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Abstract

Goals of Work—Data suggest that treatment with luteinizing hormone-releasing hormone
(LHRH) agonists may be associated with reduced cognitive functioning. The purpose of the
current study was to compare rates of clinically-significant cognitive impairment in men treated
with LHRH agonists to a matched sample of healthy men without cancer.

Patients and Methods—~Participants were 48 men receiving LHRH agonist therapy for
prostate cancer and 48 men with no history of cancer matched to patients on age and education.
Participants were administered a battery of neuropsychological tests assessing the domains of
verbal memory, verbal fluency, visuospatial memory, visuospatial abilities, and executive
function. Clinically-significant impairment on individual tests was defined as —=1.5 SD below the
normative mean; overall impairment was defined as impaired performance on two or more tests.

Main Results—~Patients did not differ from comparison subjects in age, ethnicity, race,
education, or annual household income (ps > .05). No statistically significant differences in test
means were found. Nevertheless, patients displayed greater overall impairment in cognitive
functioning than comparison subjects (42% of patients versus 19% of comparison subjects, p < .
05). Among patients, prior prostatectomy was associated with impaired immediate and delayed
verbal memory (ps < .05).

Conclusions—Current findings suggest that LHRH agonists and surgery for prostate cancer are
associated with clinically-significant impairment in cognitive functioning. Longitudinal studies are
needed to examine changes in cognitive impairment before and after surgical and hormonal
treatment for prostate cancer. Patients undergoing LHRH agonist therapy should be monitored for
cognitive changes while on treatment.
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In 2007 the American Society of Clinical Oncology (ASCO) issued updated, evidence-based
guidelines for hormonal management of androgen-sensitive prostate cancer [1]. These
guidelines recommend luteinizing hormone-releasing hormone (LHRH) agonists as the
initial treatment for symptomatic metastatic disease and consider them to be of potential
benefit in three other groups: 1) patients with rising prostate specific antigen (PSA) levels
following surgery or radiotherapy, 2) patients with node positive disease who are
asymptomatic for metastases, and 3) patients who are asymptomatic for metastases but have
evidence of metastases on imaging studies. Indeed, studies suggest survival benefits of
LHRH agonists plus radiotherapy for men with locally advanced disease [2, 3] and LHRH
agonists for men with PSA-only recurrence [4]. Consequently, larger numbers of prostate
cancer patients are being treated with LHRH agonists and for longer periods of time [5, 6].
Side effects of LHRH agonists include hot flashes, osteopenia, reduced sexual desire,
fatigue, and risk of diabetes and cardiovascular disease [7-9].

There is conflicting evidence to suggest that impaired cognitive functioning may also be a
side effect of LHRH agonists. Five studies have reported poorer cognitive functioning in
patients on LHRH agonists compared to pre-treatment baseline or comparison participants
[10-14]. For example, Cherrier and colleagues [15] evaluated cognitive functioning in
patients prior to initiation of LHRH agonist therapy, after 3 and 9 months of treatment, and 3
months after the end of treatment. A sample of age- and education-matched men without
cancer were also evaluated. Patients displayed significant declines in spatial reasoning,
spatial abilities, and working memory following initiation of LHRH agonist therapy.
Similarly, cognitive declines in spatial abilities and memory were reported in another study
of patients assessed prior to LHRH agonist therapy and 3 and 9 months later compared to
men without cancer [13]. In contrast, four studies have reported no differences or improved
cognitive functioning in patients [16-19]. For example, in one of the largest studies to date,
Joly and colleagues [19] found no differences in incidence or severity of cognitive
impairment between 57 prostate cancer patients receiving LHRH agonist therapy and 51
age-matched controls without cancer. Another study found significant improvement over
time in patients treated with LHRH agonist therapy assessed prior to initiation of treatment
and 6 and 12 months later [10].

These conflicting results may be due in part to methodological limitations of existing
research, such as absence of a comparison group in some studies and failure to match
patients and comparison groups on variables related to cognitive functioning (e.g., age,
education) in other studies. Moreover, data are sparse regarding rates of cognitive
impairment in men treated with LHRH agonists. The present study was designed to address
previous methodological limitations and provide rates of clinically-significant cognitive
impairment in patients. Previous studies have reported average cognitive test score
performance, which do not indicate what percentage of patients experience clinically-
significant cognitive impairment. Information regarding rates of clinically-significant
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cognitive impairment is important to help clinicians and patients evaluate potential risks of
treatment. It was hypothesized that men receiving LHRH agonist therapy would exhibit
higher rates of clinically-significant cognitive impairment than an age- and education
matched comparison group of healthy men without cancer.

Materials and Methods

Participant Selection and Recruitment

Measures

Following IRB approval, participants were recruited between September 2005 and July
2007.

Patient participants—~Patients were eligible to participate if they: 1) were able to speak
and read English; 2) had at least an eighth grade education; 3) were receiving treatment with
either an LHRH agonist alone or combined anti-androgen/LHRH agonist therapy for non-
metastatic prostate cancer; 4) had been treated continuously with either an LHRH agonist
alone or combined anti-androgen/LHRH agonist therapy for at least six months prior to
assessment; 5) were not suspected to be demented as assessed by clinical history and the
Short Portable Mental Status Questionnaire;[20] and 6) were able to provide informed
consent. Patients were screened for eligibility and were asked to provide written informed
consent during a scheduled outpatient appointment with their oncologist at the Moffitt
Cancer Center (MCC) or the James A. Haley VAMC (JAHVAMC).

Comparison participants—Men were eligible to participate if they: 1) were able to
speak and read English; 2) had at least an eighth grade education; 3) reported no history of
cancer diagnosis other than basal cell skin carcinoma; 4) were within five years of age of the
patient participant to whom they were being matched; 5) had the same educational level as
the patient participant to whom they were being matched (i.e., <12 years versus >12 years);
6) were not suspected to be demented as assessed by the Short Portable Mental Status
Questionnaire [20]; 7) had a working telephone number and mailing address; 8) were able to
provide informed consent. Comparison participants were recruited using contact information
contained in a commercially-available marketing database (Marketing Systems Group, Fort
Washington, PA).

Age, race, ethnicity, marital status, annual household income, and education were assessed
in all participants through self-report. Time since diagnosis, disease stage, type and length of
continuous treatment with LHRH agonist therapy, and previous treatment for prostate cancer
were assessed in patients through medical chart review. Neuropsychological tests were
selected based on a review of published literature at the time of study design [10-12, 17,

18]. Preference was given to tests with demonstrated reliability, validity, and availability of
published norms. The battery was designed to assess five major domains of cognitive
functioning: verbal memory, verbal fluency, visuospatial memory, visuospatial abilities, and
executive function.
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Verbal memory—Verbal memory was assessed using the Hopkins Verbal Learning Test-
Revised (HVLT-R) [21, 22]. Respondents were given three trials to learn a list of twelve
concrete nouns organized into three taxonomic categories. After an intervening period in
which other tests were administered, respondents were given a delayed free recall task. Two
measures of memory performance were derived from this task: immediate recall and delayed
free recall.

Verbal fluency—The Controlled Oral Word Association test (COWA) [23] was used to
assess verbal fluency. It consists of three one-minute trials during which respondents were
asked to generate as many words as they could think of beginning with a given letter of the
alphabet, excluding proper nouns, numbers, and the same word with a different suffix. A
total score was determined by calculating the number of different words produced across the
three trials (C, F, and L).

Visuospatial memory—Visuospatial memory was assessed using the Brief Visuospatial
Memory Test-Revised (BVMT-R) .[24]. Participants were presented with six geometric
figures printed in a 2 x 3 array. In three learning trials, participants viewed the array for 10
seconds and were then asked to draw as many of the figures as possible in their correct
location. After a 25-minute delay, participants were asked to draw the figures from memory.
Then, participants were asked to identify the six figures from among twelve figures. These
procedures were used to obtain two summary scores. The immediate recall score represents
the number of design features correctly reproduced across the three learning trials. The
delayed recall score represents the number of design features correctly reproduced 25
minutes following presentation.

Visuospatial abilities—The Card Rotations Test [25] was used to assess visuospatial
abilities. Participants were provided with 20 separate items and were asked to match a target
stimulus figure with drawings showing the same stimulus figure in possible different
rotations. A point was awarded for each item when the stimulus figure selected was the
target stimulus figure rotated on a 360-degree axis (i.e., not “flipped over”). A total score
was computed based on the number of stimulus figures correctly identified in three minutes
minus the number incorrectly identified.

Executive function—Executive function was assessed with the Symbol Digit Modalities
Test (SDMT) [26]. It requires participants to write the number that corresponds with each
symbol for a series of 110 items in which the symbol but not the number appears.
Participants identified the correct number using a key provided in which a different abstract
symbol was matched with a different number. A total score was determined by calculating
the number of items correctly completed in 90 seconds.

Statistical Analysis

Raw test scores on neuropsychological tests were converted to standardized scores based on
published normative data to facilitate comparisons between tests. Scores on the HVLT-R,
BVMT-R, were standardized according to age-adjusted norms [27, 28]. SDMT scores were
standardized according to age- and education-adjusted norms [26]. Scores on the COWA
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were standardized according to education-adjusted norms [29]. Scores on the CRT were
standardized using norms that were neither age- nor education-adjusted [25]. When using
age-adjusted norms for patients older than the eldest normed group (i.e., BVMT-R, SDMT),
norms from the eldest normed group were used. In accordance with previous research, [30]
clinically-significant impairment on individual tests was defined as —1.5 SD below the
normative mean; overall impairment was defined as impaired performance on two or more
tests. Chi square analyses and t tests were used to determine significant differences in study
variables between the patient and comparison groups. Effect sizes were calculated for
differences in impairment in accordance with Chinn [31]. Post hoc analyses were conducted
to explore relationships between cognitive impairment and clinical characteristics; these
consisted of Pearson correlations, point biserial correlations, and phi coefficients. Analyses
were conducted using SAS (Cary, NC) statistical software.

Sociodemographic and clinical characteristics of the sample are displayed in Table 1. In 8 of
48 control subjects, there were discrepancies between level of education reported during
eligibility screening and reported during the assessment. However, there were no significant
differences overall between patient and comparison groups in education or other
sociodemographic characteristics. Data from these 8 participants were included in analyses.
As shown in Table 2, patients displayed lower scores and higher rates of impairment on five
of seven individual tests and a greater number impaired tests, although chi squares and t
tests indicated that these differences were not statistically significant. However, the patient
group displayed significantly greater overall impairment (defined as the percentage of
individuals with impaired performance on two or more tests) than the comparison group.
Effect sizes for comparisons in which the patient group showed greater impairment than the
comparison group were in the small to medium range as defined by Cohen (ds=.26-.62)
[32]. Results of exploratory post-hoc analyses examining relationships between clinical
characteristics and cognitive impairment are shown in Table 3. Findings indicated that
previous prostatectomy was associated with significantly higher rates of impairment in
immediate and delayed verbal memory.

Discussion

The aim of the current study was to examine rates of clinically-significant cognitive
impairment in prostate cancer patients treated with LHRH agonists compared to a matched
comparison group of healthy men without cancer. Patients were significantly more likely to
display overall cognitive impairment, defined as impaired performance on two or more tests,
than comparison participants. Patients also exhibited lower mean functioning and higher
rates of impairment than comparison participants on five of seven tests of cognitive
functioning, although these differences were not statistically significant. Effect sizes for
group differences in impairment were in the small to medium range. This pattern of findings
suggests that there are likely additional clinically-significant cognitive differences between
patients and comparison participants but that our study did not have enough power to detect
them. While this study is one of the largest to date, additional larger studies are needed to
confirm our findings.
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To our knowledge, only one other study has reported rates of clinically-significant
impairment in patients treated with LHRH agonists. In a sample similar to ours in terms of
age, education, and time on treatment, Joly and colleagues [19] reported no significant
differences in incidence of cognitive impairment between patients (23%) and an age-
matched comparison group of men without cancer (35%). The sizable difference in
percentages indicates that the study may have been underpowered to detect group
differences. Regarding mean cognitive performance levels, the lack of significant findings in
the current study stands in contrast with previous research comparing men treated with
LHRH agonists to men without cancer. For example, Green and colleagues [12] reported
that patients on LHRH agonists performed significantly poorer on verbal memory and
attention than a non-cancer comparison group at pre-treatment baseline and 6 and 12 months
later. The sample was similar to ours in terms of age and estimated 1Q but were less
educated (i.e. a mean of 9 years). Bussiere and colleagues [14] also found that patients
displayed significantly worse retention of verbal information than a healthy comparison
group; their sample was similar to ours in terms of age and education but had been on
androgen deprivation therapy longer (i.e., a mean of 5 years). Taken together, available data
suggest that there may be subgroups of patients treated with LHRH agonists who experience
clinically-significant cognitive impairment. The presence of these subgroups may not be
reflected in mean performance levels. Future studies should report both mean performance
levels and rates of cognitive impairment.

An unexpected finding in the current study was the relationship between prior prostatectomy
and impairment in immediate and delayed verbal memory in patients treated with LHRH
agonists. This finding suggests that there may be deleterious effects of anesthesia on this
older population of cancer patients. To the best of our knowledge, no other study has
examined the relationship between surgery and cognitive functioning in men with prostate
cancer. Further study is needed to examine potential effects of surgery on cognitive
functioning in this population, such as through the use of multivariate analyses controlling
for other relevant clinical and demographic characteristics.

The current study is characterized by a number of strengths, such as recruitment of a
matched comparison group. Comparison participants were matched to patients on age and
education, two variables that can affect cognitive functioning. This matching procedure was
successful, as comparison participants did not differ from patients on these or other
sociodemographic variables. Additionally, comparison participants were recruited from a
mailing list, rather than nominated by patients, to ensure independence between patient and
comparison participant responses. Another strength of the study was examination of rates of
clinically-significant impairment. Information regarding clinically-significant impairment
serves to enhance the interpretation of study results by researchers, clinicians, and patients.
The study is also characterized by some limitations. The sample was predominantly white
and non-Hispanic, limiting our ability to draw conclusions about the effects of LHRH
agonist therapy for other racial and ethnic groups including African-Americans, a group
disproportionately affected by prostate cancer. Because the study was not longitudinal, we
are unable to draw conclusions about change in cognitive impairment over time in patients
versus comparison participants. For example, it is unclear whether patients may have
exhibited cognitive impairment prior to undergoing LHRH agonist therapy. Longitudinal
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studies are needed to determine whether rates of cognitive impairment increase following
initiation of LHRH agonist therapy. Finally, the current study did not assess levels of
testosterone in patients and controls. Thus, we cannot be certain that men in the comparison
group were characterized by normal levels of testosterone. This issue is important because
the risk of hypogonadism increases with age [33].

Although it is unclear how LHRH agonist therapy may exert an influence on cognitive
functioning, one possibility is through reduction in testosterone and/or estradiol.
Testosterone supplementation has been associated with improved cognitive functioning in
healthy older men [34, 35]. In addition, some studies suggest that reductions in testosterone
and estradiol in patients on LHRH agonist therapy are correlated with reductions in
cognitive functioning [16, 18], although other studies have found no differences [13, 17].
Additional reasons for reduced cognitive functioning in patients on LHRH agonist therapy
may include poor sleep due to hot flashes or cancer-related distress. Future studies are
needed to determine the mechanisms through which LHRH agonist therapy is associated
with cognitive impairment.

In summary, results of the current study suggest that men treated with LHRH agonist
therapy evidence higher rates of clinically-significant overall cognitive impairment
compared to men with no history of cancer. In terms of research implications, these findings
highlight the need for larger, longitudinal studies to assess magnitude, nature, and course of
cognitive changes associated with LHRH agonist therapy. In terms of clinical implications,
current findings suggest that patients should be monitored for cognitive changes while on
LHRH agonist therapy as part of a comprehensive assessment of treatment-related toxicity.
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Table 1

Sample Sociodemographic and Clinical Characteristics.

Patients (n=48) | Comparison subjects (n=48) | Statistic

Age - M (range) 69 (51-87) 71 (47-86) t=-.83
Ethnicity (% non-Hispanic) 48 (100%) 44 (94%) ¥2=3.16
Race (% Caucasian) 45 (94%) 47 (98%) ¥2=1.04
Marital status (% married) 39 (81%) 35 (73%) ¥2=.94
Education ¥2=1.09

<9 years 2 (4%) 1(2%)

10-12 years 8 (17%) 6 (13%)

13-16 years 30 (62%) 30 (62%)

> 16 years 8 (17%) 11 (23%)
Annual household income (% = $40k) 34 (72%) 35 (76%) ¥2=.17
Patient recruitment site

MCC 40 (83%)

JAHVAMC 8 (17%)
Years since diagnosis — M (SD) 5.11 (4.54)
LHRH Type

Lupron (leuprolide) 30 (63%)

Zoladex (goserelin) 18 (37%)
Continuous months on LHRH agonist — M (SD) | 23.25 (19.30)
Prior prostatectomy (% yes) 20 (43%)
Prior brachytherapy (% yes) 11 (23%)
Prior external beam radiotherapy (% yes) 26 (55%)
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