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Abstract

Objectives: Cognitive symptoms are commonly reported among cancer patients and

survivors, yet guidance on when self‐reported cognitive symptoms warrant follow‐
up is lacking. We sought to establish cut‐off scores for identifying patients with

perceived low cognitive functioning on widely used self‐report measures of cogni-
tion and a novel single item Cognitive Change Score.

Methods: Adult patients diagnosed with invasive cancer who had completed at least

one cycle of chemotherapy completed a questionnaire containing the EORTC‐
Cognitive Function (CF) subscale, Functional Assessment of Cancer Therapy‐
Cognitive Function (FACT‐COG) Perceived Cognitive Impairment (PCI) and our

Cognitive Change Score (CCS). We used receiver operating characteristic analyses

to establish the discriminative ability of these measures against the Patient's

Assessment of Own Functioning Inventory (PAOFI) as our reference standard. We

chose cut‐off scores on each measure that maximised both sensitivity and specificity
for identifying patients with self‐reported low CF.

Results: We recruited 294 participants (55.8% women, mean age 56.6 years) with

mixed cancer diagnoses (25.5 months since diagnosis). On the CCS, 77.6% reported

some cognitive change since starting chemotherapy. On the PAOFI 36% had low CF.

The following cut‐off scores identified cases of low CF: ≥28.5 on the CCS (75.5%

sensitivity, 67.6% specificity); ≤75.0 on the European Organisation for Research and

Treatment of Cancer, QLQ‐C30 Cognitive Functioning scale (90.9% sensitivity,

57.1% specificity); ≤55.1 on the FACT‐COG PCI‐18 (84.8% sensitivity, 76.2%

specificity), and ≤59.5 on the FACT‐COG PCI‐20 (78.8% sensitivity, 84.1%

specificity).

Conclusions: We found a single item question asking about cognitive change has

acceptable discrimination between patients with self‐reported normal and low CF

when compared to other more comprehensive self‐report measures of cognitive

symptoms. Further validation work is required.

This is an open access article under the terms of the Creative Commons Attribution‐NonCommercial‐NoDerivs License, which permits use and distribution in any

medium, provided the original work is properly cited, the use is non‐commercial and no modifications or adaptations are made.
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1 | BACKGROUND

Cognitive symptoms, such as poor concentration, difficulties with

memory, and slowed or foggy thinking, are frequently described by

cancer patients. Research has shown that up to 75% of patients

report cognitive symptoms during chemotherapy treatment.1,2 For

some, cognitive symptoms can persist beyond treatment, with 15%–

35% demonstrating cognitive impairment when assessed using

standardised neuropsychological tests.2,3 Almost all studies have

shown a disassociation between self‐reported cognitive symptoms

and performance on neuropsychological tests, although recent

studies have shown some association between self‐reported cogni-

tive symptoms and changes in functional neuroimaging.4‐6

Both self‐reported symptoms and impairment identified on

neuropsychological assessment are important to patients, and both

are valid endpoints in clinical studies.7 Critically, self‐reported
cognitive symptoms offer a gateway to further services, be it

further neuropsychological assessment or intervention and support.

However, variation in prevalence of self‐reported cognitive symp-

toms is evident in the literature. In longitudinal studies, 45% of

breast cancer survivors reported decline in Cognitive Function (CF)

in the 6 months after chemotherapy,8 and 30% of colorectal

cancer survivors reported cognitive impairment at 2 years after

treatment.9 In contrast, in a cross‐sectional study of survivors of

breast cancer (N = 1889) more than 5 years after treatment,

prevalence of cognitive symptoms after cancer treatment was not

different to normative data (i.e. 7%).10 Differences in study design,

sample and measures employed likely contribute to the observed

variation.

Some of the most widely used self‐report measures for cognitive
symptoms in people with cancer include the Functional Assessment of

Cancer Therapy ‐ Cognitive Function (FACT‐COG), Perceived Cogni-
tive Impairment (PCI) subscale of the FACT‐COG, Patient's Assess-
ment of Own Functioning Inventory (PAOFI), European Organisation

for Research and Treatment of Cancer, QLQ‐C30 Cognitive Func-

tioning scale (EORTC‐CF) and Patient‐Reported Outcomes Measure-

ment Information System (PROMIS®) CF item bank and short

forms.11,12 Despite availability of numerous instruments to assess self‐
reported cognitive symptoms, research describing cut‐off scores on
these measures that indicate meaningful impairment and need for

further follow‐up of neuropsychological function among cancer pa-

tients and survivors is scant. VanDyk et al 13 recently identified clinical

cut‐points on the FACT‐COG PCI subscale, in 133 breast cancer sur-

vivors approximately 4 years since diagnosis. Using the PAOFI as

reference standard, in receiver operating characteristic (ROC) curve

analyses, they found a cut‐off score of below 54 had 76% sensitivity,

and 82% specificity for identifying cases of impaired CF on the 18‐item
PCI (recommended scoring),14 while a cut‐off score of below 60 had

76% sensitivity, and 84% specificity for identifying cases of impaired

CF on the PCI‐20.
Rothrock et al15 developed provisional clinical interpretations for

PROMIS CF Bank of items T‐scores using the bookmarking method, in
which vignettes are rated on severity and test scores assigned mean-

ingful labels with a sample of 10 experienced oncology clinicians and 6

patients. T‐scores less than 35 (1.5 standard deviations below the

standardized mean of 50) were considered indicative of severe

cognitive impairment by clinicians and T‐scores less than 30 (2 stan-

dard deviations below the mean) by patients. Moderate impairment

was identified as a T‐score between 35 and 40 by clinicians and 30 and
35 by patients. In addition, Terwee et al16 published guidance on

minimally important change for PROMISCF. A T‐score point change of
2–6 over timewas reported as a threshold for aminimal within‐person
change which patients perceived as an important change. PROMIS

Cognitive Function Short Form 8a has recently been recommended as

a minimum inclusion in studies of CF in adults due to its extensive

development and validation using item response theory.11

Data supporting these cut‐off scores and T‐score interpretations
are preliminary. Further, the self‐reported measures evaluated can

be long and time consuming to administer, score and interpret (8

items for PROMIS Cognitive Function Short Form 8a, 18 or 20 items

for the FACT‐COG PCI, 35 items for FACT‐COG, and 33 items for

PAOFI), limiting ease of implementation in clinical settings. Short,

reliable, and valid screening measures of self‐reported CF are needed
to aid clinicians in identifying cognitive concerns warranting follow‐
up and support. This study sought to establish cut points on a new

single item measure of change in CF since chemotherapy, and a

widely used short‐form measure of self‐reported cognitive symp-

toms, the 2‐item EORTC‐CF.17‐19 As a secondary aim we sought to

validate previously reported cut‐offs on the FACT‐COG PCI.13

2 | METHOD

2.1 | Study design

Data for the current analysis are derived from a previously con-

ducted cross sectional study (called ‘On the receiving end’) which

evaluated patients' perceived frequency and severity of chemo-

therapy side effects and included patient reported outcome mea-

sures (PROMs) evaluating cognitive symptoms.20

2.2 | Participants

We recruited participants from 2 metropolitan teaching hospitals in

Sydney (Concord Repatriation General Hospital and Royal Prince
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Alfred Hospital) and 1 rural hospital (Dubbo Base Hospital) in New

South Wales, from January 2008 to October 2016. Eligible partici-

pants were adult patients with a diagnosis of invasive cancer who

were receiving chemotherapy and had completed at least 1 cycle.

There were no restrictions based on stage of disease or age. Partic-

ipants were required to have written English fluency. Ethics approval

was obtained (HREC/07/RPAH) and all patients provided written

consent.

2.3 | Procedure

We conducted a face‐to‐face interview on a single occasion which

included a side effects survey and multiple PROMs, as reported

elsewhere.20 Demographic, disease and treatment characteristics

were obtained from the patients' medical records.

The Cognitive Change Screen (CCS) is a single‐item question

asking, ‘How much change have you noticed in your memory and

concentration since you started chemotherapy’? It is scored on a

10‐cm visual analogue scale and reported as an integer between

0 (no change) and 100 (much worse). Higher scores indicate

greater self‐reported change, or worsening, in memory and con-

centration. A subgroup of patients completed the CCS on a second

occasion two to 6 weeks later to obtain information on test‐retest
reliability.

Patients Assessment of Own Functioning Inventory (PAOFI) com-

prises of 33 items and 4 subscales: memory (10 items), language

and communication (9 items), sensory‐perceptual (3 items), use of

hands (2 items) higher level cognitive and intellectual function

(9 items).21 Participants rate each item on a Likert six‐point scale
from almost always to almost never. According to the PAOFI's

scoring instructions, we assigned a score of 1 to each item rated

as ‘almost always’, ‘very often’, and ‘fairly often’. Items rated ‘once

in a while’, ‘very infrequently’, or ‘almost never’ were assigned a

score of 0.21 Scores are summed for each subscale such that the

maximum score is the number of items (e.g. memory subscale

ranges 0–10). A higher score indicates poorer functioning. The

PAOFI has demonstrated good reliability and validity among can-

cer survivors.22,23

The FACT‐COG version three questionnaire assesses CF in cancer

subjects across four domains: PCI, Perceived Cognitive Abilities

(PCA), Noticed by others, and Impact on quality of life.14,19,24 Each

item is scored on a 5‐point Likert scale. Subscales are summed, total
scores range from 0 to 156, and higher scores are associated with

better CF. The FACT‐COG has demonstrated good reliability and

validity among cancer survivors.24,25

EORTC‐CF is a 2‐item questionnaire each with a possible

integer value between 0 and 3.26 Total score is reported on a scale

from 0 to 100; however, due to the discrete nature of item re-

sponses and only 2 items, only 7 total score values are possible.

Higher scores indicate better CF.27 The EORTC‐CF is well validated

and demonstrates good reliability among cancer patients for self‐
reported CF.18,19

2.4 | Statistical methods

We used SPSS Version 25.0 (IBM, USA) to conduct all analyses. We

described our sample using means and standard deviations for

continuous variables and proportions for categorical variables. We

compared demographic and clinical characteristics of participants

identified as having perceived low or normal CF based on the PAOFI

score. We identified cases of self‐reported low CF where three or

more items were endorsed as ‘almost always’, ‘very often’, and ‘fairly

often’ (i.e. PAOFI total score ≥3).28,29 We used four logistic regres-

sion models with the (dichotomized) PAOFI as a reference standard

as the outcome, and the CCS, EORTC‐CF, FACT‐COG PCI‐18 and

PCI‐20 as the explanatory variables to estimate ROC curves to

determine an optimal cut‐off for each measure for identifying cases

of cognitive impairment. We used the PAOFI as a reference standard

as this measure has previously been validated as diagnostically useful

for identifying cases of HIV‐associated neurocognitive disorders.28,29

We also considered an alternative method for identifying cases of

self‐reported low CF using total PAOFI scores >2SD above the mean

of a healthy group of women (N = 63, mean age 52 years old) as

previously reported.13,30 We selected cut‐off scores to maximise test
sensitivity and specificity, erring on the side of sensitivity as we aim

to use CCS as a preliminary screening tool for further cognitive

assessment. Test‐retest reliability of the CCS was evaluated by

calculating Cronbach's Alpha (α), values ≥ 0.7 were considered

representative of acceptable test‐retest reliability.31

3 | RESULTS

We invited 391 patients to participate, 308 consented, and 294

participants had evaluable self‐report cognitive data for this study.

Participants were on average 56.6 years old and 25.5 months since

diagnosis. Just over half of our participants were women (55.8%),

most were currently in a relationship (70.1%) and employed in either

a part‐ or full‐time capacity (63.3%). The most common diagnosis was
colorectal cancer (27.6%), followed by breast cancer (22.4%). Just

under half the participants were receiving chemotherapy with cura-

tive intent (45.6%). Table 1 displays demographic details for partici-

pants stratified by low or normal self‐reported CF on the PAOFI.

There was a significant impact of sex, smoking status, tumour type,

and receipt of surgery on self‐reported CF. Women, non‐smokers,
patients with breast cancer, and patients having surgery were more

likely to self‐report reduced CF.

Table 2 displays CF across each of the PROMs. The average

Cognitive Change Score (CCS) was 32.0 (possible range 0–100), and

22.4% (N = 66) reported a CCS of 0 indicative of no perceived change

in CF since starting chemotherapy, meaning 77.6% (N = 228) of our

sample reported some degree of change or worsening of cognitive

functioning since starting chemotherapy. On the PAOFI, 36%

(N = 108) had self‐reported low CF.

Using the PAOFI as a reference standard we identified a cut‐
off score of ≥28.5 on the CCS would identify cases of self‐
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reported low CF with 75.5% sensitivity and 67.6% specificity (area

under receiver operator characteristics curve (AUC) = 0.767, 95%

CI: 0.711–0.824, Table 3). On the EORTC‐CF, a cut‐off score of

≤75.0 had 90.9% sensitivity and 57.1% specificity for identifying

cases of self‐reported low CF (AUC = 0.784, 95% CI: 0.688–

0.879). A cut‐off score of ≤55.1 on the FACT‐COG PCI‐18 had

84.8% sensitivity and 76.2% specificity (AUC = 0.880, 95% CI:

0.813–0.946), and ≤59.5 on the FACT‐COG PCI‐20 had 78.8%

sensitivity and 84.1% specificity (AUC = 0.882, 95% CI: 0.816–

0.948). A cut‐off score of ≤19.5 for the FACT‐COG PCA had

78.8% sensitivity and 71.9% specificity (AUC = 0.864, 95% CI:

0.793–0.934).

T A B L E 1 Demographic and clinical characteristics for 294 subjects stratified by self‐reported cognitive functiona

Total

(N = 294b)

Normal cognitive

function (N = 188)

Low cognitive

function (N = 106) P‐value

Age (years), mean (SD) 56.6 (12.8) 57.4 (12.8) 55.1 (12.7) 0.167

Times since diagnosis (months), mean (SD) 25.5 (46.2) 23.8 (41.7) 28.4 (53.3) 0.418

Female sex 164 (55.8%) 94 (57.7%) 70 (42.3%) 0.008

Educational attainment

High school or less 136 (46.4%) 85 (62.5%) 51 (37.5%) 0.661

College or greater 157 (53.6%) 102 (65.0%) 55 (35.0%)

Employment status

Retired/unemployed/home duties 108 (36.7%) 71 (65.7%) 37 (34.3%) 0.625

Part‐time/full‐time 186 (63.3%) 117 (62.9%) 69 (37.1%)

Married/domestic partner 206 (70.1%) 130 (63.1%) 76 (36.9%) 0.647

English — native speaker 250 (85.0%) 165 (66.0%) 85 (34.0%) 0.080

Current or previous smoking history 150 (51.4%) 104 (69.3%) 46 (30.7%) 0.053

Tumour type

Breast 66 (22.4%) 31 (47.0%) 35 (53.0%) 0.019

Colorectal 81 (27.6%) 56 (69.1%) 25 (30.9%)

Gynaecological 30 (10.2%) 17 (56.7%) 13 (43.3%)

Lung 47 (16.0%) 32 (68.1%) 15 (31.9%)

Genitourinary and prostate 20 (6.8%) 15 (75.0%) 5 (25.0%)

Otherc 50 (17.0%) 37 (74.0%) 13 (26.0%)

Stage

I 9 (3.1%) 6 (66.7%) 3 (33.3%) 0.556

II 25 (8.6%) 13 (52.0%) 12 (48.0%)

III 99 (34.0%) 62 (62.6%) 37 (37.4%)

IV 158 (54.3%) 105 (66.5%) 53 (33.5%)

Chemotherapy intent

Adjuvant/neoadjuvant 129 (45.6%) 79 (61.2%) 50 (38.8%) 0.449

Palliative 154 (54.4%) 101 (65.6%) 53 (34.4%)

Surgery 212 (72.1%) 126 (59.4%) 86 (40.6%) 0.016

Radiotherapy 73 (24.8%) 45 (61.6%) 28 (38.4%) 0.692

Hormonal therapy 28 (9.5%) 17 (60.7%) 11 (39.3%) 0.695

Abbreviation: PAOFI, Patients Assessment of Own Functioning Inventory.
aCognitive function as measured by Patients Assessment of Own Functioning Inventory (PAOFI), for low functioning defined as responding ‘almost

always’, ‘very often,’ or ‘fairly often’ ≥3 items.
bBased on available self‐report data on single item cognitive screen.
cOther tumour types included upper gastrointestinal, head and neck, sarcoma, lymphoma, melanoma.
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Using the alternate definition of low CF as total PAOFI scores

>2SD above the mean of a healthy group of women (N = 63, mean

age 52 years old),13,30 a cut‐off score of ≥40.5 on the CCS would

identify cases of self‐reported low CF with 74.5% sensitivity and

71.3% specificity (AUC = 0.791, 95% CI: 0.721–0.860, Table 3). Cut‐
off scores using this alternate definition of a case of low CF for the

EORTC‐CF, FACT‐COG PCI‐18, PCI‐20 and PCA are also provided in

Table 3.

The CCS was readministered to a subsample (N = 24) between

two and 6 weeks after the initial assessment. On retest the mean

CCS was 23.8 (SD = 28.8). Cronbach's α = 0.72 was rated as

acceptable (α = 0.72, 95%CI: 0.35–0.88, p = 0.002).

4 | DISCUSSION

This study identifies cut‐off scores on a range of commonly used self‐
report measures of CF in a large sample (N = 294) of cancer patients

with mixed cancer diagnoses. On our single item measure of cognitive

symptoms after chemotherapy a large proportion (77.6%) of partic-

ipants reported some degree of change or deterioration in cognitive

functioning since starting chemotherapy. Using the PAOFI as a

reference standard, indicated a subset of these survivors (N = 106,

36.1%) may require further follow‐up and support.

Our results suggest a cut‐off of ≥28.5 on the CCS has good

sensitivity and reasonable specificity for identifying patients with low

self‐reported CF who may require further follow‐up. The AUC for the

CCS was in the acceptable range,32,33 suggesting the CCS was able to

discriminate between cases of perceived low and normal cognition.

Based on the ROC AUC, the CCS and EORTC‐CF had comparable

discriminative ability (both in the acceptable range).32,33 Comparing

EORTC‐CF cut‐off of ≤75.0 to the CCS cut‐off of ≥28.5, the EORTC‐
CF had better sensitivity, but worse specificity for identifying pa-

tients with low CF. This is possibly due to the discrete nature of item

responses on the two items of EORTC‐CF, meaning only 7 total score
values are possible (i.e. 0, 16.7, 33.3, 50.0, 66.7, 83.3, 100). However,

the low specificity means patients reporting minor symptoms, that is

reporting ‘a little bit’ of difficulty with concentration and memory,

may be flagged for unwarranted follow‐up. We identified cut‐off
scores on the FACT‐COG PCI18 (≤55.1) and PCI20 (≤59.5) similar
to those published previously in sample of breast cancer survivors.13

Our analysis indicated cut‐off scores with greater sensitivity that

may be more applicable for cancer patients with other tumour types.

The test‐retest reliability of the CCS was in the acceptable range.
The mean CCS score decreased on retest suggesting less self‐
reported impairment. Based on longitudinal studies using stand-

ardised neuropsychological measures, we may have expected more

cognitive symptoms with cumulative doses of chemotherapy.18,34

T A B L E 2 Cognitive function stratified by self‐reported cognitive function, mean (SD)a

Total (N = 294)

Normal cognitive

function (N = 188)

Low cognitive

function (N = 106)

CCS 32.0 (29.1) 22.0 (23.9) 49.7 (29.4)

PAOFI

Total 2.6 (3.9) 0.4 (0.6) 6.4 (4.1)

Memory 1.1 (1.8) 0.1 (0.4) 2.8 (2.0)

Language and communication 0.6 (1.2) 0.1 (0.3) 1.5 (1.5)

Use of hands 0.2 (0.5) 0.1 (0.3) 0.4 (0.7)

Sensory‐perceptual 0.2 (0.5) 0.04 (0.2) 0.5 (0.8)

Higher level cognitive 0.5 (1.2) 0.03 (0.2) 1.2 (1.7)

EORTC‐CFb 66.7 (27.3) 75.9 (24.1) 49.0 (24.3)

FACT‐COGb

Perceived cognitive impairment 55.1 (14.8) 61.9 (9.7) 42.1 (14.2)

Perceived cognitive abilities 19.3 (6.1) 22.0 (5.0) 14.2 (4.7)

Impact on quality of life 10.3 (4.6) 11.1 (4.6) 8.8 (4.2)

Noticed by others 14.7 (2.5) 15.6 (1.2) 13.1 (3.4)

Note: Cognitive Change Score (CCS), higher scores indicate worse cognitive functioning; Patients Assessment of Own Functioning Inventory (POAFI),

higher scores indicate worse cognitive function; European Organisation for Research and Treatment of Cancer, QLQ‐C30 Cognitive Functioning Scale

(EORTC‐CF), higher scores indicate better cognitive function; Functional Assessment of Cancer Therapy ‐ Cognitive Function (FACT‐COG), higher
scores indicate better cognitive function; Functional Assessment of Cancer Therapy‐General (FACT‐G), higher scores indicated better quality of life.

Abbreviations: CCS, Cognitive Change Score; EORTC‐CF, European Organisation for Research and Treatment of Cancer; FACT‐CF, Functional
Assessment of Cancer Therapy ‐ Cognitive Function; QLQ‐C30 Cognitive Functioning scale; PAOFI, Patients Assessment of Own Functioning Inventory.
aCognitive function as measured by Patients Assessment of Own Functioning Inventory (PAOFI), for low functioning defined as responding ‘almost

always’, ‘very often,’ or ‘fairly often’ ≥3 items.
bN = 96 completed the EORTC‐CF and FACT‐COG. N = 63 had normal cognitive function and N = 33 had low cognitive function according to PAOFI.
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However, other studies employing self‐report of cognitive symptoms
suggest some reduction in symptom reporting occurs over time.8

Response shift may account for reductions in symptom reporting,

with patients' own ‘internal reference of normality’ changing during

treatment, such that what they perceive as ‘abnormal’ in the early

phase of treatment, may later in treatment come to be viewed as

acceptable.35 Alternatively cognitive symptoms may improve with

time, and persist only in a subset of people with cancer. However, the

test re‐test analysis was conducted in a small sub‐population of 24

participants and these results need to be interpreted with caution, as

other factors such as a short interval between test and retest may

contribute to this finding.

4.1 | Clinical implications

Brief screening measures that are easy to use and interpret supports

integration into routine clinical practice,15 and offers an economical

and efficient way to identify potential difficulties.36 Multidimensional

questionnaires, such as the PAOFI and FACT‐COG, should theoret-

ically provide additional information compared to a single item

questionnaire, but their testing time is approximately 15 min or more,

and additional scoring time is required, thereby limiting their

acceptability as screening tools. Scoring the EORTC‐CF also requires

a calculation before interpretation, while the single item visual

analogue CCS used here requires no further scoring, and therefore

may have greater clinical utility. Furthermore, while different lan-

guage translations of more comprehensive measure are available (e.g.

FACT‐COG is available in 25 languages), single item measures may

be better suited to settings and patient populations with diverse

cultural and linguistic backgrounds, or lower health literacy.37 Ease of

interpretation of results would support integration of screening for

cognitive symptoms into clinical care,15 but it does require delinea-

tion of ‘next steps’ and appropriate action to be taken.38 Screening

for cognitive symptoms has the potential to validate patients' con-

cerns about their cognition and offers an opportunity to provide

further assessment, either more detailed assessment of self‐reported
cognitive symptoms or neuropsychological assessment, or support

for managing cognitive symptoms. As such, clinicians and researchers

should consider which measure, and cut‐off, best suits their setting.7

4.2 | Study limitations

Several limitations are worth noting. Our sample was relatively well‐
educated and so our reported cut‐off score may not apply to patients
with less education. In addition, the reference standard used here,

and elsewhere,13 was a self‐reported measure. While the PAOFI has

T A B L E 3 Area under the ROC curve for each screening measure

Screening measure Proposed cut‐off Sensitivity Specificity Cases/sample size AUC (95% CI)

Reference standard of PAOFI total score ≥328,29

CCS ≥28.5 75.5% 67.6% 106/294 0.767 (0.711, 0.824)

EORTC‐CF ≤75.0 90.9% 57.1% 33/96 0.784 (0.688, 0.879)

FACT‐COG

PCI‐18 ≤55.1 84.8% 76.2% 33/96 0.880 (0.813, 0.946)

PCI‐20 ≤59.5 78.8% 84.1% 33/96 0.882 (0.816, 0.948)

PCA ≤19.5 78.8% 71.9% 33/96 0.864 (0.793, 0.934)

Reference standard of >2SD above the mean total PAOFIa

CCS ≥40.5 74.5% 71.3% 47/294 0.791 (0.721, 0.860)

EORTC‐CF ≤58.3 76.5% 26.3% 17/96 0.827 (0.735, 0.918)

FACT‐COG

PCI‐18 ≤51.3 94.1% 78.9% 17/96 0.917 (0.851, 0.983)

PCI‐20 ≤57.1 94.1% 78.9% 17/96 0.921 (0.855, 0.987)

PCA ≤17.5 94.1% 72.7% 17/96 0.903 (0.840, 0.965)

Note: Cognitive Change Score (CCS), higher scores indicate worse cognitive functioning; Patients Assessment of Own Functioning Inventory (POAFI),

higher scores indicate worse cognitive function; European Organisation for Research and Treatment of Cancer, QLQ‐C30 Cognitive Functioning scale

(EORTC‐CF), higher scores indicate better cognitive function; Functional Assessment of Cancer Therapy ‐ Cognitive Function (FACT‐COG), higher
scores indicate better cognitive function; Functional Assessment of Cancer Therapy ‐General (FACT‐G), higher scores indicated better quality of life.

Abbreviations: AUC, area under receiver operator characteristics curve; CCS, Cognitive Change Score; EORTC‐CF, European Organisation for Research
and Treatment of Cancer; FACT‐COG, Functional Assessment of Cancer Therapy ‐ Cognitive Function; QLQ‐C30 Cognitive Functioning scale; ROC,

Receiver Operating Characteristic; PAOFI, Patients Assessment of Own Functioning Inventory; PCA, Perceived Cognitive Abilities; PCI, Perceived

Cognitive Impairment.
aMean total PAOFI from a healthy group of women (N = 63, mean age 52 years old).13,30
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previously been used diagnostically in the context of identifying cases

of HIV‐associated neurocognitive disorders,28,29 further study

investigating the discriminability of the CSS compared to stand-

ardised neuropsychological assessments is warranted to validate the

cut‐off score. Furthermore, the requirement to dichotomise for

identifying ‘case’ of low CF or normal CF for ROC analyses may lose

granular characterisation of subtle changes people with cancer

experience to their cognition that is otherwise captured by scoring

the full range of responses.39 Finally, the utility of CCS may also be

improved by changing the wording to cover the full range of cognitive

change (i.e., worse – better CF), and further consideration of changes

since diagnosis and/or other treatments. For example, ‘How much

change have you noticed in your thinking, memory or concentration

since your cancer diagnosis or cancer treatment’ with response op-

tions ranging from −100 (much worse), 0 (no change), to +100 (much
better), may support use with patients who receive treatments other

than chemotherapy. Further, use of a verbal only scale, rather than a

visual analogue may support future implementation and use in the

context of telehealth. Such modifications will require validation. This

study also has several strengths including validation of a single item

measure of cognitive symptoms in a sample with reasonably balanced

gender representation. It is also the largest sample to date with in-

clusion of tumour types other than breast and different staging.

Establishing simple screening measures for cognitive symptoms

with clinical utility during and after cancer treatment is a critical first

step to ensuring patients get adequate support. Our study found a

single item question about the degree of cognitive change noticed

since chemotherapy has acceptable discrimination between patients

with normal and low CF when compared against a well validated and

comprehensive self‐report measure of cognitive symptoms used in

diagnostic settings. Further work is needed, but our results suggest

single item measures of self‐reported cognitive symptoms have merit
and offer sensitivity and specificity on par with more common

comprehensive measures of cognitive symptoms.
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