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Background: Fatigue is associated with cancer and chemotherapy and may be sustained. Here, we describe a
prospective longitudinal study evaluating fatigue and putative mechanisms in people with colorectal cancer (CRC).
Patients and methods: People with localized CRC completed the Functional Assessment of Cancer Treatment-
Fatigue (FACT-F) questionnaire at baseline (before chemotherapy, if given), 6, 12, and 24 months. Healthy controls (HCs)
were assessed at the first three time points. Fatigue was defined by standardized FACT-F scores ≤68/100. Quality-of-life
(QoL, assessed by the FACT-G questionnaire), affective, and cognitive symptoms were evaluated. Associations were
sought between fatigue, baseline factors, and blood tests (including hemoglobin, cytokines, and sex hormones).
Regression analyses, Fisher’s exact tests, and Wilcoxon rank-sum tests assessed levels of fatigue at each time point and
change in fatigue from baseline. A repeated-measures analysis investigated prognostic factors of fatigue across all time
points.
Results: A total of 289 subjects with localized CRC (173 received chemotherapy) and 72 HCs were assessed. More
CRC patients had fatigue than HCs at baseline (52% versus 26%, P < 0.001). Fatigue was increased in the chemotherapy
(CTh) group at 6 months [CTh+ 70% versus CTh− 31% (P < 0.001), HCs 22%] and remained more common at 12 [CTh+
44% versus CTh− 31% (P = 0.079)] and 24 months [CTh+ 39% versus CTh− 24% (P = 0.047)]. There was no significant
difference between those not receiving chemotherapy and HCs at follow-up assessments. Fatigue was associated with
poor QoL, affective and cognitive symptoms, but not consistently with cytokine levels. Predictors for sustained fatigue
were baseline fatigue, treatment group, cognitive and affective symptoms, poorer QoL, and comorbidities.
Conclusions: CRC patients have more fatigue than HCs at baseline. Fatigue peaks immediately after adjuvant chemo-
therapy, but remains common for 2 years in those who receive chemotherapy. Cognitive and affective symptoms, QoL,
comorbidities, chemotherapy, and baseline fatigue predict for longer term fatigue.
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introduction
Cancer-related fatigue (CRF) has been defined as: ‘a distressing,
persistent, subjective sense of tiredness or exhaustion related to
cancer or cancer treatment that is not proportional to recent ac-
tivity and interferes with usual functioning’ [1]. It is common
and impacts on physical and social function, psychological dis-
tress, and quality-of-life (QoL) [2]; it results in tiredness and
weakness despite adequate rest or sleep [1].

While fatigue is most prevalent in those undergoing chemother-
apy and/or radiotherapy, or those with advanced cancer, some
survivors report fatigue long after completion of treatment, despite
no evidence of disease recurrence [3, 4]. Fatigue is more common
in breast cancer (BC) survivors 1–3 years after chemotherapy than
in HCs [5], and in women who received chemotherapy compared
with those who did not. A cross-sectional population-based study
of fatigue in colorectal cancer (CRC) survivors up to 10 years post-
diagnosis found 39% reported fatigue compared with 22% of the
normative population [6]. There have been few longitudinal
studies of fatigue in patients receiving chemotherapy for diseases
other than BC, and particularly for cancers that affect both men
and women.
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Mechanisms leading to CRF are likely multifactorial. Putative
mechanisms include cytokine dysregulation, dysregulation of
the hypothalamic–pituitary–adrenal axis, alterations in the auto-
nomic nervous system, anemia, neurotransmitter dysregulation,
as well as patient-related factors such as psychosocial states, and
demographic and medical factors [7].
The primary goals of the present study were to characterize

the severity and duration of fatigue and cognitive function in
men and women with CRC and to evaluate underlying mechan-
isms. The cognitive results have been reported elsewhere [8, 9].
Here, we report the longitudinal evaluation of fatigue.

patients andmethods
Details of patient characteristics and methods are described elsewhere [8, 9].
The main study included subjects with localized CRC recruited from eight hos-
pitals in Toronto, Canada, and six in Sydney, Australia. Participants were
assessed prospectively at baseline (pre-chemotherapy, if given), 6 (post-chemo-
therapy, if given), 12, and 24 months. Subjects were treated with surgery and ad-
juvant or neoadjuvant chemotherapy (CTh+) [generally 5-fluorouracil (5-FU)
or capecitabine ± oxaliplatin] or underwent surgery without adjuvant chemo-

therapy (CTh−). A substudy included subjects with newly diagnosed limited
metastatic or locally recurrent CRC who received chemotherapy (generally oxa-
liplatin or irinotecan regimens). A group of age-matched healthy controls
(HCs), with no history of invasive cancer, were recruited from the Sydney hos-
pitals. Most were family or friends of the CRC patients.

Inclusion criteria included age ≤75 years, no prior malignancy or chemo-
therapy (except the metastatic/recurrent group who could have received ad-
juvant chemotherapy ≥12 months previously), and no major psychiatric or
neurological illness [8, 9]. Subjects with localized CRC who developed recur-
rent cancer were not assessed subsequently.

Research Ethics Board approval was obtained for each participating hos-
pital. All subjects gave their written informed consent.

assessments
Participants in all groups completed paper-based patient-reported outcomes
(PROs) and neuropsychological tests in person at each assessment.
Questionnaires included the Functional Assessment of Cancer Therapy-
Fatigue (FACT-F) [10] evaluating fatigue, the FACT-G (G = general) evaluat-
ing QoL, and the 12-item General Health Questionnaire (GHQ) evaluating
symptoms of anxiety and depression [11]. Cognitive function was assessed
with neuropsychiatric tests and FACT-Cognition (FACT-Cog) v2 [12] evaluat-
ing cognitive symptoms [8]. Comorbidities were based on subject self-report.
Participants with localized CRC and HCs donated blood at each assessment to
evaluate 10 cytokines, complete blood count, creatinine, liver function tests,
carcino-embryonic antigen, sex hormones, and blood clotting markers [8, 9].
Blood draws were not standardized by time of day.

statistical analysis
A priori primary end points were fatigue and cognitive function at 12 months.
Fatigue was defined as a standardized FACT-F fatigue score of ≤68/100 and
severe fatigue as ≤45/100 [13]. We designated a 10% change in the normalized
(0–100) scale from baseline as a meaningful change. Secondary end points
included QoL, symptoms of anxiety/depression, potential causative factors,
and associations between primary and secondary end points. A patient with a
score of <50% on the GHQ was regarded as having symptoms of anxiety/de-
pression [11]. Missing data in the PRO were handled according to the FACT
guidelines.

Comparison between groups on the raw scores, and the change from base-
line, was carried out using the Kruskal–Wallis test for continuous variables,

Cochran–Armitage test for trend for ordinal variables, and exact χ2 tests for
categorical variables. Analyses were carried out initially at each time point,
given that changes in PRO were expected to occur at different times depending
on treatment received. Subsequently, repeated-measures analysis was carried
out to investigate predictive factors for standardized fatigue scores across all
time points, adjusting for treatment group, time point, and interaction effect.
The Spearman rank-sum correlation coefficients were used to determine asso-
ciations between outcomes. All P values are two-sided and unadjusted.
Analyses were carried out in SAS v9.0 (SAS Institute, Cary, NC).

sample size
The sample size was powered for the ( joint primary) cognitive end point,
which required a larger sample size [8]. A sample of 170 subjects with loca-
lized CRC who received chemotherapy and 120 who did not was sufficient to
detect or rule out differences of ≥10 units in the standardized scores (0–100)
for the fatigue subscale between the CTh+ and CTh− groups, with >90%
power and α 0.05.

results
We recruited 289 subjects with localized CRC (173 CTh+, 116
CTh−) and 72 HCs [8, 9]. Participant demographics are summar-
ized in supplementary Table S1, available at Annals of Oncology
online. The median age of those with localized CRC was 59 (range
23–75) years. There were more men (63%) than women with
CRC, although 57% of HCs were women. Seventy-three subjects
with recurrent or metastatic CRC were recruited to the substudy.

fatigue
Table 1 and Figure 1 outline the FACT-F scores and percentage
with fatigue. At the primary end point of 12 months, fatigue was
greatest in the CTh+ group: 44% compared with 31% of CTh−
(P = 0.079), and 30% of HCs. At baseline, 52% of subjects with
localized CRC reported fatigue, compared with 26% of HCs
(P < 0.001). There was no significant difference in baseline
fatigue rates by stage of disease, or in CTh+ in those scheduled
for adjuvant (i.e. post-surgery) versus neoadjuvant treatment
(i.e. pre-surgery) (n = 46). Fatigue peaked at completion of
chemotherapy with 70% reporting fatigue at 6 months com-
pared with 31% of CTh− (P < 0.001), and 22% of HCs. At 24
months, fatigue remained higher in CTh+ (39%) compared with
that in CTh− (24%, P = 0.047). Rates of fatigue were greater in
CTh+ at 6 months in subjects who received oxaliplatin (75.4%)
or chemoradiotherapy (77.4%), compared with those who
received 5-FU/capecitabine (51.4%) (P = 0.023), but this was not
significantly different at 12 or 24 months.
Subjects who were fatigued (FACT-F≤ 68/100) at baseline

were more likely to be fatigued at subsequent visits (69% versus
32% at 6 months, 59% versus 21% at 12 months, and 50% versus
17% at 24 months, all P < 0.001). Results were similar within each
separate cohort (supplementary Table S2, available at Annals of
Oncology online). This was particularly evident in women.
Fatigue at 24 months in those with localized CRC was reported
by 55% of women who were fatigued at baseline and 12% without
baseline fatigue (P < 0.001), compared with 45% of men with
baseline fatigue and 28% without baseline fatigue (P = 0.17).
However overall, men with localized CRC had more fatigue than
women (70.5% versus 66.5%; P = 0.005). There was no significant
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Table 1. Patient-reported outcomes (PROs) by group at each assessment time: (a) mean (standard deviation) and (b) number and percent reporting fatigue or affective symptoms

PRO Visit Localized CRC Metastatic
CRC

Healthy
controlsCh+ Ch− Total

(a) Mean (SD) Mean (SD) P valuea Mean (SD) Mean (SD) Mean (SD) P valueb P valuec

FACT-F (scaled) Baseline 69.5 13.7 68.3 14.5 0.45 69.1 14.0 64.7 15.0 76.8 12.0 0.034 <0.001
6 month 64.8 13.4 74.6 14.5 <0.001 68.8 14.6 62.9 14.7 75.3 11.1 0.017 <0.001
12 month 71.4 13.7 77.6 14.8 0.007 74.1 14.4 67.7 15.0 75.4 11.6 0.007 0.33
24 month 72.9 15.1 78.8 12.9 0.007 75.4 14.5

FACT-G Baseline 86.0 14.4 87.2 13.9 0.51 86.5 14.2 76.5 17.5 92.8 9.8 <0.001 0.001
6 month 85.6 15.4 92.2 12.5 <0.001 88.3 14.6 79.0 15.1 90.2 12.4 <0.001 0.56
12 month 90.7 13.7 92.9 11.7 0.32 91.7 12.9 81.9 14.4 89.8 12.0 <0.001 0.13
24 month 90.6 15.3 95.1 10.9 0.10 92.5 13.8

GHQ Baseline 11.3 4.8 11.2 5.5 0.59 11.3 5.0 15.0 6.3 9.1 2.7 <0.001 0.002
6 month 10.9 5.4 9.4 4.2 0.036 10.3 5.0 11.6 4.9 9.4 3.4 0.022 0.55
12 month 9.6 4.6 9.7 4.5 0.68 9.6 4.6 10.5 4.7 9.6 4.2 0.27 0.84
24 month 9.5 4.4 8.8 3.6 0.57 9.2 4.1

(b) n % n % P valuea n % n % n % P valueb P valuec

n (%) fatigued Baseline 87/172 50.6 61/113 54.0 0.63 148/285 51.9 47/66 68.1 19/72 26.4 0.016 <0.001
6 months 92/132 69.7 28/90 31.1 <0.001 120/222 54.1 33/50 66.0 16/72 22.2 0.16 <0.001

12 months 50/114 43.9 27/87 31.0 0.079 77/201 38.3 24/39 61.5 21/70 30.0 0.008 0.25
24 months 39/99 39.4 17/72 24.3 0.047 56/169 33.1

n (%) severe fatigue Baseline 5 2.9 4 3.5 0.74 9 3.2 4 5.8 0 0.0 0.29 0.21
6 months 12 9.1 2 2.2 0.049 14 6.3 6 12.0 1 1.4 0.22 0.13
12 months 2 1.8 0 0.0 0.51 2 1.0 1 2.6 0 0.0 0.41 1.00
24 months 1 1.0 0 0.0 1.00 1 0.6 – – – –

n (%) symptoms of anxiety/depression Baseline 13/169 7.7 13/111 11.7 0.30 26/280 9.3 12/68 17.7 0/71 0.0 0.054 0.004
6 months 14/130 10.8 4/90 4.4 0.13 18/220 8.2 3/47 6.4 2/72 2.8 1.00 0.18
12 months 5/110 4.6 5/86 5.8 0.75 10/196 5.1 2/37 5.4 2/70 2.9 1.00 0.74
24 months 5/97 5.2 1/68 1.5 0.40 6/165 3.6

F-test was used to determine P values.
CRC, colorectal cancer; CTh, chemotherapy; n, number; %, percent; FACT, Functional Assessment of Cancer Treatment; F, fatigue; G, general; GHQ, General Health Questionnaire 12.
aLocalized CRC CTh+ versus CTh−.
bLocalized CRC versus metastatic CRC.
cLocalized CRC versus healthy controls.
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difference in the prevalence of fatigue in those <60 compared
with ≥60 years.
Assessment of change in fatigue from baseline to 6 months

showed that 44% of CTh+ had worse fatigue compared with
10% of CTh− (P < 0.001), with 19.5% versus 9% (P = 0.071) de-
terioration from baseline to 12 months. There were no signifi-
cant differences for change in fatigue between baseline and 24
months (Table 2).

quality of life, anxiety, and depression
The distribution of FACT-G scores indicated that QoL was
poorer in subjects with localized CRC than in HCs at baseline
(P < 0.001) and remained lower in CTh+ at 6 months, but
CTh− patients were not significantly different from HCs. There
was no significant difference in FACT-G scores at 12 months
between those with localized CRC and HCs.
Subjects with CRC had more symptoms of anxiety/depression

than HCs at baseline. CTh+ scored worse than CTh− on the
GHQ at 6 months (P = 0.036), with the CTh− scores similar to
those of HCs. At 12 months, there was no difference between
groups (P = 0.75), with only 3–6% reporting anxiety/depression.

blood results
Although the mean hemoglobin level remained within the
normal range, subjects with localized CRC had significantly
lower hemoglobin at baseline and 6 months compared with that
in HCs; hemoglobin was lowest in CTh+ patients at 6 months,
but there was no difference by 12 months. There were minor dif-
ferences between subjects with localized CRC and HCs on some
liver function tests, albumin, neutrophils, lymphocytes, and
clotting factors. Testosterone levels were marginally lower in HC
men than those with localized CRC, but estradiol was signifi-
cantly higher in HC women.
Subjects with localized CRC had significantly higher levels

of most cytokines than HCs at each assessment [8, 9]. At base-
line and 6 months, cytokine levels were higher in CTh+ than in

CTh− patients, and in those with a higher stage of disease.
There was no significant difference between patients assessed
before or after surgery.

associations
In patients with localized CRC, there was a moderately strong
association at each assessment of fatigue with lower QoL, cogni-
tive symptoms, and symptoms of anxiety/depression (supple-
mentary Table S3, available at Annals of Oncology online); each
of these individual variables was correlated with each of the
others (ρ 0.37–0.69).
At baseline, fatigue was associated with lower hemoglobin

(ρ = 0.21) and increased platelets (ρ =−0.23). At baseline, there was
no association between any of the cytokines and fatigue, QoL,
or anxiety/depression. At 12 months, there was no association
between fatigue and any of the cytokine levels. There was a weak as-
sociation between fatigue and elevated interleukins-6, -8, -10 at 6
months (ρ −0.16 to −0.20), and between interleukins-1β, -2, -4, -6,
-8, -10 and GM-CSF at 24 months (ρ −0.16 to −0.30) (supplemen-
tary Table S3, available at Annals of Oncology online).
Body mass index (BMI) in patients with localized CRC was

not associated with fatigue (ρ = 0.04), or predictive of fatigue
(odds ratio = 1.02, 95% confidence interval 0.95–1.09, P = 0.60).

prognostic factors for fatigue
Adjusted for group, time point, and interaction effect, younger
patients, men, those not married/common-law, more comorbid-
ities, lower FACT-G (worse QoL), more anxiety/depression),
lower FACT-COG (greater cognitive symptoms), lower albumin,
higher neutrophils, higher platelet count, and higher interleukin-
1β were associated with increased levels of fatigue (supplementary
Table S4, available at Annals of Oncology online). A multivariable
analysis was carried out, adjusting for group, visit, and interaction
effect, by selecting factors hypothesized a priori to be prognostic
for fatigue. Treatment group, GHQ, FACT-G, FACT-COG, and
number of comorbidities remained statistically significant (sup-
plementary Table S5, available at Annals of Oncology online).
Patients with metastatic disease, followed by patients with loca-
lized disease who received chemotherapy, had greater fatigue.

substudy in patients with metastatic/recurrent CRC
Subjects with metastatic/recurrent disease had a high prevalence
of fatigue (62–68%) at every time point. At 12 months, they
scored on average 7.7 points lower on the standardized FACT-F
subscale compared with HCs. They had significantly worse QoL
than those with localized CRC at every assessment (all
P < 0.001). Except at baseline, there were no significant differ-
ences in rates of anxiety/depression between those with localized
CRC and those with metastatic disease (Table 1).

discussion
In the present study, about half of the participants with localized
CRC and two-thirds of those with metastatic/recurrent CRC
reported fatigue before any chemotherapy, compared with one-
quarter of the HCs. Immediately following adjuvant chemotherapy,
70% reported fatigue compared with 31% of CTh− patients.
Consistent with other studies (predominantly in BC) [5, 14],
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Figure 1. Rates of fatigue by group and assessment. CTh+, localized colo-
rectal cancer (CRC) who received adjuvant/neoadjuvant chemotherapy;
CTh−, localized CRC who did not receive chemotherapy; Mets, metastatic
or recurrent CRC; HCs, healthy controls.
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Table 2. Number (percent) of patients with colorectal cancer with longitudinal changes in fatigue, quality of life, and symptoms of anxiety and depression

Baseline to 6 months Baseline to 12 months Baseline to 24 months

CTh+ (n = 130) CTh− (n = 89) Mets (n = 46) HC (n = 71) CTh+ (n = 111) CTh− (n = 86) Mets (n = 36) HC (n = 66) CTh+ (n = 96) CTh− (n = 67)

Fatigue
Improvement 23 (17.4) 39 (43.8) 7 (14.3) 11 (15.3) 34 (30.1) 46 (53.5) 10 (26.3) 12 (17.1) 37 (37.8) 33 (47.1)
No change 51 (38.6) 41 (46.1) 18 (36.7) 45 (62.5) 57 (50.4) 32 (37.2) 17 (44.7) 43 (61.4) 42 (42.9) 26 (37.1)
Deterioration 58 (43.9) 9 (10.1) 24 (49.0) 16 (22.2) 22 (19.5) 8 (9.3) 11 (29.0) 15 (21.4) 19 (19.4) 11 (15.7)

P values <0.001a 0.071a 0.68a

<0.001b 0.044b

QoL (FACT-G)
Improvement 25 (18.9) 23 (25.6) 13 (26.5) 5 (7.5) 38 (34.2) 28 (32.6) 11 (30.6) 6 (9.1) 36 (37.1) 24 (34.3)
No change 80 (60.6) 62 (68.9) 25 (51.0) 48 (71.6) 63 (56.8) 49 (57.0) 17 (47.2) 48 (72.7) 48 (49.5) 41 (58.6)
Deterioration 27 (20.5) 5 (5.6) 11 (22.5) 14 (20.9) 10 (9.0) 9 (10.5) 8 (22.2) 12 (18.2) 13 (13.4) 5 (7.1)

P values 0.002a 0.81a 0.22a

0.010b 0.098b

Anxiety/depression (GHQ)
Improvement 56 (43.1) 44 (50.0) 29 (63.0) 24 (33.8) 60 (54.6) 40 (47.6) 25 (69.4) 22 (31.9) 53 (55.2) 28 (41.8)
No change 27 (20.8) 25 (28.4) 11 (23.9) 21 (29.6) 19 (17.3) 18 (21.4) 7 (19.4) 20 (29.0) 15 (15.6) 19 (28.4)
Deterioration 47 (36.2) 19 (21.6) 6 (13.0) 26 (36.6) 31 (28.2) 26 (31.0) 4 (11.1) 27 (39.1) 28 (29.2) 20 (29.9)

P values 0.025a 0.75a 1.00a

0.004b 0.028b

n, total number of subjects with localized colorectal cancer included in the analysis.
Improvement defined as ≥10% increase in the fatigue score compared with baseline; worsening defined as ≥10% decrease in the fatigue score.
CTh+, localized colorectal cancer (CRC) who received adjuvant/neoadjuvant chemotherapy; CTh−, localized CRC who did not receive chemotherapy; Mets, metastatic or recurrent CRC; HC, healthy
controls; QoL, quality of life; FACT-G, Functional Assessment of Cancer Therapy-General; GHQ, General Health Questionnaire 12 item.
aComparing percent deterioration rates of fatigue between CTh+ with CTh−.
bComparing percent deterioration rates of fatigue between all four groups.
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fatigue remained present beyond the treatment period in a subset
of people, particularly in those who received chemotherapy: 44% of
CTh+ patients reported fatigue at 12 months, despite completing
chemotherapy 6 months earlier, whereas there were no differences
between CTh− patients and HCs (∼30%). This indicates that
fatigue levels for most CTh− survivors return to that of the general
population.
Comparing fatigue across studies is inherently difficult due to

differences in the criteria used to define fatigue, measurement
instruments used, time points selected, and heterogeneity in
tumor site, disease stage, and treatment modalities. Most prior
studies have been cross-sectional, and limited to women with
BC, who receive more toxic adjuvant chemotherapy regimens
than 5-FU/folinic acid (5FU/FA), which was the standard adju-
vant treatment for CRC until 2004. In general, these studies
have shown greater fatigue in survivors who received adjuvant
chemotherapy, and that fatigue can remain prevalent for many
years when compared with that in HCs [3, 5, 6, 14, 15].
Two large adjuvant studies for people with localized CRC

(MOSAIC and NSABP C-07), and subsequent population-based
data found that the addition of oxaliplatin to 5FU/FA resulted in
improved survival [16–18], and this is now the standard of care in
good-performance patients <70 years of age. In the NSABP C-07
study, severe fatigue during chemotherapy was not significantly
different between groups when measured by the NCI toxicity cri-
teria [18]. FDA drug approval summaries for oxaliplatin in
patients with metastatic CRC after progression on 5FU/FA
reported fatigue of all grades of 52% in the 5FU/FA arm, 61% in
oxaliplatin, and 68% in the 5FU/FA/oxaliplatin arm. Rates of
grade 3 or 4 fatigue were 6%, 9%, and 7%, respectively. Our results
suggest higher rates of severe fatigue after adjuvant chemotherapy
than described in the NSABP study [18] or in the FDA drug ap-
proval summaries for oxaliplatin [19].
Long-term fatigue at 5 and 10 years post-treatment has been

reported in a population-based heterogeneous cohort of CRC sur-
vivors, compared with HCs [20]. Fatigue scores improved from
year 1 to 3, but then declined out to 10 years. However, the study
did not assess fatigue before chemotherapy or compare results
between CTh+ and CTh− patients, and was limited by the use of
historical controls. Furthermore, it predates the use of oxaliplatin.
Goedendorp et al. reported that 14%–28% of patients with a

variety of cancers had severe fatigue before receiving potentially
curative chemotherapy. They found that lower rates of physical
activity (P = 0.013), more affective symptoms (P = 0.014), dis-
turbed sleep patterns (P = 0.045), and fatigue in the year preced-
ing diagnosis (P = 0.005) contributed to severe fatigue [21]. In
BC survivors, predictors of fatigue 6 months post-treatment
were fatigue before and on completion of adjuvant treatment;
and at 42 months, fatigue on completion of treatment, higher
BMI and obesity, and poorer baseline coping tendencies [14].
We found, particularly in women, that those who had fatigue at
baseline were more likely to have fatigue at subsequent assess-
ments. This has clinical implications and suggests that we
should assess for early fatigue and treat where appropriate. We
found that treatment group, presence of cognitive symptoms,
anxiety and depression, poorer QoL, and increased number of
comorbidities were predictors of fatigue. Lower hemoglobin at
baseline was associated with greater fatigue, although hemoglo-
bin levels were often within the normal range.

A number of studies of ‘sickness behavior’ in both animal
models and humans have reported a role for cytokines in CRF
[7, 22]. The premise is that cancer and/or cancer treatments up-
regulate proinflammatory cytokines, which in turn affects the
central nervous system, leading to fatigue [7]. While some
studies support an association between fatigue in cancer survi-
vors and proinflammatory markers, others have failed to find an
association. Some investigators have reported an association of
fatigue with C-reactive protein (CRP) but not with cytokines
[23]. One study in 644 BC survivors found an association
between fatigue and CRP in univariable analysis, but this
became non-significant after controlling for comorbidities, BMI,
and use of antidepressant/anti-anxiolytic medication [24].
Consistent with studies of BC survivors [25], we found that

CRC survivors have sustained elevation of cytokines in compari-
son to HCs, despite no evidence of cancer recurrence. We did not,
however, find a consistent association between fatigue and proin-
flammatory cytokines, except for a weak association with interleu-
kins-6, -8, -10 at 6 months, and with interleukins-1β, -2, -4, -6, -8,
-10 and GM-CSF at 24 months. Those with sustained elevation of
cytokines might have more fatigue at 24 months or beyond, but
our sample size at 24 months was smaller, and longer follow-up is
required to determine the duration of fatigue.
Reasons for disparate conclusions between studies relating

cytokines with fatigue may be due to differences in how they are
measured. We evaluated peripheral cytokine levels using a
multiplex platform, whereas Bower’s group measured cytokine
receptors using ELISA [25]. Also fatigue and inflammation may
vary with different treatment regimens [7] and tumor sites, and
some cytokines are known to vary with circadian rhythm.
Major strengths of our study are the longitudinal design, with

pre-chemotherapy assessments, inclusion of participants who do
and do not receive chemotherapy, and analysis of purported
mechanisms of fatigue. Inclusion of a group of HCs was important,
as fatigue is common in the general population. There are several
limitations, including missing data and attrition, and the greater
number of women in the HC group, with men self-reporting worse
fatigue than women. Blood samples for cytokines were not col-
lected at standardized times of the day. We have investigated
several variables and associations and elected not to adjust P
values, but to regard secondary end points as exploratory.
Fatigue is frequently underreported in clinical practice and

the main treatment found to be effective in randomized, con-
trolled trials is exercise [26], although management of associated
conditions such as anxiety and depression can be helpful. Our
results concur with the NCCN guidelines [1] that fatigue is
common and should be evaluated at baseline, during, and after
completion of treatment. Particular attention should be directed
to treating women who report fatigue at baseline, as they are
most likely to continue to suffer from fatigue in the longer term.
In view of the strong association between fatigue and symptoms
of anxiety and depression seen in our study, all patients present-
ing with fatigue should be screened for affective disorders.
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