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Abstract

Objective: For clinical and research purposes, efficient identification of cases of cancer-related fatigue
(CRF) is important, as CRF can be persistent and interfere with usual functioning. While various
fatigue-screening instruments are available, no brief screening indices have been developed using
formally diagnosed CRF cases as the criterion.

Methods: Breast cancer patients (n =385) completed a fatigue diagnostic interview and self-report
fatigue measures (Profile of Mood States-fatigue subscale, Fatigue Symptom Inventory, and SF-36
vitality subscale), after initial adjuvant therapy (post-treatment (post-Tx) 1 assessment), after comple-
tion of radiotherapy for women receiving chemotherapy + radiotherapy (post-Tx 2 assessment), and
6 months after completion of all adjuvant therapy (6-month post-Tx assessment). CRF cases were
identified using specific diagnostic criteria. ROC analyses identified screening indices, which could
accurately identify CRF cases after initial adjuvant therapy. Screening indices were cross-validated
using post-Tx 2 and 6-month follow-up assessment data.

Results: A total of 104 women (27 %) met CRF criteria after initial adjuvant therapy. Six two-item
screening indices were identified. For all indices, area under the curve exceeded 0.80, sensitivity
exceeded 0.80, and specificity exceeded 0.57. Cross-validation suggested that, except for the index based
on SF-36, all the indices continued to accurately identify CRF cases at the post-Tx 2 and 6-month
post-Tx assessments. Overall, a two-item composite index based on Fatigue Symptom Inventory ‘most

severity’ and ‘work interference’ items performed best.
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Conclusions: Breast cancer patients and survivors meeting CRF diagnostic criteria can be accurately
identified using brief screening indices derived from common self-report fatigue measures.
Copyright © 2015 John Wiley & Sons, Ltd.

Background

Fatigue is frequently reported by cancer patients and survivors
regardless of tumor type or treatment [1-3]. Fatigue can be
highly distressing [4,5] and can have a profound impact on
daily functioning [6]. According to the National Comprehen-
sive Cancer Network, cancer-related fatigue (CRF) is a
‘distressing, persistent, subjective sense of physical, emotional,
and/or cognitive tiredness or exhaustion, related to cancer or
cancer treatment that is not proportional to recent activity and
interferes with usual functioning” [7].

Cancer-related fatigue prevalence rates vary depending
on phase of the disease, treatment, and assessment instru-
ment used [8—11]. During cancer treatment, fatigue preva-
lence rates range from 25% to 95% [12,13]. Additionally,
cancer survivors can experience fatigue after treatment is
completed, and again, prevalence rates vary greatly, rang-
ing from 5% to 34% [10,13].

A variety of instruments have been used to assess fatigue
severity. Some instruments have been specifically designed
to assess fatigue, such as the Fatigue Symptom Inventory
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(FSI) [14], while other instruments include a subscale to as-
sess fatigue within a larger instrument designed to assess
broader domains of functioning, such as the Medical Out-
come Study Short Form-36 Health Survey (SF-36) [15]
and the Profile of Mood States (POMS) [16]. Overall, there
is little consensus regarding the optimal instrument for
assessing fatigue in cancer patients and survivors [11,17].
For clinical and/or research purposes, it is often
important to identify individuals who are experiencing
‘clinically significant’ CRF. Consequently, efforts have
been made to identify ‘clinical’ cutoff scores for measures
of fatigue severity that could identify cases of clinically
significant CRF. A cutoff score for the FSI has been iden-
tified, using scores on another fatigue measure, the SF-36
[18], as the reference point for defining clinically signifi-
cant CRF. Two different cutoff scores have been identified
for the four-item SF-36 vitality subscale: a cutoff score of
<45, corresponding to the 25th percentile for women in
the US general population [18] and a cutoff score of
<50, representing the midpoint of the subscale [19]. To
our knowledge, there is no cutoff score available to
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identify cases of clinically significant CRF using the
POMS-fatigue subscale.

At present, a clinician or researcher interested in identi-
fying clinically significant cases of CRF can choose from a
variety of cutoff scores on common measures of fatigue
such as the SF-36 and FSI. However, most existing choices
suffer from a common flaw. Specifically, rarely, these
cutoff scores were developed using the ability to accurately
identify actual clinically significant cases of CRF as the
criterion. Rather, cutoff scores were identified in reference
to scores evidenced by the general population or in refer-
ence to an individual’s score on another measure of fatigue
severity. Furthermore, existing measures of fatigue
severity, such as the SF-36 and POMS, lack information
regarding other aspects of fatigue that are critical to
defining its clinical significance. These include fatigue
duration and impact on functioning. What is needed are
clinical cutoff scores, which have been identified through
their ability to accurately identify cancer patients and/or
survivors who clearly evidence clinically significant CRF.

Clinically significant cases of CRF can be identified
using a fatigue diagnostic interview and a set of specific
diagnostic criteria consistent with the definition of CRF
provided by the National Comprehensive Cancer Network
[7,20]. The strength of this approach for identifying
clinically significant cases of CRF is its ability to identify
individuals who differ dramatically on a range of physical
and psychological outcomes from individuals without
CRF [21]. The weakness of this approach is the fatigue
diagnostic interview can be time consuming and thus not
easily employed in a research or clinical setting with
limited resources.

Clinical treatments, such as psychosocial interventions
and exercise, are available to manage CRF in cancer
patients and survivors [22-24]. These treatments are
typically time consuming and costly to implement. Hence,
it is important to identify clinically significant CRF cases as
accurately as possible, in order to target fatigue treatment to
the individuals most in need. What is needed is a method
for accurately and efficiently screening large groups of
cancer patients and survivors for individuals likely to meet
diagnostic criteria for clinically significant CRF. There-
fore, the aim of the current study is to identify cutoff scores
on brief, commonly used fatigue measures, SF-36, FSI, and
POMS, that could be used to quickly and accurately
identify cases of clinically significant CRF based on a
fatigue diagnostic interview.

Methods

Participants

Participants were female breast cancer patients recruited
as part of a larger quality of life study between November
1999 and May 2006 at two sites: Moffitt Cancer Center at
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the University of South Florida and the University of
Kentucky. Eligibility criteria included the following: (a)
>18 years; (b) stages 0-II breast cancer; (c) scheduled to
receive adjuvant chemotherapy (CT), radiotherapy (RT),
or both (CT +RT); (d) able to speak, read, and understand
English; (e) no cancer history other than basal cell skin
carcinoma; and (f) no chronic disease in which fatigue is
a potentially prominent symptom.

Procedure

Procedures were approved by Institutional Review Boards
at both study sites. Participants were recruited and informed
consent obtained after breast surgery but prior to starting
adjuvant therapy. Participants completed the following
assessments: (a) before beginning adjuvant therapy
(baseline); (b) at conclusion of an initial course of adjuvant
therapy, either RT or CT depending on the participant’s
treatment plan (post-treatment (post-Tx) 1); (c) at conclu-
sion of RT for women receiving CT+RT (post-Tx 2); and
(d) 6 months after conclusion of adjuvant therapy (6-month
post-Tx). Assessments consisted of a clinical interview and
completion of questionnaires. The questionnaire portion of
each assessment was completed in-person, by telephone,
or by mail, as necessary. The clinical interview portion of
each assessment was completed in-person or via telephone.
Information regarding disease stage, surgery, and adjuvant
therapy was obtained from medical records.

Questionnaire measures

Demographic information (age, race, partner status, and
education) was obtained at baseline. Self-report fatigue
measures (described in the succeeding text) were
completed at each assessment.

The Medical Outcome Study Short Form-36 Health
Survey (SF-36) [15] yields a vitality subscale score based
on four items. Scores range from 0 to 100, with lower
scores suggesting less vitality, which has been interpreted
as fatigue [18,25].

The FSI [14] is a 14-item measure, which assesses
fatigue frequency, severity, and interference. Items are
rated on a 0-10 scale with higher ratings representing
greater fatigue severity and interference.

The POMS-fatigue subscale (POMS-fatigue) [16] con-
sists of seven items, rated on a 0—4 scale. Scores range from
0 to 28 with higher scores representing greater fatigue.

Finally, two items assessing fatigue severity and interfer-
ence were created using the approach employed by Jacobsen
et al. to develop items assessing nausea severity and interfer-
ence [26,27]. Specifically, the word ‘fatigue’ was substituted
for ‘bodily pain’ in the two items on the SF-36 bodily pain
subscale. The first item was ‘How much fatigue have you
had during the past week’? Responses were made on a
six-point scale ranging from ‘none’ to ‘very severe’. The
second item was ‘During the past week, how much did
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fatigue interfere with your normal work (including both
work outside the home and housework)? Responses were
made on a five-point scale ranging from ‘not at all’ to
‘extremely’. For both items, higher scores represent greater
fatigue severity or interference. These items were summed
to create a composite index, fatigue severity + interference,
with scores ranging from 2 to 11.

Clinical interview

Participants completed the mood, anxiety, and adjustment
disorders modules from the Structured Clinical Interview
for Diagnostic and Statistical Manual of Mental Disorders
(4th ed.) (DSM-IV) [28] and the Diagnostic Interview Guide
for CRF [20] in all assessments. The latter is a structured in-
terview for determining whether a person meets specific
criteria for a diagnosis of CRF [20]. All interviews were con-
ducted by doctoral students in clinical psychology trained in
administration and scoring of the clinical interview. Training
involved practice interviews and review of audiotaped inter-
views. Research using similarly trained interviewers demon-
strated high inter-rater agreement in CRF diagnosis [29].

Data analysis

Receiver operating curve (ROC) analyses were used to de-
termine whether specific indices derived from self-report
fatigue data collected at the post-Tx 1 assessment could
distinguish accurately whether a woman met CRF diag-
nostic criteria at the post-Tx 1 assessment. ROC curves
depict the trade-off between sensitivity (true positive rate)
and specificity (true negative rate) for every possible cut-
off score on a specific index. For any ROC curve, an area
under the curve (AUC) can be calculated. The AUC esti-
mates the overall discriminative value of each index with
regard to the criterion, here, CRF caseness. An AUC value
of 1.0 represents a test with perfect accuracy relative to the
criterion. An AUC of 0.50 represents a test with accuracy
no better than chance relative to the criterion. AUC values
between 0.70 and 0.80 represent acceptable discrimina-
tion, while AUC values >0.80 represent excellent
discrimination [30].

In addition to the two-item fatigue severity + interference
composite index, one or more potential fatigue-screening
indices were considered for each of the POMS, SF-36,
and FSI measures. For the POMS, we considered the
POMS-fatigue subscale score, and for the SF-36, we con-
sidered the SF-36 vitality subscale score. Several two-item
composite indices using items from the POMS, SF-36,
and FSI were also considered. These included the
following: (a) sum of the ratings for two POMS-fatigue
subscale items: ‘fatigued” and ‘exhausted” (POMS-
fatigued + exhausted, range 0-8); (b) sum of the ratings for
two FSlitems: ‘Rate your level of fatigue on the day you felt
most fatigued in the past week’ and ‘Rate how much in the
past week fatigue interfered with your normal work activity
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(includes both work outside the home and housework)’
(FSI-severity + work interference, range 0-20); and (c)
sum of the ratings for two SF-36 vitality subscale items:
‘Did you feel worn out’? and ‘Did you feel tired’? (SF-36
worn out+tired, range 2—12). Selection of specific items
for these three, two-item indices was based on ROC and de-
cision tree analyses.

For each of the six fatigue-screening indices considered,
ROC analyses were conducted to determine AUC values
and 95% confidence intervals. Furthermore, sensitivity,
specificity, positive predictive value, negative predictive
value, the number of false negatives (true cases of CRF
not detected) and false positives (true non-cases of CRF
detected), percentage of misclassified (sum of false posi-
tive and false negative cases divided by the total number
of cases), and positive likelihood ratio (LR+) (true
positives/false positives) were calculated for several po-
tential cutoff values. LR+ values >2.00 are considered
clinically important [31].

Results

A total of 419 women were enrolled and completed the
baseline assessment. Less than 5% of study-eligible
women declined participation. A total of 385 (92%) com-
pleted the post-Tx 1 assessment and constituted the final
study sample. The 385 women in the final sample were
compared with 34 women enrolled in the study not com-
pleting the post-Tx 1 assessment (study dropouts) on de-
mographic (age, education, race, and partner status) and
clinical characteristics (disease stage and treatment). No
significant differences were found except for education:
study dropouts were more likely to have a high school ed-
ucation or less (46%) than women in the final sample
(27%) (X*> (1)=4.202; p<0.05). Mean age in the final
sample was 54.7 years (SD=10.2; range 21-82 years),
26% possessed a high school education or less, 73% were
partnered, and 90% were White, non-Hispanic. Stage of
disease was stage 0 (11%), stage I (50%), and stage II
(39%). Most women underwent lumpectomy (85%) with
the remainder undergoing mastectomy (15%). Adjuvant
therapy regimens included CT only (10%), RT only

Table I. AUC values for CRF-screening indices

Index AUC 95% confidence interval
POMS-fatigue subscale 0.806 0.759-0.853
POMS-fatigued + exhausted ltems 0818 0.772-0.864
SF-36 vitality subscale 0816 0.771-0.862
SF-36 worn out + tired items 0814 0.769-0.860
FSI-most fatigue + work interference items ~ 0.831 0.774-0.860
Fatigue severity + work interference items ~ 0.815 0.769-0.86

AUC, area under the curve; CRF, cancer-related fatigue; POMS, Profile of Mood States;
SF-36, Medical Outcome Study Short Form-36 Health Survey; FSI, Fatigue Symptom
Inventory.
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Table 2. Data for optimal cutoff score for CRF-screening indices

M. M. Goedendorp et al.

Cutoff score Sen Spec PPV NPV Percentage of misclassified (%) LR+ False negatives® False positives®
POMS-fatigue subscale

>7 0.845 0.580 0.404 0924 37.8 201 12/100 130/276
POMS-fatigued + exhausted

>3 0816 0.677 0.539 0925 312 253 14/103 104/277
SF-36 vitality subscale

<50 0851 0575 0413 0936 373 2.00 10/103 132/278
SF-36 worn out + tired

<6 0.858 0569 0.398 0.944 39.6 1.99 8/102 1421277
FSI-most fatigue + work interference

>8 0.868 0.628 0458 0954 313 233 8/102 1117278
Fatigue severity + work interference

>6 0.806 0.678 0455 0916 315 250 16/103 104/278

CRF, cancer-related fatigue; Sen: sensitivity; Spec, specificity; PPV, positive predictive value; NPV, negative predictive value; LR+, positive likelihood ratio; POMS, Profile of Mood
States; SF-36, Medical Outcome Study Short Form-36 Health Survey; FSI, Fatigue Symptom Inventory.

?n true cases of CRF missed/ n of true cases.
®n true non-cases meeting screening criterion/n of true non-cases.

Table 3. Cross-validation of optimal cutoff scores

Measure Cutoff score

True positives

False positives Percentage of misclassified

Post-Tx 2 assessment

POMS-fatigue subscale >7
POMS-fatigued + exhausted items >3
SF-36 vitality subscale <50
SF-36 worn out + tired items <6
FSI-most fatigue + work interference items >8
Fatigue severity + work interference items >6

6-month follow-up assessment

POMS-fatigue subscale >7
POMS-fatigued + exhausted items >3
SF-36 vitality subscale <50
SF-36 worn out + tired items <6
FSI-most fatigue + work interference items >8
Fatigue severity + work interference items >6

25/31 (81%) 42/108 (39%) 48/139 (35%)
24131 (77%) 39/108 (36%) 46/139 (33%)
24131 (77%) 32/107 (30%) 39/138 (28%)
12731 (39%) 15/107 (14%) 34/138 (25%)
28/31 (90%) 317108 (29%) 34/139 (24%)
26/31 (84%) 35/108 (32%) 401139 (29%)

23027 (85%)
23127 (85%)
20026 (77%)
14125 (56%)
26126 (100%)
2227 (81%)

701267 (26%)
501267 (19%)
59/269 (22%
211267 (8%)
(!
(!

3

517267 (19%)
471267 (18%)

741294 (25%)
54/294 (18%)
65/295 (22%)
32292 (11%)
511293 (17%)
52294 (18%)

Tx, treatment; POMS, Profile of Mood States; SF-36, Medical Outcome Study Short Form-36 Health Survey; FSI, Fatigue Symptom Inventory.

(48%), and CT +RT (42%). Of women in the final sample,
139 received RT in addition to CT and thus completed a
post-Tx 2 assessment (36%), and 295 women completed
the 6-month post-Tx assessment (77%).

Determination of optimal cutoff scores for cancer-related
fatigue-screening indices

One hundred four women (27%) met CRF criteria at the
post-Tx 1 assessment. AUC values for the six CRF-screening
indices are shown in Table 1. All AUC values were signifi-
cantly greater than 0.750 and ranged from 0.806
(POMS-fatigue subscale) to 0.831 (FSI-most +interference).

There is no consensus approach to identifying an optimal
cutoff score. Therefore, we selected an optimal cutoff score
for each screening index based on consideration of the fol-
lowing: (a) proportion of false negative (i.e., ‘true’ CRF

Copyright © 2015 John Wiley & Sons, Ltd.

cases not identified) screening test results <15%, (b) propor-
tion of women misclassified <40%, and (c) LR+ >2.00.
Using these criteria, optimal cutoff scores were identified
for each screening index: POMS-fatigue subscale (>7),
POMS-fatigued + exhausted composite index (>3), SF-36
vitality subscale (<50), SF-36 worn out+tired composite
index (<6), FSI-most+ work interference composite index
(=8), and fatigue severity +interference composite index
(=6). Table 2 displays results for the optimal cutoff value
for the six screening indices.

Cross-validation of cutoff scores for cancer-related
indices at post-Tx 2 and 6-month
follow-up assessments

fatigue-screening

The optimal cutoff score for each screening index was
cross-validated using data from the post-Tx 2 and 6-month
follow-up assessments. At the post-Tx 2 assessment, 31 of
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the 139 women (22.3%) met criteria for CRF diagnosis.
At the 6-month follow-up assessment, 27 of the 295
women (9.2%) met criteria for CRF diagnosis. Results of
the cross-validation are shown in Table 3. Five of the six
indices continued to perform well at both the post-Tx 2
and 6-month follow-up assessments. The exception was
the SF-36 index, SF-36 worn out+tired. This index
accurately identified only 39% of ‘true’ CRF cases at the
post-Tx 2 assessment and only 56% of ‘true’ CRF cases
at the 6-month follow-up assessment. For the remaining
five indices at the post-Tx 2 assessment, the proportion
of true positives ranged from 77% to 90%, while the
proportion of false positives ranged from 29% to 39%.
These five indices performed even better at the 6-month
follow-up assessment. The proportion of true positives
ranged from 77% to 100%, while the proportion of false
positives ranged from 18% to 26%.

Conclusions

For clinical and research purposes, there is a need for an ef-
ficient and accurate method for identifying cases of clinically
significant CRF. CRF-screening indices based on their abil-
ity to identify individuals meeting diagnostic criteria for
CRF [20] have been developed before [32]. However, this
approach has not been used to identify screening indices
for commonly used instruments such as the SF-36, FSI, or
POMS. Furthermore, prior research has generally identified
screening indices based on lengthier, multi-item fatigue
scales or subscales, while we have identified more efficient
two-item screening indices and cross-validated these.

First, we determined cutoff scores for identifying likely
cases of CRF using the POMS-fatigue and SF-36 vitality
subscales and identified cutoff scores of >7 and <50 as the
most optimal for identifying cases of CRF. The cutoff score
on the SF-36 vitality subscale has been used before [19] but
until now has not been based on empirical evidence. Next,
we determined cutoff scores for identifying CRF cases
based on two-item indices derived from the POMS, SF-36,
and FSI. Use of these brief indices may be advantageous
when minimizing respondent burden is a concern.

Our results showed that each of our six screening indices
demonstrated excellent ability to identify cases of CRF [30].
These indices identified successfully at least 85% of true
cases of CRF. On the other hand, the proportion of false pos-
itives, that is, individuals who did not actually have CRF but
who screened positive for CRF, ranged from 38% to 51%. In
a clinical setting, these individuals would need to undergo
further evaluation to determine whether CRF was indeed
present. This is also suggested by Alexander ef al. [32], who
noted that neither the fatigue subscale of the Functional As-
sessment of Cancer Therapy nor the Bidimensional (Chalder)
Fatigue Scale could be used as a case identifier for CRF, al-
though the Bidimensional (Chalder) Fatigue Scale may be use-
ful for screening. Our results indicate that each of the six
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screening indices would correctly eliminate approximately
50-65% of individuals screened from needing to undergo ad-
ditional evaluation while at the same time missing less than
15% of true cases of CRF. We feel this is a reasonable balance.
Of the screening indices identified, the two-item index based
on FSI ‘most fatigue’ and ‘work interference’ items appeared
to be most accurate. Sensitivity of this two-item FSI index
was 0.87, the highest of all six indices. Overall, only 31% of
individuals were misclassified with a false negative rate of
8% and a false positive rate of 40%. The accuracy of this
two-item FSI index is not surprising, given it incorporates
aspects of fatigue severity and impact on functioning, two
cardinal attributes of CRF based on diagnostic criteria [20].

Importantly, we cross-validated the six screening indi-
ces we identified and found identified cutoff scores contin-
ued to perform well. The lone exception was the index
based on the SF-36 items ‘worn out’ and ‘tired’. Using
this index, only 39% of true positives were identified at
the post-Tx 2 assessment, and only 56% of true positives
were identified at the 6-month follow-up assessment. In
contrast, true positive rates for the other five indices
exceeded 77% at both the post-Tx 2 and 6-month
follow-up assessments. The FSI index based on the ‘most
fatigue’ and ‘work interference’ items again appeared to
be the most accurate approach to identifying CRF cases.
This screening index identified 90% of true positives at
the post-Tx 2 assessment with an overall 25% misclassifi-
cation rate and identified 100% of true positives at the
6-month follow-up assessment with a 17% misclassifica-
tion rate. Granted, cross-validating identified cutoff scores
using data from the same sample but from different points
in time from the derivation data is not an optimal
approach. However, this represents the only attempt to
cross-validate proposed CRF-screening indices we could
find in the literature.

This study has other limitations we should acknowledge.
The sample was fairly homogeneous as it was comprised
primarily of White breast cancer survivors and women
with household incomes in the middle to upper class range.
Consequently, our findings may not be generalizable to
male cancer survivors, individuals treated for cancers other
than breast cancer, racial or ethnic minority cancer survi-
vors, or survivors with lower income or low literacy.

Four of the six screening indices we identified were
two-item indices. In addition to the obvious advantage of
brevity, we expect that the accuracy of identifying cases
of CRF might be enhanced when screening is based on a
limited number of items rather than on responses to an
entire questionnaire or a more lengthy set of items. When
people complete questionnaires, they can make unin-
tended mistakes, due to inattention or confusion. These
mistakes happen more often in questionnaires with
reverse-worded items than with questionnaires containing
items posed in the same direction [33]. While the SF-36
vitality subscale does contain reverse-worded items, each
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of the other five screening indices we identified consists
only of items posed in the same direction.

In conclusion, previous research has identified a variety
of screening indices for identifying clinically significant
fatigue in cancer patients and survivors [18,19,32]. One
study [32] has based identification of screening cutoff
scores on a clinical diagnostic interview and specific diag-
nostic criteria for CRF, which have been adopted for in-
clusion in the International Statistical Classification of
Diseases and Related Health Problems, Tenth Revision,
Clinical Modification [34]. Thus, most previous
research has largely ignored critical aspects of CRF such
as impact on functioning and the presence of physical
and psychological comorbidities in developing fatigue-
screening indices. Our results show that it is possible to
screen for cases of clinically significant CRF with good

M. M. Goedendorp et al.

accuracy by using any of six, brief screening indices, four
of which consist of only two items. In particular, an index
using two items from the FSI appears to be particularly ac-
curate. Using only two items to screen for CRF cases has
advantages in clinical and research settings, as it is less
time consuming for care providers, researchers, and
patients.
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