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8.1  Definition of Cancer-Related 
Fatigue

Cancer-related fatigue (CRF) is a distressing, per-
sistent, and subjective sense of physical, emo-
tional, and/or cognitive tiredness or exhaustion 
related to cancer or cancer treatment that is not 
proportional to recent activity and interferes with 
usual functioning [1, 2]. CRF is different from 
common physical or mental tiredness in that CRF 
is not relieved by sleep or rest, whereas general 
fatigue (i.e., physical or mental tiredness) is a tran-
sient inability to maintain optimal performance 
that is relieved by rest [3]. CRF negatively inter-
feres with patients’ ability to complete their cancer 
treatments and their ability to complete activities 
of daily living, and it reduces quality of life [3].

8.2  Prevalence of Cancer- 
Related Fatigue

CRF can occur as a consequence of the cancer 
itself [4] or cancer treatment. It is the most com-
monly reported [5] and also the most distressing 
[6] side effect of cancer treatments including 
chemotherapy [7–9], radiation therapy [4, 10], or 
selected biologic modifiers [11]. As many as 40% 
of patients with cancer report CRF at the initial 
time of diagnosis [4], and the majority of patients 
experience CRF during the course of their treat-
ment. Up to 90% [4, 10] of patients with a variety 
of cancer subtypes undergoing radiation therapy 
and up to 80% [7, 8] of those receiving chemo-
therapy experience CRF. While CRF will resolve 
for some survivors after completion of treat-
ments, there are still approximately 30–40% of 
cancer survivors reported to have persistent CRF 
up to 10 years posttreatment [1, 3, 12–22]. In sur-
vivors of Hodgkin lymphoma, CRF has been 
shown to have a major impact on treatment out-
comes and social reintegration [23].

8.3  Measurement of Cancer- 
Related Fatigue

Self-report assessment tools, also referred to as 
patient-reported outcome tools, are the most 
commonly used, reliable, and valid methods for 
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both clinical and research measurement of CRF. 
There are many patient-reported instruments that 
can quantify CRF. A systematic review of 1453 
published studies evaluating CRF instruments in 
patients with cancer and survivors [24] identified 
37 studies and 40 instruments. The instruments 
were classified as three unidimensional and 37 
multidimensional. These instruments vary by 
CRF dimensions, number of items, rating scales, 
types of cancer population studied, and psycho-
metric properties. The validity and reliability 
were evaluated by internal consistency, test-retest 
reliability, and convergent validity. Of these 40 
instruments, five instruments including:

 1. Brief Fatigue Inventory (BFI) [25]
 2. Cancer Fatigue Scale (CFS) [26]
 3. Chinese CFS (C-CFS)
 4. Functional Assessment of Cancer Therapy- 

Fatigue (FACT-F) [27], and
 5. Multidimensional Fatigue Symptom Inventory-

Short Form (MFSI-SF) [28]

have been optimally tested for validity and reli-
ability with an internal consistency of 0.9 by 
Cronbach α coefficient and a concurrent validity 
≥0.45 by Pearson correlation [24]. The type and 
the stage of cancer may affect CRF. Most of the 
CRF instruments were used in mixed cancer pop-
ulations, and only a number of them used a 
homogenous cancer patient population, including 
the BFI [25], FACT-F [27], Fatigue Functional 
Impact Scale [29], MFSI-SF [28], Piper Fatigue 
Scale [30], Visual Analogue Scale (VAS) [31], 
and Wu Cancer Fatigue Scale [32].

Although the measurement of CRF is not uni-
versally standardized, some instruments are more 
commonly used than others, as listed in Table 8.1. 
The authors of a systematic review review suggest 
use of a simple unidimensional measure that 
includes a rating of severity (such as the FACT-F 
and VAS) as an initial step for identifying the pres-
ence of CRF among survivors. If CRF is present, a 
multidimensional instrument can be considered to 
further identify the most problematic domain(s) of 
CRF. Oncologists and clinicians then can pre-
scribe the optimal treatment specifically targeting 
the problematic domains for patients at early 

stages of cancer and survivors who have com-
pleted primary treatments but are still receiving 
hormone therapies or biologics. The authors of the 
systematic review recommended using BFI to 
evaluate CRF in patients with advanced cancer 
undergoing palliative treatment given the short 
length of the questionnaire (fewer than 10 items) 
and its optimal psychometric properties [24]. In 
addition, BFI is sensitive when measuring change 
of CRF over time. The three items related to 
fatigue included in the European Organization for 
Research and Treatment of Cancer Quality-of-Life 
Questionnaire Core 30 [33] have also been used 
among patients with advanced cancer [24] and 
validated with good test-retest reliability [34].

8.4  Possible Mechanisms 
Associated with Cancer- 
Related Fatigue

A number of mechanisms associated with the 
development of CRF have been proposed in 
recent decades. Some of these include (1) ane-
mia, (2) circadian rhythm disruption, (3) stress 
and cytokine dysregulation, (4) psychological 
distress, (5) pain and neuroimmunologic changes, 
(6) cardiovascular and physical dysfunction, and 
(7) energy, nutritional deficits, and imbalance 
[42–44]. Of these potential mechanisms, cyto-
kine dysregulation has been the most studied to 
date. Research has shown that cancer may acti-
vate pro- inflammatory cytokines, such as inter-
leukin-6 (IL-6), and markers of inflammation, 
such as C-reactive protein (CRP), resulting in the 
development of CRF prior to cancer treatment 
initiation [45–50]. In addition, cancer treatments 
continue to prolong activation of pro- 
inflammatory cytokines during treatment [45, 51] 
and after treatment completion [43].

The use of radiation therapy and chemother-
apy is also associated with increased inflamma-
tion (e.g., CRP, IL-1 receptor antagonist, IL-6). 
Patients with breast and prostate cancer have 
been shown to have elevated levels of CRP and 
IL-1 receptor antagonist [52]. In another sample 
of 53 patients with breast cancer receiving 
 chemotherapy, serum IL-6 was found to be 
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Table 8.1 Commonly used instruments for measurement of cancer-related fatigue

Instruments Dimensions
Number 
of items Scales

Evaluation 
period Description

Unidimensional
EORTC QLQ 
C30 [33]

Severity of fatigue 3 4-point 
(1–4) Likert

Past week Three items are: “Did you need to rest?” 
“Have you felt weak?” and “Were you tired?”

FACT-F [27] Severity of fatigue 13 5-point 
(0–4) 
Likert

Past week A 13-item stand-alone statement as a part 
of FACT is used to assess the severity of 
fatigue

POMS-F 
[35]

Severity of fatigue 7 5-point 
(0–4) 
Likert

Past week 
and right 
now

A seven-item fatigue subscale of POMS 
assesses the severity of recent fatigue

VAS [36] Severity of fatigue 1 Analogue Current Patients mark fatigue severity between a 
linear scale with end points between “I am 
not tired at all” and “I am totally exhausted”

Multidimensional
BFI [25] Severity and 

interference of 
fatigue

9 11-point 
(0–10) 
Likert

Past 24 h Three items assess the severity of fatigue 
“now,” “usually,” and at its “worst.” Six items 
assess the interference of fatigue on daily 
function, including general activity, mood, 
walking ability, normal work, relations with 
other people, and enjoyment of life

CFS [26] Physical, affective, 
and cognitive 
fatigue

15 5-point 
(1–5) 
Likert

Current Seven items assess physical fatigue, and 
four items assess affective and cognitive 
fatigue. Total score is the sum of the three 
subscales. CFS is easy and short and can be 
completed by patients with advanced cancer

CFQ [37] Physical and mental 
fatigue

14 4-point 
(0–3) 
Likert

Current Eight items assess physical symptoms, and 
the remaining six items assess mental 
fatigue symptoms. CFQ is a brief, easy to 
administer instrument

FSI [38] Intensity, duration, 
and interference of 
fatigue

13 11-point 
(0–10) 
Likert

Past week, 
current

Four items assess the severity of fatigue at its 
“most,” “least,” and “average” during the past 
week and “right now.” Seven items assess the 
interference of fatigue on daily function, 
including general activity, ability to perform 
daily-living activities, normal work, ability to 
concentrate, relations with other people, 
enjoyment of life, and mood. Two items 
assess the duration and intensity of fatigue

MFI-20 [39] Cognitive, physical, 
and emotional fatigue, 
reduced activity, 
reduced motivation

20 5-point 
(1–5) 
Likert

Current Four items are presented for each 
dimension, two of which indicate fatigue, 
and the remaining two are contradictory of 
fatigue

MFSI-SF 
[40]

General, physical, 
mental, and emotional 
fatigue, vigor

30 5-point 
(0–4) 
Likert

Past week Six items are included in each dimension. 
Total MFSI score is calculated as (general + 
physical + mental + emotional) – vigor

Piper Fatigue 
Scale [30]

Behavioral/severity 
of fatigue, affective 
meaning, sensory, 
cognitive/mood

22 11-point 
(0–10) 
Likert

Now or 
today

Six items assess behavioral/severity, five 
items each assess affective meaning and 
sensory, and six items assess cognitive/
mood

SCFS-6 [41] Physical and 
perceptual fatigue

6 5-point 
(1–5) 
Likert

Past 
2–3 days

SCFS-6 was developed from the original 
SCFS with 28 items. Patients rate six items 
that describe feelings associated with fatigue 
from 1 = “not at all” to 5 = “extremely”

EORTC QLQ C30 European Organization for Research and Treatment of Cancer Quality-of-Life Questionnaire Core 
30, FACT-F Functional Assessment of Cancer Therapy-Fatigue subscale, POMS-F Profile of Mood Sates-Fatigue sub-
scale, VAS Visual Analogue Scale, BFI Brief Fatigue Inventory, CFS Cancer Fatigue Scale, CFQ Chalder Fatigue Scale, 
FSI Fatigue Symptom Inventory, MFI-20 Multidimensional Fatigue Inventory-20 items, MFSI-SF Multidimensional 
Fatigue Symptom Inventory-Short Form, SCFS-6 Schwartz Cancer Fatigue Scale-6 
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increased after  treatment [53]. These inflamma-
tory markers are positively associated with 
increased self-reported CRF [47, 50, 53–62]. 
Clevenger et al. [47] showed that in 136 women 
with ovarian cancer, higher levels of plasma IL-6 
was associated with greater CRF prior to surgery. 
Pertl et al. [50] also reported a positive associa-
tion of plasma CRP levels and self-reported CRF 
in 61 patients with breast cancer prior to initia-
tion of chemotherapy. In 103 breast cancer survi-
vors, elevated plasma soluble tumor necrosis 
factor receptor type II (sTNFRII), which is a 
downstream marker of TNF activity, was associ-
ated with persistence of CRF one month after 
treatment [58]. Breast cancer survivors who 
received chemotherapy had higher levels of CRF 
and sTNFRII level compared to those who did 
not receive chemotherapy. Other studies also 
reported the positive associations of CRF with 
CRP [56, 60, 61], IL-6 [62], and IL-1 receptor 
antagonist [60] in long-term cancer survivors 
who received any modality of treatment. In addi-
tion, cancer survivors with persistent CRF 
showed increased expression of genes encoding 
pro-inflammatory cytokines [57, 59]. However, 
the association of CRF and inflammation mark-
ers is not consistent. CRP and IL-1 receptor 
antagonist were not found in association with 
CRF in women newly diagnosed with breast can-
cer [48] or shortly after primary treatment [58]. 
Also, IL-6 was not correlated with CRF in breast 
cancer patients prior to chemotherapy [50].

The dysregulation of pro-inflammatory cyto-
kines may influence CRF directly or indirectly. 
Disruption can occur via the hypothalamic-pitu-
itary-adrenal axis (HPA axis), autonomic nervous 
system, and circadian rhythm modulation. The 
HPA axis controls the secretion of cortisol during 
stress. Bower et al. [63] reported that breast cancer 
survivors without CRF responded to stress with an 
increased cortisol level, while those with CRF 
demonstrated a blunted cortisol response to stress.

Circulating cortisol concentration also 
changes throughout the day based on the circa-
dian rhythm [64]. In a healthy adult, the blood 
level of cortisol quickly increases after awaken-
ing and reaches a peak level 30 min after waking 

up. This is followed by a decline throughout the 
day, and the level reaches its minimum at night 
during sleep [64–66].

However, a disrupted circadian rhythm was 
observed in patients with cancer irrespective of 
stage or treatment.  The disrupted circadian rhythm 
may be associated with the occurrence of CRF 
[64, 67, 68]. Studies have shown that patients with 
cancer and persistent CRF had an altered diurnal 
cortisol slope and elevated evening cortisol levels 
during adjuvant therapy [69] and after cancer 
treatment [70]. 

CRF is also associated with elevated norepi-
nephrine and lower heart rate variability in breast 
cancer survivors at least two to three months post-
treatment [71, 72]. However, these findings are not 
conclusive, and more  studies are warranted to fully 
understand the relationship between the auto-
nomic nervous system and CRF.

8.5  Treatment of Cancer-Related 
Fatigue

Many randomized clinical trials have attempted 
to treat CRF using interventions such as exercise, 
psychological therapies, mind-body approaches, 
pharmacological interventions, and others [43]. 
In a recent meta-analysis of 113 randomized clin-
ical trials using exercise, psychological, the com-
bination of exercise and psychological, or 
pharmacological interventions to treat CRF in 
adult cancer patients and survivors, Mustian et al. 
[73] demonstrated that exercise, psychological, 
and the combination of exercise and psychologi-
cal interventions reduced CRF during and after 
treatment, whereas pharmacological interven-
tions alone did not reduce CRF. We elaborate on 
different interventions in the following sections.

8.5.1  Exercise

Over a dozen systematic reviews and meta-analy-
ses have been conducted to assess the effect of 
exercise on CRF in adult patients [74–86], chil-
dren, and adolescents with cancer [87–89] during 
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and after cancer treatment. Overall, supervised 
aerobic and/or the combination of aerobic and 
resistance exercise with or without stretching 
have been found to be effective in reducing CRF, 
particularly in the domains of general and physi-
cal fatigue [76]. The positive impact of exercise 
on CRF was shown in adult patients with cancer 
during [75, 76, 82, 85] and after treatment [77, 78, 
82, 84]. Given that multiple studies demonstrated 
the benefits of exercise, the American College of 
Sports Medicine (ACSM) recommends that 
patients with cancer and cancer survivors start 
low and increase to 150 min weekly of moderate 
intensity or 75 min of vigorous intensity aerobic 
exercise accompanied by 20–30 min of strength 
training across all the major muscle groups two to 
three times with daily stretching [90]. Despite this 
recommendation, an estimated 70% of cancer sur-
vivors do not meet the standard established by the 
ACSM physical activity guideline [91].

The appropriate exercise mode, intensity, fre-
quency, and duration need to be carefully consid-
ered, and an individualized exercise prescription 
is strongly recommended when discussing exer-
cise with cancer populations. Mustian et al. [92] 
suggested that exercise prescriptions for cancer 
patients and survivors should be individualized 
and tailored based on the individual’s health sta-
tus, disease trajectory, previous and/or current 
treatment, symptom burden, current fitness level, 
past and present exercise participation, and indi-
vidual preferences to ensure that the exercise is 
safe and effective. This is illustrated by Tian et al. 
[77] who reported that supervised aerobic exer-
cise for 50  min/session, two sessions/week for 
eight weeks, had a moderate effect on CRF, while 
the same exercise only had a small effect on CRF 
when it was performed using shorter sessions 
occurring more frequently: 20–30  min/session, 
three sessions/week. Clinicians should also con-
sider barriers that cancer patients face in complet-
ing exercise and should consider the use of new 
technologies in improving and tracking exercise 
adherence [93]. In children and adolescents with 
cancer, the effects of exercise on CRF are not con-
sistent and are likely due to the lack of rigorous 
studies [87, 88].

8.5.2  Psychosocial Therapy

Some meta-analyses have demonstrated that psy-
chosocial therapy has small to moderate effect 
sizes on CRF reduction relative to a control [73, 
94–96]. For example, three randomized con-
trolled trials of psychosocial interventions in 
patients with breast cancer undergoing chemo-
therapy or radiation therapy who received a 
three-session individualized CRF education and 
support program showed improvement in CRF 
compared to controls [97–99]. These benefits 
were also seen in the posttreatment period. One 
of the largest trials, The Moving Beyond Cancer 
Trial, with 418 breast cancer patients who 
recently (≤ 6 weeks) completed surgery, showed 
that a 23-min psychoeducational video, which 
addresses reentry challenges in physical health, 
emotional well-being, interpersonal relations, 
and life perspectives, significantly improved CRF 
six months after the intervention compared to the 
control group [100].

8.5.3  Mind-Body Approaches

In recent years, mind-body approaches such as 
yoga, acupuncture, and meditation have been 
commonly studied in adult cancer populations for 
management of CRF [101–116]. Some studies 
evaluated the effects of yoga on CRF in patients 
with cancer receiving chemotherapy or radiother-
apy [105, 108, 109, 111, 113, 114]; others investi-
gated the efficacy of yoga on CRF in cancer 
survivors after the completion of cancer treatment 
[101–104, 106, 107, 109–112, 115, 116]. Eight 
studies showed that yoga significantly reduced 
CRF at the end or months after the intervention 
has been completed compared to the control 
group, which was usual cancer care [101, 104, 
106, 115, 116] or a health education intervention 
[102, 103, 114]. However, six studies did not find 
a group difference for the effects of the mind-
body intervention on CRF [108–113]. These stud-
ies are heterogeneous in terms of the type, 
duration, intensity, frequency, and length of the 
yoga intervention. Taken together, studies that 
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showed benefits of yoga on CRF reduction sug-
gest that gentle yoga performed in 60- to 120-min 
sessions, at low to moderate intensity, one to three 
times per week over a period of four to 12 weeks, 
may improve CRF in patients with cancer and 
 survivors [117].

In another two studies that evaluated the effect 
of acupuncture on CRF in 429 patients with a 
variety of cancer subtypes, authors found patients 
who received acupuncture had significantly 
improved CRF compared to patients in the usual 
care group [118, 119]. However, when acupunc-
ture was compared to sham acupuncture, no dif-
ference in CRF was noted [120]. While a number 
of systematic reviews of acupuncture and its 
effect on CRF have been conducted [121–125], 
results are inconsistent. More rigorous random-
ized control trials are needed.

8.5.4  Pharmacological 
Interventions

There have been over 14 randomized trials exam-
ining pharmacological interventions, but the evi-
dence supporting their ability to treat CRF among 
cancer survivors is limited [73]. Existing studies 
showed mixed findings, often did not use rigor-
ous trial designs, and included only small sample 
sizes [126]. Modafinil and methylphenidate were 
most commonly studied. In a randomized con-
trolled trial of 631 patients with mixed cancer 
types undergoing chemotherapy, only those with 
severe CRF (score ≥ 7 on the scale of 0–10 in the 
BFI item 3 “What is your worst level of CRF dur-
ing the past week?”) benefited from modafinil 
[127]. In contrast, another randomized controlled 
trial of 208 patients with non-small cell lung can-
cer showed that patients who received modafinil 
demonstrated no improvement in CRF [128]. For 
methylphenidate, a meta-analysis of five studies 
[129] suggested possible benefits in three studies 
[130–132] where CRF was evaluated by 
Functional Assessment for Chronic Illness 
Therapy-Fatigue (FACIT-F) but not in the other 
two studies [133, 134] where CRF was measured 
by BFI.  In addition, methylphenidate may be 
associated with vertigo, anxiety, anorexia, and 

nausea [129]. Given the limited evidence, most 
guidelines from professional societies recom-
mend using pharmacologic interventions after 
ruling out other causes of fatigue or if behavioral 
interventions have failed.

8.6  Clinical Practice Guidelines 
for Cancer-Related Fatigue

The American Society of Clinical Oncology, 
National Comprehensive Cancer Network, and 
Pan-Canadian Clinical Practice Guidelines for 
clinicians and health professionals are summa-
rized in Table  8.2. Each of these guidelines 
includes recommendations on screening, 
 comprehensive and focused assessment, and 
treatment options.

8.6.1  Screening

All healthcare providers should routinely screen 
for the presence of CRF at the time of initial diag-
nosis and on subsequent visits, including after the 
completion of primary treatment. Screening 
should be performed and documented using a 
quantitative or semiquantitative, valid, and reli-
able tool (see Table 8.1) to assess CRF (e.g., ask-
ing patients “How would you rate your fatigue on 
a sale of 0–10 over the past seven days?” from 0 
to 10 as 0 = no fatigue and 10 = worse fatigue or 
using a rating of mild, moderate, or severe).

8.6.2  Comprehensive and Focused 
Assessment

History and physical examination, including 
fatigue history (onset, pattern, duration, changes 
over time), disease status (progression, recur-
rence), medication/supplement usage and side 
effects, social support, and economic status 
should be incorporated during these visits. 
Laboratory evaluation, such as complete blood 
count with differential and comprehensive meta-
bolic panel, should be considered depending on 
the presence, onset, and severity of CRF as well 
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as the presence of concurrent symptoms such as 
anemia. Other potential treatable contributing 
factors including pain, emotional distress, sleep 
disruption, impaired functional status, medica-
tions, nutritional deficits, and comorbidities 
should also be assessed.

8.7  Treatment Options

All patients and/or their caregivers should be 
educated and counseled on the occurrence of 
CRF. Contributing factors that are identified should 
be treated accordingly. Non- pharmacological inter-
ventions such as exercise, psychosocial therapy, 
and mind-body approaches could be considered. 
The evidence for pharmacological interventions is 
limited and should be used judiciously.

8.8  Future Directions

As described above, much progress has been 
made in our understanding of CRF in the past 
decade. There is now a greater awareness and 
recognition that CRF is a major concern among 
cancer patients and survivors and that it is a mul-
tidimentional problem. The development of reli-
able and valid methods to measure CRF have 
facilitated better communication between health-
care teams and also allowed longitudinal moni-
toring of CRF. Knowledge in this area has also 
facilitated the selection of endpoints for clinical 
trials evaluating interventions targeting CRF. 
Published clinical trials in CRF have provided us 
a better understanding of the available options for 
managing CRF, specifically exercise, psychoso-
cial therapy, and mind-body approaches. With 
increasing availability of well-conducted studies, 
multiple clinical practice guidelines have been 
created for the management of CRF. Lastly, we 
have an improved understanding of the biobehav-
ioral mechanisms associated with the develop-
ment of CRF.

Despite the progress, many research gaps exist 
in the area of CRF. The negative impact of CRF 
on other outcomes such as healthcare utilization, 

cost, and survivorship needs to be studied. 
Although studies have consistently demonstrated  
the benefits of exercise in CRF, the dose and 
intensity of exercise remain unclear. Given the 
multidimentional nature of CRF, a one-size-fits-
all approach is likely not sufficient. Combinations 
of various strategies such as exercise and various 
psychological or biobehavioral interventions 
need to be further investigated. With an increas-
ing emphasis of personalized medicine in oncol-
ogy, it is crucial for us to understand the 
biobehavioral mechanisms associated with CRF 
in order to develop individualized interventions 
for patients and to know for whom and when spe-
cific treatments for CRF can be best prescribed. 
Finally, we need to disseminate the clinical prac-
tice guidelines into clinical settings in order to 
identify patients with CRF and implement these 
interventions for patients with cancer.

In conclusion, CRF is a common and debili-
tating toxicity for cancer patients and survivors 
and can persist for many years after treatment. 
Many instruments exist for measuring CRF and 
may be incorporated in the routine assessment of 
CRF.  Exercise and psychological interventions 
have consistently demonstrated benefits in treat-
ing CRF and should be incorporated in the care 
of cancer patients and survivors.
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