or
psychological aspects of postoperative QoL deserve extensive
investigation.

Fatigue is the most common symptom affecting cancer
patients, defined as the subjective sensation of having reduced
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energy, loss of strength, or becoming easily tired. Clinically
relevant fatigue (CRF) is a major factor causing significant
decreases in cancer patients’ ability to perform usual activities
and reduced QoL [3]. Nevertheless, CRF is often
underreported because cancer patients regard it as inevitable
[4] and physicians do not pay sufficient attention to it. The
CRF prevalence ranges widely, depending on the clinical
disease status and on the type of instrument used to measure
fatigue [5].

Stomach cancer survivors may continue to suffer from
various nutritional or functional problems, summarized as
‘postgastrectomy syndrome’, which likely greatly impacts
fatigue from malnutrition and anemia. However, there is only
limited evidence on CRF in long-term stomach cancer survi-
vors, and even fewer data concerning fatigue in the context of
QoL outcomes [6]. The existent studies reported only mean
scores on QoL fatigue subscales, using tools that have not
previously been validated against fatigue-specific instruments
[7].

We are not aware of any published studies regarding fa-
tigue prevalence in disease-free stomach cancer survivors, or
the association of CRF with relevant variables such as depres-
sion and QoL. We therefore aimed to determine the prevalence
and association of fatigue in disease-free stomach cancer
survivors using a validated fatigue-specific instrument.
Ultimately, identification of associated risk factors will facil-
itate the development of targeted interventions for vulnerable
patients.

Methods
Study design and population

We identified patients from the stomach surgery database at
the National Cancer Center and the Seoul Samsung Medical
Center in Korea for this cross-sectional study, which was
approved by the Institutional Review Boards of both centers.
We chose patients treated at two representative hospitals,
wherein the study participants resided in 15 different geo-
graphic districts across the country. Eligibility required a
diagnosis of stages I-III stomach cancer during 2001 or
2002. Patients were excluded if they had a prior history of
another cancer, could not speak Korean, or were less than
18 years of age. A total of 855 subjects who had been diag-
nosed with stages I-1II stomach cancer were eligible for the
study.

We telephoned eligible subjects to invite them to partici-
pate in the study. Each subject who agreed was mailed the
questionnaires, a consent form, and a postage-paid return
envelope. Any subject who did not return the questionnaire
within 1 month received a reminder card and a phone call
from a staff member, who further reiterated the purpose of the
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study and requested that attention be given to the question-
naire. Subjects were asked to sign the informed consent form
and to return it with the completed questionnaires. Any sub-
ject who did not wish to participate was asked to provide a
reason. When efforts were made to contact eligible subjects by
telephone to seek their participation in the study, we discov-
ered that 83 patients had died. In addition, 97 refused to
participate because of time constraints, due to an inability to
communicate either verbally or in writing (i.e., because no one
was available to assist them), or because they felt that the
study was an inconvenience or invasion of privacy. Each
subject who agreed to participate was mailed the question-
naires, but 81 patients who had agreed to participate had
changed mailing addresses. Of the 594 patients that received
postal material, 165 did not return the questionnaires. Among
the remaining subjects, 23 were excluded because they did not
complete the questionnaires and 32 were eliminated because
they were no longer disease-free. A total of 374 study subjects
thus remained, and the recruitment procedures are summa-
rized in Fig. 1. Mean follow-up period was 2.29+0.29 years,
and details of the study design have been published previously

[8].
Measures

The medical record review provided data on age, gender,
tumor characteristics (early vs. advanced, stage, and postop-
erative period), type of surgery (total gastrectomy vs. subtotal
gastrectomy), and type of treatment received (surgery, chemo-
therapy, or radiation therapy). Patients completed a question-
naire that covered demographic and clinical characteristics as
well as a number of standardized instruments designed to

855 Patients were assessed for eligibility

» 81 were not contactable.

A 4

774 were contacted by telephone

83 died before enroliment.
97 refused to participate in the
survey.

Y

A 4

594 were surveyed

188 did not complete questionnaire.
32 had cancer recurrence.

A 4

374 patients enrolled in study.

Fig. 1 Flowchart of participant selection through the study



Support Care Cancer (2014) 22:1453-1460

1455

assess their fatigue, heath-related QoL, and depression.
Demographic information included marital status, employ-
ment details, religion, monthly household income, education
level, and residential area.

Each variable was categorized as follows: monthly income
was categorized into “<2 million Korean Won (KW, KW
1,200=US$1)” and “>2 million KW;” education level was
categorized into “middle school or lower” and “high school or
higher;” residential area was categorized into “rural” and
“urban” including metropolitan areas and cities; marital status
was classified into “married” and “unmarried,” which includ-
ed “single” and “divorced/separated/widowed;” religion was
classified into “no religion” and “professing a religion” in-
cluding non-Catholic Christians, Buddhist, Catholics, and
others. Patients also provided clinical information on
smoking, drinking habits, comorbid conditions, Eastern
Cooperative Oncology Group (ECOG) performance status,
and family history of cancer. The ECOG performance status
is an observer-rated scale of patient physical ability using
numbers ranging from 0 (able to carry out all normal activi-
ties) to 4 (completely disabled) [9]. As the subjects of this
study were disease-free stomach cancer survivors, they were
divided into two groups, those with scores of 0 and those with
scores of 1 or above.

Instruments

Fatigue was measured using the Brief Fatigue Inventory
(BFI). The BFI is a standardized, reliable instrument that
rapidly assesses fatigue in cancer patients, and is significantly
correlated with other validated fatigue questionnaires [10].
This is a nine-item self-rated scale that includes three items
concerning present, usual, and worst fatigue severity and six
items concerning how much the fatigue interferes with general
activity, mood, walking ability, normal work, relations with
other people, and enjoyment of life over the previous week.
Each item is scored on an 11-point scale from 0 (‘no fatigue’/
‘does not interfere’) to 10 (‘as bad as you can imagine’/
‘completely interferes’). The global BFI score is the arithmetic
mean of all nine items (range 0—10). The Korean version of
the BFI (BFI-K) has been previously validated [11], and the
Cronbach’s alpha coefficient for the BFI-K in this study was
calculated as 0.96. Here, we defined clinically relevant fatigue
as a global BFI score of >4 based on National Comprehensive
Cancer Network recommendations and previous publications
[12,13].

The validated Korean version of the European
Organization for Research and Treatment of Cancer QLQ-
C30 [14] and its gastric module (STO22) were used to mea-
sure QoL. The EORTC QLQ-C30 is a 30-item cancer-specific
questionnaire for assessing the general health-related QoL of
cancer patients. The questionnaire incorporates five function-
ing domains (physical, role, cognitive, emotional, and social),

three symptom scales (fatigue, nausea and vomiting, and
pain), a global health status and an overall health-related
QoL scale, and several single items that assess additional
symptoms commonly reported by cancer patients (e.g., dys-
pnea, appetite loss, sleep disturbance, constipation, and diar-
rhea) along with the perceived financial impact of disease and
treatment. Of the 30 items in QLQ-C30, 28 items are scored
on 4-point Likert scales and the two items for the global QoL
scale are scored on 7-point linear analog scales. The QLQ-
STO22, which was designed to examine specific QoL of
gastric patients, contains 22 questions in five symptom scales
(dysphagia, pain, reflux symptoms, eating restrictions, and
anxiety) and four single items (dry mouth, taste, body image,
and hair loss) [15]. The symptom subscales in the EORTC
QLQ-C30 were excluded in the analyses because of its over-
lap with EORTC QLQ-STO22 or BFI. We scored the QLQ-
C30 and QLQ-STO22 items according to the EORTC scoring
manual. All scales were linearly transformed to a 0 to 100
score, with 100 representing the best global health status or
functional status or the worst symptom status, as appropriate.
We handled incomplete questionnaires according to the de-
veloper’s recommendations. We defined a clinically meaning-
ful difference in health-related QoL as a 10-point difference in
the mean score [16].

We measured depression level using the Beck Depression
Inventory (BDI). The BDI evaluates 21 symptoms of depres-
sion, exploring both cognitive-affective and somatic aspects
of the condition. Each symptom is rated on a 4-point scale (0
through 3), and the scores are added to give a total score
between 0 and 63. Higher scores represent more severe de-
pressive condition. The Korean version of BDI was standard-
ized [17], but the cutoff scores for the BDI have not been
validated in Korean cancer patients. We used a total BDI score
of greater than 13 as the cutoff point for depression, which is
usual procedure in Korea [18].

Statistical methods

We used a x? test to assess the association of
sociodemographic and clinical characteristics with fatigue.
Each independent factor that was statistically significant at
the P<0.10 level in the univariate relationship was entered
into the final multivariate logistic regression model to calcu-
late adjusted odds ratios (aORs). Using a forward stepwise
elimination procedure, we obtained a best-fit multivariate
logistic regression model. In multivariate logistic analyses,
we considered P values less than 0.05 generated in two-
sided tests to indicate statistical significance. We also com-
pared fatigued survivors with non-fatigued survivors on the
basis of multivariate-adjusted health-related QoL means in
each QoL subscale. Additionally, we classified the subjects
into three groups according to the combination of tumor
progress and operation type, and compared the adjusted global
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fatigue score among the groups using the analysis of covari-
ance (ANCOVA) model. All statistical tests were performed
using SAS version 9.2 software (SAS Institute, Inc., Cary,
NC).

Results
Factors associated with CRF

Table 1 lists the factors significantly associated with CRF. The
CREF prevalence was 51.3 %. Stomach cancer survivors who
were female, low economic state, current smoker, and had
rural residence were more likely to report CRF. Subjects with
lower functional status and higher depressive mood were also
at increased risk for CRF. Surprisingly, subjects who had been
diagnosed with advanced cancer or received radiotherapy
were less likely to have CRF. Table 2 shows the results of
multivariate analysis of factors associated, by univariate anal-
ysis, with a predisposition to CRF. Those who were more
depressed (aOR, 7.23) and had lower performance status
(aOR, 5.55) were more fatigued than those who were not.

Expectation—outcome consistency and CRF

Based on the assumption that a discrepancy between pre-
operative expectation (disease stage) and actual postoperative
condition (surgery type) would impact patients’ fatigue, we
classified patients into three groups: advanced stage patients
with subtotal gastrectomy (n=94), early stage patients with
subtotal gastrectomy or advanced stage patients with total
gastrectomy (n=257), and early stage patients with total gas-
trectomy (n=23). Using an ANCOVA model (P<0.001) after
adjusting for ECOG PS status and depression, patients receiv-
ing total gastrectomy despite early stage were more likely to
be fatigued than those receiving subtotal gastrectomy despite
advanced stage (Fig. 2, P=0.029).

CRF and health-related QoL

Figure 3 depicts the relationships between CRF and health-
related QoL. In global QoL, physical, emotional, and cogni-
tive scales, non-fatigued subjects presented significantly better
function than fatigued subjects (P<0.05), especially promi-
nent in global QoL, physical, and emotional function
(P<0.01). Additionally, many symptomatic scales such as
dysphagia, pain, eating restriction, anxiety, dry mouth, and
taste were significantly associated with CRF (P<0.05).
Among these, fatigued subjects had more symptoms, with
more than 10-point differences in pain, eating restriction,
anxiety, and dry mouth, than non-fatigued subjects.
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Table 1 Patient characteristics according to CRF" status
N (%) Non- Fatigued

fatigued

(n=182)  (n=192)  Pvaluc®
Sociodemographic

Age 0.398
>55 years 98 (53.9) 95(49.5)
<55 years 84 (46.2) 97 (50.5)

Gender 0.076
Male 140 (76.9) 132 (68.8)
Female 42 (23.1) 60 (31.3)

Marital status 0.810
Married 154 (88.0) 163 (87.2)
Unmarried 21(12.0) 24(12.8)

Employment status 0.444
Employed 99(55.9) 95(51.9)
Unemployed 78 (44.1) 88 (48.1)

Religion 0.736
Professing a religion 127 (71.8) 134 (70.2)

No religion 50 (28.3) 57(29.8)

Monthly household income 0.063
>KW 2 million 103 (64.8) 85(54.5)
<KW 2 million 56 (35.2) 71(45.5)

Education 0.129
High school or more 110 (62.9) 104 (55.0)

Less than high school 65(37.1) 85(45.0)

Residential area 0.022
Urban 146 (82.0) 136 (72.0)

Rural 32(18.0) 53(28.0)
Clinical

Years since operation 2.28+028 2.30+£0.30 0.437

Stage® 0.164
1 122 (67.4) 142 (74.0)

1111 59(32.6) 50(26.0)

Tumor progress 0.011
Early 95(52.2) 125(65.1)
Advanced 87(47.8) 67 (34.9)

Type of surgery 0.274
STG 146 (80.2) 145 (75.5)

TG 36(19.8) 47(24.5)

Chemotherapy 0.527
No 121 (70.8) 135(73.8)

Yes 50(29.2) 48(26.2)

Radiotherapy 0.007
No 143 (82.7) 166 (92.2)

Yes 30(17.3) 14(7.8)

ECOG PS <0.001
0 138 (81.2) 88(48.1)
>1 32(18.8) 95(51.9)

Comorbid illness 0.283
Absent 21(21.0) 18(154)

Present 79 (79.0) 99 (84.6)
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Table 1 (continued)

N (%) Non- Fatigued
fatigued
(n=182)  (n=192)  Pvaluc®
Current smoking status 0.090
No 140 (92.7) 139 (86.9)
Yes 11 (7.3) 21 (13.1)
Current alcohol-consuming status 0.856
No 118 (80.2) 128 (80.0)
Yes 28(19.2) 32(20.0)
BDI score <0.001
<13 124 (74.7) 63 (32.8)
>13 42 (25.3) 105 (62.5)
Family history of cancer 0.371
No 62(39.2) 78(44.1)
Yes 96 (60.8) 99 (55.9)

Data are expressed as mean + SD or number (%)

CRF clinically relevant fatigue, KW Korean Won (KW 1,200=USD $1),
STG subtotal gastrectomy, 7G total gastrectomy, ECOG PS Eastern Co-
operative Oncology Group Performance Status, BDI Beck Depression
Inventory

 Defined as global fatigue score >3 on Brief Fatigue Inventory
® By independent #test or y° test, as appropriate

¢ American Joint Committee on Cancer 6th edition

Discussion

Advancements in surgical techniques and increased surveil-
lance are responsible for the current high prevalence of long-
term stomach cancer survivors [19]. Gastrointestinal symp-
toms in conjunction with a gastrointestinal disease were gen-
erally associated with fatigue; particularly in stomach cancer
survivors, these symptoms contribute to fatigue via malnutri-
tion or anemia. In recent prospective studies with disease-free
stomach cancer survivors, fatigue was the representative

Table 2 Factors associated with CRF in disease-free stomach cancer
survivors

Stepwise regression analysis®

OR 95 % CI Pvalue
Advanced tumor progress  0.33 0.12-0.87 0.025
ECOG PS >1 5.55 2.08-14.78 0.001
BDI score >13 7.23 3.13-16.71 <0.001

CRF clinically relevant fatigue, OR odds ratio, CI confidence interval,
ECOG PS Eastern Cooperative Oncology Group Performance Status,
BDI Beck Depression Inventory

 Includes variables such as age group, sex, comorbid illness, economic
status, residence, and smoking status, besides the described variables

unrecovered symptom that persisted at 12 months after sur-
gery [20, 21].

To our knowledge, this is the first study to focus on CRF in
disease-free stomach cancer survivors. The main findings
were that: (1) the prevalence of CRF in the sample was
51.3 % and patients with CRF had worse quality of life, poorer
functioning, and more symptoms than those without fatigue;
(2) CRF was associated with female gender, low economic
status, current smoker, and rural residence, and the indepen-
dent associations with CRF were current depression and per-
formance state; and (3) congruence between tumor progress
and operation type might influence the severity of CRF in
disease-free stomach cancer survivors.

Fatigue is also a problem for survivors of other cancers. We
are, however, only aware of two studies that specifically
addressed fatigue in disease-free survivors using the same
fatigue measures as our study. One study examined 1,933
breast cancer patients who were 4.6 years post-surgery [22],
and the prevalence of moderate/severe fatigue (BFI single
item ‘worst fatigue’ >3) was similar (66 % compared with
65.1 % in our female sample after applying the same criteria).
The other study [23] demonstrated that CRF prevalence in
recurrence-free prostate cancer survivors was lower than ours
(45 % compared with 50.9 % in our male sample with the
same criteria).

Performance status was highly relevant to CRF in this
study. The relationship between fatigue and physical perfor-
mance has rarely been investigated in the literature and then
only during active treatment for cancer [24, 25] or did not
consider disease status [26]; less is known about fatigue in
long-term disease-free cancer survivors. Although subjective
fatigue is often related to objectively impaired performance,
the two phenomena are not synonymous. In some clinical
situations, fatigue can exist independently of deterioration in
physical performance [27]. Because patients affected by
chronic loss of physical performance can gradually become
accustomed to this impairment and finally experience it as
normal [28], many cancer patients deny feeling fatigued de-
spite severe limitations in physical performance. To assess the
actual degree of physical impairment, patients have to be
explicitly asked about the objective limitations they experi-
ence in daily activities.

Whether impaired performance in these patients is a con-
sequence or the cause of CRF is difficult to determine; per-
formance and fatigue may be reciprocally related. Impaired
performance can result in limitations in daily life, increased
dependence, decreased self-esteem, and reduced involvement
in social activities. Furthermore, impaired performance can be
interpreted by the patient as a sign of poor health, which
thereby increases their psychological distress and sense of
exhaustion [29]. On the other hand, fatigued patients are more
likely to reduce their outdoor activity and revert to a passive
lifestyle, and this can result in muscular deconditioning and
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Fig. 2 Expectation—outcome 5
consistency and CRF. CRF

clinically relevant fatigue, ECOG

PSEastern Cooperative Oncology

Group Performance Status, AGC

advanced gastric carcinoma, STG

subtotal gastrectomy, EGC early 4
gastric carcinoma, 7G total
gastrectomy. P value was
calculated using an ANCOVA
model, with adjustment for
ECOG PS and depression

Adjusted mean global fatigue score
w

loss of physical performance [30]. Clearly, the association
between impaired performance and increased fatigue in cancer
patients can have therapeutic consequences. Improving phys-
ical performance through a physical training program may
reduce fatigue prevalence and severity in cancer survivors.
Similar to other studies [31, 32], one of the strongest risk
factors for CRF was current depression; these findings high-
light the importance of carefully screening for depression in
disease-free stomach cancer survivors who complain of fa-
tigue. Depression and fatigue is a common symptom cluster in
cancer patients, and depression is reportedly associated with
fatigue [31]. However, fatigue and depression are not

P=0.029

u AGC with STG
EGC with STG/AGC with TG
mEGC with TG

equivalent because only 62.5 % of CRF patients were de-
pressed according to our criteria (BDI>13). These results
should be interpreted with caution because our criteria made
the definition of depression less stringent; other authors have
used case definition thresholds for depression as high as 13
[33].

Essentially all patients who undergo gastric cancer surgery
suffer from various gastrointestinal symptoms and malfunc-
tion. Recent studies have explored this issue scientifically and
quantitatively [34-36]. QoL encompasses the negative aspects
of the disease and treatment, including fatigue. Fatigue im-
pacts many aspects of patient QoL [37]. Zieren et al. [38]

100

% o
80 o

70 -
60 -

50 -

40 -

= Non-fatigued

30 -

Fatigued

Adjsuted LS mean values
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Fig. 3 Health-related quality of life in disease-free stomach cancer
survivors according to CRF presence. CRF clinically relevant fatigue,
ECOG PS Eastern Cooperative Oncology Group Performance Status, LS
linear square, QoL quality of life, PF physical function, RF role function,
EF emotional function, SF social function, CF cognitive function,
STODYS dysphagia, STORFXreflux, STOEAT eating restriction, STOANX
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anxiety, STODM dry mouth, STOTA taste, STOBI body image, STOHAIR
hair loss. Scores were presented as adjusted mean value for age group,
sex, comorbid illness, economic status, residential area, smoking status,
tumor progress, ECOG PS, and depression. Higher score means better
function or more symptoms. *A ‘clinical meaningful difference’ by 10-
point. *P<0.05 and **P<0.01
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investigated the QoL in gastric cancer patients after curative
resection and found that fatigue had the strongest impact on
overall QoL. As expected, non-fatigued survivors were more
likely to report better QoL than fatigued survivors in terms of
impaired role, emotional, and social function. Non-fatigued
survivors also reported a clinically meaningful reduction in
deterioration symptoms such as eating restriction, anxiety, dry
mouth, and body image versus CRF patients [16]. Health care
providers need to assess these symptoms and functional im-
pairment with reliable tools, to assure their identification even
long after completion of treatment for stomach cancer.
Furthermore, simultaneous supportive care should be provid-
ed to minimize these problems.

Literature on fatigue in disease-free stomach cancer survivors
is limited [8, 35, 39], and data are largely based on results
obtained using the EORTC QLQ-C30 questionnaire.
Additionally, many researchers have paid more attention to the
operation type, which impacts the QoL [21]. Although there is no
clear relationship between fatigue and preceding illness or treat-
ment modalities [40], it is still a logical proposition that fatigue
can be predicted by these parameters [41]. Generally, patients
who had a total gastrectomy are less likely to have a normal diet,
and are more likely to lose weight, lose appetite, and experience
severe nausea and vomiting than patients who had a subtotal
gastrectomy [35]. In a recent large cohort study, Kim et al. [20]
reported that the fatigue score 12 months after surgery was
significantly lower in the subtotal gastrectomy group than in
the total gastrectomy group, although this difference decreased
over time. Additionally, another study with a median follow-up
period of 17 months indicated that stomach cancer survivors,
once cured, generally enjoy similar QoL levels, including fatigue
symptoms, regardless of their original disease stage or surgical
procedure type [35]. In the current study, CRF was not related to
the surgical technique, and early stage cancer survivors
complained of significantly more fatigue than advanced stage
cancer survivors.

We found a clue to this unexpected result from the fact that,
unlike other cancers, the stomach cancer surgery type, which
could impact fatigue, is primarily determined by the lesion
locations, regardless of the preoperative tumor staging. Namely,
patients undergoing subtotal gastrectomy were not necessarily
more likely to be diagnosed with early stage tumors, and there-
fore were less likely to receive chemotherapy or radiotherapy
than those undergoing total gastrectomy. Early-stage patients
might have an inappropriately optimistic view of their postoper-
ative condition. In understanding preoperative status, patients
would be more susceptible to cancer staging (early vs. advanced)
than to operation type (total vs. subtotal). Therefore, we hypoth-
esized that insufficient informed consent increases the possibility
of dysfunctional cognition concerning fatigue [29]. Fatigue may
be caused by discrepancy between patient pre-operative expec-
tation and their actual postoperative condition, which will influ-
ence their coping with fatigue. In this study, patients who had

total gastrectomy despite early staging were significantly more
likely to be fatigued than those who had subtotal gastrectomy
despite advanced staging. Our results suggest that surgeons
should fully inform patients about their state and potential post-
operative sequelae before surgery, which will help to fill in this
gap.

Our study had several limitations. First, as with all cross-
sectional studies, we can only offer a ‘snap shot’ view of
fatigue and its causative factors. Prospective studies are re-
quired to reliably determine whether newly identified relevant
variables influence subsequent fatigue [42]. Second, the cutoff
value for the BFI global score has not been validated in
Korean cancer patients. We acknowledge that other cut-off
scores could have been chosen. There currently is no univer-
sally agreed upon CRF definition in this population, so we
used a severity cut-off level that is justified by clinical guide-
lines and has previously been used by other researchers. Third,
we did not assess psychosocial factors such as anxiety that
might strongly impact fatigue [43]. In addition, we did not
consider other potential conditions relating to fatigue such as
anemia or thyroid dysfunction [5]. Fourth, we could not
differentiate CRF from chronic fatigue syndrome [44], which
has been described as an initial symptom that can cause a
patient to seek medical attention prior to their cancer diagno-
sis. It might be important to assess fatigue among cancer
patients in relation to the background fatigue level within the
population, because fatigue is a common complaint that may
vary by nationality. Finally, asking patients about their other
medical conditions relied heavily on the patients’ interpreta-
tion of the questions, accurate recall, and detailed understand-
ing of their medical history.

Despite these limitations, we believe that our study facili-
tates better understanding of fatigue causes in disease-free
stomach cancer survivors. We found that CRF affected ap-
proximately half of patients and had a strong association with
QoL and symptoms. It also appears that depression, perfor-
mance status, and a difference between preoperative expecta-
tions and postoperative experience may be very important
determinants of postoperative CRF. Managing fatigue in
disease-free stomach cancer survivors should therefore focus
on identifying these associated factors, which can improve
therapeutic interventions.
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