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Background. Personality changes following brain tumors may be due to disruption of frontal-subcortical networks. The relation be-
tween personality changes and tumor parameters such as volumes of the surgical cavity, residual tumor, or nonspecific white matter
abnormalities is unknown. In this study we examined the relation between these tumor parameters and abnormal behaviors typically
associated with frontal lobe dysfunction.

Methods. Thirty-one patients with intracranial tumors who completed the Frontal Systems Behavior Scale (FrSBe) during clinical neu-
ropsychological assessment and had a solitary, well-delimited brain lesion on MRI within 3 months of that assessment were included.
Tumor parameters were manually segmented using OsiriX. Nonparametric statistics were used to determine the relationship between
tumor parameters and frontal behavioral dysfunction as measured by FrSBe scores.

Results. Patients reported significantly more behavior problems after tumor diagnosis. Tumor cavity volume was correlated with self-
reported Executive Dysfunction (rho¼ 0.450, P¼ .047), and there was a trend in the relationship with self-reported Apathy (rho¼
0.438, P¼ .053). Nonspecific white matter abnormality volume was also correlated with self-reported Apathy (rho¼ 0.810,
P¼ .01). There were no correlations between FrSBe scores and residual tumor volume or summed volumes of tumor-related parameters.

Conclusion. Our results suggest that tumor parameters have differential effects on behaviors associated with frontal-subcortical networks
and corroborate the high frequency of behavioral dysfunction in brain tumor patients. Examination of these relationships in a prospective
trial is warranted to establish incidence, prevalence, risk factors, and consequences of behavioral disturbances in brain tumor patients.
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Primary malignant brain tumors account for about 1.4% of all
newly diagnosed cancers, and in North America alone over
20 000 new cases are diagnosed every year.1 With advances in
technology and more adequate treatments, the average life expec-
tancy has significantly increased in the last few decades. Although
most patients with malignant, grade 4 tumors still have a median
survival of only 14.6 months,2 other patients with malignant brain
tumors such as oligoastrocytomas have overall survival rates be-
yond 15 years.3 – 6 Brain tumor survivors have poorer quality of
life compared with healthy controls and with cancer patients
with a similar prognosis but without CNS involvement.7 – 11 Both
patients and their caregivers report a decline in their quality of
life compared with healthy controls in most evaluated domains

including overall health-related quality of life, as well as physical,
emotional, cognitive, and social functioning.7,8,11 Several factors
have been implicated in the functional decline of patients with
brain tumors, including impairment in cognitive, visual, and
motor functioning.7,8,12

The role of brain tumors as the cause of cognitive decline may
be difficult to establish in the absence of premorbid estimates of
cognitive abilities.13,14 However, although radiotherapy is associ-
ated with neurocognitive sequelae, data from primary brain
tumor patients seen prior to radiation suggest that the tumor it-
self and its progression have the most deleterious effect on cog-
nitive function.15 – 17 Patients with larger lesions score significantly
worse on tasks assessing verbal and visual memory, verbal
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fluency, shifting, and visuospatial skills.12 In addition, widespread
edema has been associated with higher rates of impairment.12

Little is known about the impact of a brain tumor on person-
ality and behavior. Behavioral changes significantly impact social
functioning, quality of life, and caregiver burden in other popula-
tions with brain injuries affecting the frontal lobes. For example,
patients with traumatic brain injury with few overt limitations
still experience significantly reduced community integration and
goal-directed behavior, diminished motivation, and lack of dyna-
mism compared with population controls.18 – 20 Since Phineas
Gage, it is well known that damage to the frontal lobe leads to
change in personality and behavior.21 – 24 However, it was not
until the 1980s that the intricate neuroanatomic substrate of
frontal-lobe-related behaviors was delineated in detail25 describ-
ing three frontal circuits responsible for human behavior: the dor-
solateral prefrontal circuit associated with executive control, the
orbitofrontal circuit associated with self-regulation, and the ante-
rior cingulate circuit associated with motivated behavior. Disrup-
tion to these regions is associated with frontal behavioral
syndromes characterized by executive dysfunction, disinhibition,
or apathy.21,22,26 With the advent of novel imaging techniques,
in particular resting-state fMRI, support for these original circuits
and a better understanding of their functions has become
possible.27,28

Several scales have been designed to rate behavioral changes
in patients with frontal dysfunction.29 – 31 The Frontal Systems
Behavior Scale (FrSBe) has been used in large numbers of patients
with neurological diseases including Alzheimer′s disease,
Parkinson′s disease, and schizophrenia.32,33 It is brief, reliable,
and valid for assessing behavior related to frontal lobe cir-
cuits29,31 and has been shown to predict community integration
(home integration, social integration, and productivity) in patients
with frontal lobe dysfunction.20

Few studies have investigated the incidence and impact of
behavioral syndromes in brain tumor patients.14,30,34 One recent
publication reported clinically significant levels of apathy, disinhi-
bition, and executive dysfunction in about 40% to 60% of brain
tumor patients in their sample. A significant proportion of them
experienced behavioral syndromes regardless of tumor loca-
tion.14 However, there has been little work done to explore the
relationship between behavioral syndromes and other tumor-
related features, such as volumes of the postsurgical cavity, resid-
ual tumor, or nonspecific white matter abnormalities. In this
study we evaluated frontal behavioral syndromes among pa-
tients with primary brain tumors using the FrSBe and explored
the relationship between these behaviors and tumor-related
and treatment-related variables.

Materials and Methods
We conducted a retrospective chart review of patients with intra-
cranial tumors who completed the FrSBe as part of comprehen-
sive clinical neuropsychological assessments between 2004 and
2012 at the Princess Margaret Cancer Centre. Eighty-six patients
were identified with FrSBe scores; 31 of them had a brain MRI scan
within 3 months of the neuropsychological evaluation (ie, either
before or after), a solitary, well-delimited brain lesion, and a con-
firmed diagnosis of malignant glioma (n¼ 28) or meningioma
(n¼ 3).

Frontal behaviors were identified from patient and informant
responses to the FrSBe, a 46-item standardized questionnaire
that asks respondents to rate behavior problems on a 5-point Lik-
ert scale, before diagnosis (retrospective rating; respondents were
asked to think about how they were before they started having
symptoms of their disease) and at the time of assessment. It pro-
vides composite and 3 subscale scores for Apathy, Disinhibition,
and Executive Dysfunction, both before and after diagnosis. We
also analyzed performance on tests of executive function (Trail-
making Test, Part B; Wisconsin Card Sorting Test, number of errors)
obtained during the neuropsychological assessment to compare
objective measures of executive functions with subjective con-
cerns reported in the FrSBe.

To explore the relationship between problem behaviors and
different features of the tumor and its treatment, we obtained
medical information about diagnosis (tumor type, location,
grade) and treatment (antiseizure medication, surgery, radia-
tion therapy, elapsed time after radiation therapy) via chart re-
view. Tumor-related parameters (volumes of tumor cavity,
residual tumor, and nonspecific white matter abnormalities)
were obtained via volumetric analyses of MRI scans. Specifically,
we used OsiriX (Pixmeo, Bernex, Switzerland),35 an image navi-
gation and display software package designed for navigation
and visualization of multimodal and multidimensional imag-
es36 to view and manually segment the brain lesions into
tumor-related MRI parameters that included tumor cavity, re-
sidual tumor, and nonspecific white matter abnormalities in
order to calculate their volumes. Tumor cavity was defined as
a T1/FLAIR hypointense image in the area where the surgery
was done. Residual tumor was defined as an enhanced or
nonenhanced T1 hypointense, T2/FLAIR hyperintense homoge-
neous or heterogeneous lesion. Residual white matter abnor-
mality was defined as a diffuse, nonenhanced T1 isointense or
hypointense, T2/FLAIR hyperintense lesion that spared subcort-
ical U-fibers. This work was conducted in accordance with the
guidelines of the University Health Network’s research ethics
board.

Statistical Analyses

FrSBe raw scores were converted to T-scores (mean 50, standard
deviation 10) for each domain according to published normative
data.31 T-scores equal or greater than 65 are clinically significant
and scores between 60 and 64 are borderline impaired. Perfor-
mance measures were scored according to published criteria37–41

and scaled scores transformed to Z-scores (mean 0, standard
deviation 1), and averaged to create an executive function perfor-
mance score.

Comparisons between retrospective ratings of behavioral syn-
dromes before diagnosis to those at the time of the assessment
were conducted separately for patients and informants using Wil-
coxon signed rank tests, and effect sizes were calculated using
Cohen’s D.

Correlations between self-report and informant ratings on the
FrSBe, executive function performance, and MRI tumor-related
characteristics were made using Spearman’s rho. The Mann-
Whitney U test was used to calculate the relation between
other tumor and treatment variables (hemisphere [right/left],
grade [high/low], radiation treatment [yes/no], antiseizure medi-
cations [yes/no]) and FrSBe scores.
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Results

Demographics

Clinical and demographic details for 31 study patients are pre-
sented in Table 1. There were more men than women in our
group (x2¼ 4.65, P¼ .03). There were no differences in tumor
grade (high vs low grade; x2¼ 0.03, P¼ .85) or hemisphere (left
vs right; x2¼ 2.13, P¼ .14) in our sample. Tumors were located in
the frontal lobe in 24 (77%) patients and the dorsolateral pre-
frontal region was affected in all of those cases. Orbitofrontal
and anterior cingulate cortices were affected in 4 and 2 of
those patients, respectively. Among the 7 patients with nonfron-
tal tumors, 4 were located in the right temporal lobe, 1 in the left
temporal lobe, and 2 in the right cerebellar hemisphere. There
were no patients with tumors located in parietal or occipital
lobes. In terms of treatment, all patients underwent surgical re-
section of the tumor, and there was no difference in the propor-
tion of patients who had radiation compared with those who did
not (61% vs. 39% respectively; x2¼ 1.6, P¼ .2). The proportion of
patients who were on anti-seizure medication was greater than
that of patients who were not (67% vs 33% respectively; x2¼

3.9, P¼ .05).

Frontal Behavioral Syndromes

Mean FrSBe subscale scores are provided in Table 2. Patient and
informant retrospective ratings of behavior problems prior to

the brain tumor diagnosis were not clinically significant
(Table 2). In contrast, 78% (n¼ 24) of the patients endorsed sig-
nificant problems with at least one frontal behavioral syndrome
after diagnosis. Clinically significant levels of Apathy were report-
ed by 48.8% (n¼ 15) of patients and 61.1% (n¼ 11) of infor-
mants; Disinhibition was reported by 48.8% (n¼ 15) of patients
and 15.8% (n¼ 3) of informants, and Executive Dysfunction re-
ported by 61.3% (n¼ 19) of patients and 53% (n¼ 10) of infor-
mants. It is interesting to note that frontal behavior syndromes
were frequently reported by patients and informants in cases
with nonfrontal tumors (Table 2).

Patients reported having significantly more behavior problems
at the time of assessment than before diagnosis (Apathy,
Wilcoxon Z¼2 2.7, P¼ .01, Cohen’s D¼ 0.50; Disinhibition,
Z¼2 2.0, P¼ .04, D¼ 0.38; Executive Dysfunction, Z¼2 2.4,
P¼ .02, D¼ 0.45). Similarly, informants reported increased
Apathy (Z¼2 2.7, P¼ .01, D¼ .64) and Executive Dysfunction
(22.7, P¼ .01, D¼ 0.64) at the time of assessment compared
with before diagnosis, but no change in Disinhibition (Z¼2 1.5,
P¼ .1, D¼ 0.35). There was no difference in the pattern of results
when we analyzed our data excluding the 7 patients who did not
have frontal lobe tumors (data not shown).

Patient and informant ratings were positively correlated for
Disinhibition (before diagnosis: Spearman’s rho¼ 0.61, P¼ .01;
time of assessment: rho¼ 0.68, P¼ .002), Executive Dysfunc-
tion (before: rho ¼ 0.56, P¼ .02; time of assessment: rho ¼
0.62, P¼ .01), and Apathy (time of assessment: rho¼ 0.61,
P¼ .01). There was no correlation between patient and infor-
mant retrospective ratings of Apathy before diagnosis (P . .1).
There was a significant correlation between the executive func-
tion performance score and FrSBe symptoms of Apathy (self-
rated: rho¼2 0.417, P¼ .02; informant-rated: rho¼2 0.507,
P¼ .03) and Executive Dysfunction (self-rated: rho¼2 0.391,
P¼ .033).

Tumor and Treatment Effects and Frontal Behavioral
Syndromes

In our sample, tumor cavity and residual tumor were evident in
20 patients. Nonspecific white matter abnormalities were evident
in only 8 of our patients. Examples of these tumor parameters are
provided in Fig. 1. Tumor cavity volume was positively correlated
with self-reported Executive Dysfunction at the time of the as-
sessment (rho¼ 0.450, P¼ .047), and there was a trend in the
relationship with self-reported Apathy at the time of the assess-
ment (rho¼ 0.438, P¼ .053). Nonspecific white matter abnor-
mality volume was also correlated with self-reported Apathy at
the time of the assessment (rho¼ 0.810, P¼ .01), although this
finding should be interpreted with caution because of the small
number of patients with these abnormalities. There were no cor-
relations between FrSBe scores and residual tumor volume or
summed volumes of tumor-related parameters (tumor cavity, re-
sidual tumor, and nonspecific white matter unspecific abnormal-
ity volumes).

We found no significant differences between FrSBe subscale
scores and other tumor characteristics (ie, tumor grade or hemi-
sphere; all P values . .1), or treatment variables (ie, whether or
not patients received radiation or were on antiseizure medica-
tions, all P values . .1; Table 3).

Table 1. Participant demographic and medical information

N %

Sex
Male 22 71
Female 9 29

Tumor type
Meningioma 3 9.7
Low-grade glioma 13 42
High-grade glioma 15 48.3

Hemisphere
Left 19 61.3
Right 11 35.5
Both 1 3.2

Tumor location
Frontal 24 77
Nonfrontal 7 23

Treatment
Surgery 31 100
Radiation 19 61.3
Chemotherapy 9 29
Antiseizure medication 21 67.7

Median IQR
Age and time (yrs)

Age at assessment 45 14
Age at diagnosis 43 12
Time since diagnosis .92 3

Abbreviation: IQR, interquartile range.
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Table 2. Self-reported and informant-rated Apathy, Disinhibition, and Executive Dysfunction before diagnosis and at the time of the assessment

Median IQR Frequency impaired

Frontal (n¼ 24) Nonfrontal (n¼ 7)

Apathy
Before diagnosis Self-report 51 17 3 (12.5) 1 (14.3)

Informant-rated 50 15 2 (8.3) 0 (0)
At assessment Self-reporta 62 28 11 (45.8) 4 (57.1)

Informant-rateda 72 33 8 (33.3) 3 (42.9)
Disinhibition

Before diagnosis Self-report 53 21 2 (8.3) 3 (42.9)
Informant-rated 48 19 1 (4.2) 0 (0)

At assessment Self-reporta 64 25 10 (41.7) 5 (71.4)
Informant-rated 56 16 2 (8.3) 1 (14.3)

Executive Dysfunction
Before diagnosis Self-report 53 24 7 (29.1) 2 (28.6)

Informant-rated 50 18 3 (12.5) 1 (14.3)
At assessment Self-reporta 68 23 14 (58.3) 5 (71.4)

Informant-rateda 66 21 8 (33.3) 2 (28.6)

Data are median T-scores that are age-adjusted and sex-adjusted according to published norms. Frequency impaired scores are the number of patients
(% in parentheses) with frontal or nonfrontal tumors whose scores are clinically significant (ie T . 65).
Abbreviation: IQR, interquartile range.
aSignificant change in behavior compared with rating before diagnosis (P , .05).

Fig. 1. Example of residual tumor (left), tumor cavity (center), and white matter abnormality (right).

Table 3. Behavioral syndromes in relation to tumor and treatment factors

FrSBe Subscale Tumor grade Hemisphere Antiepileptics Radiotherapy

High Low Right Left Yes No Yes No

Apathy
Self-report 71 (40) 62 (26) 66 (28) 62 (25) 62 (35) 65 (23) 62 (25) 76 (37)
Informant-rated 75 (23) 51 (31) 77 (45) 68 (28) 73 (39) 68 (33) 60 (39) 74 (23)

Disinhibition
Self-report 53 (19) 68 (29) 57 (28) 66 (21) 31 (23) 68 (26) 63 (21) 67 (30)
Informant-rated 56 (20) 56 (23) 57 (15) 56 (27) 55 (16) 59 (51) 56 (22) 54 (13)

Executive Dysfunction
Self-report 70 (25) 65 (26) 68 (24) 68 (25) 69 (22) 61 (23) 68 (15) 69 (37)
Informant-rated 62 (17) 71 (28) 66 (16) 67 (28) 66 (18) 56 (33) 62 (26) 67 (18)

Data are median FrSBe subscale scores, interquartile range in parentheses.
No effect of tumor or treatment variables on FrSBe scores; all P values . .1
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Discussion
We found that patients with primary brain tumors and their care-
givers reported significant behavioral problems typically associat-
ed with frontal lobe dysfunction after the diagnosis of the tumor.
Retrospective ratings of these behaviors prior to diagnosis were
within the normal range for most of our sample suggesting
that the perceived decline in these behaviors was a consequence
of the tumor or its treatment. These results are in keeping with
those of Gregg et al, who reported a similar frequency of frontal
behavioral syndromes after a brain tumor diagnosis.14 In that
study, they found significant behavioral syndromes regardless
of tumor location, although these syndromes occurred with a
higher frequency among patients with frontal lobe lesions than
among patients with tumors in other brain regions. Our data ap-
pear to be consistent with those findings, although the small
number of patients with nonfrontal lesions in our sample limits
our ability to explore this systematically. Patients with nonfrontal
tumors may develop these behavioral changes because parietal
and temporal lobes are important afferents to frontal behavioral
circuits.21 Lesions in those regions may result in blood flow reduc-
tion and dysregulation of the monoaminergic system in the fron-
tal cortex.42,43 The right temporal lobe in particular is highly
interconnected with other structures involved in behavior regula-
tion, including orbito-frontal cortex, and is associated with emo-
tional processing of auditory and olfactory stimuli and social
cognition.44

Interestingly, although most of our patients had lesions involv-
ing dorsolateral prefrontal cortex (74%), clinically significant lev-
els of Apathy and Disinhibition were observed in addition to
Executive Dysfunction in our sample. This is concordant with ev-
idence of broad afferent and efferent interconnections between
the circuits involved in the control of these behaviors both within
the frontal lobes and between frontal-subcortical regions includ-
ing basal ganglia and temporal, parietal, and occipital lobes.44 – 46

This may explain the widespread cortical dysfunction commonly
seen among patients with brain tumors regardless of tumor
location.42

Our study revealed that postsurgical tumor cavity volume and
white matter abnormalities correlated positively with behavioral
problems. Tumor cavity size reflects loss of both cortex and
axons, encompassing both focal cortical loss and the disruption
of interconnected networks, resulting in more widespread dis-
turbance and more extensive cognitive and behavioral deficits
than what might be expected from a focal lesion.47,48 Similarly,
T2/FLAIR residual, nonspecific white matter abnormalities may
correspond to late-delayed leucoencephalopathy, microangio-
pathic changes, or gliosis that have been associated with cogni-
tive or behavioral dysfunction.49 – 51 These lesions are related to
demyelination and/or axonal loss with a subsequent dysfunction
of the involved network.15 White matter integrity is critical for
cognitive functioning, and changes to white matter microstruc-
ture seen with more sophisticated imaging such as diffusion ten-
sor imaging, but not evident on routine clinical scans, are
associated with cognitive deficits in people with traumatic brain
injuries52 and brain tumors.53,54 Tumor location, size, and
edema have been reported to have a significant impact on cogni-
tive functioning12,13 and so it is not unexpected to find that some
of these factors could also impact behavior. In contrast, some tu-
mors may infiltrate brain parenchyma without causing death of

the neurons and axons55,56 with some functions remaining rela-
tively spared.57,58

We found no relationship between frontal behavioral syn-
dromes, as measured by the FrSBe, and other variables associat-
ed with the tumor and its treatment including tumor laterality,
type, WHO grade, antiseizure medication, surgery, radiation ther-
apy, and elapsed time after radiation therapy. The heterogeneity
of our sample, small sample size, and retrospective design may
have precluded a proper assessment of these factors. The retro-
spective component of the FrSBe may not provide an accurate
measure of the patient’s behavior prior to diagnosis due to issues
related to recall bias. Nonetheless, premorbid ratings are sensitive
to behavior change when compared with current behavior in pa-
tients with focal frontal lesions, and as such provide a useful in-
dicator of the impact of the tumor on current functioning.30,59

Another limitation of this study was the challenge of accurately
distinguishing residual, nonenhancing tumor from nonspecific
white matter abnormality. Notwithstanding these limitations, to
our knowledge, the relation between behavioral syndromes and
tumor-related MRI characteristics in adult brain tumor patients
has not been previously explored. Our results suggest that a pro-
spective study with a larger sample is warranted to clarify the re-
lations between tumor parameters and behavioral changes.
Those relations could have implications for treatment, particular-
ly for patients with low-grade tumors, for whom it is considered
acceptable to defer surgery until evidence of clinical or significant
radiological progression.60 – 63 Understanding the repercussions of
surgery on cognition and behavior will provide much-needed ed-
ucation for physicians, patients, and families to inform treatment
decision making.

In summary, in addition to focal neurologic deficits and cogni-
tive comorbidities that have been reported among patients with
brain tumors,7,13,16 our study corroborates the high frequency of
frontal behavioral dysfunction in this population and suggests
that certain factors may play a more important role in their devel-
opment. These findings must be corroborated in prospective stud-
ies with a larger sample to definitively establish the incidence and
prevalence of frontal behavioral syndromes in brain tumor pa-
tients, as well as the factors associated with frontal dysfunction.
Better appreciation of behavioral changes in brain tumor patients
will allow us to understand the role they play in caregiver burden,
patient community integration, and patient quality of life. The
FrSBe is a relatively brief scale with good factor structure and con-
struct validity hence it is a useful instrument that may be used in
clinical research to assess changes in behavior and the three fron-
tal behavioral syndromes separately30,32,64 so that individualized
interventions based on abnormal behavior profiles might be im-
plemented. Finally, understanding the relationship between
behavioral symptoms and tumor-related MRI parameters may
have implications for treatment. Behavioral symptoms are impor-
tant deficits in brain tumor patients so they need to be considered
as end points in clinical trials, in addition to enriching the informa-
tion gathered in routine neuropsychological assessment.
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