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Abstract

Purpose—To characterize cognition in individuals with germline PTEN mutations (N=23) as
well as in PTEN mutation-negative individuals with classic Cowden Syndrome or Bannayan-
Riley-Ruvalcaba Syndrome (N=2).

Methods—Twenty-five individuals completed a comprehensive neuropsychological evaluation.
One sample t-tests and effect sizes were used to examine differences in participant test scores
compared with normal controls. Composite scores were created for each patient within each of the
cognitive domains assessed and classified as above average, average, or below average according
to normative standards. Chi-square analyses compared these classifications to expected
proportions in normal control samples.

Results—The mean 1Q was in the average range, and there was a wide range of intellectual
functioning (extremely low to very superior). However, scores were lower than expected on
measures of motor functioning, executive functioning, and memory recall suggesting a pattern of
frontal lobe dysfunction in a large subset of participants.

Conclusion—This is the first study to characterize cognition in individuals with PTEN
mutations and associated syndromes using a comprehensive neuropsychological battery. Contrary
to previous association with intellectual disability, mean 1Q was average, and there was a broad
range of intellectual abilities. Specific evidence of frontal lobe dysfunction may have implications
for treatment compliance and cancer surveillance and warrants further investigation.
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INTRODUCTION

PTEN (OMIM+601728), is a major tumor suppressor gene located on 10g23.3 with a
documented role in heritable and sporadic malignancies. Germline PTEN mutations have
been found to occur in a subset of several seemingly disparate clinical syndromes including
Cowden syndrome (CS, OMIM 158350) and Bannayan-Riley-Ruvalcaba syndrome (BRRS,
OMIM 153480) (reviewed in Zbuk and Eng, 20071). Irrespective of syndrome, individuals
carrying germline PTEN mutations are umbrellaed under the term PTEN hamartoma tumor
syndrome (PHTS) 1. 2. CS is an autosomal dominant disorder characterized by multiple
hamartomas and a high risk of malignancies, with increased lifetime risks for female breast
cancer (85%), epithelial thyroid cancer (35%), endometrial cancer (28%), renal cancer
(34%), colorectal cancer (9%), and melanoma (6%)2. While the neoplastic risks have
recently been reasonably well characterized, the neurobehavioral phenotype remains
unknown.

Despite the fact that developmental delay, intellectual disability, and CNS anomalies have
been associated with PHTS and related syndromes in family studies and small case
series*12, no known studies have systematically investigated the cognitive characteristics of
these patients. The goal of this exploratory study was to characterize cognition in individuals
with known PTEN mutations as well as in individuals with classic CS and BRRS who do not
have PTEN mutations.

MATERIALS AND METHODS

Participants

Participants were recruited from an ongoing prospective observational study of PHTS,
Cowden and Cowden-like individuals. Eligible participants were informed about the current
cognitive study and invited to participate if they met the following inclusion criteria: 1) had
undergone PTEN mutation analysis and a pathogenic mutation was detected, either through
Cleveland Clinic research or clinical laboratories (N=23), or 2) in the absence of a
deleterious PTEN mutation, presented with strong phenotypic features consistent with a
diagnosis of CS or BRRS as outlined for CS by the International Cowden Consortium?!3 and
for BRRS by disease-specific expert consensusl4 (N=2). All research participants were
required to travel to Cleveland, Ohio for study participation.

A total of 25 research participants were prospectively enrolled in this Institutional Review
Board approved study (IRB No. 07-289) between July 2007 and July 2012 and provided
informed consent for participation. All participants (20 adults, 5 children) completed a
neuropsychological assessment as part of their participation in this research study. Parental
consent was obtained for the participation of children with assent from the child. Adults
ranged in age from 23 to 60 years (M=43.95, SD=12.19) and had a mean education level of
16.25 (SD=2.36). The five children in the study were ages 5, 5, 14, 16, and 17. Given their
young age, the cognitive battery administered to the 5 year-olds did not include assessment
of all cognitive domains. Twenty-three participants had an identified PTEN mutation. Of the
two mutation negative research participants, one had classic BRRS and one had classic CS.
Given that most research participants in the study had PTEN mutations (92%), this series
will hereinafter be referred to as PHTS. Demographic and health characteristics for the
participants are summarized in Table 1 and detailed phenotypic features in Supplemental
Table S1.

Four participants had a history of brain surgery. Two had resection of cerebellar tumors [one
with confirmed Lhermitte-Duclos disease (LDD) and one with probable LDD], one had a
brain stem meningioma with hydrocephalus treated with surgical resection and
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ventriculoperitoneal (VP) shunt, and one had an arachnoid cyst treated with surgery and VP
shunt placement. Brain MRIs were completed on an additional 10 research participants as
part of their clinical care and were available for review. Of those, the most common findings
were venous anomaly/angioma, Chiari | malformation, or cystic lesion. See Tables 1 and S1
for more information.

Fourteen research participants had a history of cancer not involving the CNS for which they
underwent surgery. In addition, two research participants completed chemotherapy, two
participants underwent radiation, and three participants had both chemotherapy and
radiation. Cancer types and treatments are outlined in Table 1.

Genetic Analyses

Measures

Analyses

Germline DNA was extracted in the Genomic Medicine Institute’s Genomic Medicine
Biorepository and analyzed in a research laboratory (CE) for PTEN DGGE or Lightscanner-
based mutational scanning (99% sensitive in Eng lab hands). Samples with variations via
mutation scanning were re-PCR’ed and Sanger sequenced in the Genomics Core Facility,
Cleveland Clinic. Large deletions and rearrangements were detected by MLPA and
confirmed by quantative PCR.

All study participants completed a neuropsychological assessment that included clinical and
structured diagnostic interviews conducted by a board-certified neuropsychologist (RB, JC,
or JH) as well as a comprehensive cognitive battery that included measures of intellectual
functioning, attention/concentration, visuomotor processing speed, language, executive
functioning, visuospatial skills, memory recall, memory recognition, academic skills, and
motor functioning. See Supplemental Tables S2 and S3 for a list of cognitive measures
included in the neuropsychological assessment. All measures were scored according to their
published test manuals using age-corrected and, when appropriate, education-corrected
norms. To allow for comparison across measures, all test scores were transformed to
standard scores with a mean of 100 and a standard deviation of 15. Higher standard scores
reflect better performance. A summary of the cognitive data is provided in Table S2.

Composite scores were created for each patient within each of the cognitive domains
assessed (e.g., language, executive functioning) by summing standard scores of the
completed measures within the cognitive domain and dividing the sum by the total number
of measures within that domain. See Supplemental Table S3 for a list of the individual
cognitive measures included in each domain.

One sample t-tests examined differences between test scores from individuals with PHTS
and normative data obtained from control samples in published test manuals (normative
mean standard score = 100, standard deviation = 15) on domain composites as well as on the
individual subtests within each domain. Then, each participant’s domain scores were
categorized as Above Average, Average, or Below Average using a one standard deviation
(i.e., £15 points) cutoff from the mean (i.e., 100). Chi-square analyses with exact tests were
then computed for each cognitive domain to determine whether the proportion of
participants within each of the three test performance categories differed significantly from
expected proportions in the normal population (i.e., 16% Above Average, 68% Average, and
16% Below Average). Identical sub-analyses were performed on the individual measures
within each cognitive domain.
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One sample t-tests revealed that mean scores among individuals with PHTS were
significantly lower than control samples in the Motor [t(22)=-5.02, p<.001, d=-.94) and
Executive Functioning [t(22)=-3.67, p=.001, d=-.70] domains with large and medium effect
sizes, respectively. There was also a similar trend in the Memory Recall domain [t(24)=
-1.80, p=.085, d=—38], albeit with a smaller effect size. No significant differences were
observed between individuals with PHTS and normal controls on any of the other cognitive
domain scores. See Table 2.

Chi-square analyses with exact tests revealed that more individuals with PHTS had reduced
performance in the domain of Motor Functioning [x2(2)=9.41, p=.009] compared to
expected proportions in normal controls. There were also similar trends in Memory Recall
[¥2(2)=5.24, p=.068] and Executive Functioning [x2(2)=4.72, p=.097]. The proportion of
PHTS individuals within each of the three performance groups did not significantly differ
from that of normal controls on other cognitive domains assessed. See Figure 1.

When individual tests within the Motor Functioning composite were examined, a larger
proportion of individuals with PHTS had reduced fine manual dexterity compared to normal
controls (Grooved Pegboard Test, p=.000). Of note, 7 participants demonstrated reduced
performance with only one hand, while 10 participants demonstrated reduced manual
dexterity bilaterally. Only 6 research participants in this sample had normal range manual
dexterity scores bilaterally. Within the Executive Functioning composite, there was a greater
than expected proportion of individuals with reduced performance on a measure of
phonemic verbal fluency (Controlled Oral Word Association Test, p=.002) and a trend in
this direction on a novel problem-solving task (Wisconsin Card Sorting Test, Perseverative
Errors, p=.094). Finally, examination of measures within the Memory Recall composite
revealed a larger percentage of individuals with reduced performance on the immediate
recall trials of a word list learning task (Rey Auditory Verbal Learning Test, p=.009) and a
trend in this direction on the delayed recall trial of this measure (p=.059). See Tables 2, S2,
and S3 for a summary of results on all measures.

Examination of the overall cognitive profiles of each individual in this study revealed that
three participants (12%) had rather global cognitive impairments across domains, including
borderline to extremely low Full Scale Intelligence Quotients (FSIQ). Two of these research
participants had a history of resected cerebellar tumor. FSIQ for the remaining participants
(n=22) ranged from low average to very superior (standard score 80-135; M=107.38,
SD=13.67). As noted above, the two youngest children in the study, both of whom were 5
years old, received relatively limited cognitive batteries given the test measures available for
their age group. Therefore, cognitive profiles across all domains could not be examined for
these two children. Of the adolescent and adult participants with low average or better FSIQ
scores (n=20), the most commonly observed findings were reduced performance on
measures of manual dexterity and/or executive functioning (EF). Specifically, 7 participants
(35%) demonstrated reduced dexterity bilaterally, while 5 demonstrated reduced dexterity
with only one hand (3 dominant, 2 nondominant). Most research participants demonstrated
reduced performance on one (n=10) or two (n=3) EF measures. Of these, one patient
underwent removal of an arachnoid cyst with placement of a VP shunt. Only one participant
with low average or better FSIQ demonstrated low performance on all four measures of EF.
This patient had a history of brain stem meningioma with hydrocephalus treated with VP
shunt and surgical resection. Most individuals with low average or better 1Q demonstrated
intact performance on measures of academic ability, memory, naming, semantic fluency,
visuospatial skills, and motor speed.
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While four of the research participants in this study had brain surgeries/tumor resections that
may have impacted their cognitive test performance, the overall pattern of results did not
substantially change when data were re-analyzed following exclusion of these individuals.
In fact, 72% of the remaining adolescent/adult participants had reduced manual dexterity
with at least one hand, 89% had reduced performance on at least one measure of executive
functioning, and 47% had reduced performance on at least one measure of memory recall.
Further, there was not a higher incidence of reduced performance on these tasks in research
participants with a history of cancer or those who had undergone prior cancer treatments
(i.e., chemotherapy, radiation). Therefore, the cognitive findings in this study are not driven
by effects of prior surgical or medical interventions. While there do not appear to be any
obvious cognitive differences between individuals who are positive versus negative for a
PTEN mutation, given the small sample size of mutation-negative participants (N=2) it was
not possible to adequately examine cognitive differences as a function of PTEN mutation.
Nevertheless, all analyses were re-run after excluding the two mutation-negative research
participants, and the overall pattern of results remained unchanged.

DISCUSSION

This is the first study to examine cognitive functioning in individuals with PHTS and related
syndromes using a comprehensive neuropsychological battery that assesses a wide range of
cognitive domains. The existent literature has suggested an association between PHTS and
developmental and/or intellectual disability* 6 10, However, most studies have based this
conclusion on reported developmental history rather than formal assessment (i.e.,
intelligence testing) in individuals, family studies, or small case series comprised primarily
of children. Clearly, the current study demonstrates a much wider range of intellectual
capacity in individuals with PHTS than has previously been appreciated. In fact, there were
only three individuals in the current study with FSIQ scores falling within the range seen in
intellectual disability (i.e., borderline to extremely low scores), two of whom had undergone
prior brain surgery. The remaining participants, who constituted 88% of the study sample,
had FSIQ scores in the low average to very superior ranges. These findings are consistent
with the observations of Miles and colleagues (1984) who reported that “true mental
retardatci)on was not a regular manifestation” (p. 231) in their sample of patients with
BRRS10,

The pattern of findings in this study also suggests increased prevalence of frontal lobe
dysfunction in individuals with PHTS. There were a larger proportion of individuals with
PHTS with reduced performance on select measures of executive, motor, and memory
functioning than would be expected in the normal population. Specifically, these research
participants showed greater difficulty on measures of phonemic verbal fluency and fine
manual dexterity than normal controls as well as perseverative responding on a measure of
novel problem-solving. All of these measures have been associated with disruption of frontal
lobe circuits®. Further, the memory difficulties observed in the study participants were
restricted to free recall tasks rather than recognition memory measures. This memory pattern
suggests a retrieval-based deficit rather than a primary encoding issue, providing further
support for frontal lobe dysfunction1®.

Results of available MRI studies suggest a high prevalence of brain anomalies (e.g., vascular
malformations, cysts, tumors) in our study participants. In fact, there were imaging
abnormalities reported in 79% of those research participants on whom MRI was available.
This rate may not be representative of the entire sample given that MRI studies were
conducted only in individuals where it was clinically indicated (i.e., 56% of this sample).
Nevertheless, our findings are consistent with the few imaging studies reported in the
literature’: 17. Lok and colleagues’ found cerebral abnormalities on brain MRI in 7 of 20
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patients with Cowden syndrome who had no clinical indication of neurological dysfunction.
Venous and cavernous angiomas were the most frequent abnormalities, followed by
Lhermitte-Duclos disease, and one had a meningioma. While most of the observed
neuroimaging abnormalities are generally considered to be “benign,” it is possible that they
contributed to the cognitive findings.

While the overall pattern of test findings observed in this study is most consistent with
frontal lobe dysfunction, we cannot rule out cerebellar dysfunction as a contributing factor
given its role in many aspects of motor and cognitive functioning8-20, As noted, dysplastic
gangliocytoma of the cerebellum (i.e., LDD) is often observed in individuals with PTEN
mutations and, in adults, is considered pathognomonic for CS?1-23, At least two research
participants in the current study had confirmed/probable LDD; however, we cannot be sure
of the actual prevalence of cerebellar abnormalities in this sample given that neuroimaging
was not available for many research participants. Future studies that include neuroimaging
will be required to make firm conclusions regarding the prevalence of brain anomalies,
including LDD, in this population and their potential relationship to cognitive functioning.

Regardless of the underlying cause of the frontal lobe dysfunction observed, these cognitive
difficulties may have important implications for treatment compliance and compliance with
cancer surveillance in patients with PHTS. Executive functioning and memory retrieval
difficulties may make it difficult for patients to organize and recall information provided to
them by their physicians and to remain vigilant with treatment and surveillance
recommendations. If future investigations provide corroborating evidence for a frontal lobe
pattern of cognitive dysfunction, cognitive rehabilitation may be indicated, in at least a
subset of individuals, to improve treatment compliance.

A limitation of the current study is that all participants were recruited as volunteers who
were able to travel to Cleveland for research participation and willing to participate in
completing an approximately 4 hour battery of cognitive testing. Thus, it is unknown the
extent to which our sample is reflective of the larger PHTS population. Regardless, results
suggest that intellectual disability is less common that previously reported. Further, there is
no reason to suspect that volunteers would be more likely to display the observed pattern of
frontal dysfunction than non-volunteers; in fact, we would hypothesize that this study
captured a higher-functioning subset of adults given the organizational abilities needed to
coordinate travel to Cleveland for participation. Future studies will be needed to replicate
the current study findings, to examine the potential impact of cognitive dysfunction on
treatment compliance, and to determine whether cognitive rehabilitation therapies used in
other patient groups with frontal lobe dysfunction are effective in a PHTS population.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

Cognitive performance of individuals with PHTS on composite domain scores compared to
expected proportions in normal controls.

Numbers represent the percentage of patients falling within each score category.
SD=standard deviation.
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Table 1

Participant Demographic and Health Data

Range Mean (SD)

Age
Children (n=5) 5-17 11.40 (5.94)
Adults (n=20) 23-60  43.95(12.19)
Education
Adults (n=20) 12-21 16.25 (2.36)
FSIQ (n=24) 65-135 103.21 (17.17)
Number Percent
Sex
Male 7 28%
Female 18 2%
PTEN Mutation Status
Positive 23 92%
Negative 2 8%
Phenotype
Cowden Syndrome 1
BRRS
Brain MRI Findings2®
Negative/Nonspecific Findings 3 21%
Venous Anomoly/Angioma Only 1 21%
+Cystic Lesion 2
Lhermitte Duclos Diseaseb 2 15%
Chiari | Malformation Only 2 21%
+Cystic LesionP 1
Meningiomab 2 15%
Perinatal Ischemia 1 7%
Prior Brain Surgery/Resection 4 16%
Cerebellar Tumor 2
Arachnoid Cyst 1
Meningioma 1
Cancer History 14 56%
Breast Only 4
Thyroid Only 1
Breast and Thyroid 3
Breast and Other Cancer(s)® 3
Thyroid and Other Camcer(s)d 2
Other Cancer(s)® 1
Cancer Treatments 14 100%
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Range Mean (SD)

Surgery Only 7
+ Chemotherapy Only 2
+ Radiation Only 2

3

+ Chemotherapy and Radiation

FSIQ=Full Scale 1Q;
a . . - .
Results of brain MRI were available for 14 participants — reported percentages are based on these subjects only;
b . . . . .
Counts include subjects who underwent prior brain surgery/resection;
c. . . .
uterine, skin, colorectal, and/or salivary;
d . .
uterine and/or skin;
e .
prostate, lung, and skin;

f . . . . .
Results are reported only for those subjects who had previously been diagnosed with cancer — related percentages are based on these subjects only.
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Mean (SD) scores of PHTS subjects on neuropsychological domains and magnitude (Cohen’s d) of difference
from the normal population. PHTS subjects show large, significant differences for the motor and executive

functioning domains.

Domain PHTS PHTS vs. population controls
M (SD) t(p) Cohen’s d
Intelligence 103.2 (17.2) 0.92 (.370) .20
Attention/Working Memory  102.6 (16.4) 0.73 (.474) 17
Processing Speed 98.8 (12.9) -0.46 (.651) -.09
Language 97.1(15.3) -0.95 (.351) -.19
Executive Functioning 90.3 (12.7) -3.67 (.001) -.70
Visuospatial 97.9 (15.6) -0.66 (.514) -.14
Memory Recall 94.0 (16.7) -1.800 (.085) -.38
Memory Recognition 100.2 (14.7) 0.08 (.935) .01
Academic Skills 104.6 (14.4) 1.53 (.140) 31
Motor 87.2 (12.2) -5.02 (<.001) -.94

Note. Population controls M=100, SD=15
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