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Abstract

Prostate cancer is one of the most common malignancies and a leading cause of death in men. Owing to its excellent anti-
tumor effects, androgen deprivation therapy (ADT) is widely used in the treatment of prostate cancer. However, its use is
controversial because of its potential for inducing cognitive decline. In this review, we summarized the findings of preclini-
cal and clinical studies investigating the effects of ADT on cognitive function in prostate cancer. We discussed the methods
used to assess cognitive function in these studies, elucidated the mechanisms through which ADT affects cognitive func-
tion, and highlighted recent advancements in cognitive assessment methods. The findings of this review serve as a valuable
reference for examining the relationship between ADT and cognitive function in future studies. Besides, the findings may
help clinicians understand the advantages and disadvantages of ADT and optimize the treatment plan so as to minimize the

adverse effects of ADT.
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Introduction

Prostate cancer is the second most common cancer, fol-
lowing lung cancer, among adult men worldwide. In 2020,
more than 1.41 million new cases of prostate cancer were
reported, with an incidence rate of 7.3% [1]. Because pros-
tate cancer is mostly asymptomatic in its early stages, the
optimal time for treatment is frequently missed, leading to a
high mortality rate [2]. Prostate cancer imposes a substantial
socioeconomic burden and is a major challenge to the alloca-
tion of healthcare resources [3]. Because both progression
and metastasis of prostate cancer are driven by androgens
[4], androgen deprivation therapy (ADT) is considered the
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mainstay of treatment for prostate cancer. ADT works by
suppressing androgens or inhibiting their production (serum
testosterone < 50 ng/dL or 1.735 nmol/L) [5]. Over the past
decades, ADT has demonstrated excellent therapeutic effects
against prostate cancer, and significant advancements have
been made in drug-based denervation therapy [6, 7]. At
present, ADT is considered the cornerstone of treatment
for metastatic prostate cancer [8]. The side effects of ADT
include bone and joint pain [9], impaired sexual function,
and an increased risk of cardiovascular disease and cogni-
tive decline. Although ADT is initially effective, patients
may eventually develop castration-resistant prostate cancer
[10-13]. Moreover, recent studies have reported that ADT
increases the risk of cognitive decline in patients with pros-
tate cancer. Cognitive decline is a relatively slow-paced
condition characterized by diminished performance in
domains such as attention, executive function, and memory
[14, 15]. Alibhai et al. conducted a 3-year follow-up study
on patients with prostate cancer who underwent ADT and
found that ADT was not associated with cognitive decline
in these patients [16]. However, several large-sample studies
have reported that ADT leads to a significant increase in the
risk of cognitive decline [17-19]. Therefore, the utilization
of ADT may exacerbate cognitive decline in patients with
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dementia and Alzheimer’s disease, and this high-risk treat-
ment behavior cannot be overlooked [20, 21]. In this review,
we summarized the findings of preclinical and observational
clinical studies investigating the effects of ADT on cognitive
function. The findings and methodologies of the two types
of studies were qualitatively analyzed to explain the incon-
sistencies in findings. Altogether, this review improves the
understanding of the relationship between ADT and cogni-
tive function and serves as a valuable reference for designing
and conducting future studies focusing on the effects of ADT
on cognitive function.

Methods
Aim and research design

This present work is a systematic review including clinical
and preclinical studies using ADT therapy, cognitive func-
tion, and cognitive impairment as keywords, with the aim of
qualitatively analyzing whether the use of ADT increases the
risk of cognitive decline in prostate cancer patients. A con-
cise meta-analysis was conducted to determine the impact of
ADT on cognitive function in clinical trials. This review can
provide support for managing the risk of cognitive decline in
clinic patients with prostate cancer undergoing ADT therapy.

Search strategy

A comprehensive literature search was performed in the
PubMed/Medline, Embase, Web of Science, and Cochrane
databases to screen for eligible articles on ADT and cog-
nitive function published from the date of database incep-
tion to June 28, 2023, with no restrictions on language. The
literature search was conducted using the following key-
words: “androgen,” “deprivation,” “therapy,” “cognitive,”
“prostate,” “cancer,” “mouse,” and “rat.” The search strategy
was formulated to select observational clinical studies and
experimental animal studies. This review was performed in
accordance with Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines [22].

LRI

Study selection
Clinical studies

The inclusion criteria for clinical studies were as follows:
(1) study participants should include patients with prostate
cancer who underwent ADT; (2) the study should include
a detailed description of the methods used to assess cogni-
tive function; (3) the study should involve one or multiple
follow-ups in addition to baseline assessment; (4) the study
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should report detailed data on the level of cognitive function
of patients.

The following types of articles were excluded: (1) dupli-
cate publications; (2) reviews, conference abstracts, pathol-
ogy reports, and animal experiments; (3) studies based on
the analysis of patient data from electronic databases; (4)
retrospective or cross-sectional studies that lacked a follow-
up; (5) pilot studies or a qualitative research design.

Preclinical studies

The inclusion criteria for preclinical studies were as follows:
(1) the animal species used in the study should be male mice
or rats; (2) the characteristics of experimental animal species
should be comprehensively described; (3) the method of cas-
tration of mice or rats should be comprehensively described;
(4) the primary endpoint should be cognitive function. The
following types of articles were excluded: (1) duplicated
studies; (2) reviews, conference abstracts, and case reports;
(3) clinical studies or studies that did not involve animal
experiments.

Data extraction

Data were extracted from each study by three researchers
independently (Mengfan Cui, Liming Chen, and Shimin
Liu). The three researchers assessed the eligibility of stud-
ies based on the abovementioned criteria, and any disagree-
ments were resolved by reaching a consensus. All data col-
lected from the included studies are mentioned in Table 1.

Clinical studies

The following data were extracted from each clinical study:
general information (first author, year of publication, and
type of study), clinical characteristics (medications [or
drugs] used for ADT, neuropsychological and other tests
used in the study, place of patient recruitment, number and
grouping of patients, age of patients, age of education, pros-
tate cancer-specific antigen [PSA] levels versus testosterone
levels, and duration of follow-up), and conclusions (whether
ADT affects cognitive function).

Preclinical studies

The following data were extracted from each preclinical
study: general information (first author and year of publi-
cation), experimental models and methods (breed, strain,
age, sex, and body weight of experimental animals; sample
size; method of castration; and method used for cognitive
assessment), and conclusions (whether ADT affects cogni-
tive function).
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Quality assessment

The quality of the included studies was assessed by three
researchers independently (Mengfan Cui, Liming Chen, and
Shimin Liu), and any disagreements were resolved by reach-
ing a consensus.

The quality of cohort clinical studies was assessed using
the Newcastle—Ottawa Scale (NOS) [20]. In the “Selection”
section of NOS, studies that included individuals with local-
ized prostate cancer who had been receiving ADT for at
least 6 months were considered true representatives of the
exposed cohort and were assigned one point. In the “Selec-
tion of the Non-Exposed Cohort” section, studies including
patients with localized prostate cancer who did not receive
ADT or healthy individuals represented the non-exposed
cohort and were assigned one point. In the “Comparabil-
ity” section, four points were assigned to studies providing
information on age, education level, testosterone levels, and
other factors. Finally, in the “Outcome” section, one point
was assigned to studies that exclusively reported cognitive
performance as assessed by cognitive tests. In addition, one
point was assigned to studies with a follow-up of at least > 6
months, with a minimum follow-up adequacy of 80%, and
one point was assigned to studies with a long-term follow-
up with documented data and a description of participants
lost. Studies with a minimum NOS score of 6 (out of 9) were
considered to be of high quality. The quality of randomized
controlled trials (RCTs) was assessed using the modified
Cochrane Collaboration risk-of-bias tool (Cochrane Hand-
book for Systematic Reviews of Interventions version 6.2).
Each included study was evaluated for each item in the tool.
Studies that completely met the criteria were identified to
have a “low risk of bias” and were assigned a score of 1,
indicating that the study quality was high. Studies with some
missing information were identified to have an “unclear risk
of bias” and were assigned a score of 0. Studies that did
not meet the criteria at all were identified to have a “high
risk of bias” and were assigned a score of 0, indicating that
the study quality was low. The quality of preclinical studies
was assessed following the Animal Research: Reporting of
In Vivo Experiments version 2.0 (ARRIVE 2.0) guidelines
[23]. For each animal study, 21 parameters were reviewed
in detail, including study design, sample size, inclusion and
exclusion criteria, randomization, blinding, outcome meas-
ures, statistical methods, experimental animals, experimen-
tal procedures, results, abstract, background, objectives,
ethical statement, housing and husbandry, animal care and
monitoring, interpretation/scientific implications, general-
izability/translation, protocol registration, data access, and
declaration of interests. If an article clearly provided the
aforementioned information, it was marked “reported.” If
an article provided partial information or lacked the infor-
mation but did not explain the specific underlying reasons,
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it was marked “unclear.” If an article did not provide
the abovementioned information at all or conform to the
design recommended by the guidelines, it was marked “not
reported.” This review has been registered on PROSPERO
(CRD42022380347).

Risk of bias

Study quality and risk of bias were assessed by three review-
ers independently (Mengfan Cui, Liming Chen, and Shimin
Liu), and any disagreements were resolved by reaching a
consensus. The risk of bias was assessed using the System-
atic Review Centre for Laboratory Animal Experimentation
(SYRCLE) risk of bias tool [24]. The tool consists of ten
items with specific signaling questions. For each item, the
risk of bias was classified as high, low, or unclear. “Yes”
and “No” indicated a high and low risk of bias, respectively,
whereas “Unclear” indicated the lack of sufficient informa-
tion for assessing the risk of bias adequately. If one or more
sub-issues were partially met, the risk of bias was unclear; if
no sub-issues were met, the risk of bias was high.

Statistical analysis

The data of cognitive function testing reported in the
included studies were qualitatively analyzed to assess
whether ADT affects cognitive function. If significant dif-
ferences were observed in at least one or more cognitive
function assessment results (P <0.05), ADT was considered
to have an effect on cognitive function. We summarized the
conclusions of clinical studies and preclinical studies and
plotted the percentage loop. The methods for analyzing the
studies included in the meta-analysis are provided in the
supplementary materials.

Results
Literature search
Clinical studies

A total of 515 potentially eligible articles were preliminarily
retrieved via a systematic literature search in the PubMed/
Medline, Embase, Web of Science, and Cochrane databases.
Of these 515 articles, 244 duplicated articles were excluded.
After reading the titles and abstracts, we removed 229 arti-
cles. After reading the full text, we removed seven articles
owing to the lack of important follow-up data, In addition,
we excluded ten articles owing to the lack of experimental
data and four articles due to the duplicated study popula-
tions from the same recruitment site. Eventually, a total of
21 clinical studies were included [12, 25-44]. There were
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few studies using the same neuropsychological test, and only
five studies were included in the meta-analysis [25, 26, 31,
33, 41]. The literature screening protocol and results are
shown in Fig. 1.

Preclinical studies

A total of 43 potentially eligible articles were preliminarily
retrieved via a systematic search in the PubMed/Medline,
Embase, Web of Science, and Cochrane databases. Of these
43 articles, 12 duplicated articles were excluded. After read-
ing the titles and abstracts, we removed 16 articles. After
reading the full text, we removed two articles owing to the
lack of description of cognitive assessment methods and
data related to cognitive assessment. Eventually, a total of
13 preclinical studies were included [45-59]. The literature
screening protocol and results are shown in Fig. 2.

Study characteristics and qualitative analysis

The 21 clinical studies included a total of 1308 patients
with prostate cancer treated with ADT (test group) and 404
healthy individuals, including 211 patients with prostate
cancer not receiving any treatment (control group). The

13 preclinical studies included a total of 673 rats and 155
mice (age, 4—12 weeks; body weight: rats, 180-320 g; mice,
18-22 g). For each study, we summarized the age and weight
of patients or animals, animal breed or institution of recruit-
ment, form of ADT received, method used to assess cogni-
tive function, conclusions, and effects of ADT on cognitive
function. Detailed information regarding the included stud-
ies is summarized in Tables 1 and 2.

Quality assessment
Clinical studies

The average NOS score of the 21 clinical studies was 6.76
(higher than 6, out of 9), indicating that the studies were of
high quality. The comparability of studies that had a before-
and-after design was relatively poor. The details of NOS
scoring are provided in Table 3.

Preclinical studies
According to the ARRIVE 2.0 guidelines, the 13 preclini-

cal studies clearly provided information regarding study
design, sample size, inclusion and exclusion criteria,

Fig. 1 Flow diagram for study - -
selection process = Records 1dent1ﬁed through
£ database searching (n=515) Records removed before
5 PubMed (n=149) _ screening:
= Cochrane (n=61) Duplicate records removed
5 Web of Science (n=55) (n=244)
= Embase (n=250)
—
A4
'
Records excluded after
Records after removal of reading the title and abstract
Duplicates (n=271) (n =229)
VL Exclude records (n=21)
o . -No follow-up (n=7)
£ Full-t'ex't fnjlcles evaluated > No available data (n=10)
§ for eligibility (n=42) -Different studies from
5 duplicated study
2 v populations (n=4)
Reports assessed for
eligibility (n =21)
— Observational clinical

studies included in tablel
(n=21)

Observational clinical
studies included for meta-
analysis (n =5)
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Records removed before
screening:

Duplicate records removed
(n=12)

Records excluded after
reading the title and abstract
(n=16)

Exclude records(n=2)
-No available data(n=2)

Fig.2 Flow diagram for study . .
selection process Records 1dent1ﬁed through
£ database searching (n=43)
= PubMed(n=14)
& Cochrane(n=0)
= Web of Science(n=29)
< Embase(n=0)
o
—
A4
'
Records after removal of
duplicates(n=31)
A4
Full-text articles evaluated
2 for eligibility (n=15)
=
D
2
= \4
Reports assessed for
eligibility
(n=13)
—
A

Studies included in table2
(n=13)

outcome measures, statistical methods, fexperimental ani-
mals, experimental procedures, results, abstract, housing
and husbandry, animal care and monitoring, interpreta-
tion/scientific implications, and generalizability/trans-
lation. However, more significant discrepancies were
observed in the reporting of studies with a randomized
and blinded design. The details of the scoring are shown
in Fig. 3.

Risk of bias

The only RCT among the included clinical studies had
a high risk of bias in terms of blinding [43]. All clinical
studies lacked allocation concealment and randomization
of outcome assessment. According to the results of the
SYRCLE tool, none of the preclinical studies had a low
risk of bias. All preclinical studies failed to present well
in terms of allocation concealment, blinding of partici-
pants and investigators, randomization of outcome assess-
ment, and blinding of outcome assessment. The details of
the scoring are shown in Table 4.

@ Springer

Cognitive function assessment
Clinical studies

Of the 21 clinical studies, 12 studies concluded that ADT
affected cognitive function in patients with prostate cancer
[12, 25, 31, 33-40, 44], whereas the remaining nine stud-
ies concluded that ADT did not significantly affect or had
no effect on cognitive function [26-30, 32, 41-43]. These
conclusions are demonstrated in Fig. 4. A neuropsycho-
logical test battery was designed to assess eight cognitive-
related domains in each study (immediate span of atten-
tion, processing speed, verbal fluency, visuospatial ability,
verbal learning and memory, visual learning and memory,
executive functions of working memory, and executive
functions of cognitive flexibility). Neuropsychological
tests were the primary component of the test battery. Of
the 21 studies, 18 studies reported the use of at least two
or more neuropsychological tests for assessing cognitive
function in patients with prostate cancer. Collectively, a
total of 48 neuropsychological tests and batteries were
used for cognitive function assessment. Ten studies chose
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Fig.3 1: study design; 2:
sample size; 3: inclusion and
exclusion; 4: randomization; 5:

0,
blinding; 6: outcome meas- 0%

10% 20%

30%

% of studies

40% 50% 60% 70% 80% 90% 100%

ures; 7: statistical methods; 1
8: experimental animals; 9: 2
experimental procedures; 3
10: results; 11: abstract; 12: 4 e
background; 13: objectives; 14: 5 - ]
ethical statement; 15: housing 6
and husbandry; 16: animal care 7
and monitoring; 17: interpreta- 8
tion/scientific implication; 18: 9
generalizability/translation; 10
19: protocol registration; 20: 11
data access; 21: declaration of 12 —
interests 13 —
14 S
15
16
17
18
19 |
20
21 S
reproted ®unclear M not reported
Tablg 4. The SYRCLE scores of Included studies SYRCLE items
preclinical studies
1 2 3 4 5 6 7 8 9 10
Lagunas, 2011 n y n n n n n y y y
Mcconnell, 2012 n n n n n n y y y y
Hajali, 2015 n n n n n n y y y y
Betancourt, 2016 n n n n y n n y y y
Pintana, 2016 n n n n n n y y y y
Chunchai, 2018 y y n n n n n y y y
Zhao, 2018 y y n y n n n y y y
Ciprés-Flores, 2019 y y n y n n y y y y
Keawtep, 2019 n n n n n n n y y y
Sharp, 2019 n n n n n n n y y y
Yang, 2020 y y n y y n n y y y
Muthu, 2021 y n n y n n n y y y
Yawson, 2021 n n n n n n n y y y

1, sequence generation; 2, baseline characteristics; 3, allocation concealment; 4, random housing; 5, blind-
ing of participants and personnel; 6, random outcome assessment; 7, blinding of outcome assessment; 8,
incomplete outcome data; 9, selective outcome reporting; 10, other bias; y, low risk of bias; ?, unclear; n,

high risk of bias

the Wechsler Adult Intelligence Scale or the Wechsler
Memory Scale, covering multiple cognitive functions, as
one of the main compositions in the cognitive function
assessment. Among The five studies included in the meta-
analysis, we found that only two neuropsychological tests,
the Mini-Mental Status Examination (MMSE) and Digit

@ Springer

Span, were suitable for completing the data analysis. The
forest plot of MMSE shows that ADT use has a signifi-
cant effect on cognitive decline, the same conclusion was
not evident in the Digit Span test. The detailed statistical
methods and results of the forest map are shown in the
supplementary data Fig. 1 and Fig. 2.
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Fig.4 (a) Whether ADT affects
cognitive function or not in
clinical studies (b) Whether
ADT affects cognitive function
or not in preclinical studies

44%

Preclinical studies

Of the 13 included studies, 12 studies concluded that bilat-
eral orchiectomy caused cognitive decline in rats or mice,
whereas only one study concluded that castration did not
cause significant cognitive impairment in young mice. These
conclusions are demonstrated in Fig. 4. All included studies
used behavioral tests to assess cognitive function in rats or
mice. A total of seven studies reported the use of the Morris
water maze (MWM) test. In addition, other similar maze
tests, including the Barnes maze test, cross-maze test, and
Y-maze test, were used. MWM was most frequently used in
the included preclinical studies, indicating that the test is
highly recognized for the assessment of cognitive function
in rats or mice.

Discussion
Effects of ADT on cognitive function

Androgens are required for the growth of prostate cancer
cells [4]. ADT inhibits the development of prostate cancer
by suppressing androgens. Androgens are classified as C-19
steroids and are mainly secreted by the testes and adrenal
cortex [60]. Testosterone (T) and its Sa-reduced derivative
Sa-dihydrotestosterone (DHT) are the most prevalent andro-
gens in the human body [61]. Androgens play an impor-
tant role in cognitive function. They can readily cross the
blood—brain barrier and control the central nervous system
(CNS) [62]. Androgen receptors are widely distributed in the
brain. Westlye et al. [63] reported that androgen receptors
are highly expressed in the amygdala, brainstem, hypothala-
mus, and cerebral cortex. These regions play a dominant role
in cognitive function and emotion regulation [64]. However,
the expression of androgen receptors is decreased when the

Whether ADT affects
cognitive function or not

No affect

Whether ADT affects
cognitive function or not

7%

56%
93%

Affect No affect = Affect

a b

parietal cortex and hippocampus are damaged [62]. As an
androgen, testosterone prevents tau hyperphosphorylation
and regulates the accumulation of f-amyloid, preventing
cognitive decline [65]. However, individuals with low tes-
tosterone levels are more susceptible to Alzheimer’s disease
and dementia [66, 67]. The enzyme aromatase uses testos-
terone to make 17f-estradiol (E2) [68]. The hippocampus,
prefrontal cortex, and amygdala, which exert protective
effects on cognitive function, are memory-related regions
associated with E2 [69]. Therefore, theoretically, the ADT-
induced decrease in androgen levels, including testosterone
and dihydrotestosterone levels, influences cognitive function
[48, 56].

Risk of cognitive decline associated with ADT use

Behavioral tests in preclinical studies have shown impair-
ments in cognitive function, such as spatial learning and
working memory, in male mice or rats treated with ADT [46,
51, 52]. Similarly, impairments in visuospatial learning and
memory have been observed in patients with prostate cancer
treated with ADT [40]. Although ADT has not been proven
to affect cognitive function in clinical settings, the risk of
cognitive decline cannot be overlooked. Therefore, the ADT-
induced decrease in testosterone levels potentially increases
the risk of cognitive decline in patients with prostate cancer
[36, 67, 70]. Patients should be informed of this risk before
the use of ADT.

Limitations of clinical studies on ADT
Differences between study participants were prevalent
Although all of the 21 included clinical studies reported on

the effects of ADT on cognitive function in patients with
prostate cancer, significant differences were observed in
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the baseline characteristics of patients among the studies.
First, the age of patients largely varied across studies, rang-
ing from 60 to 80 years. Regarding age at education, some
studies did not consider PSA and serum testosterone levels,
which are indicators of cognitive function and prostate can-
cer, at the time of collection of baseline information. Moreo-
ver, heterogeneity was high for some indicators, such as PSA
levels. A study by Morote et al. reported the highest PSA
level of > 400 ng/mL in patients with prostate cancer, which
is higher than the average level reported in other studies
[28]. PSA is secreted by prostate acinar and ductal epithelial
cells, and its production also requires the direct participa-
tion of testosterone, so there is a strong correlation between
them. To some extent, PSA levels can be used as a proxy for
looking at testosterone levels [71]. Popiotek et al. found a
strong correlation between PSA levels and verbal memory
and executive function test results, and PSA levels and free
testosterone levels can be used together as biomarkers to
observe cognitive function [72]. Therefore, owing to large
differences in baseline characteristics, the prevalent differ-
ences among the study population cannot be overlooked.
Some inconsistencies in the findings of the included studies
may be attributed to the variability of the study population.

Differences among research methodologies

At present, maze-related and neuropsychological tests are
the primary methods used to assess cognitive function in
preclinical and clinical studies, respectively. The maze-
related tests mainly include the MWM test, Barnes maze

test, elevated plus maze test, and Y-maze test [73-75]. Of
these tests, the MWM test has been most frequently used in
preclinical studies and yields comprehensive results. The
MWM test reflects the spatial memory and learning ability
of animals (rats or mice) by training them and recording the
time required by animals to locate a transparent platform in a
pool of water [76, 77]. It was first developed by neuroscien-
tist Richard G. Morris in 1981 [78]. Except for maze-related
tests, other tests for assessing cognitive function in mice or
rats are not yet available.

Neuropsychological tests are most commonly used for
assessing cognitive function in clinical studies [79, 80].
These tests reflect the cognitive status and function of
patients in a comprehensive manner. Most importantly,
these diagnostic tests are non-traumatic for patients. Cogni-
tive functioning comprises seven domains, namely, atten-
tion/working memory, executive functioning, language,
verbal memory, visual memory, visuospatial ability, and
visuomotor ability [81]. Researchers should assess various
cognitive domains to obtain a more comprehensive overview
of cognitive functioning. Therefore, the protocol of cogni-
tive function assessment varies across studies. Overall, the
inconsistency between the findings of clinical and preclini-
cal studies is attributed to two reasons. On the one hand, it
is because of the large differences between the two types
of study designs, behavioral tests, and neuropsychological
tests. On the other hand, it is because there are many factors
that should be considered in the design of clinical studies.
Therefore, the research design of clinical studies cannot be
relatively homogeneous as in the case of preclinical studies.

Table 5 Suggestions for clinical studies on whether ADT affects cognitive function or not

&

AT

2. Addition of other measures of cognitive functioning, e.g., nuclear magnetic

resonance, serologic index tests.

4. In studies that focus on cognitive functioning, add the necessary follow-up to track

the status of cognitive functioning in a timely manner.
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Limitations of neuropsychological testing

With the continual advancement of neuropsychological test-
ing procedures and items, there is a wide variety of ver-
sions of neuropsychological tests available. For researchers,
it is essential to carefully select the appropriate version of
the test. Inappropriate versions will undoubtedly increase
researchers’ statistical error [82]. In addition, neuropsy-
chological tests require researchers to score the completion
performance of participants. This scoring process may lead
to information bias. For example, researchers may assign
inappropriate subtest and index scores in WAIS or make
errors in converting and scaling the scores, eventually lead-
ing to inaccurate results [83].

With the advent of the information age and the deepening
of neurological research, changes in cognitive function can
no longer be understood through neuropsychological testing
alone. Chao et al. found that patients with prostate cancer
treated with ADT exhibited a significant decrease in fron-
tal lobe activity in the brain and the volume of gray matter
on MRI scans. These changes were not readily observable
through the neuropsychological tests designed by the authors
[31, 32]. MRI and the establishment of brain networks [84],
as well as the detection of specific markers related to cog-
nitive aging, such as p-amyloid and APOE4 [85, 86], may
facilitate the prevention of cognitive decline.

Conclusions

To the best of our knowledge, this review is the first to sum-
marize and compare the findings of preclinical and clinical
studies investigating the effects of ADT on cognitive func-
tion. We analyzed the challenges encountered in clinical
studies and identified the reasons for inconsistencies in con-
clusions. Based on the findings of preclinical studies, ADT
influences cognitive function. In this review, we first high-
lighted the importance of consistency in the baseline infor-
mation of patients in clinical studies. Second, we suggested
other measures of cognitive function to facilitate diagnosis
and increase the credibility of evidence. Third, we provided
recommendations for the use of ADT in patients with pros-
tate cancer whose cognitive function is already declining or
those who are at risk of cognitive decline. In addition, we
summarized the assessment protocols and prevention guide-
lines that should be followed before using ADT. Fourth, for
patients with cognitive decline, necessary follow-ups should
be conducted to achieve long-term monitoring of cognitive
function and prompt adjustment of the treatment plan. All
of the abovementioned recommendations are mentioned in
Table 5. Although ADT is effective in prolonging the sur-
vival of patients with prostate cancer, we should pay atten-
tion to not only the advantages of ADT but also its side

effects. In conclusion, ADT is a double-edged sword, and
its use relies on clinical decision-making.

Supplementary information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00520-024-08753-3.
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