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Background: Patients with brain tumours often present with non-specific symptoms. Correctly identifying who to
prioritise for urgent brain imaging is challenging. Brain tumours are amongst the commonest cancers diagnosed as
an emergency presentation. A verbal fluency task (VFT) is a rapid triage test affected by disorders of executive func-
tion, language and processing speed. We tested whether a VFT could support identification of patients with a brain

Methods: This proof-of-concept study examined whether a VFT can help differentiate patients with a brain tumour
from those with similar symptoms (i.e. headache) without a brain tumour. Two patient populations were recruited, (a)
patients with known brain tumour, and (b) patients with headache referred for Direct-Access Computed-Tomography
(DACT) from primary care with a suspicion of a brain tumour. Semantic and phonemic verbal fluency data were col-

Results: 180 brain tumour patients and 90 DACT patients were recruited. Semantic verbal fluency score was signifi-
cantly worse for patients with a brain tumour than those without (P < 0.001), whether comparing patients with head-
ache, or patients without headache. Phonemic fluency showed a similar but weaker difference. Raw and incidence-
weighted positive and negative predictive values were calculated.

Conclusion: We have demonstrated the potential role of adding semantic VFT score performance into clinical deci-
sion making to support triage of patients for urgent brain imaging. A relatively small improvement in the true positive
rate in patients referred for DACT has the potential to increase the timeliness and efficiency of diagnosis and improve
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Introduction

Timely diagnosis of a brain tumour is challenging. Over
a third of patients consult their primary care doctor on
3 or more occasions before diagnosis [1]. Brain tumours
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are amongst the commonest cancer type to be diagnosed
as an emergency presentation in the UK [2], and many of
these patients will have seen their primary care doctor
previously.

The first symptoms experienced by patients with a
brain tumour are often non-specific: such symptoms are
more frequently associated with a benign non-tumour
condition [3]. For example, headache is the commonest
symptom of brain tumours in adults [4], and is present
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in over half of patients at the time of diagnosis. Head-
ache also occurs in 4.4% of all primary care consultations
[5], so is not specific to brain tumours. Other symp-
toms, such as subtle memory/cognitive or behavioural
changes, may accompany headaches associated with
a brain tumour, but are rarely noticed by patients [6].
Unsurprisingly, there is often a delay in patient presen-
tation to primary care, referral for investigation and ulti-
mately in diagnosis. In a recent analysis of brain tumour
patients from the National Audit of Cancer Diagnosis in
Primary Care (NACDPC) we found that the longest path-
way intervals (time from onset of symptoms to referral
to a specialist for investigation) were for headache only
(median 61 days), memory symptoms (median 62 days),
and behavioural/cognitive symptoms (median 39 days)
[7]. This compares to an average pathway interval from
symptom onset to actual diagnosis for all tumours exam-
ined in the English National Cancer Registry of 45 days
[8]. Non-specific symptoms are most likely to be associ-
ated with diagnostic delay.

It is difficult to determine which patients with non-spe-
cific symptoms are most at risk of having a brain tumour
and thus should be prioritised for urgent imaging. Symp-
tom-based referral guidelines for suspected brain tumour
have been developed to support decision making in pri-
mary care. Amongst patients referred for brain imaging
based on these guidelines, a brain tumour is identified at
most approximately 3% of the time [9, 10]. This strategy
results in many false positive subjects, where symptom-
based decision making predicts the possibility of a brain
tumour, but there is no tumour on brain imaging. Since
approximately two-thirds of patients with a brain tumour
are diagnosed in the Emergency Department when their
symptoms deteriorate, many having already previously
seen their GP. The symptom-based referral approach
misses many cases.

A new strategy is needed to assist health care profes-
sionals in determining which patients with these non-
specific symptoms are most at risk of having a brain
tumour and should be prioritised for urgent brain
imaging.

A verbal fluency task (VFT) [11] is a rapid triage test
that is affected by disorders that affect executive func-
tion, language and processing speed. The VFT is often
a component of comprehensive neuro-cognitive batter-
ies for patients with brain tumours [12-14], but has not
been investigated in isolation in relation to brain tumour
diagnosis. Unlike a formal neuro-cognitive assessment
that is time consuming and requires specialist train-
ing and knowledge to administer and interpret, the VFT
could be quickly and easily administered in primary care.
In a study of cognition and capacity, using the Adden-
brooke’s Cognitive Examination-revised (ACE-R), VFT
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was demonstrated to predict of lack of capacity to give
consent to surgery by brain tumour patients [15]. We
hypothesized the VFT might therefore also be used to
help differentiate patients with brain tumours from those
who do not have a brain tumour where both patient
groups have similar symptoms. This “proof of concept”
study examined our hypothesis. A conference abstract of
this work was previously published.

Methods
Participants
We included two patient populations, (a) patients with
a known brain tumour who presented with both head-
ache and non-headache symptoms, and (b) patients with
headache who had been referred from primary care to
a Direct Access Computer Tomography (DACT) ser-
vice with a suspicion of a brain tumour. Eligible patients
were fluent in English. The study was performed at the
regional clinical neurosciences centre, Western Gen-
eral Hospital, Edinburgh. An appropriate institutional
review board approved the recruitment of these patient
populations. The data collected on the tumour cases
was approved by the South-East Scotland Research Eth-
ics Service (17/SS/0019). The control data were collected
as part of an NHS Lothian approved quality improve-
ment project that was auditing the DACT pathway. The
study utilised routinely collected clinical data and both
the Scotland Research Ethics Service and NHS Lothian
determined than no formal patient consent was required,
because the study analysed data that is collected as part
of routine clinical care. Study methods complied with the
ethical principles set out in the Declaration of Helsinki.

The tumour patients were all aged over 16 years attend-
ing assessment for surgical treatment of a newly diag-
nosed brain tumour, based on radiographic appearances
on gadolinium enhanced magnetic resonance imag-
ing (MRI), between 19 August 2016 and 14 February
2018. All patients with a new radiological diagnosis of
a brain tumour in South East Scotland are discussed at
our regional multidisciplinary meeting. Only the most
profoundly unwell patients are not offered either biopsy
or debulking surgery (approximately 20%) [16], so this
sample is representative of the referred population with
a brain tumour. Patients with a severe language impair-
ment that affected communication and was consid-
ered therefore to affect verbal fluency test performance
were excluded from this study at a screening phase. This
was because they could not understand or complete
assessments. Final tumour diagnosis was confirmed by
histopathology.

The comparator group were patients aged over 16 years
with headache, with or without other symptoms (e.g.
cognitive, behavioural or personality change), referred
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from primary care for direct access computed tomogra-
phy (DACT) between 3 May 2017 and 9 February 2018
whose final diagnosis excluded a brain tumour. It was a
convenience sampling strategy with a 1:2 ratio of non-
tumour to tumour group. The DACT pathway has been
available to primary care doctors in Lothian since 1999
and gives access to brain imaging to exclude a significant
intracranial pathology where the primary care doctor
judges that waiting for a specialist referral will take too
long, but immediate hospital admission via the emer-
gency department is not necessary. Since 2016 the refer-
ral proforma has included a requirement to assess verbal
fluency.

Procedure

All testing as part of routine care was administered by a
clinical research fellow (KZ). This was conducted prior to
completion of a DACT in the control group. For patients
with a brain tumour, assessment was performed at the
pre-operative outpatient visit. The test was conducted in
the English language and participants had a good com-
mand of English. Semantic (category) [17] verbal fluency
was assessed by asking each participant to name as many
different animals as they could within 60 s. All responses
were recorded verbatim in the order in which they were
generated. Repetitions were discounted. Phonemic verbal
(letter) [18] fluency was then assessed by asking patients
to generate as many different words beginning with a let-
ter “P’ excluding proper names (city, country, person)
and repetitions of the same word with different endings
(e.g. put, putting). Three scores were calculated for each
fluency task: 1) the total number of correct words gen-
erated, 2) the mean cluster size (see appendix 1) of each
group of animals e.g. domestic animals or zoo animals,
and 3) the raw number of switches between clusters, as
originally suggested by Troyer [19, 20]. Mean cluster and
switching are qualitative aspects of fluency tests that are
thought to specify contribution of semantic and execu-
tive processes during task production, respectively.

Other covariates

We recorded age and gender and used the Scottish Index
of Multiple Deprivation score (SIMD) as an ecological
marker of socioeconomic status. This is an official meas-
ure for deprivation using routine census data developed
by Scottish Government and based on current postcode
of residence. These were grouped into quintiles to derive
an ordinal variable with 1 being the most deprived to 5
being the least deprived. Tumour characteristics includ-
ing lobe, laterality and size were derived from radiologi-
cal reports accessible via electronic patient records (EPR).
Histological diagnosis was based on formal pathology
report.
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Statistical analysis and sub-groups

Baseline characteristics of tumour and non-tumour
patient groups were compared using t-test and chi-square
tests, as appropriate. Group differences on each verbal
fluency measure were analysed using the ANCOVA test,
with age group (16-59, 60-79,> 80 years) and gender
as covariates. Normality was assessed by visual inspec-
tion of histograms of characteristics of interest. Pearson
correlation coefficients were used to look at the linear
association between total score and qualitative fluency
measures.

We decided that the most appropriate clinical com-
parison was to compare tumour patients with a history
of headache against DACT patients (all of whom had
headache) as our primary analysis. Headache is the most
common symptom associated with a brain tumour, but
is much more likely to be associated with a non-tumour
diagnosis. We also undertook several sensitivity analyses
to examine whether any findings were robust and also to
enhance precision where the sample size was increased.
We therefore undertook additional sensitivity compari-
sons with tumour patients (a) with headache as their first
symptom (relevant to a patient’s early presentation to pri-
mary care, when a tumour diagnosis is often overlooked)
and (b) all tumour patients (relevant to scaling applica-
tion of this test across presentation with non-specific
symptoms) versus the DACT patient group.

In our analysis we decided to look at good perfor-
mance, i.e. a high verbal fluency score, as a positive test
which we assumed would help discriminate controls
from brain tumour cases. In this scenario, a false positive
is someone with a good VFT score who does turn out to
have a brain tumour after further investigation. Clinically,
a positive test combined with the prior probability of a
brain tumour could be used to avoid unnecessary imme-
diate referral for neuroimaging. We used a receiver oper-
ating characteristic (ROC) curve and the area under the
curve (AUC) to determine the optimal balance of sen-
sitivity versus specificity when discriminating tumour
patients from non-tumour patients, using different cut-
points of performance on the VF tasks. The raw posi-
tive predictive value (PPV) and negative predictive value
(NPV), positive likelihood ratio and negative likelihood
ratio were than manually calculated. We then repeated
the PPV and NPV calculation adjusting for disease inci-
dence in the population. We decided a priori to do this
with either only tumour patients with headache or the
whole sample of brain tumour cases depending on the
sensitivity analyses finding little difference between the
case groups. In addition, a multivariable logistic regres-
sion model, with adjustment for the covariates age group,
gender and deprivation score, with a fluency cut-off value
as a dummy variable and group (brain tumour or DACT)
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as a binary outcome variable, was used to calculate the
diagnostic odds ratio, and corresponding 95% confidence
intervals (CI). All analyses were performed with SPSS
version 21. We also examined whether verbal fluency
performance was influenced by tumour characteristics
such as brain tumour grade, site and size.

Results

Nine patients were excluded at the screening stage; seven
tumour patients—two patients were unable to con-
verse in English, two had impairment of language func-
tion, three were too unwell to participate. Two DACT
patient were unable to participate, because of hearing
impairment.

180 tumour patients and 90 DACT patients were
recruited. Clinical characteristics of the two patient
groups, and of the tumours, are detailed in Table 1.
Ninety-one (50.5%) of the tumour patients were from
Lothian. All DACT patients were from Lothian.

Patients with high grade glioma (HGG) (e.g. glioblas-
toma (GBM)) comprised the highest proportion (42.8%),
followed by meningioma (23.3%). The brain tumour
patients were slightly older but this may have been due
to chance. There were a higher proportion of women in
the DACT group than the tumour group (66% versus
52% respectively, p=0.037). There were no major differ-
ences in the proportion of patients in each social depriva-
tion quintile (p =0.8). Most tumours were in the frontal
lobe (37.8%) and were left sided (44.4%). Tumour size,
based on axial measurement on T1 weighted imaging,
ranged from 6 to 80 mm, (mean 41.1 mm). Patients with
HGG had the largest tumours on average at diagnosis
(44.3 mm).

Verbal fluency in patients with a history of headache
Assessment of normality was performed by Visual
inspection of the distribution of verbal fluency scores
across two groups (patients and controls) analysed with
histograms and QQ plots which allowed us to assume
normal distribution.

102 patients with tumour and 90 DACT patients were
included in this first analysis, comparing tumour patients
with a history of headache against DACT patients (all
of whom had headache). Tumour patients had reduced
total score and cluster score with semantic (p <0.001) and
phonemic (p=0.001, p=0.018) verbal fluency (Table 2).
The standardised difference demonstrated a relatively
large difference for semantic total score between cohorts
(-0.97) and a medium effect size for phonemic total score
(-0.47). By contrast, the results for switching were very
similar between the groups.

When tumour patients were restricted to those with
headache as their first symptom (56 cases) compared to
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the DACT patients who also had headache as their pri-
mary symptom (Table 2, Supplementary Table 1), the
results for total and mean cluster score with seman-
tic fluency were similar (p<0.001, p=0.001). The total
score for phonemic fluency was of weak significance
(p=0.037), but the mean cluster size for phonemic flu-
ency was consistent with chance (p =0.24).

*Adjusted for age group and gender

The same pattern of results was found when we used all
the cases (180) regardless of whether they had experi-
enced a headache or not (Table 3). The significance val-
ues varied.

Verbal fluency to discriminate between tumour

and non-tumour patients

We sought to identify whether a threshold fluency task
score might discriminate brain tumour patients from
patients without brain tumours. Semantic verbal fluency
total score was analysed because this was more discrimi-
nating than phonemic verbal fluency.

Given that brain tumour patients do not just present
with headache, we used the receiver operating charac-
teristic (ROC) curve for the cohort of all 180 tumour
patients, as the results for headache only and all cases
were very similar, compared to the DACT patients. The
area under the curve (AUC) was 0.75, (p <0.001) indi-
cating the value of using verbal fluency as a diagnostic
test (0.5 no discrimination, 0.7 to < 0.8 acceptable, >0.8
to <0.9 excellent, >0.9 outstanding) [21]. We chose a
threshold score of 14 or more animals in 1 min as this
looked like the inflection point in the ROC though
other values could be used depending on the relative
importance of false positives versus false negatives
(Fig. 1, Supplementary Table 2). This threshold had the
following diagnostic utilities for differentiating non
tumour from brain tumour subjects: 84.4% sensitivity
(correctly identifying non-tumour patients because of
good performance), 54.5% specificity (patients with a
tumour who performed badly), 48.1% positive predic-
tive value (PPV) (percentage of patients with good VFT
who did not have a tumour), 87.5% negative predictive
value (NPV) (percentage of patients with poor VFT
who did have a tumour), positive likelihood ratio 1.85
(increased likelihood of not have a brain tumour if VET
is good) and negative likelihood ratio 0.29 (decreased
likelihood of not have a brain tumour if VFT is poor).
A positive likelihood ratio of between 1 to 2 is regarded
as a modest improvement whilst a negative likelihood
ratio of between 0.2 to 0.3 would be regarded as good
with an approximate 25 to 30% change in probability
[22]. The PPV and NPV reported above are mislead-
ing as they reflect the sampling strategy that was used



Zienius et al. BMC Neurology (2022) 22:127 Page 5 of 10
Table 1 Patient and Controls baseline characteristics
Brain tumour patients N=180 (%) Controls N=90 p value
(%)

Age in years, M (SD) 56.8 (13.5) 53.6(19.5) 0.16
16-59 93 (52) 53 (59) 0.028
60-79 84 (46) 31(34)
>80 32 6(7)

Gender (N, %)

Male 86 (48) 31 (34) 0.037
Female 94 (52) 59 (66)
Social deprivation index (N, %)
1 28 (15.7) 11(12.2) 038
2 43 (24.2) 26 (28.9)
3 32(18.0) 15(16.7)
4 35(19.7) 15(16.7)
5 40 (22.5) 23 (25.6)

Karnofsky Performance Status median (range) 90 (50-100) N.A N.A

Tumour histology, N (%) N.A N.A
High grade glioma (WHO IlI-IV) 77 (42.8)

Cerebral metastasis 28 (15.6)
Meningioma 42 (23.3)
Low grade glioma (WHO I-Il) 14 (7.8)
CNS Lymphoma 5(2.8)
Other 14 (7.8)

Tumour lobe, N (%) N.A N.A

Frontal 68 (37.8)
Temporal 34(18.9)
Parietal 18 (10)
Occipital 13(7.2)
Cerebellar 16 (8.9)
Multiple 15(5.4)

Other 16 (8.9)

Tumour laterality, N (%) N.A N.A
Left 80 (44.4)

Right 64 (35.6)

Bilateral 22(12.2)

Midline 14 (7.8)
Maximum size T1 (axial), mean (mm) (SD) 41.1 (15. N.A N.A
Midline shift, N (%) N.A N.A

<5mm 119 (66.1)
5-10mm 31(17.2)
>10mm 21 (11.7)
Unknown 9 (5)

in this study (i.e. 1:2 ratio of non-tumour to tumour)
rather than what would be expected in primary care.
A previous UK general practice database found that
amongst patients aged over 50 years, the incidence of
a malignant brain tumour amongst new headache pres-
entations was 28 per 10,000 patients [9] or a prior prob-
ability of 0.28% (the converse is that the probability that

the patient with a headache doesn’t have a brain tumour
is 99.7%). Applying these risks to the marginal totals
and using the same sensitivity and specificity as above,
we would now get a revised PPV for a positive test of
99.8% and a NPV of 0.97%. This shows that a positive
test slightly increases the likelihood that this is not a
brain tumour but a negative test is of more concern.
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Table 2 Adjusted mean scores* on semantic and phonemic verbal fluency measures for cases and controls: a) cases with a history of

headache, b) headache as the first symptom

Patients Controls Mean diff (95% Cl) p value Effect Size
(Cohen’s d)
Verbal fluency, mean (SD)
Cases with a history of headache N=102 N=90
Animals
Total 13.0 (5.04) 17.8 (5.05) -49(-6.32,-3.42) <0.001 -0.97
Mean cluster 1.1 (0.98) 1.7 (0.95) -0.6 (-0.9,-0.3) <0.001 -0.62
Switch 5.9(3.30) 6.9 (3.31) -09(-1.9,04) 0.06 -0.30
Letter P
Total 8.8 (4.75) 11(4.74) -2.2 (-3.6,-0.86) 0.001 -047
Mean cluster 0.29(0.33) 0.4(0.38) -0.1(-0.2,-0.02) 0.018 -0.32
Switch 6.5 (3.99) 7.7 (4.00) -1.15 (-2.3,-0.0) 0.05 -0.31
Cases with headache as 15 symptom N=56 N=90
Animals
Total 13.6 (5.07) 17.9(5.03) -4.2(-5.9/-2.5) <0.001 -0.85
Mean cluster 1.1(1.07) 1.7 (0.95) -0.6 (-0.9,-0.2) 0.001 -0.62
Switch 6.3(333) 6.9 (3.31) -0.6 (0.6) 0.34 -0.18
Letter P
Total 9.3 4.71) 109 (4.71) -1.7(-3.3-0.1) 0.037 -0.34
Mean cluster 0.3(0.37) 0.4 (0.36) -0.1 (-0.2,0.5) 0.24 -0.27
Switch 6.7 (4.03) 7.7 (4.00) -1.0(-24,04) 0.16 -0.25

Table 3 Adjusted mean scores on semantic and phonemic verbal fluency measures for all tumour patients and DACT patients

Patients (N=180) Controls (N=90) Mean diff (95% Cl) p value Effect Size
(Cohen’s d)
Verbal fluency, mean (SE)
Animals
Total 126 (5.21) 17.7 (5.21) -5.1(-6.32,—3.77) <0.001 -098
Mean cluster 1.1 (0.94) 1.7 (0.85) -0.55 (-0.79,-0.32) <0.001 -0.62
Switch 56(3.22) 6.9 (3.22) -1.29 (-2.1,—0.46) 0.002 -04
Letter P
Total 845 (4.61) 10.99 (4.62) -253(-3.7,-1.35) <0.001 -0.55
Mean cluster 0.29 (041) 0.4 (0.38) -0.11 (-0.21,-0.01) 0.025 -0.28
Switch 6.38 (3.94) 7.68 (3.95) -1.29 (-2.3,-0.29) 0.012 -0.33

Despite the low absolute risk of having a tumour, a poor
performance on the fluency task has more than tripled
the probability in relative terms.

Multivariable logistic regression, adjusting for age
group, gender and deprivation quintile score, found
that patients scoring at or above the cut-point of > 14
had a nearly 8 times higher odds of not having a brain
tumour (adjusted OR 7.84, 95%CI 3.89 15.8, p<0.001)
(Table 4). This association was even stronger when we
repeated the analysis restricted to only the 102 tumour
patients with a history of headache (adjusted OR 9.33,
95% CI 4.2, 20.9, p<0.001).

Correlation analysis (Table 5) was performed to exam-
ine the relationship between the total animal and letter
P scores and the qualitative fluency parameters, namely
mean clustering and switching. Analyses were under-
taken separately for each patient and control group.

For tumour patients, both clustering and switching
highly correlated with a total score on an animal fluency
task, while for a letter P task only switching was signifi-
cantly associated with a total score. For controls, only
switching was significantly associated with a total score
for both animal and phonemic fluency, although for ani-
mal test, a trend for clustering was observed. Thus, at this
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Fig. 1 Receiver Operating Curve of sematic verbal fluency scores from total tumour cohort. The arrow indicates the score of 14

Table 4 Logistic regression for association between age group,
gender or area deprivation score and semantic verbal fluency
in the cohort of 180 tumour patients. 95% confidence intervals
indicated. Odds ratio of not having a brain tumour

Variable Odds Ratio 95%
confidence
Interval
Semantic verbal fluency value
0-13 Reference
>14 7.84 39-158
Age
16-59 Reference
60-79 0.9 0.5-1.66
80+ 6.68 1.3-335
Gender
Male Reference
Female 1.87 1.04-3.35
Deprivation score
1 Reference
2 1.2 0.5-3.1
3 1.3 0.5-3.7
4 0.85 03-24
5 1.16 044-3.1

Table 5 Pearson's r correlation coeficients between Animals
and Letter P — Total scores and qualitative fluency parameters in
tumour patients and controls

Animals—Total Letter P—Total

Patients Controls Patients Controls
Mean cluster size 0.34* 0.18™ 0.13 -0.1
Switches 0.78* 0.42* 0.92* 0.88*
"p<0.001
M p<0.1

stage, correlation patterns for the control group is con-
sidered to indicate a trend and remains to be confirmed
with a larger dataset.

Verbal fluency associations with brain tumour grade, site
and size

The reduction in verbal fluency task performance was
most marked in patients with high grade gliomas (HGG)
(mean total 10.8), cerebral lymphoma (mean total 10.9)
and cerebral metastases (mean total 12.3), the three
most malignant brain tumours. Patients with HGG had
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significantly lower total semantic scores compared to
meningioma (mean total 14.3) (mean difference -3.44,
p=0.018), and ‘other’ intracranial tumours (mean total
16.8) (mean difference -5.95, p =0.002).

A frontal lobe tumour location, in contrast to a non-
frontal location was associated with significantly lower
fluency performance total scores for both semantic
(mean=11.6 vs 13.3, p=0.04) and phonemic (mean=7.3
vs mean=9.2, p=0.007) tasks. Tumours in the left hemi-
sphere had a larger effect on phonemic than seman-
tic total fluency scores (left vs right: mean difference
-2.3, p=0.004 and -1.9, p=0.04, respectively). Both left
and right hemisphere lesions impacted significantly on
semantic verbal fluency. Increasing tumour size corre-
lated with lower semantic total (r=-0.22, p=0.003) and
cluster (r=-0.22, p=0.003) score. There was little size
correlation for any measure on phonemic fluency.

Discussion
This study is the first to compare performance of a ver-
bal fluency task between a large brain tumour patient
population and a comparator population of patients with
headache referred for direct access brain imaging from
primary care to exclude significant intracranial pathol-
ogy. We have demonstrated that verbal fluency tasks,
both semantic (animal) and phonemic (letter “P”), dif-
fered between the two patient populations. However, the
effect size for semantic total score was nearly twice that
of letter P total score suggesting that one should only use
the former. In patients where the primary care doctor has
a low suspicion of a significant intracranial pathology,
and the patient has a high VF score, there is more reas-
surance that a period of further clinical observation may
be justified. However, a poor performance, in the absence
of another cause, is of more concern to the primary care
doctor and may lower their threshold for urgent imaging.
Our data demonstrate that the semantic verbal fluency
test is more discriminatory than phonemic fluency. We
found no added value for the use of switching and clus-
ter size than using the simple total count. Semantic flu-
ency task is generally considered easier to perform and
people are able to generate more responses in a minute,
because of its ecological validity, or daily familiarity [23].
Animal fluency is also less influenced by level of educa-
tion[24]. A tendency for worse performance on semantic
compared to phonemic fluency is also reported in Alz-
heimer’s disease®”. This lack of specificity between brain
tumours and dementia in less problematic for the patient,
as clinicians often order brain imaging in patients with
suspected dementia though it would be less urgent.
Cognitive symptoms in patients with a brain
tumour may be subtle and noticed by patients [26],
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though relatives may perceive these changes sev-
eral months before diagnosis [27]. Self-awareness
of cognition can be influenced by cognitive prob-
lems affecting an ability to retain and elaborate such
information [27]. A lack of insight into the nature
or urgency of symptoms may prevent a patient from
seeking help early [27]. Semantic verbal fluency as
a cognitive test may therefore be particularly useful
in patients presenting with headache and reports of
memory or cognitive changes. This is consistent with
our previous finding that patients presenting with
symptoms of headache, or behavioural and memory
changes, have the longest time from symptom onset
to brain tumour diagnosis [7].

The majority of patients presenting to primary care
with non-specific symptoms such as headache without
neurological signs will not have a significant intracra-
nial pathology. Only 1-3% of current brain images per-
formed through a DACT route identify a brain tumour
and many of these are incidental findings [28]. Taken
along with a good clinical history, the semantic verbal
fluency task may therefore be helpful in the primary care
consultation to quickly test cognition, for example in a
patient presenting with a concerning new onset head-
ache. A combination of worrying symptoms and poor
verbal fluency score could support decision making,
as to whether to request urgent brain imaging. Many
patients with a low verbal fluency will still not have a
brain tumour, but our expectation is that the addition
of a poor verbal fluency test would be an improvement
over the current situation. As important, in patients
with headache, where there is a low index of suspicion
for tumour, a good performance on verbal fluency task
may provide some reassurance and support a decision
for continued observation.

We regard this a proof of concept study rather than a
definitive diagnostic test accuracy study and there were
several limitations. The tumour patients were assessed
after their diagnosis had been made, and pre-operatively,
so their performance may not be the same as what it
would have been had they been tested when they first
presented in primary care. The DACT patients in our
study were referred for brain imaging to exclude a sig-
nificant intracranial pathology or to provide reassurance.
The DACT route is biased towards patients with less
worrying symptoms than those who would have been
sent directly to the emergency department. The verbal
fluency test will not be discriminatory for brain tumour
in patients with a pre-existing dementia diagnosis, as this
also affects VF test performance.

We compared the test performance in tumour patients
without headache against all tumour patients and our
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observations appear to be generalizable. Our ‘control’
population had headache symptoms and were of enough
concern to their primary care doctor to warrant imag-
ing. This contrasts with most previous studies that have
compared neurocognitive performance in brain tumour
patients with healthy controls [29, 30]. Our study design
better reflects the patient population seen within pri-
mary care where headache is a frequent and non-specific
symptom and therefore reduces the likelihood of “spec-
trum bias”

All the DACT patients lived in Lothian, whilst some
of the tumour patients came from outside the Lothian
area, but we don't believe that these geographical dif-
ferences would have biased the performance on the
fluency task. The importance of education on verbal
fluency performance is still debated, with some stud-
ies [31] showing significant effect, whilst others failing
to demonstrate it [19, 31]. We were not able to adjust
for educational level, however, our ecological analysis of
area deprivation did not suggest any major differences
by this proxy measure of socioeconomic status. Individ-
uals with higher educational level may perform better
than normal despite having some decline due to a brain
tumour thus masking an effect. This is the reason why
the Montreal Cognitive Assessment (MoCA) test used
to screen for dementia adjusts its score for educational
level. It is therefore possible that an adjusted VFT score
might be a better differentiator than the crude score.
Future studies should empirically test this hypothesis, as
well as examine other patient factors that may affect test
performance, such as a previous history of alcohol and
drug abuse.

Conclusion

Diagnosis of a brain tumour is challenging and the deci-
sion as to whether a patient is at risk of a brain tumour
requires careful clinical assessment. We have demon-
strated the potential role of adding semantic verbal
fluency task score performance into clinical decision
making around referral for urgent brain imaging. Fur-
ther research in this area will be required and the opti-
mal cut-off point for the verbal fluency score will depend
on a more thorough analysis of the costs and benefits of
balancing sensitivity and specificity. A prospective diag-
nostic test accuracy study in a patient group at risk for a
brain tumour diagnosis would provide stronger evidence
as to the utility of the verbal fluency test over and above
clinical signs, symptoms and the prior probability. The
impact of the test should be evaluated in terms of time to
diagnosis, and how this translates into clinical care and
patient outcomes before we can adopt this test into clini-
cal guidelines.

Page 9 of 10

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512883-022-02655-9.

Additional file 1: Supplementary Table 1. ANCOVA Model tables

for each outcome verbal fluency outcome measure. Supplementary
Table 2. Sensitivity and Specificity of cut off points on receiver operating
curve forsemantic verbal fluency.

Acknowledgements
Not applicable

Authors’ Contributions

KZ: Drafting/revision of the manuscript for content, including medical writing
for content; Major role in the acquisition of data; Analysis or interpretation of
data. MO: Drafting/revision of the manuscript for content, including medical
writing for content; Analysis or interpretation of data. WHa: Drafting/revision
of the manuscript for content, including medical writing for content; Study
concept or design; Analysis or interpretation of data. WHo: Drafting/revision of
the manuscript for content, including medical writing for content; Study con-
cept or design; Analysis or interpretation of data. DW: Drafting/revision of the
manuscript for content, including medical writing for content. LP: Additional
contributions: involved in the development of referral pathway for DACT from
primary care. YB: Drafting/revision of the manuscript for content, including
medical writing for content; Study concept or design; Analysis or interpreta-
tion of data. RG: Drafting/revision of the manuscript for content, including
medical writing for content; Major role in the acquisition of data; Study
concept or design; Analysis or interpretation of data. PB: Drafting/revision of
the manuscript for content, including medical writing for content; Major role
in the acquisition of data; Study concept or design; Analysis or interpretation
of data. All author(s) read and approved the final manuscript.

Funding

This work was supported by a grant GN000295 from the Brain Tumour Charity.
It contributed to salaries, materials and consumables, equipment, and travel/
conferences.

Availability of data and materials
The datasets analysed during the current study are available from the cor-
responding author on reasonable request.

Declarations

Ethics approval and consent to participate

The use of data collected as part of routine care in the tumour cases was
approved by the South-East Scotland Research Ethics Service (17/55/0019).
The control data was also collected as part of routine care and analysed as
part of an approved quality improvement project auditing the DACT pathway.
Both the Scotland Research Ethics Service and NHS Lothian determined that
no formal patient consent was required because the study analysed data that
is collected as part of routine clinical care. Study methods complied with the
ethical principles set out in the Declaration of Helsinki.

Consent for publication
Not applicable.

Competing interests
The authors have no known declarations or conflicts of interest.

Author details

'Translational Neurosurgery, Centre for Clinical Brain Sciences, University of Edin-
burgh, Edinburgh, UK. *Medical School, Population Health Sciences, University
of Bristol, Bristol, UK. 3Co\lege of Medicine and Health, University of Exeter, Exeter,
UK. *Usher Institute of Population Health Sciences and Informatics, University

of Edinburgh, Edinburgh, UK. 5GP Lead for Cancer and Palliative Care, NHS
Lothian, Edinburgh, UK. ®Department of Clinical Neurosciences, NHS Lothian,
Western General Hospital, Edinburgh, UK. ’Centre for Clinical Brain Sciences,
University of Edinburgh, Little France Crescent, Edinburgh EH16, UK.


https://doi.org/10.1186/s12883-022-02655-9
https://doi.org/10.1186/s12883-022-02655-9

Zienius et al. BMC Neurology

(2022) 22:127

Received: 9 September 2021 Accepted: 21 March 2022
Published online: 04 April 2022

References

1.

Lyratzopoulos G, Neal RD, Barbiere JM, Rubin GP, Abel GA, Schlesinger M.
Variation in number of general practitioner consultations before hospital
referral for cancer: findings from the 2010 National Cancer Patient Experi-
ence Survey in England. Lancet Oncol. 2012;13(4):353-65. https://doi.org/
10.1016/51470-2045(12)70041-4.

England PH. Routes to Diagnosis 2006-2016 year breakdown. Public
Health England. http://www.ncin.org.uk/publications/routes_to_diagn
0sis.

Rubin G, Berendsen A, Crawford SM, et al. The expanding role of primary
care in cancer control. Lancet Oncol. 2015. https://doi.org/10.1016/
S1470-2045(15)00205-3 (Published online).

Schmidt-Hansen M, Berendse S, Hamilton W. Symptomatic diagnosis

of cancer of the brain and central nervous system in primary care: a
systematic review. Fam Pract. 2015;32(6):618-23. https://doi.org/10.1093/
fampra/cmv075.

Latinovic R, Gulliford M, Ridsdale L. Headache and migraine in primary
care: Consultation, prescription, and referral rates in a large population. J
Neurol Neurosurg Psychiatry. Published online 2006. doi:https://doi.org/
10.1136/jnnp.2005.073221

Tucha O, Smely C, Preier M, Lange KW. Cognitive deficits before treatment
among patients with brain tumors. Neurosurgery. 2000;47(2):324.

Ozawa M, Brennan PM, Zienius K, et al. Symptoms in primary care with
time to diagnosis of brain tumours. Fam Pract. 2018;35(5):551-8. https://
doi.org/10.1093/fampra/cmx139.

Swann R, McPhail S, Shand B, et al. Diagnosing cancer in primary care:
Results from the National Cancer Diagnosis Audit. Br J Gen Pract Pub-
lished online 2018. doi:https://doi.org/10.3399/bjgp17X694169

Kernick DP, Ahmed F, Bahra A, et al. Imaging patients with suspected
brain tumour: Guidance for primary care. Br J Gen Pract Published online
2008. doi:https://doi.org/10.3399/bjgp08X376203

NICE. Suspected cancer: recognition and referral (NG12). Published 2015.
https://www.nice.org.uk/guidance/ng12/chapter/1-Recommendations-
organised-by-site-of-canceribrain-and-central-nervous-system-cancers
Ettenhofer ML, Hambrick DZ, Abeles N. Reliability and stability of execu-
tive functioning in older adults. Neuropsychol Published online. 2006.
https://doi.org/10.1037/0894-4105.20.5.607.

Taphoorn MJ, Klein M. Cognitive deficits in adult patients with brain
tumours. Lancet Neurol. 2004;3(3):159-68. https://doi.org/10.1016/51474-
4422(04)00680-5.

Wefel JS, Cloughesy T, Zazzali JL, et al. Neurocognitive function in patients
with recurrent glioblastoma treated with bevacizumab. Neuro-Oncol.
2011. https://doi.org/10.1093/neuonc/nor024 (Published online).
Armstrong TS, Wefel JS, Wang M, et al. Net clinical benefit analysis of
Radiation Therapy Oncology Group 0525: A phase Il trial comparing
conventional adjuvant temozolomide with dose-intensive temozolomide
in patients with newly diagnosed glioblastoma. In: J Clin Oncol. 2013.
doi:https://doi.org/10.1200/JC0O.2013.49.6067

Kerrigan S, Erridge S, Liaquat I, Graham C, Grant R. Mental incapacity

in patients undergoing neuro-oncologic treatment: A cross-sectional
study. Neurol. 2014. https://doi.org/10.1212/WNL.000000000000067 1
(Published online).

Bussiere M, Hopman W, Day A, Pombo AP, Neves T, Espinosa F. Indicators
of functional status for primary malignant brain tumour patients. Can J
Neurol Sci. 2005;32(1):50-6. https://doi.org/10.1017/50317167100016875.
AL Benton 1968 Differential behavioral effects in frontal lobe disease.
Neuropsychologia. Published online. doi:https://doi.org/10.1016/0028-
3932(68)90038-9

Newcombe F. Missile Wounds of the Brain: Study of Psychological Deficits
(Neurological Monograph) by Freda Newcombe (1969-12-06): Amazon.
Co.Uk: Books,; 1969. https://www.amazon.co.uk/Missile-Wounds-Brain-
Psychological-Neurological/dp/BOTHCAALIA

Troyer AK, Moscovitch M, Winocur G. Clustering and switching as two
components of verbal fluency: Evidence from younger and older healthy
adults. Neuropsychol. 1997. https://doi.org/10.1037/0894-4105.11.1.138
(Published online).

20.

21.

22.

23

24.

25.

26.

27.

28.

29.

30.

31

Page 10 of 10

Mayr U. On the dissociation between clustering and switching in verbal
fluency: Comment on Troyer, Moscovitch, Winocur. Alexander and Stuss
Neuropsychologia Published online. 2002. https://doi.org/10.1016/50028-
3932(01)00132-4.

Mandrekar JN. Receiver Operating Characteristic Curve in Diagnostic Test
Assessment. Vol 5. 2010.

Mcgee S. Simplifying Likelihood Ratios. J Gen Intern Med. 2002;17(8):647-
650. https://doi.org/10.1046/j.1525-1497.2002.10750.x.

Woods DL, Wyma JM, Herron TJ, Yund EW. Computerized Analysis of
Verbal Fluency: Normative Data and the Effects of Repeated Test-

ing, Simulated Malingering, and Traumatic Brain Injury. PLOS ONE.
2016;11(12):e0166439. https://doi.org/10.1371/journal.pone.0166439
(Chao L, ed).

Diaz M, Sailor K, Cheung D, Kuslansky G. Category size effects in semantic
and letter fluency in Alzheimer’s patients. Brain Lang. 2004. https://doi.
0rg/10.1016/50093-934X(03)00307-9 (Published online).

Canning SJD, Leach L, Stuss D, Ngo L, Black SE. Diagnostic utility of abbre-
viated fluency measures in Alzheimer disease and vascular dementia.
Neurol. 2004. https://doi.org/10.1212/WNL.62.4.556 (Published online).
Giovagnoli AR. Investigation of cognitive impairments in people with
brain tumors. J Neurooncol. 2012;108(2):277-83. https://doi.org/10.1007/
s11060-012-0815-6.

Salander P, Bergenheim AT, Hamberg K, Henriksson R. Pathways from
symptoms to medical care: a descriptive study of symptom development
and obstacles to early diagnosis in brain tumour patients. Fam Pract.
1999;16(2):143-8. https://doi.org/10.1093/fampra/16.2.143.

Benamore RE, Wright D, Britton I. Is primary care access to CT brain
examinations effective? Clinical Radiology Published online. 2005. https://
doi.org/10.1016/j.crad.2005.05.010.

Boele FW, Zant M, Heine ECE, et al. The association between cogni-

tive functioning and health-related quality of life in low-grade glioma
patients. Neuro-Oncology Practice Published online. 2014. https://doi.
org/10.1093/nop/npu007.

P Hendrix E Hans CJ Griessenauer A Simgen J Oertel J Karbach 2017
Neurocognitive status in patients with newly-diagnosed brain tumors

in good neurological condition: The impact of tumor type, volume, and
location ClinNeurol Neurosurg Published online https://doi.org/10.1016/).
clineuro.2017.03.009

Gocer March E, Pattison P. Semantic Verbal Fluency in Alzheimer’s
Disease: Approaches beyond the Traditional Scoring System. J Clin Exp
Neuropsychol. 2006;28(4):549-66. https://doi.org/10.1080/1380339059
0949502.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1016/S1470-2045(12)70041-4
https://doi.org/10.1016/S1470-2045(12)70041-4
http://www.ncin.org.uk/publications/routes_to_diagnosis
http://www.ncin.org.uk/publications/routes_to_diagnosis
https://doi.org/10.1016/S1470-2045(15)00205-3
https://doi.org/10.1016/S1470-2045(15)00205-3
https://doi.org/10.1093/fampra/cmv075
https://doi.org/10.1093/fampra/cmv075
https://doi.org/10.1136/jnnp.2005.073221
https://doi.org/10.1136/jnnp.2005.073221
https://doi.org/10.1093/fampra/cmx139
https://doi.org/10.1093/fampra/cmx139
https://doi.org/10.3399/bjgp17X694169
https://doi.org/10.3399/bjgp08X376203
https://www.nice.org.uk/guidance/ng12/chapter/1-Recommendations-organised-by-site-of-cancer#brain-and-central-nervous-system-cancers
https://www.nice.org.uk/guidance/ng12/chapter/1-Recommendations-organised-by-site-of-cancer#brain-and-central-nervous-system-cancers
https://doi.org/10.1037/0894-4105.20.5.607
https://doi.org/10.1016/S1474-4422(04)00680-5
https://doi.org/10.1016/S1474-4422(04)00680-5
https://doi.org/10.1093/neuonc/nor024
https://doi.org/10.1200/JCO.2013.49.6067
https://doi.org/10.1212/WNL.0000000000000671
https://doi.org/10.1017/S0317167100016875
https://doi.org/10.1016/0028-3932(68)90038-9
https://doi.org/10.1016/0028-3932(68)90038-9
https://www.amazon.co.uk/Missile-Wounds-Brain-Psychological-Neurological/dp/B01HCAALJA
https://www.amazon.co.uk/Missile-Wounds-Brain-Psychological-Neurological/dp/B01HCAALJA
https://doi.org/10.1037/0894-4105.11.1.138
https://doi.org/10.1016/S0028-3932(01)00132-4
https://doi.org/10.1016/S0028-3932(01)00132-4
https://doi.org/10.1046/j.1525-1497.2002.10750.x
https://doi.org/10.1371/journal.pone.0166439
https://doi.org/10.1016/S0093-934X(03)00307-9
https://doi.org/10.1016/S0093-934X(03)00307-9
https://doi.org/10.1212/WNL.62.4.556
https://doi.org/10.1007/s11060-012-0815-6
https://doi.org/10.1007/s11060-012-0815-6
https://doi.org/10.1093/fampra/16.2.143
https://doi.org/10.1016/j.crad.2005.05.010
https://doi.org/10.1016/j.crad.2005.05.010
https://doi.org/10.1093/nop/npu007
https://doi.org/10.1093/nop/npu007
https://doi.org/10.1016/j.clineuro.2017.03.009
https://doi.org/10.1016/j.clineuro.2017.03.009
https://doi.org/10.1080/13803390590949502
https://doi.org/10.1080/13803390590949502

	Verbal fluency as a quick and simple tool to help in deciding when to refer patients with a possible brain tumour
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Introduction
	Methods
	Participants
	Procedure
	Other covariates

	Statistical analysis and sub-groups

	Results
	Verbal fluency in patients with a history of headache
	*Adjusted for age group and gender
	Verbal fluency to discriminate between tumour and non-tumour patients
	Verbal fluency associations with brain tumour grade, site and size

	Discussion
	Conclusion
	Acknowledgements
	References


