1

Cognitive Changes Associated with ADT: A Review of the Literature
Running Title: ADT and Cognition

Rhoda Jamadar1, Mary Winters1, Pauline Maki1, 2

University of Illinois at Chicago, Department of Psychiatry1, University of Illinois at Chicago, Department
of Psychology 2

Pauline M. Maki, Ph.D.
Professor of Psychiatry and Psychology
Director, Women’s Mental Health Research
University of Illinois at Chicago
912 South Wood Street
Chicago IL 60612
(312)996-6941
(312)413-7856 (fax)
pmaki@psych.uic.edu

2

ADT and Cognition

Abstract

The use of androgen deprivation therapy (ADT) has increased since the early 1990s after early detection
efforts and greater use of the PSA test. Although ADT is associated with favorable clinical outcomes,
ADT has been associated with an increased risk for cardiovascular disease, increased serum cholesterol,
triglycerides, insulin resistance, body mass index, and fat body mass. Here we review findings from
11 clinical studies examining the effects of ADT on cognition as measured by standardized tests in
cognitive domains such as verbal and spatial memory. Most of these studies have important limitations,
including small sample sizes, suboptimal control groups, and baseline group differences in confounding
factors. Despite these limitations, the best designed studies, those that comparing patients on ADT to
healthy controls, generally suggest that spatial memory might be especially sensitive to the effects of
ADT. Critically, to date there is only one study involving random assignment of ADT versus close clinical
observation. That study revealed a decrease in verbal memory with ADT but was limited in sample size
and did not include a measure of spatial memory. A recent observational study revealed no substantial
evidence of cognitive impairment with ADT, even in the domain of verbal memory. Like the randomized
study, however, this large observational study lacked a measure of spatial memory. Overall, the studies
with the best controls suggests a potential negative impact of ADT on spatial memory, and perhaps
verbal memory, and a need for continued investigation of the impact of ADT on cognition, particularly in
these two cognitive domains.
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Introduction
According to the World Health Organization International Agency for Research on Cancer, prostate
cancer is the second most frequently diagnosed cancer of men worldwide, with 899,000 new cases
in 2008 (13.6% of the total), and is the fifth most common cancer overall [1]. Documented incidence
rates of prostate cancer differ considerably across countries worldwide because of the greater use of
prostate specific antigen (PSA) testing and subsequent biopsy in developed countries. The PSA test has
a greater effect on incidence than mortality, so there is a 25-fold difference in documented incidence
rates worldwide but only a 10-fold difference in mortality rates. Asia has a low age-standardized
mortality rate (2.5 per 100,000) compared with Australia (15.4 per 100,000) and the United States (9.7
per 100,000). Across Asia, rates are uniformly low, including in Japan (5 per 100,000), India (2.5 per
100,000), and China (1.8 per 100,000).

With greater use of the PSA test since the early 1990s, the use of androgen deprivation therapy (ADT)
increased in the United States from 3.7% of patients to 31% [2]. ADT includes pharmacological therapies
and surgical bilateral orchiectomy. Gonadotropin-releasing hormone agonist (GNRHa) therapies account
for the majority of ADT therapy [2, 3]. Pharmacological therapies include luteinizing hormone-releasing
hormone (LHRH) and GnRHa therapies such as leuprolide (Lupron), goserelin (Zoladex), and triptorelin.
Flutamide (oral anti-androgen) is often prescribed with GnRH analogs to block testosterone receptors
from the initial surge of testosterone [4]. Currently, in the United States, half of men with prostate
cancer will receive ADT at some point after diagnosis [5, 6]. ADT is primarily used among high-risk
men and among men aged 65 and older [7]. Given the large number of men on ADT, side effects are
important to consider, especially since adverse effects and complications of treatment may impact
health and quality of life more than the cancer itself [2, 3].
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ADT has been associated with comorbidities such as an increased risk for cardiovascular disease,
increased serum cholesterol, triglycerides, insulin resistance, body mass index, and fat body mass[8].
Recent reviews have highlighted these comorbidities, but have made minimal reference, if any, to
cognitive consequences of ADT [8, 9]. Consideration of the cognitive effects of ADT is important since
more than half of new prostate cancer diagnoses occur after age 65, an age associated with increased
rates of cognitive aging [10]. Understanding factors that might exacerbate the typical declines in
cognitive function that occur in older men is important for maintaining a high level of social and
occupational function and for maintaining quality of life. For example, neuropsychological measures
of spatial ability and processing speed have been shown to predict driving errors both on-road and in
driving simulators[11]. A thorough review of the clinical literature was published in 2008 and indicated
that although studies suffered from small sample sizes, there was a strong argument that ADT is linked
to subtle but significant cognitive declines in men with prostate cancer [12]. Since that publication, new
high quality evidence has emerged [13], warranting a reexamination of the data.

Evidence for Cognitive Effects of Testosterone
Basic science studies have elucidated the structural and physiological consequences of androgen
blockade in the brain. Androgen receptors are found in brain areas critical for memory and higher order
cognitive functions, including the hippocampus, parietal lobe, and prefrontal cortex[14]. Especially
relevant for studies of memory is the finding that androgen withdrawal leads to decreases in synaptic
spine density in the CA1 region of the hippocampus, the brain region that subserves memory function,
allowing the encoding of new memories [15, 16]. Androgen depletion via gonadectomy in rodents
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has been shown to increase brain levels of beta-amyloid protein, the neuropathological hallmark
of Alzheimer’s disease. Supplementation with 5α-dihydrotestosterone (DHT), the active metabolite
of testosterone, reverses this effect [17]. In humans, the apolipoprotein epsilon 4 (ApoE4) allele is
associated with a greater risk for Alzheimer’s disease [18]. Androgen blockade in rodents expressing this
allele has been shown to impair memory performance on the water maze task [19]. Testosterone also
exerts effects from the aromatization to estrogen which in turn binds to estrogen binding sites located
in the hippocampus and prefrontal cortex [20]. Estrogen withdrawal is associated with reductions in
memory in both basic and clinical studies (see [21, 22] for reviews).

Longitudinal studies indicate that men experience a gradual loss of testosterone as they age, but there
are appreciable individual differences in the rate of loss [23-25]. Neuropathological evidence suggests
that testosterone levels in the brain also decrease with age [26]. Prospective studies of male volunteers
in the Baltimore Longitudinal Study of Aging demonstrate that men showing greater rates of decline in
testosterone over a 10- to 20-year period also show the greatest rates of cognitive declines, the lowest
rates of glucose metabolism in brain regions subserving cognition, and the greatest risk of Alzheimer’s
disease [27-29]. Serum levels of testosterone are reported to be lower in men with Alzheimer’s disease
compared to controls[30], and men with a neuropathological diagnosis for Alzheimer’s disease have
lower brain levels of testosterone [11]. Findings from randomized, placebo-controlled clinical trials of
testosterone supplementation in older or hypogonadal men show variable cognitive effects [31-39].

Methods
A review was conducted through PubMed to identify studies investigating the cognitive effects of ADT.
The search words “androgen deprivation therapy, cognition, memory, imaging” were used to search
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for articles. References from articles found were cross-referenced to identify other relevant articles.
The search revealed a total of 11 studies examining ADT in relation to objective cognitive performance
[40-42]. Our primary focus was effects on specific cognitive domains including verbal memory (e.g.,
memory for word lists), visual memory (e.g., memory for geometric designs), spatial memory (e.g.,
route memory), spatial abilities (e.g., mental rotations), attention, verbal fluency, processing speed,
executive function (e.g., planning and mental flexibility), and working memory. Additionally, when
available, we report findings based on a Reliable Change Index (RCI) calculation or a similar approach.
Whereas analyses of typical scores compare group differences in mean scores, analyses of RCIs examine
group differences in the percentage of patients and controls that show clinically significant impairment.
We required that studies include standardized neuropsychological tests with appropriate normative
data and precedence in the clinical literature. For that reason, we did not include studies that relied
exclusively on experimental measures of cognitive performance [43] which are not validated clinically
and have no norms. Similarly, we did not review studies that included only global measures of cognition
such as the total score on the High Sensitivity Cognitive Screen [44, 45], because such measures were
developed and validated to detect gross cognitive impairment as contrasted with more subtle cognitive
difficulties within specific cognitive domains.

Below we first review nine studies that examine the effects of ADT on cognitive performance. (See
Table 1). The simplest study design involves only one patient group whose cognitive performance is
first assessed before ADT and again after receiving ADT for several weeks. These studies can provide
insights into what cognitive changes patients might experience over the course of treatment but are
limited because they provide no estimate from a control group about how performance should change
over time. We review three studies with that simple design [40-42]. A better study design is one where
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the patient groups are tested at baseline and after treatment and compared to a control group tested
at two sessions spaced at equal intervals. Such a design allows an estimation of change in performance
related to ADT given what would be expected in the absence of ADT. Ideally, the control group would be
a patient group not receiving ADT but most studies instead include a healthy comparison group, largely
due to ethical concerns about withholding ADT. In that case, the study design does not control for the
presence of prostate cancer and related issues that may impact cognitive function (e.g., psychological
ramifications of diagnosis, fatigue, cancer treatments). We review three studies involving a healthy
community control group [46-48] and two studies that an untreated patient control group [13, 49]
. Only one of these studies directly compared different ADT treatments, and treatment assignment
was randomized in that study [50]. In a follow-up publication, that randomized study added a healthy
comparison group [49].

In the second part of this review, we describe two studies examining the effects of estradiol treatment
on cognition in men receiving ADT. The rationale for including these studies is that they provide insights
into the potential therapeutic benefit of estrogen treatment and the extent to which ADT effects on
estradiol might explain ADT-related changes in cognition.

Does ADT Affect Cognitive Function?
Studies Examining Patient Groups Only Over Time
Almeida and colleagues (2004) investigated the effects of ADT in men with prostate cancer (mean
age = 72 y) over one year [41]. Patients were treated with flutamide (250 mg) for one week and then
began treatment with leuprolide for 36 weeks. They then discontinued ADT and were followed for an
additional 18 weeks. Patients completed eight visits over a one-year period, including tests one week
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before treatment (pre-baseline), on the day they started flutamide (baseline), during treatment (i.e., 4,
12, 24 and 36 weeks after baseline), and after treatment discontinuation (i.e., 42, 48 and 54 weeks after
baseline). Cognitive tests included measures of verbal memory, visual memory, and spatial abilities,
as well as a measure of global cognitive function. Results showed significantly improved performance
on tests of verbal and visual memory over the one-year period, both during and after ADT treatment.
Such an improvement is expected over time given practice effects. Overall, there was little evidence of
a negative impact of ADT on cognition. One exception was that CAMCOG scores improved significantly
after treatment withdrawal, suggesting that ADT may have had some negative effects.

Salminen conducted a prospective observational study of 23 men (mean age 65) with non-metastatic
prostate cancer receiving LHRH analog (leuprolid 11, 25 mg subcutaneously, 4 times a year for 3
months) and concurrent radiotherapy [40]. Fifty-two controls were also tested at baseline only, so
the effects of ADT on cognition could not be ascertained in relation to what would be expected in the
absence of ADT and prostate cancer. Cognitive function was assessed on a computerized test battery
and occurred at baseline (i.e., pre-treatment in the LHRH group), 6 months and 12 months during
treatment. Healthy controls outperformed patients at baseline on tasks of verbal fluency, visuomotor
abilities and sustained attention. Patients improved their performance on tasks of episodic and semantic
memory after treatment. Given the lack of repeated testing of controls, it is unclear whether the
magnitude of improvement is as great as would be expected in the absence of ADT, since typically
performance on the second assessment improves as a result of previous exposure to tests. Moreover,
use of a computerized test battery makes comparisons to other studies challenging.
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Mohile and Lacy (2010) examined changes in cognitive performance in a group of men (median age
71 years) with asymptomatic metastatic prostate cancer [42]. Cognitive testing was completed before
patients began ADT (n = 32) and 6 months following ADT initiation (n = 21). Cognitive tests included
measures of language, verbal and visual memory, fine motor skills, and executive function. At baseline,
before and within two weeks of starting ADT, 45% of patients showed cognitive impairment on at least
two cognitive tasks, where cognitive impairment was defined as scoring more than 1.5 SD below the
age and education-adjusted population reference means for that test. Evidence of baseline impairment
was most evident on the Grooved Pegboard tests of fine motor speed (60% and 90%, respectively on
the dominant and nondominant hand) and on the test of verbal memory (42% on verbal learning and
delayed recall). Cognitive performance, as assessed by mean scores, did not change following ADT,
except for fine motor skills which improved on the non-dominant hand. When assessed using RCI
approaches, cognitive function changed following ADT, but with most showing mixed evidence of both
improvement and decline across cognitive tests. Specifically, none of the subjects significantly declined,
14% significantly improved, and 57% showed a mix of both decline and improvement. This study
suggests that men with asymptomatic metastatic prostate cancer may show cognitive declines before
ADT treatment, though that conclusion is limited by the lack of an assessment of cognitive impairment
in a control group.

Section Summary: Overall, the three studies that followed patient groups only over time suggested
that patients show improved cognitive performance over time and that their performance generally
compares favorably with established norms. Two studies found evidence of cognitive impairment in
patients before treatment with ADT, underscoring the importance of comparing patients to controls
before treatment[40], [42].
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Observational Studies Comparing Patients Versus Healthy Controls Over Time
Cherrier conducted a prospective observational study involving a group of 19 men with non-metastatic
prostate cancer in biochemical relapse treated with intermittent ADT and a group of 15 healthy men
(mean age of groups 65) [47]. Patients were treated for two weeks with flutamide (250 mg, 3 times
daily) or bicalutamide (50 mg daily) if intolerant of flutamide followed by the addition of leuprolide
(7.5 mg IM) for a total of nine monthly doses. Cognitive assessments occurred twice before treatment,
during the ninth month of treatment, and again after a 3-month washout. The second (pre-treatment)
cognitive assessment served as baseline to minimize the influence of practice effects thereafter (since
such effects are greatest from the first to second assessment). Cognitive measures included tests
of spatial and verbal memory, spatial abilities, verbal fluency, and attention. Results were analyzed
separately for younger (51-66 years) and older (66-81) participants because age was a significant
covariate in initial analyses. Among younger participants, there was an interaction between group
and time on a measure of verbal memory (i.e., proactive interference) such that those treated with IADT showed a greater improvement in verbal memory following washout compared to controls (both
groups performed similarly at baseline and 9 months). On the Route Test measure of spatial memory,
the control group improved compared to baseline but the IAS group did not. Based on RCI analyses,
after androgen suppression, 69% of the I-ADT group declined on spatial ability, but after treatment
washout, only 15% of men in the I-ADT group continued to show decline. This I-ADT group also
showed a significant improvement in verbal memory after washout. The number of controls showing
impaired performance was not reported. Overall, this study indicates a decline in cognitive ability in
men undergoing ADT with evidence of a return to normal function after treatment washout. The study
weaknesses include small sample size, a lack of a control group of patients not receiving I-ADT, and
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challenges in controlling for age effects.

Jenkins conducted a prospective observational study of 32 patients (mean age 68) who were
administered a LHRH analog as part of their routine medical care compared to healthy controls
(mean age 65) [46]. Cognitive assessments were timed to examine the short- and long-term effects of
treatment by having participants complete assessments at baseline (pretreatment), during the third
month of treatment, and after six months of treatment discontinuation (i.e., 9 months). Cognitive
measures included tests of auditory/verbal memory, visual memory, verbal fluency, working memory
and attention, processing speed, and vigilance. There were no group differences on any task, including
the RAVLT, across all time points. RCI analyses revealed that 47% of patients declined on at least one
cognitive task after three months of treatment with ADT compared to 17% of controls. Among the
patients showing significant cognitive decline, 60% declined on a task of visuospatial ability (i.e., mental
rotations, spatial memory, or spatial working memory). Overall, this study provides evidence that a
subset of men undergoing ADT may be vulnerable to cognitive decline associated with ADT, specifically
spatial memory.

Cherrier examined the effects of 9 months of intermittent GnRHa (leuprolide) treatment and a daily
anti-androgen (flutamide) pill in 19 hormone-naıve, eugonadal prostate cancer patients with a rising
PSA but with no signs of metastases (mean age 62) [48]. The control group was healthy men (mean
age 66). Cognitive testing occurred at pre-baseline (before initiation of any treatment), baseline (again
before initiation of any treatment), 3 months, 9 months (last treatment visit), and 12 months. Cognitive
measures assessed a variety of domains including spatial ability, spatial memory, verbal memory, verbal
fluency, and executive function. After the 9-month assessment ADT was stopped for a variable period
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of time. Three months after treatment, ADT patients performed worse than healthy controls on spatial
memory, mental rotations, and executive function tasks. These effects were not evident at the 9-month
visit. Together these findings suggest a transient decrease in spatial memory, mental rotations and
executive function with ADT.

Section Summary. Overall, consistent with findings from a previous review [12], these three rather small
studies indicate an appreciably reliable finding of impaired spatial memory and spatial abilities in men
receiving ADT for prostate cancer compared to healthy controls. These deficits appeared during the
third month of treatment with ADT but were not found again at 9 months regardless of whether the
patient was still receiving ADT. That finding may reflect the difficulties of detecting cognitive deficits
after repeated cognitive testing, particularly in small sample sizes, or may suggest that any cognitive
deficits are transient. Notably, there is good evidence that testosterone supplementation improves
spatial memory and spatial abilities in men [32, 36, 37, 51, 52].

Studies Comparing Patients on ADT to Patients not on ADT to Healthy Controls
The first study that directly compared the effects of ADT treatment on cognition in men with prostate
cancer compared to untreated prostate cancer patients was published by Green and colleagues in
2004 [49] and built on a study first reported in 2002 [50]. The earlier study will first be reviewed. It is
significant because it represents the only study to date to directly compare different ADT treatments on
cognitive function in men with prostate cancer, and does so in a randomized design.

Green’s 2002 report included 77 men (of 82 who consented) randomized to receive either leuprorelin
(LHRH analog), goserelin (LHRH analog), cyproterone acetate (steroidal antiandrogen) or close clinical
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monitoring for six months. Cognitive assessments were completed at baseline and at 6-month follow up.
Sixty-five of 77 patients randomized completed both cognitive assessments. The examiner was blinded
to condition; it is unclear if patients were similarly blind to assignment. Cognitive domains assessed
included memory, attention, and executive function for a total of 12 outcome measures. One notable
omission was a test of spatial memory. Results revealed a significant group difference in performance
across the two assessments on only one outcome, a measure of verbal learning (i.e., trials 1 to 5 of the
Rey Auditory Verbal Learning Test (RAVLT)). Specifically, at 6 months, the men assigned to goserelin
showed worse verbal learning compared to baseline whereas men assigned to cyproterone showed
improved verbal learning. (There was a trend for the leuprorelin group to show a decrease on Trails
B, a measure of processing speed and mental flexibility, compared to other groups.) The RCI analyses
revealed that men on ADT showed a higher frequency of significant cognitive decline than men on
close clinical monitoring. The results were impressive; 24 of the 50 men on active treatments showed
a reliable decline on at least one cognitive task compared with none in the close clinical monitoring
group. Among the weaknesses of the study were that more than 20% of participants did not complete
all cognitive tasks, sample sizes were somewhat small, groups showed baseline differences in IQ and
education, it is unclear whether participants were blinded to condition, and missing data were replaced
using inconsistent methods.

Green published a follow-up study to the 2002 study in 2004 after adding a group of healthy community
dwelling controls (mean age 69) and a 12-month cognitive assessment [49]. Cognitive assessments were
completed at baseline and at 6- and 12-month follow ups. Of 20 community dwelling controls, 15
completed all three cognitive assessments. Of the 82 men with prostate cancer, 62 (mean age 73.5
years) completed all three assessments. Consistent with the 2002 publication, results indicated
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significant group differences in performance across the three assessments on the RAVLT measure of
verbal learning. At 6 months, the men assigned to goserelin showed poorer verbal learning compared
with men assigned to leuprorelin. (Note that in the 2002 report, men assigned to cyproterone showed
improved performance at 6 months.) At the 1-year visit, men on ADT showed decreased verbal learning
compared to men receiving close clinical monitoring, but there was no difference between the active
treatment groups. Group differences over time were also observed on a measure of processing speed
(i.e., the Digit Symbol Substitution Test). Men with no prostate cancer showed greater improvement
over the three visits compared to men assigned to ADT treatments and to close clinical monitoring.
Processing speed in men assigned to cyproterone acetate decreased from baseline. Overall, these data
indicate that ADT may have a negative impact on verbal learning and processing speed in men with
prostate cancer. Although this study benefits from the inclusion of a healthy control group and a longer
follow-up, the weaknesses in the original publication remain.

The largest and best controlled study of the effects of ADT on cognitive function was published in
2010 by Alibhai and colleagues [13]. Patients with prostate cancer starting ADT (n = 77), patients with
prostate cancer not receiving ADT (n = 82), and healthy controls (n = 82) performed cognitive tests at
baseline, six months, and 12 months. The mean age of the patients was 69 years and range was 5087 years. Importantly, the three groups were matched at baseline on important factors including age,
education, global cognitive function, and reading achievement. One weakness of the study is that the
particular types of ADT were not specified. The cognitive test battery was comprised of well-validated,
neuropsychological tests, with appropriate parallel forms where available for repeated testing. The
cognitive domains assessed included: attention; processing speed; verbal fluency; visuospatial ability;
verbal learning and memory; visual learning and memory; executive function/working memory; and
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executive function/cognitive flexibility. Note, however, that the battery did not include a sensitive
spatial memory measure, like the Route Task or similar tasks shown in smaller studies to be impaired
with ADT[46-48] or shown in clinical studies and randomized trials to improve with testosterone therapy
in older men[36, 37, 51, 52].

Three different analytic approaches were used to examine the effects of ADT on cognition and were
appropriate to examine given their use in the literature. One approach examined group differences
in average scores. The other approaches were similar to the RCI approach but differed slightly; one
examined group differences in the proportion of ADT patients scoring > 1 standard deviation compared
to controls, and the third examined group differences in the proportion of participants who declined by
more than 1.5 SD on two or more tests. Results comparing group differences in mean scores revealed
that after adjusting for age and education, ADT users showed worse immediate memory on one of two
measures, working memory on one of four measures, and worse visuospatial abilities on one of two
measures. Those findings were not evident in the RCI-like analyses. The authors concluded that there
was no consistent evidence of deleterious cognitive effects of ADT over 12 months.

Section Summary. The Alibhai investigation adds critically important new data to the literature, and
incorporated the larger sample size and follow-up needed to better assess the effects of ADT on many
aspects of cognition, including verbal memory. There were some minor weaknesses, including allowing
baseline testing up to four weeks after starting ADT and use of a range of ADT treatments that were
not clearly specified. From a cognitive test perspective, however, there was a significant weakness in
the omission of a measure of spatial memory. The inclusion of such a task is critical given that spatial
memory shows one of the largest and most reliable effects of testosterone in the literature [36, 37, 46-
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48, 51, 52]. The inclusion of a visual memory task, which measures memory for geometric designs, is
informative but the visual memory task does not show the sex differences or testosterone effects that a
spatial memory task does. Moreover, given the importance of spatial navigation and memory in driving
and other functional abilities, assessment of ADT in relation to spatial memory has important clinical
significance.

Overall, the Green studies [13, 49] show notable difference from the Alibhai study in that a negative
impact of ADT was observed on a test of verbal memory in the Green study but not the Alibhai study.
The verbal memory measures used in the two 12-month studies were similar, though the earlier and
shorter (i.e., 6-month) Green study pointed out different directions of change across verbal memory
measures. The limited sample size and experimental weaknesses in the Green study, including baseline
group differences in age and IQ, may account for the discrepancy. The sample size in the Green et al.
study (n = 48 on ADT versus n = 15 not receiving ADT) was smaller than that in the Alibhai study (n = 77
on ADT and n = 82 not receiving ADT). On the other hand, Green and colleagues randomized participants
to either close clinical monitoring or one of three forms of ADT, so the overall experimental design is
stronger. Another possibility is that some of the particular ADT treatments used in the Green study
have a more negative impact on verbal memory than those used in the Alibhai study. Specifically, Green
found that goserelin had a more negative impact on verbal memory at 6 months than did leuprolin [49]
. It is possible that a larger proportion of ADT-treated patients in the Green study received goserelin (19
of 48 men; 40%) than in the Alibhai study. Unfortunately, the specific ADT treatments were not specified
in the Alibhai study. On the other hand, Matousek and Sherwin examined the effects of goserelin
treatment on verbal memory in men assessed before and after treatment, but no negative effects were
evident [53].
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Does Estradiol Improve Cognitive Function in Men Treated with ADT
Beer and colleagues investigated cognitive function in 18 men diagnosed with androgen-independent
prostate cancer (metastatic or prostate specific antigen only) who were enrolled in a clinical trial
of transdermal estradiol (0.6 mg/24 hours) as a second line hormonal therapy[44]. Their cognitive
performance was compared to 18 age-matched patients receiving ADT and 17 community dwelling
health controls. The particular form of ADT differed among men, and groups differed in terms of mean
vocabulary and overall global cognitive function at baseline. All groups were tested at baseline and then
four weeks later, after the first group had discontinued ADT and received four weeks of transdermal
estradiol treatment. At baseline, the two prostate cancer groups, both on ADT, performed worse
on a measure of verbal story recall (both immediate and delayed), and showed slower processing
speed compared with healthy community dwelling men. Men on ADT also showed more fatigue and
confusion and less vigor compared with healthy control men. There was a near significant (p =.08)
interaction between group and time such that performance on the on immediate story recall improved
with treatment in the estradiol group (p = .08) but did not change in the other two groups. Estradiol
treatment did not affect mood, but ADT negatively impacted confusion and depression. This study
lends new insights into estradiol effects on cognition in men with prostate cancer and helped to
justify further investigation into the potential benefits of estradiol on cognition in men with androgenindependent prostate cancer. Conclusions about ADT are limited by a lack of a pre-ADT baseline, by
heterogenous ADT treatments (e.g., orchiectomy, GNHRa with or without antiandrogen therapy), and
group differences in vocabulary and overall cognitive function.

Matousek and Sherwin (2009) conducted a randomized controlled trial of add-back estrogen
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or placebo on cognition in 21 men with prostate cancer [53]. All patients first received an antiandrogen
(Bicalutamide 50 mg/day) for 2 weeks and then GNRHa. The specific GNRHa was chosen at the
discretion of the patient’s physician and was either goserelin acetate (10.8 mg SC every 12 weeks),
leuprolide acetate (30 mg IM every 16 weeks), or leuprolide acetate for injectable suspension (22.5 mg
SC every 12 weeks). After 12 weeks, patients were randomized to receive estradiol or placebo. Patients
were assessed at baseline (following anti-androgen treatment but before GNRHa), 12 weeks (ADT),
and 24 weeks (estradiol versus placebo) on measures of verbal memory, spatial ability, visuomotor
abilities and working memory). Results showed no significant within-subject change in performance
from the assessment during anti-androgen treatment to the assessment following ADT. These results
need to be interpreted with caution since there was no control group to assess rate of expected
change in performance in the absence of treatment. After 24 weeks, the placebo group significantly
outperformed the estradiol group on the immediate and delay portions of a verbal memory task (Logical
Memory). Overall, this study suggests that estradiol may have negative effects on verbal memory in men
treated with ADT.

Summary
To date there have been 11 studies that examined the impact of ADT on cognitive performance. The
most recent of these studies, the prospective study by Alibhai and colleagues overcame a number
of notable limitations in previous studies including small sample sizes, group differences in age and
education at baseline, and lack of an untreated patient group. Thus, to date there is one high quality
prospective observational study of the effects of ADT on cognition. The conclusions from that study
are that ADT has little if any negative impact on cognitive function. Even that study, however, has a
notable limitation in the omission of a test of spatial memory, which has been shown in the earlier
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studies to be especially sensitive to the effects of ADT and testosterone supplementation [32, 36, 37,
51, 52]. Additionally, the specific types of ADT were not specified so possible differences between
therapies could not be evaluated despite some suggestions from earlier studies that certain therapies
(i.e., goserelin) may have more deleterious cognitive effects. Based on the available evidence, it seems
that the effects of ADT on cognition may indeed be minimal, but there is need for caution in drawing
this conclusion about ADT and spatial memory, since that particular cognitive domain was not assessed
in the Alibhai et al. study despite a sizeable scientific literature documenting its particular sensitivity to
ADT [32, 36, 37, 51, 52, 54]. There is mixed evidence of estrogen effects on cognition in men receiving
ADT, with one study suggesting possible benefits to verbal memory [44] and another suggesting possible
decrements [53].

Earlier studies have been critiqued for design weaknesses, including lack of estimation of practice
effects, inconsistency of results, lack of effects across a number of domains, recruitment of welleducated samples that might not generalize to other samples, and use of methods that do not enable
detection of subtle cognitive changes over time[13]. These criticisms are appropriate for many studies,
but do not apply to all studies. For example, all but three of the eleven studies controlled for practice
effects by including a control group tested at similar intervals over time [46-48]. Similarly, it is true that
some studies found deficits in verbal memory [46-48] and visuospatial memory and abilities [46-48],
while others found no such evidence. On the other hand, each of three studies that assessed spatial
memory found a significant negative impact of ADT on spatial memory [46-48]. Thus, while some
effects are variable, others appear to be quite robust. Similarly, it is wrong to assume that if ADT
negatively impacts cognition, such effects should be evident across the majority of cognitive domains.
Only a severe cognitive impairment, such as advanced Alzheimer’s disease or severe traumatic brain
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injury, affects cognition globally. Sex steroid hormones affect only select areas of cognition, and
especially affect cognitive domains subserved by brain regions where sex steroid hormone receptors are
prominent. Basic science studies show that the effects of testosterone in the brain are limited to specific
areas, particularly the hippocampus, and deficits are related to spatial abilities and encoding new
memories [15, 16] . For that reason, it is to be expected that cognitive domains such as verbal memory
and spatial abilities would be most sensitive to the effects of ADT. Criticisms regarding volunteer
selection biases, particularly the educational level of subjects in the present literature, should be also be
interpreted with caution. In the nine studies assessing only the effects of ADT on cognitive
performance, the weighted average was 12.9 years of education. Participants in the Alibhai study
averaged 16 years of education (College Level) on average, while Green had 10.6 years (less than high
school). Generalizing findings to less educated individuals remains a concern. A final criticism applies to
most studies examining hormone effects on cognition, that is, concerns about the ability to detect
subtle but persistent cognitive declines over time, in this case in men undergoing ADT. Detecting subtle
cognitive impairments over time is problematic even with a valid and reliable battery of cognitive tests,
because practice effects amass over time and obscure subtle cognitive effects. Practice effects are
evident even in healthy individuals aged 70 and older who are tested on two occasions two years apart
[55]. For this reason it can be helpful to incorporate multiple baseline assessments, as Cherrier has
done in her ADT studies, to maximize practice effects before the estimation of treatment effects[48]. It
is notable that when such a design is used, the spatial memory effects are reliable. Neuroimaging
studies may be helpful in detecting ADT effects over time [55].

The remaining gap in our understanding of the effects of ADT on cognition is the lack of a large-scale,
randomized study comparing men randomized to ADT versus watchful waiting. Green conducted a

21

ADT and Cognition

small scale study (n = 77) of this kind and found deleterious effects of ADT on verbal memory [49, 50].
On the other hand, Alibhai conducted a larger scale observational study (n = 241) and found no effects
of ADT. From the available evidence, it appears most important to include tests of spatial memory,
verbal memory, and visuospatial abilities, and to a lesser extent processing speed. It would be helpful
to incorporate these cognitive measures into future studies comparing ADT and watchful waiting on
clinical progression of prostate cancer. Depending on future developments in the clinical literature,
such a study might be possible, for example in older men diagnosed by PSA within the early stages of
prostate cancer. Additionally, it is important to consider what factors might contribute to vulnerability
to negative cognitive effects of ADT, including increased age, low educational attainment, and other
cancer treatments.
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