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ABSTRACT

Background. The association between cancer-related fa-
tigue and pathological processes in the body is largely
unknown. This study was designed to investigate a pos-
sible linkage between fatigue and intestinal injury dur-
ing pelvic radiotherapy.

Methods. Twenty-nine women undergoing pelvic radio-
therapy for anal or uterine cancer were prospectively fol-
lowed. Fatigue and diarrhea were assessed using patient
self-reported questionnaires. Plasma citrulline concentra-
tion, as a sign of intestinal injury, and C-reactive protein,
orosomucoid, albumin, «;-antitrypsin, and haptoglobin,
as signs of systemic inflammation, were analyzed.

Results. Fatigue increased significantly (p < .001) and
citrulline decreased significantly (p < .001) during
treatment. A significant negative correlation (r =
—0.40; p < .05) was found between fatigue and epithe-

lial atrophy in the intestine (as assessed by plasma cit-
rulline) after 3 weeks of treatment and a significant
positive correlation (r = 0.75; p < .001) was found be-
tween fatigue and diarrhea. Signs of systemic inflamma-
tion were evident, with significant increases in serum
orosomucoid, serum haptoglobin (p < .05) and serum
aq-antitrypsin (p < .001) and a significant decrease in
serum albumin (p < .001).

Conclusion. The present study indicates a link be-
tween fatigue and intestinal injury during pelvic radio-
therapy. This observation should be considered as a
preliminary finding because of the small sample size but
may serve as a rationale for therapeutic interventions
aimed at alleviating both fatigue and gastrointestinal
symptoms during pelvic radiotherapy. The Oncologist
2010;15:1009-1015

INTRODUCTION

Patients undergoing pelvic radiotherapy experience general
symptoms, such as fatigue [1-4], as well as gastrointestinal
symptoms directly related to irradiation of the intestine [3,

5, 6]. Despite extensive literature on cancer-related fatigue,
there are still gaps in the knowledge concerning its devel-
opment and alleviation. This study investigated whether
there is a link between the signs of intestinal injury on one
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hand and fatigue on the other hand. Such a link could enable
therapeutic interventions against intestinal injury that could
alleviate both the gastrointestinal symptoms and the accom-
panying fatigue.

Gastrointestinal symptoms such as diarrhea, abdominal
pain, and fecal incontinence, which affect daily life, are ex-
perienced by patients during pelvic radiotherapy [3, 5-7].
These symptoms can persist and affect quality of life sev-
eral years after treatment [7]. The severity of gastrointesti-
nal symptoms during pelvic radiation is related to the total
radiation dose and the irradiated volume of the small intes-
tine [8, 9].

Fatigue is a prevalent symptom in connection with can-
cer and/or its therapy and has emotional, cognitive, and
physical corollaries [2, 10]. Patients report that cancer-
related fatigue affects their physical and psychosocial well-
being and ability to work [11, 12]. Moreover, several
studies have found a significant correlation between global
quality of life and cancer-related fatigue [12—14]. Cancer-
related fatigue is often experienced in clusters of other
symptoms, such as pain, sleeplessness, and anxiety [15,
16].

The pathophysiology of fatigue in patients with cancer
has not been fully elucidated [17]. Many factors are thought
to contribute and several studies have demonstrated high
levels of fatigue in, apparently, different cancer popula-
tions. For example, anemia, circadian rhythm disruption,
altered muscle endurance, and an inflammatory reaction
caused by the release of inflammatory mediators such as cy-
tokines have all been proposed to contribute to the devel-
opment of fatigue [17]. One possible mechanism to the
development of fatigue during pelvic radiotherapy could be
that radiation-induced intestinal injury promotes transloca-
tion of bacteria and other proinflammatory luminal compo-
nents into the systemic circulation, resulting in a cytokine-
induced inflammatory reaction, which in turn may elicit
fatigue. Supporting this hypothesis, intestinal permeability
has been shown to be greater at the end of pelvic radiother-
apy [18], which might enable such a translocation. In re-
viewing 18 studies (n = 1,037), Schubert et al. [19] found
evidence for a correlation between fatigue and the release of
the cytokines interleukin-6 and interleukin-1ra and the in-
flammatory marker neopterin. Wang et al. [20] showed a
positive correlation between multiple symptoms, including
fatigue, and high levels of interleukin-6 following alloge-
neic hematopoietic stem cell transplantation. Further link-
ing intestinal injury to the development of fatigue, Ahlberg
et al. [12] showed that intensity of fatigue correlated with
severity of diarrhea. Wang et al. [1] showed that uncon-
trolled diarrhea predicted fatigue in 18% of the patients af-
ter 3 weeks of pelvic radiotherapy.

A Link Between Fatigue and Intestinal Injury

Citrulline is a biomarker of epithelial cell mass in the
small bowel [21-23]. It is an amino acid that is produced
from the degradation of glutamine (the main fuel for entero-
cytes) in the small intestine [22]. Enterocytes lack the en-
zymes to further degrade citrulline, which is released into
the bloodstream and contributes to the production of argi-
nine in the kidneys. Plasma citrulline concentration has
been shown to decrease during pelvic radiotherapy [24, 25]
and, given that glutamine is available, this observation has
been interpreted as an illustration of a reduction in func-
tional enterocytes. Other studies investigating citrulline
concentrations in patients with HIV [26], Crohn’s disease
[27], and villous atrophy disease (celiac disease) [28] have
all shown decreased citrulline levels to correlate with sever-
ity of disease.

To the best of our knowledge, no published studies have
examined if cancer-related fatigue is associated with radia-
tion-induced intestinal injury, as assessed by both plasma
citrulline concentration and diarrhea. The aim of the present
study was therefore to investigate whether the intensity of
fatigue during pelvic radiotherapy is correlated with plasma
citrulline concentration and the severity of diarrhea.

METHODS

Patient Population

The patient population comprised two groups of patients
scheduled to receive curative pelvic radiotherapy in 2-Gy
fractions to 46 Gy: (a) patients with stage I-III anal cancer
and (b) patients with stage I-III uterine cancer. In order to
detect a large effect-size correlation coefficient of 0.50, a
sample size of 26 patients was estimated to achieve a power
of 80% with a significance level of 0.05 (Pitman’s nonpara-
metric permutations test). Thirty patients were projected for
inclusion to allow for longitudinal attrition.

Study Variables and Instruments
The primary variables for this study were general fatigue,
diarrhea, plasma citrulline, and plasma glutamine.

Cancer-Related Fatigue

The Multidimensional Fatigue Inventory (MFI)-20, Swed-
ish version [2, 29, 30], was used to investigate cancer-
related fatigue. The MFI-20 measures five dimensions of
fatigue. For the purposes of this study, only the subscale of
general fatigue was used. It consists of four statements (I
feel fit, I feel tired, I am rested, I tire easily). The time frame
is fatigue experienced in the preceding days and statements
are rated against a five-point scale from “yes, that is true” to
“no, that is not true.” The subscale score range is 4-20,
whereby a higher score indicates greater fatigue. Scores
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were dichotomized into scores of 4 to <12 and scores of
12-20 based on patients’ reports of fatigue in face-to-face
interviews.

Gastrointestinal Symptoms

To investigate the intensity of diarrhea, the European Orga-
nization for Research and Treatment of Cancer Quality of
Life Questionnaire (EORTC QLQ)-C30[31] was used. The
EORTC QLQ-C30 uses a four-point response scale (not at
all, a little, quite a bit, very much) and a 1-week time frame.
Scale scores are transformed to a 0—100 scale, whereby
higher scores represent greater symptom burden.

Diarrhea was also assessed with the Common Terminol-
ogy Criteria for Adverse Events (CTCAE), version 3.0, be-
cause diarrhea was of most interest along with fatigue.
According to the CTCAE grading system, grade 1 diarrhea
refers to an increase of four or fewer stools per day, grade 2
refers to an increase of four to six stools per day, and grade
3 refers to an increase of seven or more stools per day.
Grade 4 diarrhea indicates life-threatening consequences.

Biochemical Markers

Plasma citrulline concentration was analyzed as a sign of
intestinal injury. Plasma glutamine, the source of citrulline,
was analyzed to rule out malnutrition as a confounding
cause of an expected reduction in citrulline concentration.
Serum C-reactive protein (CRP), serum orosomucoid, se-
rum haptoglobin, serum «,-antitrypsin, and serum albumin
were measured to investigate systemic inflammatory re-
sponses. Serum hemoglobin was assessed to control for
possible anemia.

Data Collection

Data were collected prospectively at one center. All vari-
ables were measured at baseline (before the start of radio-
therapy), after 3 weeks of treatment (30 = 2 Gy), and after
5 weeks of treatment (46 = 2 Gy). The measurement at 30
Gy was chosen with the expectation that, at this point, an
effect on both symptoms and signs would be apparent,
based on the onset of symptoms from a previous study by
Ahlberg et al. [12].

Most patients were interviewed face-to-face or, in some
cases, by telephone. In the interviews, items and response
alternatives from the instruments were read to the patient in
the order they appeared in the scale. Patients were also
asked to estimate their loperamide consumption (Dimor®;
Merckle GmbH, Blaubeuren, Germany) in relation to diar-
rhea.

Clinical data (e.g., tumor stage, therapy) were collected
from the patients’ records.

The study adhered to the Declaration of Helsinki and
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was approved by the ethical board of the University of
Gothenburg (dnr. 009-08). All included patients signed an
informed consent form before data collection.

Statistical Analysis

Associations between general fatigue and plasma citrulline
were analyzed at baseline, 3 weeks (30 Gy), and 5 weeks
(46 Gy) with Spearman’s rank order correlation. Partial
correlations were computed between general fatigue and
plasma citrulline at 3 weeks (30 Gy), controlling for poten-
tial fatigue covariates, including EORTC QLQ-C30 sleep
disturbance, pain, and emotional functioning. Spearman’s
rank order correlation was also used to investigate associa-
tions between symptoms. Changes over time in intensity of
symptoms were analyzed with the nonparametric Fried-
man’s test followed by the Wilcoxon signed rank test, be-
cause of skewed distributions of the data. Changes in
biochemical parameters were analyzed in patients with a
complete set of markers over the three time points. To as-
sess change over time for these variables, parametric one-
way analysis of variance followed by paired-samples #-tests
were used because the data were assumed to be normally
distributed. All tests were two-tailed, and a significance
level of p < .05 was applied. The MFI-20 general fatigue
subscale was chosen as the correlating variable with plasma
citrulline based on the general statements in that subscale
and the correlation shown by Ahlberg et al. [12] between
general fatigue and diarrhea. The strength of the relation-
ship between two variables was interpreted according to
Cohen’s criteria for interpreting effect sizes [32]. All anal-
yses were performed using SPSS, version 17.0, software
(SPSS, Inc., Chicago, IL).

RESULTS

Patient Characteristics

In total, 65 patients were screened consecutively for inclu-
sion over the course of 1 year. Fifteen patients did not fulfill
inclusion criteria, three patients were missed, and 17 pa-
tients declined to participate. Thirty patients agreed to par-
ticipate, of whom 20 had uterine cancer and 10 had anal
cancer. One patient with uterine cancer dropped out of the
study after baseline, leaving 29 patients for the final analy-
sis. Of the 29 patients, seven patients with anal cancer and
two patients with uterine cancer underwent chemotherapy
before the start of radiotherapy. All patients received a daily
fraction of 1.8-2.0 Gy up to a cumulative dose of 46 Gy.
Conventional radiotherapy was given to all patients except
one who, after 14 Gy, received intensity-modulated radio-
therapy. All patients were female, with a median age of 64
years (range, 49—85 years).
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Of the patients who declined to join the study, 16 had
uterine cancer and one had anal cancer. Reasons for declin-
ing were “not enough energy to cope with both radiotherapy
and this study” (n = 13), “lack of interest” (n = 2), “felt too
old” (n = 1), and “too sad” (n = 1). These patients were
significantly older (median, 71 years; range, 61-90 years)
than the included patients.

Cancer-Related Fatigue

As shown in Table 1, there was a significant increase (p <
.001) in the MFI-20 general fatigue subscale score during
radiotherapy. From baseline to 5 weeks of treatment, the
number of patients with scores =12 on the MFI-20 general
fatigue subscale increased from seven to 22 patients. Two
patients were not fatigued during treatment (scores of 4 and
6 in general fatigue).

Diarrhea

Scores on the EORTC QLQ-C30 diarrhea subscale in-
creased significantly (p < .001) during treatment (Table 2).
The greatest increase in diarrhea was seen between baseline
and 3 weeks of treatment. No significant change occurred
during the last 2 weeks of treatment. CTCAE grades of di-
arrhea are shown in Figure 1. The median numbers of lop-
eramide tablets consumed during treatment were one tablet
per day (range, 0—6 tablets) at 3 weeks and two tablets per
day (range, 0—6 tablets) at 5 weeks.

Correlations Between Fatigue and Diarrhea

A strong positive correlation (r = 0.75; p < .001) was
found between general fatigue (MFI-20) and intensity of di-
arrhea (EORTC QLQ-C30) at the 3-week follow-up. Gen-
eral fatigue also correlated strongly (r = 0.55; p < .01) with
frequency of diarrhea measured by the CTCAE at this
point. At 5 weeks, no significant correlations were found
between fatigue and intensity or frequency of diarrhea.

Biochemical Markers
Citrulline concentrations decreased by 15 umol/l (p <
.001) from baseline (median, 41 wmol/l; standard deviation
[SD], 11) to 5 weeks of treatment (median, 26 wmol/l; SD,
10) (Table 3). The major decrease occurred between base-
line and 3 weeks of treatment (median, 13; p < .001).
Plasma glutamine showed no significant changes during
treatment (Table 3). There were significant increases in
markers of systemic inflammation—serum orosomucoid
and serum haptoglobin (p < .05) and serum «,-antitrypsin
(p < .001). Serum albumin decreased significantly (p <
.001).

There was a statistically significant decrease (p < .05)
in the hemoglobin level from baseline (median, 127 g/1; SD,

A Link Between Fatigue and Intestinal Injury

Table 1. General fatigue at baseline and at the 3-week
and 5-week follow-up using the Multidimensional Fatigue
Inventory (MFI)-20 (n = 28)

General fatigue

Baseline 3 wks 5 wks

Median (interquartile 8 (5-15) 12.5 (9-17) 15 (12-19)*
range)

MFI-20 score range = 4-20, whereby higher scores
represent greater fatigue.

ap < .001 between baseline and after 5 weeks of
treatment (Wilcoxon signed rank test).

Table 2. European Organization for Research and
Treatment of Cancer Quality of Life Questionnaire
(EORTC QLQ)-C30 median scores (interquartile range)
for diarrhea at baseline and at the 3-week and 5-week
follow-up

EORTC QLQ-C30
Diarrhea (n = 26)

Baseline 3 wks 5 wks
Median 0 66 (33-67) 66 (33-67)*

EORTC QLQ-C30 score range = 0—100, whereby higher
scores represent greater symptom burden.

ip < .001 between baseline and after 5 weeks of
treatment (Friedman’s test).

9.5) to 5 weeks (median, 122 g/I; SD, 10) (Table 3). Three
patients received one blood transfusion during treatment
and one patient received two blood transfusions during
treatment.

Serum CRP (Table 3) did not pass the normality check,
with extreme outliers at all time points (e.g., range <5-84
after 5 weeks of treatment). In total, 11 patients had an el-
evated CRP level during treatment, of whom eight had an
increase during treatment and three had consistently ele-
vated levels from baseline.

Correlations Between Symptoms and Signs

At the 3-week follow-up, a significant negative correla-
tion (r = —0.40; p < .05) was found between MFI-20
general fatigue subscale score and epithelial atrophy in
the intestine as assessed by plasma citrulline concentra-
tion after controlling for EORTC sleep disturbance, pain,
and emotional functioning. This correlation was not seen
at 5 weeks. To characterize the relation between citrul-
line and fatigue at 3 weeks of treatment, patients were
categorized into groups representing high, medium, and
low citrulline concentrations and high and low fatigue
scores (Table 4).
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Diarrhea CTCAE (3.0)

25 23
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0 No diarrhea

W < 4 stools/day
r 4-6 stools/day
B 2 7 stools/day

Baseline

3 Weeks

Time of treatment

Figure 1. Number of patients (n = 28) with each Common Terminology Criteria for Adverse Events (CTCAE), version 3.0, grade
of diarrhea at baseline and after 3 weeks and 5 weeks of treatment.

Table 3. Changes in biochemical markers during treatment

Biochemical markers analyzed in serum or plasma, mean (SD)

Citrulline Glutamine C-reactive

Haptoglobin Orosomucoid «,-antitrypsin Albumin Hemoglobin

(pmol/)  (nmol/l)  protein (g/1) (g/) (g (g (g (g
Baseline 41 (11)  641(97)  3.0(8.1) 1.8 (0.7) 1.0 (0.4) 1.5(0.3) 41 (4) 127 (9.5)
3wks  28(9.6)* 656(96)  6.5(14) 1.9 (0.7) 1.1 (0.4) 1.7 (0.3) 38 (4) 125 (7.2)
5wks  26(9.8)" 646 (111) 14 (25)° 2.3(0.8)° 1.3 (0.7)° 1.9 (0.4)* 375 122 (10)°

1-tests.
4p <.001 compared with baseline.
p < .05 compared with baseline.

Biochemical markers were analyzed before radiotherapy (baseline) and after 3 weeks and 5 weeks of treatment. Twenty-five
patients at all time points were included. Differences between baseline and treatment values were analyzed by paired sample

Table 4. Relation between citrulline and fatigue at 3
weeks of treatment

Citrulline MF1I-20 general MF1I-20 general
concentration fatigue score <12 fatigue score =12
<20 pmol/l 0 5 (100 %)

20-30 wmol/l 5 (42 %) 7 (58 %)

>30 wmol/l 6 (60 %) 4 (40 %)

Shown are numbers (%) of patients in specified ranges of
citrulline concentrations and general fatigue scores at 3
weeks of treatment for total sample of patients with
complete set of citrulline values and general fatigue scores
during treatment (n = 27). MFI-20 score range = 4-20,
whereby higher scores represent greater fatigue. Lower
citrulline concentrations reflect greater intestinal injury.
Abbreviation: MFI, Multidimensional Fatigue Inventory.

No correlation was found between the frequency of di-
arrhea (CTCAE) or the intensity of diarrhea (EORTC QLQ-
C30) and plasma citrulline at 3 weeks or 5 weeks.

www.TheOncologist.com

Because of the increases in haptoglobin, orosomucoid,
and o -antitrypsin, it was of interest to correlate these pa-
rameters with general fatigue. At both 3 weeks and 5 weeks,
haptoglobin and general fatigue correlated significantly
(r =0.46; p < .05 versus r = 0.40; p < .05).

DI1SCUSSION
A moderate inverse association between citrulline concen-
tration and general fatigue was found at the 3-week follow-
up. The association is illustrated in Table 4 by the fact that
all patients who had low citrulline concentrations (<20
pmol/l) also had high general fatigue scores (=12; maxi-
mum, 20) and that more patients with medium citrulline
concentrations (20-30 wmol/l) had high general fatigue
scores. No association was found between these variables
after 5 weeks of treatment, which may be a result of the
large deviation of scores in general fatigue and in citrulline
values.

We could not show a correlation between the frequency
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of diarrhea and plasma citrulline level at any time point dur-
ing treatment. Two previous studies with heterogeneous
groups of patients receiving abdominal and pelvic radio-
therapy (n = 23, n = 59) investigated the correlation be-
tween citrulline levels in plasma and gastrointestinal
symptoms experienced [24, 25]. Lutgens et al. [24] found a
correlation between grade 2 diarrhea and citrulline level at
week 4 and week 6 of treatment. Wedlake et al. [25] could
not show a correlation between gastrointestinal symptoms
and citrulline.

Plasma citrulline decreased significantly during treat-
ment, which replicated the findings of earlier studies [24,
25]. In line with Lutgens et al. [24], we demonstrated that
most of the decrease in citrulline occurred during the first 3
weeks of treatment. The normal citrulline concentration in
the blood is 30- 50 wmol/l, with a mean of 40 wmol/l [33].
Citrulline values <20 wmol/l have been shown to predict
permanent intestinal failure in patients with short bowel
syndrome [33], and a value <10 wmol/l has been shown to
predict the need for parenteral nutrition in patients with ce-
liac disease [28]. Therefore, we categorized patients ac-
cording to their citrulline values (Table 4).

In relation to the elevated markers orosomucoid, hapto-
globin, and «,-antitrypsin along with the decreased serum
albumin levels, we can conclude signs of systemic inflam-
mation [34, 35]. The increases in haptoglobin, orosomu-
coid, and «;-antitrypsin could be explained by different
factors, apart from intestinal injury, for example, decay of
tumor cells or damage to normal tissue [35]. To further in-
vestigate these elevated markers in relation to intestinal in-
jury, intestinal permeability tests will be performed in
future studies based on the assumption that an increased
translocation of proinflammatory luminal components
could contribute to systemic inflammation. The correlation
between fatigue and haptoglobin supports a linkage be-
tween inflammatory markers and fatigue. CRP levels were
very skewed in our study, and hence no conclusions can be
drawn about this variable. Wedlake et al. [25] did not find
increased CRP levels or a correlation between gastrointes-
tinal symptoms and CRP after 4 or 5 weeks of treatment.
The elevation in CRP, analyzed in plasma, found by Cengiz
et al. [36] was more prominent in patients receiving pelvic-
paraaortic irradiation and had no correlation with acute en-
teritis. Further, even though there was a statistically
significant decrease in hemoglobin levels from baseline to 5
weeks of treatment in our study (Table 3), the numeric dif-
ference was small and we do not believe that this decrease is
clinically relevant to the development of fatigue.

As in the studies of Fiirst and Ahsberg [2] and Ahlberg
et al. [4], our study showed an increase in general fatigue
during treatment. Patients described an onset of fatigue at

A Link Between Fatigue and Intestinal Injury

the end of week 2 or during week 3. Diarrhea measured by
the EORTC QLQ-C30 and CTCAE correlated highly with
fatigue after 3 weeks of treatment. The absence of a corre-
lation between fatigue and diarrhea after 5 weeks can be ex-
plained by several factors. As Figure 1 shows, diarrhea
stabilized between week 3 and week 5 of treatment and fa-
tigue continued to increase (Table 1). This stabilization has
been observed in other studies [5, 12] and can be explained
by patients’ use of antidiarrhea medicine (loperamide) or by
patients’ efforts to overcome gastrointestinal symptoms by
modifying their food intake.

Patients were consecutively included and only three
were missed. However, a limitation to this study is that 17
patients (26%) declined participation in the study. The main
reason for declining was that patients felt too weak to take
part in the study (n = 13). These patients were significantly
older (median, 71 years; range, 61-90 years) than the in-
cluded patients (median, 64 years; range, 49—85 years);
thus, the oldest patients (mostly patients with uterine can-
cer) were not represented in the study. Another limitation is
that the radiation fields over the pelvic region differed
among patients because of the different primary diagnoses.
Further, patients with uterine cancer had undergone a hys-
terectomy, which could increase the volume of small intes-
tine descending into the irradiated pelvic area. The size of
our sample precluded conceivably relevant subgroup anal-
yses. Finally, our sample was comprised exclusively of
women.

CONCLUSION

The preliminary finding from this study indicates a possible
link between cancer-related fatigue and intestinal injury as
assessed by plasma citrulline and intensity of diarrhea dur-
ing pelvic radiotherapy. This observation definitely needs
further validation but may serve as a rationale for therapeu-
tic interventions aimed at protecting the intestine during
pelvic radiotherapy, thereby hypothetically alleviating both
the fatigue and the diarrhea, two important symptoms for
patient well-being during pelvic radiotherapy.
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