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ABSTRACT

Objective: This study aimed at analyzing the validity and reliability of the continuous reaction
time (CRT) test, the finger-tapping test (FTT), the Digit Span Test (DST), the Trail Making
Test – part B (TMTB), and the Mini-Mental State Examination (MMSE) in patients with
metastatic cancer.

Method: Eighty adult patients and 81 healthy controls were assessed between July of 2010
and November of 2015. The neuropsychological tests were analyzed regarding construct/
discriminant/criterion validity and reliability.

Results: In terms of construct validity, it was not possible to estimate a model for the MMSE
because of a skewed response distribution. For discriminant validity, patients were slower on
two measures of the CRT ( p ¼ 0.00483, p ¼ 0.00030) and FTT dominant hand ( p ¼ 0.00306).
Regarding sensitivity and specificity, only the DST and TMTB seemed to predict cognitive
deficit; however, the ROC curve areas were � 0.73. In terms of criterion validity, there were few
significant correlations between the tests and the sociodemographic and clinical variables, and
for the most part were very weak. Reliability was deemed to be adequate for the TMTB, DST,
and FTT.

Significance of results: The findings of the full validation analyses were not clear-cut.
However, CRT test, DST, FTT, and TMTB demonstrated partial positive results, indicating that
these tests have good potential for use in clinical settings and require further study.

KEYWORDS: Cognition, Cognitive screening, Cancer, Neuropsychological assessment,
Symptom validity

INTRODUCTION

Although cognitive complaints are frequent in can-
cer, systematic cognitive assessment is not routine
in clinical practice, and mild alterations are seldom
identified (Inouye et al., 2001; Pisani et al., 2003).
These problems can be mild and subtle compared

to delirium and dementia and thus more difficult to
detect, understand, and treat, but they may still
be harmful to patients’ ability to make decisions
regarding their own treatment, as well as interfering
with their roles within the family structure, at work,
and in society, consequently reducing their quality of
life. The lack of easily applied validated assessment
tools probably contributes to the failure of identifying
these problems. There are several neuropsychologi-
cal tests, simple and complex, computerized and
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not computerized, that have been developed to assess
single or multiple cognitive domains; however, there
is little information about their clinical validity and
reliability in patients with cancer.

In addition, there is no consensus on which cogni-
tive domains and tests are most clinically relevant
and feasible to use (Kurita et al., 2009). Most of the
tests do not have cutoff points based on specificity
and sensitivity (Kurita et al., 2009) and may not be
useful in a clinical context (dos Santos et al., 2014).
Therefore, it seems justified to study the psychomet-
ric properties of a number of potentially relevant
neuropsychological tests. Based on our experience
and on studies regarding the cognitive effects of can-
cer, chronic pain, and opioids (Sjøgren & Banning,
1989; Banning & Sjøgren, 1990; Banning et al.,
1992; Sjøgren et al., 1994; Sjøgren,1997; Sjøgren
et al., 2000; Sjøgren, 2006; Kurita & de Mattos-Pi-
menta, 2008; Kurita et al., 2011), we decided to as-
sess the validity and reliability of the Continuous
Reaction Time (CRT) test, the Finger Tapping Test
(FTT), the Digit Span Test (DST), the Trail Making
Test – part B (TMTB), and the Mini-Mental State Ex-
amination (MMSE) in patients with cancer.

METHODS

Design, Sample and Settings

Our sample was composed of 80 patients with meta-
static cancer treated by specialized palliative care
services at Rigshospitalet, Copenhagen University
Hospital (66 outpatients) and at Herning Region
Hospital (14 home-based patients) from July of
2010 to November of 2015. A control group of 81
healthy subjects (related or not related to patients)
was assessed to allow for validity and reliability com-
parisons. Power calculations were performed based
on the standard deviations with the CTR test and
the FTT from previous studies (Sjøgren & Banning,
1989; Banning & Sjøgren, 1990; Sjøgren et al.,
1994; 2000). Assuming a power of 0.80 and a type I er-
ror of 0.05, the analyses indicated that a sample size
of 50 patients would be sufficient to observe a mean
difference of 4.0–8.5 ms on the CRT test and 5.1–
5.7 taps on the FTT.

The inclusion criteria for our patients were: a diag-
nosis of metastatic cancer, aged � 18 years, a Karnof-
sky Performance Status (KPS) index between 40 and
100%, at least 6 years of schooling, fluency in the
Danish language, and stable medications for 4 days
prior to first assessment (opioids, adjuvant analge-
sics, etc.). The exclusion criteria were: brain metasta-
ses, hepatic dysfunction, dementia, psychosis and/or
delirium, misuse of drugs or alcohol, and last alcohol
intake � 24 hours.

The inclusion criteria were the same for healthy
subjects with the exception of cancer diagnosis. Exclu-
sion criteria were: treatment with medications with
psychotropic properties, history of mental or physical
disease or other chronic disease that could interfere
with cognitive function, misuse of drugs or alcohol,
and last alcohol intake � 24 hours before testing.

Our study was submitted to the Danish Region
Midtjylland Ethics Committee (no. M-20090221)
and approved by the Danish Data Protection Agency
for Health Science Research (no. 2007-58-0010/
2012-58-0006). It was also conducted in accordance
with the principles of the Declaration of Helsinki.

Neuropsychological Testing

Patients filled out and answered an identification
form (sociodemographic data, cancer disease, KPS
score, and treatments); two questions about sleep
(“Do you feel rested?” and “How many hours of sleep
last night?”); a visual numeric scale to assess “pain
now” (0–10); the Hospital Anxiety and Depression
Scale (HADS) (Zigmond & Snaith, 1983); and the Euro-
pean Organization for Research and Treatment of Can-
cer Quality of Life–Cancer 30 (EORTC QLQ–C30)
(Aaronson et al., 1993). Healthy subjects filled in an
identification form (socio-demographic data) and an-
swered the two questions about sleep. Below are brief
descriptions of each of the neuropsychological tests:

B The CRT test measures sustained attention.
Through headphones, 100 auditory signals
(500 Hz, 90 dB) were delivered to the patient
at random intervals (2–5 s) over a period of
10 min. Subjects were instructed to press a but-
ton as soon as they heard the sound. A computer
registered the time from emission of the sound
signal to pressing of the button. Scores were
summarized in milliseconds using the 10th,
50th, and 90th percentiles, where the 10th per-
centile represented the fastest and the 90th the
slowest values (Elsass, 1986). More prolonged
times meant worse performance.

B The DST assesses attention, concentration, and
working memory (Wechsler, 1981). Subjects
were asked to repeat series of numbers of in-
creasing length, both forward (direct) and back-
ward (reverse). The score was calculated by the
number of correct answers. Scores ranged from
0 to 14, with higher scores meaning better per-
formance.

B The FTT measures psychomotor speed. Partici-
pants were asked to use the second finger of
each hand to make five 10-second trials tapping
a key attached to a device that recorded the
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number of taps (Peters, 1976). The score was
calculated by the number of taps, with higher
scores meaning better performance.

B The TMTB has been utilized to assess visual
scanning speed, motor function, attention, and
mental flexibility. The test has two parts (A
and B). We only applied part B in our study.
Numbers and letters must be connected in a
crescent and alternated sequence on a sheet of
paper. The time spent to correctly complete
the test was recorded. Shorter times meant bet-
ter performance (Reitan, 1958).

B The MMSE measures orientation to time and
place, registration of words, attention, calcula-
tion, and word recall, as well as language and vi-
sual construction (Folstein et al., 1975). Scores
can range from 0 to 30, with scores below 27 con-
sidered indicative of cognitive impairment.

Assessment Procedure

Eligible patients were identified during a medical ap-
pointment at the palliative care service. Patients’ rel-
atives were recruited via indication by the patients,
and people not related to the patients were recruited
from inside and outside of the hospital environment.
They all received information regarding the study
and signed written informed consent forms at the
scheduled assessment appointment.

Patients and controls on stable medications were
assessed and scheduled for a second assessment
within an interval of 2 to 7 days (test and retest).
The HADS and EORTC QLQ–C30 questionnaires
were applied only to patients and answered once
within a period of 2 days before or after the first as-
sessment. Each cognitive test was explained in the
standardized manner by the research assistant,
and subjects were briefly pretested to ensure that
they understood the tests. The control group was as-
sessed regarding sociodemographic data and tested
in the same way as the patients.

Data Analysis

Analyses were performed using SAS software (v. 9.1;
SAS Institute, Cary, NC). The significance level was
set at p , 0.01. The psychometric properties of the
neuropsychological tools were analyzed with respect
to the following:

B The construct validity of the MMSE was plan-
ned to be investigated through factorial analysis
to evaluate the instrument items and domains
that should comprise the cognitive state in pa-
tients with metastatic cancer.

B Criterion validity was examined by Spearman’s
correlation test between patients’ results on the
neuropsychological tests and sociodemograph-
ics, hours of sleep, and results on the HADS
and EORTC QLQ–C30, and pain, which were
applied at the first assessment. Our hypothesis
was based on the idea that certain variables
would present a significant positive or negative
correlation with test results. Further, we ana-
lysed if a subject feeling rested at the time of
the test would be associated with cognitive per-
formance (Wilcoxon’s test).

B Discriminant validity was analyzed by a com-
parison between patients and controls in the
first assessment (Wilcoxon’s test). The hypothe-
sis was that patients would have worse cognitive
performance. The sensitivity and specificity of
each instrument were also analyzed in order to
determine the cutoff values for the instruments.
The area under the ROC curve was produced for
each cognitive test to evaluate an ability to pre-
dict MMSE score � 26 (cognitive deficits) dur-
ing the first assessment (test).

B Reliability was analyzed using the intraclass
correlation coefficient (ICC) (a two-way random
single measure) for all of the neuropsychological
instruments. Values were interpreted in accor-
dance with the criteria described by Landis
and Koch (1977).

Finally, as power calculations have only been per-
formed to determine the detectable differences be-
tween patients with advanced cancer and healthy
controls based on standard deviations on the CTR
test and the FTT in earlier studies, we decided to
carry out a post-hoc analysis with a sample power
of a ¼ 0.05 for each neuropsychological test.

RESULTS

Eighty patients were tested, of whom 48 did not have
alterations in terms of medication use and were re-
turned to be retested after a mean interval of 5.2
days (SD ¼ 1.4, range ¼ 2–7 days). A total of 81 sub-
jects comprised the control group (41 patients’ rela-
tives and 40 people not related to the patients), of
whom 71 were retested (32 and 39, respectively) after
a mean interval of 4.7 days (SD ¼ 1.3, range ¼ 3–7).
The majority of patients were treated with
opioids (n ¼ 61), anticonvulsants (n ¼ 45), antide-
pressants (n ¼ 31), corticosteroids (n ¼ 19), and hyp-
notics (n ¼ 19). Some received chemotherapy (n ¼
16) and radiotherapy (n ¼ 1).

Patients and controls had similar sociodemo-
graphic characteristics but differed with regard to
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income ( p ¼ 0.00019) and sensation of rest ( p ¼
0.0054) (Table 1). These differences were expected
since it is not uncommon that patients with cancer
have difficulty to carry on professional activities,
and, as well, cancer disease/comorbidities/treat-
ments frequently cause fatigue and exhaustion.
Therefore, no specific statistical adjustment for these
variables was done.

Construct Validity

It was not possible to estimate a model for factorial
analysis of the MMSE because of the skewed re-
sponse distributions for many items.

Criterion Validity

The significant correlations followed the expected di-
rection (positive or negative), but the majority of cor-
relations were weak. Correlations were significant
between MMSE, age, and income; CRT, nausea/vom-
iting, and KPS; DST, schooling, KPS score, and in-
somnia; and TMT, age, schooling, income, and KPS
score (Table 2). In addition, men had better perfor-
mance on the FTT (dominant p ¼ 0.00000, nondomi-

nant p ¼ 0.00011) than women, while no differences
were observed regarding cohabitation and sensation
of rest (data not shown).

Discriminant Validity

The cognitive test results for patients’ relatives were
compared to those for people not related to patients
so as to ensure that they had similar performance
to and could be included in control group. They
were collapsed, as no significant differences were ob-
served (Table 3). Patients had slower performance on
the CRT 50th ( p ¼ 0.00483) and 90th ( p ¼ 0.00030)
percentiles and FTT dominant hand ( p ¼ 0.00306)
compared to controls (Table 3). Regarding sensitivity
and specificity, only the DST and TMTB seemed to
predict cognitive deficits in agreement with MMSE
scores; however, our results were fair, at best (ROC
curves � 0.73).

Reliability

The patient group presented almost perfect and sub-
stantial conformity between the two cognitive assess-
ments on 5 of the 10 measures: the TMTB, FTT

Table 1. Comparison between patients and controls at the first assessment

Variable Patients Controls Wilcoxon’s test Fisher’s test
p p

Sex
Male/female 31/49 38/43 0.3405

Cohabitation
Yes/no 54/26 58/23 0.6101

Age
n 80 81 0.89234
Mean (SD) 61.2 (10.5) 61.7 (8.8)
Median (min–max) 63.5 (39–87) 62 (40–83)

Schooling
n 76 72 0.13608
Mean (SD) 11.1 (3.4) 12.0 (3.5)
Median (min–max) 10.0 (6–21) 12.0 (7–23)

Income/year
n 78 81 0.00019
,200.000 DKK 36 16
200.000–500.000 DKK 27 33
.500.000 DKK 15 32

Sleep hours
n 79 81 0.13445
Mean (SD) 7.1 (1.7) 6.9 (1.1)
Median (min–max) 7.0 (2.0–10.5) 7.0 (4.0–10.0)

Rest
n 78 81 0.0054
Yes/no 46/32 65/16

Karnofsky Performance Scale
n 80
Mean (SD) 70.8 (9.4)
Median (min–max) 70.0 (50–100)

1 DKK ¼ 7.5 E.
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Table 2. Correlations between patients’ cognitive results and variables that could interfere with cognitive function at first assessment (criterion
validity)

MMSE CRT 10th CRT 50th CRT 90th DST forward DST backwards TMTB FTT dominant
FTT

nondominant FTT difference

Variable r p r p r p r p r p r p r p r p r p r p

Age 20.30675 0.0060 20.11818 0.2996 20.02738 0.8107 0.07823 0.4931 20.11389 0.3144 20.15636 0.1660 0.55467 <.0001 20.21580 0.0545 20.09695 0.3923 20.22069 0.0492
Sleep 0.02383 0.8359 0.12139 0.2898 0.09906 0.3882 0.12705 0.2677 0.10153 0.3733 0.10615 0.3518 20.08604 0.4724 0.02483 0.8280 0.04600 0.6873 20.05201 0.6490
Schooling 0.25102 0.0298 20.24945 0.0309 20.26844 0.0199 20.21716 0.0613 0.31984 0.0049 0.28540 0.0125 20.42918 0.0002 20.00290 0.9801 20.00248 0.9830 0.09888 0.3954
Income 0.37110 0.0009 20.12533 0.2775 20.17136 0.1362 20.18080 0.1156 0.13441 0.2407 0.18464 0.1056 20.32338 0.0059 0.05506 0.6321 20.00719 0.9502 0.17366 0.1284
KPS 0.01289 0.9102 20.20808 0.0657 20.24677 0.0284 20.32367 0.0036 0.35226 0.0014 0.18070 0.1087 20.38367 0.0008 20.10723 0.3438 20.20218 0.0721 0.17020 0.1312
Pain 0.01307 0.9096 0.07179 0.5322 0.03376 0.7692 20.02593 0.8217 20.23687 0.0356 20.18418 0.1042 0.05496 0.6466 20.12755 0.2626 20.17298 0.1274 20.01738 0.8792
Anxiety 20.11032 0.3363 20.06214 0.5889 0.05729 0.6183 0.09696 0.3984 20.12928 0.2562 20.22983 0.0416 0.10671 0.3723 20.03210 0.7788 20.12419 0.2755 0.18701 0.0989
Depression 20.05659 0.6227 0.00796 0.9448 0.09275 0.4193 0.06722 0.5587 20.26335 0.0190 20.24042 0.0328 0.15116 0.2050 0.02794 0.8069 20.08936 0.4336 0.11831 0.2990
PF 0.06726 0.5611 20.02035 0.8606 20.07003 0.5451 20.09918 0.3908 0.19658 0.0845 0.20751 0.0683 20.10833 0.3650 0.02514 0.8271 0.06634 0.5639 20.06808 0.5537
RF 20.16557 0.1501 20.24688 0.0304 20.22655 0.0476 20.26729 0.0188 0.10063 0.3807 0.02856 0.8040 20.09479 0.4283 20.03088 0.7884 0.04836 0.6742 20.18671 0.1017
EF 20.10425 0.3734 20.15250 0.1915 20.20593 0.0763 20.14662 0.2094 0.09729 0.4031 0.23638 0.0398 20.06908 0.5727 20.12892 0.2670 20.06576 0.5725 20.14420 0.2139
CF 20.06515 0.5787 20.07980 0.4961 20.11803 0.3132 20.18010 0.1221 0.09729 0.4031 0.27115 0.0178 20.16743 0.1691 20.05028 0.6662 20.07228 0.5349 20.01567 0.8931
SF 20.05922 0.6137 20.00970 0.9341 20.03165 0.7875 20.05199 0.6578 0.06040 0.6042 0.07466 0.5215 20.14208 0.2442 20.10371 0.3727 0.05485 0.6379 20.24441 0.0334
QoL 0.13825 0.2369 20.04062 0.7293 20.07893 0.5009 20.09350 0.4249 0.15850 0.1714 0.12808 0.2702 20.05069 0.6792 20.02573 0.8254 20.00932 0.9363 20.01886 0.8715
Fatigue 0.05682 0.6235 0.08853 0.4439 0.15908 0.1670 0.21875 0.0560 20.19060 0.0946 20.14460 0.2065 0.16149 0.1753 0.04987 0.6646 0.05911 0.6072 0.06823 0.5528
Nausea/

vomiting
0.09293 0.4215 0.31317 0.0055 0.35580 0.0015 0.34783 0.0019 20.11111 0.3328 20.15699 0.1699 0.21835 0.0654 0.09562 0.4050 0.12032 0.2940 0.00026 0.9982

Pain 20.05087 0.6583 0.09010 0.4328 0.10003 0.3836 0.11088 0.3338 20.11783 0.3010 20.16305 0.1511 0.15175 0.2032 0.14220 0.2113 0.11817 0.2997 0.02950 0.7964
Dyspnea 0.00873 0.9404 0.05707 0.6244 0.07847 0.5005 0.05513 0.6362 20.06149 0.5953 20.06100 0.5982 0.08329 0.4899 20.12054 0.2964 20.14212 0.2176 20.00784 0.9460
Insomnia 20.01209 0.9175 20.01809 0.8768 20.03290 0.7778 20.09346 0.4220 20.05575 0.6301 20.33776 0.0027 0.20162 0.0918 0.16531 0.1508 0.03998 0.7299 0.17783 0.1218
Appetite loss 0.03417 0.7695 0.07736 0.5065 0.01023 0.9301 20.00262 0.9821 20.05090 0.6602 20.11439 0.3219 0.18483 0.1228 0.18280 0.1115 0.22385 0.0503 0.00255 0.9824
Constipation 0.28822 0.0122 0.00132 0.9910 0.01971 0.8667 0.00208 0.9859 20.09180 0.4303 20.21187 0.0662 0.12763 0.2960 0.22015 0.0560 0.19223 0.0962 0.03742 0.7483
Diarrhea 20.05189 0.6606 0.12719 0.2802 0.10650 0.3664 0.09330 0.4291 20.09020 0.4416 20.25375 0.0280 0.08865 0.4689 0.24116 0.0371 0.15962 0.1713 0.09995 0.3936
FD 0.18616 0.1098 20.05218 0.6566 20.06699 0.5680 20.09858 0.4001 0.16576 0.1524 20.13725 0.2371 20.09605 0.4324 20.00506 0.9654 20.05914 0.6118 0.11059 0.3416

Sleep in hours.
CF ¼ cognitive functioning; CRT ¼ Continuous Reaction Time; DST ¼ Digit Span Test; EF ¼ emotional functioning; FD ¼ financial difficulties; FTT ¼ Finger Tapping Test; MMSE ¼Mini-Mental State
Examination; QoL ¼ quality of life; PF ¼ physical functioning; RF ¼ role functioning; SF ¼ social functioning; TMTB ¼ Trail Making Test – part B.
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Table 3. Cognitive performance of the groups (discriminant validity)

Tests
Patient Relative Not relative

p (relative p (patient)
Test Retest Test Retest Test Retest vs. not relative) vs. control)

CRT 10th
n 79 57 41 32 39 38 0.26201 0.03114
Mean (SD) 153.8 (32.1) 152.0 (38.3) 144.5 (22.8) 144.5 (22.2) 142.4 (30.6) 141.4 (28.9)
Median (min–max) 147.0 (114.0–284.0) 141.0 (34.0–284.0) 145.0 (108.0–227.0) 142.5 (107.0–194.0) 135.0 (101.0–263.0) 135.5 (103.0–237.0)

CRT 50th
n 79 57 41 32 39 38 0.19043 0.00483
Mean (SD) 194.8 (59.4) 194.6 (866.8) 174.6 (32.2) 173.7 (31.1) 168.5 (37.2) 168.3 (40.0)
Median (min–max) 179.0 (136.0–532.0) 178.0 (84.0–474.0) 176 (124.0–276.0) 177.0 (124.0–252.0) 162.0 (112.0–318.0) 161.0 (114.0–289.0)

CRT 90th
n 79 57 41 32 39 38 0.21604 0.00030
Mean (SD) 372.1 (93.2) 270.0 (129.2) 227.5 (65.6) 229.2 (50.1) 219.2 (61.9) 220.1 (57.7)
Median (min–max) 237.0 (167.0–720.0) 227.0 (84.0–867.0) 219 (75.0–419.0) 225.5 (162.0–356.0) 207.0 (132.0–411.0) 209.0 (132.0–369.0)

DST forward
n 80 57 41 32 40 39 0.38589 0.35698
Mean (SD) 6.9 (5.9) 6.3 (2.3) 6.4 (2.0) 6.8 (2.4) 6.7 (2.0) 7.1 (2.3)
Median (min–max) 6.0 (2.0–11.0) 6.0 (2.0–13.0) 6.0 (3.0–11.0) 6.0 (2.0–13.0) 6.0 (4.0–13.0) 6.0 (3.0–13.0)

DST backward
n 80 57 41 32 40 39 0.02027 0.06764
Mean (SD) 5.2 (1.9) 5.18 (2.3) 5.2 (1.9) 5.3 (2.3) 6.1 (1.7) 6.2 (2.1)
Median (min–max) 5.0 (2.0–10.0) 5.0 (2.0–12.0) 5.0 (2.0–10.0) 5.0 (2.0–12.0) 6.0 (2.0–11.0) 6.0 (2.0–11.0)

TMTB
n 73 51 37 26 40 39 0.22299 0.01066
Mean (SD) 134.4 (112.6) 122.7 (128.4) 102.2 (47.9) 103.3 (58.1) 94.1 (50.9) 85.6 (40.2)
Median (min–max) 102.0 (43.0–882.0) 92.0 (8.0–912) 89 (41.0–240.0) 92.0 (37.0–317.0) 83.0 (47.0–341.0) 77.0 (45.0–255.0)

FTT dominant
n 80 57 41 32 40 39 0.14569 0.00306
Mean (SD) 39.6 (10.2) 42.0 (10.9) 43.0 (9.3) 44.9 (9.5) 44.6 (6.6) 46.1 (6.5)
Median (min–max) 39.6 (12.0–66.4) 43.2 (8.8–67.2) 42.0 (29.4–73.6) 44.7 (27.0–67.2) 45.4 (28.2–54.4) 46.0 (29.8–60.0)

FTT nondominant
n 80 57 41 32 40 39 0.86496 0.01450
Mean (SD) 36.9 (9.0) 38.8 (10.2) 41.1 (10.2) 41.4 (9.2) 39.7 (6.3) 40.6 (5.6)
median (min–max) 37.2 (11.0–57.6) 38.0 (9.4–58.6) 40.0 (22.6–76.6) 41.1 (25.8–65.0) 40.4 (25.4–53.0) 42.2 (25.6–49.8)

FTT difference
n 80 57 41 32 40 39 0.01538 0.43875
Mean (SD) 2.7 (5.9) 3.2 (6.0) 1.9 (5.3) 3.5 (5.1) 4.9 (5.6) 5.5 (5.6)
Median (min–max) 2.9 (–11.8 –17.6) 3.6 (–16.6–15.4) 2.4 (–10.0–14.0) 3.7 (–10.0–12.4) 4.4 (–7.8–18.2) 4.8 (–4.8–17.4)

MMSE
n 79 57 41 32 40 39 0.05179 0.24878
Mean (SD) 28.4 (1.8) 28.5 (1.9) 29.0 (1.5) 29.3 (0.8) 28.8 (1.1) 28.9 (1.6)
median (min–max) 29.0 (23.0–30.0) 29.0 (22.0–30.0) 30.0 (23.0–30.0) 30.0 (28.0–30.0) 29.0 (26.0–30.0) 30.0 (23.0–30.0)

Control ¼ relative + not relative, CRT ¼ Continuous Reaction Time; DST ¼ Digit Span Test; FTT ¼ Finger Tapping Test; MMSE ¼Mini-Mental State Examination; TMTB ¼ Trail Making Test –
part B.
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dominant and nondominant hand, DST forward, and
DST backward. The control group demonstrated al-
most perfect and substantial consistency/conformity
in 8 of the 10 measures (Table 4). Approximately 45%
of the control group had higher MMSE scores at the
second assessment, which may reflect the poor con-
sistency for this test due to a learning effect.

Post-Hoc Power Calculation

The calculations based on the present results de-
monstrated the following power for each test: CRT
10th percentile ¼ 0.59; CRT 50th ¼ 0.85; CRT
90th ¼ 1.00; FTT dominant ¼ 0.82; FTT non-
dominant ¼ 0.72; FTT difference between hands ¼
0.12; TMTB ¼ 0.72; MMSE ¼ 0.52; DST forward ¼
0.09; and DST backward ¼ 0.28.

DISCUSSION

Several factors may interfere with a routine assess-
ment of symptoms in patients with advanced cancer,
including barriers related to caregivers and patients
(Ingham et al., 2015; Mitnick et al., 2010). Although
assessment of cognitive function in patients with
cancer is not standard-of-care in palliative care, the
increase in life expectancy of patients with cancer
due to improvement in diagnostics and treatments
is beginning to draw the attention of clinicians to
symptoms that may be controlled and/or prevented
in order to preserve and improve quality of life, and
even survival.

The tools that are being used to assess cognitive
function in the cancer population were originally de-
veloped to screen or assess for a specific central ner-
vous system dysfunction or disease, differentiating
those with cognitive impairment from those without
this disease/condition (a “normal population”)

(Harvey, 2012). For several years, our research group
has used neuropsychological testing in patients with
cancer, especially to assess cognitive status before/
after medications and to compare groups of patients
and analyze the factors that may cause deficits (Kur-
ita et al, 2009; Sjøgren & Banning, 1989; Sjøgren
et al., 1994; 2000; Kurita & de Mattos-Pimenta,
2008; Kurita et al., 2011; 2016). Due to the fact that
many of the tools we have used for research were
not designed to assess patients with cancer, a valida-
tion process is necessary to ensure their suitability
and feasibility. Moreover, preestablished cutoff
points may be difficult to apply to patients with can-
cer due to the fluctuating nature of their health con-
dition.

In this present study, analysis of the 5 neuropsy-
chological tests in 80 patients with metastatic cancer
in specialized palliative care showed good reliability
and some positive outcomes regarding examination
of validity, indicating that the tests individually or
combined have the potential to assess cognitive func-
tion in this population.

The attempt to examine the construct validity of
the MMSE by confirmation of the different cognitive
domains that comprise the instrument failed. There
was a skewed response distribution for many of its
items represented by high scores, indicating no cog-
nitive deficits for most patients. This finding may in-
dicate that the tool failed to detect milder cognitive
deficits due to its lack of sensitivity, which is con-
firmed by the lack of statistical power found in the
post-hoc power calculations. Considering the calcula-
tions, it would be necessary to involve a huge sample
to demonstrate differences between groups that could
capture mild cognitive deficits. The idea of validating
this tool in patients with cancer is based on the
premise that its original purpose was patient screen-
ing for dementia and other psychiatric conditions

Table 4. Agreement between cognitive results of test–retest in the two groups (reliability)

ICC

Test Patient Control

TMTB 0.91759 almost perfect 0.84171 almost perfect
DST forward 0.65478 substantial 0.72442 substantial
DST backward 0.71656 substantial 0.73484 substantial
FTT non-dominant 0.87451 almost perfect 0.86782 almost perfect
FTT dominant 0.74396 substantial 0.82249 almost perfect
FTT difference 0.32525 fair 0.57629 moderate
CRT 10th 0.49155 moderate 0.88753 almost perfect
CRT 50th 0.59824 moderate 0.90408 almost perfect
CRT 90th 0.59824 moderate 0.82602 almost perfect
MMSE 0.50526 moderate 0.27453 fair

CRT ¼ Continuous Reaction Time; DST ¼ Digit Span Test; FTT ¼ Finger Tapping Test; ICC ¼ intraclass correlation
coefficient; MMSE ¼Mini-Mental State Examination; TMTB ¼ Trail Making Test – part B.
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that involved severe cognitive impairment (Folstein
et al., 1975). However, it has been widely used to as-
sess cognitive function in several other health/dis-
ease conditions, including in patients with cancer
(Hjermstad et al., 2004; Kurita et al., 2011; Kurita
et al., 2016). In addition, we found only one study re-
garding validation of the MMSE in patients with can-
cer that confirmed the good psychometric properties
of the Greek version of the instrument by other vali-
dation methods (Mystakidou et al., 2007). Thus, the
main criticisms of this instrument are that it is not
sensitive enough to detect milder but clinically rele-
vant cognitive deficits and that it is subject to signifi-
cant learning effects (Lange et al., 2014), although its
simple and brief application may seem to offer an at-
tractive advantage.

The criterion validity analyzed by correlations be-
tween the scores on the neuropsychological tests
and variables related to patients’ characteristics and
symptoms demonstrated very few and weak relation-
ships. Age, schooling, income, and KPS score seemed
to be the main factors with some degree of relation-
ship to at least some, but not all, of the tests. Similar
to our study, a validation study with 90 Brazilian pa-
tients with cancer in palliative care observed a lack of
significant correlations between the TMTB and such
symptoms as pain, fatigue, depression, anxiety, and
sensation of rest (dos Santos et al., 2014). On the
other hand, a study analyzing the psychometric prop-
erties of the MMSE in 103 Greek patients with cancer
found significant moderate correlations with age,
schooling, marital status, metastasis, and treatments
(Mystakidou et al., 2007). This is a complex area that
is still under investigation, but in the present study
the absence of strong significant correlations with
such factors as age, schooling, and income, previously
considered factors to be reliably associated with cog-
nitive performance (Glisky, 2007; Tucker-Drob et al.,
2009), was a surprising finding. It was also unex-
pected that no significant association between a sen-
sation of rest and performance on the cognitive tests
was found, since 41% of the patients felt unrested. Fa-
tigue and exhaustion have formerly been described
during progression of cancer and its treatments, and
they have been associated with cognitive dysfunction
(Janelsins et al., 2014).

Concerning discriminant validity, some measures
of the CRT test (50th and 90th percentiles) and the
FTT (dominant hand) were able to discriminate pa-
tients from controls, where patients had worse cogni-
tive performance. In previous studies regarding
opioid treatment, worse performance of adult pa-
tients with cancer was registered on the CRT test
and the FTT when compared with healthy controls
or less sick patients or those on different treatments.
These studies also showed that differences are not

always observed on all measures of the tests (Sjøgren
& Banning, 1989; Banning & Sjøgren, 1990; Banning
et al., 1992; Sjøgren et al., 1994; 2000). Post-hoc
power calculations demonstrated that the sample of
the present study was too small to capture significant
differences between groups on the MMSE, DST, and
TMT tests, and on the 10th percentile of the CRT and
FTT nondominant hand and the difference between
hands. An attempt to determine cutoff values for
each instrument did not exhibit good sensitivity
and specificity in our sample. The literature regard-
ing validation of these neuropsychological tests in
patients with cancer is scarce, which makes compar-
isons across studies most difficult. We found a study
regarding validation of a simple auditory CRT test
and a battery for attentional performance with sim-
ple and complex visual continuous reaction time
tests. The comparison between healthy subjects
(n ¼ 74) and patients with cancer from the surgical,
gastroenterology, oncology, and internal medicine de-
partments (n ¼ 70) demonstrated that reaction time
was longer in those patients (Jakobsen et al., 2011).
Another study evaluated the psychometric proper-
ties of the MMSE in patients with cancer, and the
instrument was able to discriminate between sub-
groups of patients with different degrees of disease
severity (Mystakidou et al., 2007). Perhaps at the
first assessment the patient sample in our present
study did not present with a disease condition that
would strongly interfere with cognitive function. Cre-
dence for this notion is supported by the mean KPS
score being near 71% and the weak correlations
with symptoms in our patient sample.

Reliability was almost perfect or substantial for
the TMTB, DST, and FTT, but it varied between
fair and moderate for the other tests. The disagree-
ment between test and retest reliability may be
explained by the vulnerable and unstable health con-
dition in the advanced stages of cancer and the learn-
ing effect with some tests. Unfortunately, a second
measure of quality of life and symptoms was not per-
formed, so that we cannot confirm this hypothesis. In
addition, as previously mentioned, the MMSE is
highly criticized for its simplicity, easy memoriza-
tion, and the possibility of learning effects.

This is one of the first and largest studies to inves-
tigate the validity of a battery of neuropsychological
tests in patients with metastatic cancer. Considering
that psychometric evaluation of assessment tools is
an imperative step in order to select which measure-
ment tools should be included in clinical as well as re-
search endeavors in palliative cancer care, our study
has produced new knowledge. The results from some
analyses were less than definitive, but they offer infor-
mation that should encourage further exploration of
the area. We acknowledge that the abovementioned
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limitations of the tool characteristics (e.g., insensitiv-
ity to detect milder cognitive deficits, the learning
effect, and methodological variances), the patient
characteristics (e.g., low variation on cognitive
performance, reflecting possible good cognitive per-
formance), and the underpowered sample size for
some of the tests may have contributed to some of
the tests’ weak properties observed during this vali-
dation process.

The neuropsychological tests analyzed demon-
strated good reliability, and some measures of the
CRT test and the FTT could discriminate patients
from controls, indicating that they have the potential
to assess cognitive function in patients with meta-
static cancer in clinical and research settings. The re-
sults of the present analysis provide a warning to
avoid hasty conclusions about the patients’ mental
condition. Further evaluation of these neuropsycho-
logical tools is mandatory to ensure that their proper-
ties are fitted for this population.

Our study also offers insight for recommendation
of future studies with larger samples and analysis
of subgroups with pre-confirmed cognitive dysfunc-
tion to provide more consistent results, especially re-
garding establishment of cutoff points for clinical and
research use.
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