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Abstract

This study evaluated the effect of the alpha-2Aeadceptor agonist guanfacine on prefrontally-
mediated cognitive functions, as well as qualityifefand global function in healthy elderly
participants. One hundred twenty-three participdbtyears and older were randomly assigned
to guanfacine 0.5 mg, 0.1 mg, or placebo dailyl®mweeks. The primary outcome measure was
the change iz-score for 6 prefrontal executive function taskerol2 weeks (PEF6). Neither
dose of guanfacine improved PEE8core relative to placebo. The rate of mean ch{@fb
confidence interval] in PEFBscore over 12 weeks was 0.270 [0.159, 0.380] lrgbo,
compared with 0.121 [0.011, 0.232] for guanfacirferig p = 0.06, compared to placebo), and
0.213 [0.101, 0.324] for 0.5 m@ € 0.47). Neither dose of guanfacine improved dqyali life or
global function relative to placebo. Among commadrerse events, only dry mouth was
significantly more frequent on guanfacine compdeceplacebo. Guanfacine failed to ameliorate

prefrontal cognitive function in elderly individisalwho were cognitively normal for age.

Keywords: Cognitive aging; Executive function; Prefrontaltex; Brain aging; Guanfacine
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1. Introduction

A core feature of cognitive aging is the declinexecutive functions and working memory
mediated by the prefrontal cortex (PFC) (reviewe@WVest, 1996)). These functions include the
ability to keep in mind an event that has just o, or bring to mind an event from long-term
stores, and temporarily use this information talgusehavior, thought and affect (Fuster,

1985,Goldman-Rakic, 1995).

In large-scale studies older individuals have bagserved to perform worse than younger
individuals on PFC tasks, while scoring comparairiymany nonPFC tasks (Whelihan and
Lesher, 1985). Some abilities, such as vocabulaoywsemarkable stability into old age. These
findings have been corroborated by a multitudetudies of single tasks thought to be sensitive
to frontal lobe damage. For example, older adultsmared to younger adults—generally
perform worse on tasks of spatial working memorw€@, et al., 1990,Robbins, et al., 1998),
show greater interference on incongruent triathefStroop task (Van der Elst, et al., 2006),
have greater difficulty on sequential planning afRwen, et al., 1990,Robbins, et al., 1998),
and commit significantly more errors on tests df@atimensional vs. intradimensional set
shifting (Robbins, et al., 1998). These findingséacreasingly led theorists to conclude that
the cognitive processes supported by the PFC deelrlier and more profoundly than other
cognitive abilities. PFC cognitive deficits begmmiddle age and become increasingly evident
with advancing age—maost apparent after age 75 (iRepbt al., 1998,Scuteri, et al., 2005), the
target age of the present study. The functionaliocgnce of impairment in executive functions

is evident both cross-sectionally and longitudinaiieasures of executive function in elderly
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individuals predict performance in instrumentahates of daily living (IADLs) (Cahn-Weiner,
et al., 2000) and correlate with driving safety i@eault, et al., 2002). The rates of longitudinal
change in measures of executive function in agborte are closely related to decline in IADLs
(Royall, et al., 2004) and predict subsequent cmiwe to Alzheimer’s disease (Rapp and

Reischies, 2005).

Although PFC cognitive dysfunction is a characteriand disabling feature of normal aging
(Royall, et al., 2004,West, 1996), no treatmentlieen developed to date for the amelioration of
these symptoms. It has been appreciated for ovee thecades of animal research that the
working memory and executive functions of the Pla@ lbe improved by alpha-2-adrenoceptor
agonists such as guanfacine (Arnsten, et al., 2988ten and Goldman-Rakic, 1985,Franowicz
and Arnsten, 1998,Rama, et al., 1996,Ramos, €2G0§,Tanila, et al., 1996,Wang, et al., 2007).
Guanfacine acts at post-synaptic alpha-2A receptoBFC spines, where it strengthens PFC
connections by inhibiting cAMP opening of potassicimannels (Wang, et al., 2007). A similar
enhancing profile has been observed with acuténtiesat in humans, whereby guanfacine has
been shown to improve PFC cognitive functions idirlg spatial working memory and
sequential planning (Jakala, et al., 1999a), pas=tciates learning (Jakala, et al., 1999b),
sustained attention and response inhibition (Scatial., 2001), and Stroop interference (Taylor
and Russo, 2001). Guanfacine is well-toleratedresdalready been shown to improve cognitive
function in one clinical disorder—attention defibigperactivity disorder (ADHD) (Biederman,

et al., 2008,Sallee, et al., 2009,Scahill, et2z81Q1, Taylor and Russo, 2001). It has also been
shown to improve prefrontal cognitive functiongigtients with schizotypal disorder (McClure,

et al., 2007) and early abstinent cocaine-deperiddiMiduals (Fox, et al., 2015). However,
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guanfacine has thus far not been tested for it#yatm restore working memory and executive
function in elderly adults, despite the eviden@afmonhuman primate research that they are the
most likely to experience its benefit (Arnstenakt 1988,Franowicz and Arnsten, 1998).
Guanfacine studies in aged human samples haveaigrfecused on the dose range of 0.1-0.5
mg daily (Crook, et al., 1992,McEntee, et al., 199dth one study suggesting a weak trend for
global benefit on doses of 0.4 and 0.5 mg dailgge-associated memory impairment (AAMI)
(McEntee, et al., 1991). We therefore tested guaméadoses of 0.1 and 0.5 mg dalily,
administered at bedtime as in previous studie$dafrky participants to minimize sedative effects

(Crook, et al., 1992,McEntee, et al., 1991).

The primary aim of the present pilot study wasdtednine whether low doses of the alpha-2A-
adrenoceptor agonist guanfacine could improve Ple@iated working memory and executive
control functions, in healthy elderly participan®econdarily, it aimed to determine whether
guanfacine could favorably influence quality oélénd global function and could be safe and

well tolerated.

2. Methods

2.1 Participants

Eligible participants were at least 75 years of, digent in English, and in stable general medical

health. All participants provided written informednsent in a protocol approved by the Yale

University School of Medicine Human Investigatioor@mittee. They then received a screening
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evaluation that included medical history, physigailrological examinations, clinical
laboratories (hematology, chemistry panel 20, Uysig, thyroid function studies, serum B12,

RPR, electrocardiogram, and brain MRI or CT (if dohe within 36 months).

Participants were excluded if they scored <24 enMimi-Mental State Examination (MMSE)
(Folstein, et al., 1975), met DSM |V criteria fagrdentia (American Psychiatric Association,
1994) or Petersen criteria for amnestic Mild Cageitmpairment (Petersen, 2004), as
evidenced by abnormal memory function documentesicoying 1.5 SD below the education
adjusted cutoff on the Logical Memory Il subscalelayed Paragraph Recall) from the
Wechsler Memory Scale — Revised (the maximum sisa28) (Wechsler, 1987). Participants
scoring below this cutoff completed a Clinical Detia Rating Scale (CDR) (Morris, 1993) and
were excluded for a global scar@.5. CANTAB Motor Screening was administered tousas
ability to touch a screen in response to visuasdoemore complex CANTAB tasks.
Participants were also excluded who had significenirologic disease, unstable medical
conditions, a history of alcohol or substance abugiein the past 5 years, or active major
psychiatric disorders, including major depressioma(score o£5 on the Geriatric Depression
Scale, range 0-15) (Sheikh and Yesavage, 198@jcipants were excluded who were taking
antipsychotics, anti-Parkinson’s drugs, anticonamis for seizure disorder, narcotic analgesics,
systemic corticosteroids, centrally active beteckérs, alpha-2 agonists, cholinesterase

inhibitors, or memantine.

2.2 Randomization and | nterventions
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Participants were assigned to receive placebo anfgaine treatment (0.1 mg or 0.5 mg) daily at
bedtime in a double-blind randomized fashion. Rmaricipants (two in the 0.1 mg group and
two in the 0.5 mg group) had difficulty complyingtiwbedtime dosing and were permitted to
take study medication in the morning with theiretimedications. Treatment groups were
balanced with respect to sex and age (75-79; 8@B3B4/9; 90-94 years). Randomization was
performed by the Investigational Drug Service (ID&khe Yale-New Haven Medical Center
using a computerized random-number generator, reathtent was assigned by a computer.
Dosing of study medication began after the Baselisi¢. Participants then returned to clinic at
Weeks 1, 6, 12, and 13 (+ 3 days) for safety ev@mna and dispensing of ongoing study

medication. At Weeks 6 and 12 the outcome Neurdpsggical Test Battery was repeated.

2.3 Outcome M easures

The primary outcome measure was a compasstore from a 6-item neuropsychological
battery targeting prefrontal executive function BBIE The neuropsychological test battery
consisted of 4 items from the Cambridge Neuropsigghical Test Automated Battery
(CANTAB) (Robbins, et al., 1994): Spatial Workingelhory (total between-search errors, for
the 6- and 8-box levels) (Owen, et al., 1990,Robbéh al., 1998), Stockings of Cambridge
(mean number of excess moves made for four andriwee problems) (Owen, et al., 1995),
Intradimensional/Extradimensional Shift (ID/ED Shtbtal extra-dimensional shift errors)
(Robbins, et al., 1998) Paired Associates Lear(tioigl trials to criterion on the 6- and 8-box
problems) (Blackwell, et al., 2004), as well as 8twop Interference Task (Color Word score)

(Golden, 1976) and the Trail Making Test B (timesetonds) (Reitan, 1958). The tests that



N. Barcelos, etal p.8

comprised this battery were selected from thoseghbto reflect prefrontally-mediated

executive or working memory function (Owen, et 4890,0wen, et al., 1991,0wen, et al.,
1995,Robbins, et al., 1998,Van der Elst, et al062@nd demonstrating sensitivity to aging
effects (at least by age 75) (Robbins, et al., N8&8 der Elst, et al., 2006) and—in most cases—
guanfacine treatment effects (Jakala, et al., 19884ala, et al., 1999b,Taylor and Russo, 2001)
in previous human studies. Secondary efficacy onésincluded quality of life as measured by
the Mental Component Score of the 36-ltem ShortyFdealth Survey (SF-36-MCS;
QualityMetric, Lincoln, RI) (Ware and Sherbourn892) and global function as assessed by the
Alzheimer’s Disease Cooperative Study—Clinical Glolnpression of Change (ADCS-CGIC)

(Schneider, et al., 1997).

Safety outcomes included adverse events, whicheslsompassed significant clinical laboratory
and electrocardiographic findings. Systolic andstlibc blood pressure were measured with
participant supine (average of 3 consecutive rggmivith participant lying down forb

minutes) and standing (average of 3 consecutivdingsa obtained immediately upon standing).
Orthostatic blood pressure readings (differenceupine and standing readings) were obtained
for both systolic and diastolic blood pressuresia@en was monitored using the Epworth
Sleepiness Scale (range 0-24) (Johns, 1991). imstrial Activities of Daily Living (IADLS)
were assessed by the participant’s self-ratingsfb€ulty from the Minimum Data Set—-Home
Care scale (range 0-38) (Teresi, et al., 1997)ré&spn symptoms were monitored using the
Geriatric Depression Scale (range 0-15) (SheikhYarsdvage, 1986). Blood was obtained at
Week-12 endpoint for the measurement of plasmafgaere concentration by GMA in

collaboration with the Mass Spectrometry facilifitiee Department of Pharmacology, Yale
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University School of Medicine. Guanfacine standavgse measured with high linearity
(r’=0.9993) and the concentration (3.57 ng/mL) of aliuassessment (“QC”) sample was
determined with intra-assay and inter-assay caeffts of variation (CVs) of 5.2% (n=5) and
3.4% (n=b), respectively. This assay became availaben the study was in progress and was

therefore obtained in a subset of participants Qi1

2.4 Statistical analyses

The primary aim of the statistical analysis wadeatermine if participants treated with
guanfacine (0.1 mg or 0.5 mg daily) showed impropedormance in working memory and
executive functions relative to placebo at studypeint. A composite measure of executive
function was generated by converting raw scoregdgh of the six prefrontal executive function
tests (PEF6) ta-scores (using the sample baseline mean and S&abbr test) and then
averaging to obtain a PEE6&core. The primary outcome measure was the charibe PEF6
z-score between Baseline and Week 12 endpoint. Aivatibble linear regression model using
maximum likelihood estimation was fit with mediaatitreatment group as the main predictor
and baseline score, age, sex, and education appodied covariates. To graphically display
adjusted longitudinal results (including the intediate Week 6 time point), the rate of change
in PEF6z-scores was compared between treatment groups lesigigudinal multivariable

regression (Figure 2).

Due to the limited availability of preliminary datar the PEF&-score, power calculations were

based on a standardized effect size measuredtmafrsD. To attain 80% power to detect a



N. Barcelos, etal p. 10

0.66 SD increase in the change in PEfsgore (two tailedx=0.05) in either treatment group
compared to placebo, the study required 37 comglete41 randomized participants per

treatment group (assuming an overall attrition cdte10%).

The original pre-planned primary analysis follovibd intention-to-treat (ITT) approach, in
which all randomized individuals were included e final analysis. Missing scores were to be
imputed using the multiple imputation method of RutiRubin, 1976). However, with the
approval of the DSMB, the primary analysis was ¢feahto an analysis of protocol completers
because: 1) they represented 119 of 123 (97%)ratjmants, and 2) the Little MCAR screening
test failed to reject the null hypothesis of MCARssingness (Little, 1988). Multiple imputation
was performed, and results were compared to th@leben's analysis to assess the impact of
missing data. Severpbst hoc analyses were performed to provide additionalimsinto the
causal efficacy of treatment. These included atyaisaof compliers (those who ingeste80%

of the prescribed study medication based on retiliroount).

Secondary efficacy aims determined if participargated with guanfacine showed improved
quality of life or global status at study endpois. a measure of quality of life, the SF-36-MCS
was analyzed as described above for the PESe®re. The effect of treatment assignment on
global function (ADCS-CGIC at Week 12 endpoint) vaaslyzed using ordinal logistic
regression, and specifically the proportional oaglel. The seven-point scale was collapsed to

3 ordered groups: worsened, no change, and improvede analysis.
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Secondary safety aims sought to determine if ppénts treated with guanfacine showed
statistically significant differences in safety rmeees. The effect of treatment assignment on the
following individual safety measures was analyzed manner similar to the PEE&core

above: Blood Pressure: Systolic Blood Pressurestblia Blood Pressure, Orthostatic Blood
Pressure Drop; Sedation Ratings: Epworth Sleepi@eske; Geriatric Depression Scale; IADLs:
Minimum Data Set—Home Care scale. In addition,dsggies of adverse events in the three

treatment groups were compared using Fisher’s ¢gact

SAS® 9.4 (SAS/STAT 14.1) statistical software was ufsedll analysesp-Values <0.05 in

two-sided tests were interpreted as being statifisignificant.

3. Results

3.1 Participant characteristics

Participants were recruited between May 22, 20@PMay 11, 2012; the last participant was
randomized on May 21, 2012 and completed the stadugust 13, 2012. As shown in Figure
1, a total of 154 participants were screened ferstiudy: 19 were found ineligible, 12 withdrew
consent prior to randomization, and 123 were rangedn All 123 randomized patrticipants (54
women and 69 men) were included in the safety arsabet and comprised the modified
intention-to-treat analysis set for efficacy, ad® 196.7%) completed the study (Figure 1).
These 119 participants provided outcome data amd wweluded in the study’s analytical

sample. One participant discontinued the studyemi@teiving guanfacine 0.1 mg, two while
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receiving 0.5 mg, and one while receiving placebtifeaadverse events. In addition, one
participant completed all study procedures off gtogkdication (guanfacine 0.1 mg) following
an adverse event. Participant baseline charadtsrisere generally well balanced across
treatment groups—with the exception of baseline &plwSleepiness Scale scores, which

differed by treatment groups (Table 1).

3.2 Effect of Guanfacine Treatment on Prefrontal Executive Function (PEF6 z-scor €)

Guanfacine treatment had no significant effectrengrimary outcome measure of prefrontal
executive function, as shown in Figure 2 and T&bl€he rate of mean change [95% confidence
interval] in PEF6Gzscore over 12 weeks was 0.270 [0.159, 0.380]hemiacebo group,
compared with 0.121 [0.011, 0.232] for the guanfad.1 mg groupp(= 0.06), and 0.213

[0.101, 0.324] for the guanfacine 0.5 mg grop(0.47; Figure 2). A multivariable linear
regression model was employed, whose main predicsrmedication treatment group, and
whose covariates included baseline PEB6ore, age, sex, and education. One hundred emete
of the 123 trial participants had outcome datanmded at 12 weeks of follow-up; multiple
imputation of missing values yielded very similasults, with thg-value for the 0.1 mg dose
estimate being 0.10 and for the 0.5 mg dose estibging 0.56. These analyses did not show a
benefit of either dose of guanfacine relative tacpbo. One hundred fifteen of the 123
participants met the 80% requirement for study wegtthn compliance. A “compliers” analysis

also revealed no benefit of either dose of guantacelative to placebo.
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Post-hoc analyses were undertaken to evaluatestbposelective treatment effect for
participants who were younger or had lower basediecutive function (PEFBscore) but were
not significant. Additional post-hoc analyses weegformed for each of the 6 components of the
PEF6z-score and were not significant. Finally, Week-1&ma concentrations were obtained in
101 participants and were considered valid if stiidyg had not been missed in the days prior to
the Week-12 visit and had not been taken on theofithye visit. The elapsed time from last dose
to plasma level ranged from 11.0 to 19.9h (15.01%+ @limination half-life of guanfacine 17h
(Kiechel, 1980)). Plasma levels for the three dgreeips were essentially non-overlapping: all
undetectable for the placebo group, undetectade/t® ng/mL for the 0.1 mg group, 1.13 to
3.84 ng/mL for the 0.5 mg group (Supplementary F@dl). Plasma concentrations were not
associated with change in PEF6core (Spearmanis= —0.022p = 0.83 N = 96,

Supplementary Figure 1).

3.3 Effects of Guanfacine Treatment on Quality of Life and Global Function

The effects of guanfacine treatment on the secgrefficacy measures of quality of life and
global function are shown in Table 2. On the SAVBBS the rate of mean change [95%
confidence interval] over 12 weeks for the placghmup (-0.083 [-1.725, 1.559]) did not differ
from that for the guanfacine 0.1 mg group (-0.612%3, 1.017]p = 0.65) or the guanfacine 0.5
mg group (—0.960 [-2.614, 0.694]= 0.46). A multivariable linear regression modeisw
employed, whose main predictor was medicationrmeat group, and whose covariates included
baseline SF-36-MCS score, age, sex, and educ@mahundred nineteen of the 123 trial

participants had outcome data recorded at 12 wafeiodlow-up.
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On the ADCS-CGIC, participants in the placebo grawgpe not rated differently over 12 weeks
from either the guanfacine 0.1 mg group (OR 1p43,0.67, compared to placebo) or the
guanfacine 0.5 mg group: (OR 1.467 0.60, compared to placebo). A multivariable
proportional odds model was employed, whose maadiptor was medication treatment group,
and whose covariates included age, sex, and edac&ne hundred nineteen of the 123 trial

participants had outcome data recorded at 12 wafediodlow-up.

3.4 Effect of Guanfacine Treatment on Safety M easures

Adverse events occurring in at least 5% of anyttneat group are shown in Table 3. The only
event that was statistically more common with gaaimfe treatment was dry mouth, which
occurred in 0 participants receiving placebo, 3ip@ants receiving guanfacine 0.1 mg, and 7
participants receiving guanfacine 0.5 npg=(0.02, Fisher's Exact Test). Gastroenteritis was
statistically more common in the placebo gropp 0.03). A total of 6 serious adverse events
occurred during the trial, including 1 prior to damization (pneumonia), 2 in the placebo group
(myocardial infarction, subarachnoid hemorrhagei the guanfacine 0.1 mg group (stroke,

pneumonia), and 1 in the guanfacine 0.5 mg groypdihatremia due to adrenal insufficiency).

The effect of guanfacine treatment on blood presswas analyzed both short-term (change from
baseline to Week 1) and long-term (change fromlvessto Week 12). At Week 1 there was a
significant effect of guanfacine 0.5 mg treatmesnpared to placebo on change in standing

systolic (-8.1 mmHg greater change on 0.5 mg coetptar placebay = 0.01, multivariable
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linear regression model, covariates: baseline measnt, age, sex, and education) and diastolic
(5.8 mmHgp = 0.002), supine systolic (-8.9 mmHg= 0.002) and diastolic (—4.1 mmHgz=
0.02), but not on orthostatic systolic BP. At th& thg dose, the only significant effect was on
change in supine diastolic BP (—3.4 mmidg; 0.049). At Week 12 the only effect that remained
significant was for the 0.5 mg dose in supine dil&sBP (—4.6 mmHg greater change on 0.5 mg

compared to placebp,= 0.01).

There was no overall effect of guanfacine treatnoengedation as evaluated using the Epworth
Sleepiness Scale measured at 1, 3, 6, 9 and 1Zwéé&klow-up for either the guanfacine 0.1
mg group p = 0.97 compared to placebo, generalized lineaessgpn model with repeated
measurements; covariates: baseline outcome sg®esex, and education) or the guanfacine 0.5
mg group: p = 0.29). Short-term sedative effects at 1 weelevesralyzed specifically and were
also non-significant for either the guanfacine®g group p = 0.71) or the guanfacine 0.5 mg
group: p = 0.98). There was no effect of guanfacine treatroa depression symptoms as
evaluated using the Geriatric Depression Scalen@Jp = 0.33; 0.5 mgp = 0.59 compared to
placebo) or on ADLs as evaluated using the Mininidates Set—Home Care scale (0.1 mpg:

0.16; 0.5 mgp = 0.48 compared to placebo). Both scales were unedst 6 and 12 weeks of
follow-up (generalized linear regression modelhwepeated measurements, covariates include

baseline outcome score, age, sex, and education).

4. Discussion
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Guanfacine treatment for 12 weeks had no effeat@rking memory and executive functions in
cognitively normal elderly individuals. We observaal benefit of either dose of guanfacine (0.1
mg daily or 0.5 mg daily) relative to placebo or firimary outcome—a composite measure of
prefrontal executive function—or on secondary messof quality of life or global function.

The trend for worsening in prefrontal executiveduon at 12 weeks for the 0.1 mg but not the
0.5 mg dose (Figure 2, Table 2) is puzzling bubptily represents a statistical aberration, as
previous human (McEntee, et al., 1991) and prirfatesten, et al., 1988) studies have not
suggested the potential for cognitive impairmerthis low-dose range (~0.001 mg/kg). Of note
was the relatively benign side effect profile oivldoses of guanfacine in this frail elderly
population. Among common adverse events, only dyytmwas significantly more frequent on
guanfacine compared to placebo. Although guanfa@ifieng daily (but not 0.1 mg daily)
significantly lowered blood pressure from Baselio&Veek 1, tolerance appeared to develop to
acute effects, as they were largely absent at VW2eKhe clinical importance of these
physiological effects appears small, as adversetev®mmonly associated with hypotension

(lightheadedness, falls) were infrequent.

We chose not to select exclusively for prefrontaaitive impairment relative to norms for
older (i.e. for a non-amnestic, single-domain—exieed—MCI) or younger individuals, instead
studying a more representative elderly sample. Méeefore conceptualized executive
dysfunction as an inherent part of aging. Howeagrost-hoc analysis of those participants with
the greatest impairment (bottom half by mediantsgid not differ, suggesting that this decision

probably did not account for the absence of armneat effect.
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4.1 Comparison to Animal Studies

The absence of a treatment effect in elderly hurdaspite the observed benefits of guanfacine
and other alpha-2A-adrenoceptor agonists in agedadsis difficult to explain. However,
possible explanations include dose differencesaffgerange of participants, and the choice of

outcome measures.

One possibility is that we tested guanfacine abiirect doses (0.1 mg and 0.5 mg daily).
Guanfacine has been evaluated for its cognitivebegvioral effects in several clinical studies
and is approved in an extended-release formuléiotihe treatment of pediatric attention-
deficit/hyperactivity disorder (ADHD) (Biedermart, a., 2008,Sallee, et al., 2009,Scahill, et al.,
2001, Taylor and Russo, 2001). Previous human degriiials have examined a wide range of
doses from 0.1 mg daily to 4.0 mg daily. Sevenadigts in young humans have suggested
benefit in the range of 1.0-2.5 mg daily (Jak&iale 1999a,Jakala, et al., 1999b,McClure, et
al., 2007,Scahill, et al., 2001, Taylor and Rus€®12. In a study in which clinicians titrated
blindly (balancing efficacy against side effecthg mean final dose was 1.1 mg daily in
participants aged 41.2+11.4 (21-57) (Taylor andseu2001). However, studies in aged non-
human primates have demonstrated that the dosenssgurve is significantly shifted
compared to that of young animals (Arnsten, etl®88,Franowicz and Arnsten, 1998). The
optimal guanfacine dose for improving delayed respgerformance in aged nonhuman
primates without sedative or hypotensive effectddi®01 mg/kg (single intramuscular dose)
(Arnsten, et al., 1988). This corresponds to a hudase in the order of 0.1 mg daily (although

the conversion from an acute intramuscular dosediaronic oral dose is unknown). Guanfacine
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studies in elderly samples have generally focusethe dose range of 0.1-0.5 mg daily (Crook,
et al., 1992,McEntee, et al., 1991), with one staigiggesting a weak trend for global benefit on
doses of 0.4 and 0.5 mg daily in age-associatedanemmpairment (AAMI) (McEntee, et al.,
1991). We therefore tested guanfacine doses drd10.5 mg daily, administered at bedtime as
in previous studies of elderly participants to miitie sedative effects (Crook, et al.,
1992,McEntee, et al., 1991). Although our two aetiwses had a five-fold difference, it is
unlikely that an optimal intermediate dose was gdsas post-hoc analysis of plasma levels
revealed no favorable trends at intermediate lef&lpplementary Figure 1). The higher doses
used to treat ADHD (Biederman, et al., 2008,Sake¢@)., 2009,Scahill, et al., 2001, Taylor and
Russo, 2001) may have had beneficial effects oingmal executive function, although these

likely would have been limited by safety and toleligy.

A second possibility is that the participants ia firesent study were too elderly to replicate the
effect observed in animal studies. Guanfacine leas Ishown to improve the working memory
performance of aged monkeys in several studiesstam et al., 1988,Rama, et al., 1996,Ramos,
et al., 2006,Wang, et al., 2007) and is more paadtmore efficacious in aged than young adult
monkeys (Arnsten, et al., 1988,Franowicz and Amsi®98). A similar profile is found in

rodents, where alpha-2A-adrenoceptor agonists éspecially powerful effects in aged rats
(Tanila, et al., 1996). However, these studies hmen conducted in animals whose average age
(~22 years in rhesus monkeys, 18 years in stungdtaiacaques, and 22 months in rats)
probably corresponds to humans in their 50s anda6@snay not apply to the 75+ bracket.

While guanfacine’s enhanced effects in aged anitmale been shown to derive from inhibition

of dysregulated cAMP-K+ signaling in dendritic spén(Carlyle, et al., 2014,Wang, et al., 2011),
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the loss of spines (Morrison and Baxter, 2012) @ptia-2A receptors (Moore, et al., 2005) that
occurs with age may eventually exceed a threshait that guanfacine would lose its
therapeutic target and cease to be effective. Bheage range was chosen for the present study
to ensure robust age-related decline in PEF outcoessures (7, 10). Within this range there
was no evidence of differential aging effects, @®st-hoc median-split analysis of drug effects
in the younger 50% of participants (~aged 75-88)rdit reveal favorable treatment effects in
relatively younger participants. Nonetheless, fertstudy in older adults <75 years may be
worthwhile. Measurable decline in prefrontal ex@éaifunction is evident by middle-age.
However, specific impairment criteria may be regdito identify individuals with relative

dysfunction in executive function.

A third possibility is that the outcome measurepkayed in the present study differed from
those utilized in animal studies. The vast majasityon-human primate studies have utilized
delayed response tasks, for which the closest huasirin the present study is spatial working
memory. Apost hoc analysis of the spatial working memory task almnesaled no effect of
guanfacine treatment. Most of the tasks containgde PEF6 outcome measure have no direct
animal counterpart. However, the battery was seteletrgely from tests that have shown
guanfacine treatment effects in previous humaniesudékala, et al., 1999a,Jakala, et al.,

1999b, Taylor and Russo, 2001).

4.2 Conclusion
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Guanfacine failed to ameliorate prefrontal cogmitiunction in elderly individuals, who were
cognitively normal for age. Further studies mayaethwhile in older adults <75 years—

especially those with relative deficits in execatfunction.
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Table 1. Participant Characteristics

Placebo 0.1mg 0.5mg
Characteristic n=41 n=41 n=41 p-Value*
mean SD mean SD mean SD
Age (y) 805 40 80.0 4.0 80.1 4.0 0.824
Sex (% male) 58.5% 53.7% 56.1% 0.906
Education (y) 17.0 25 16.2 25 16.2 2.7 0.265
Weight (Ibs) 165.2 31.7 177.3 34.1 164.4 37.7 0.168
Geriatric Depression Scale 11 13 1.1 1.4 1.3 1.5 0.834
Epworth Sleepiness Scale 6.8 3.3 6.0 33 50 27 0.032
Cognitive Status
MMSE 295 0.7 293 1.2 296 0.6 0.418
Logical Memory 1 13.2 3.9 13.0 4.1 119 40 0.247
Logical Memory 2 119 43 115 38 105 4.0 0.279
WAIS - Vocabulary 529 7.8 48.4 11.0 52.0 11.7 0.116
WAIS - Block Design 30.3 11.7 28.1 8.8 295 76 0.581
Executive Function Measures
Spatial Working Memory 43.9 16.0 46.5 155 42.2 16.9 0.477
Stockings of Cambridge 43 23 42 25 40 21 0.875
ID/ED Shift 11.9 10.3 11.8 10.2 119 10.3 0.997
Paired Associates Learning 11.3 3.9 126 4.4 12.7 47 0.245
Stroop Color Word 30.2 8.2 299 9.0 305 95 0.952
Trail Making Test B 94.4 35.6 106.4 48.8 88.8 32.0 0.122
Quality of Life
SF-36-PCS 48.3 6.9 46.4 8.8 48.1 8.3 0.525
SF-36-MCS 56.0 5.7 56.1 6.9 555 6.6 0.920

Notes: MMSE = Mini-Mental State Examination; ID/ED Shiftlatradimensional/Extradimensional
Shift; SF-36-MCS and SF-36-PCS = Mental Componenté&and Physical Component Score of the
36-Item Short-Form Health Survey

*p-Values are for ANOVA for continuous variables ariksquare for categorical variables and are
uncorrected for multiplicity.
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Table 2. Effect of Guanfacine Treatment on Primary and 8daoy Outcomes

Outcome Measure Placebo 0.1 mg 0.5 mg
(n=40) (n=40) (n=39)
Prefrontal Executive Function (PEF6 z-scor €)
Unadjusted Baseline 0.039 -0.084 0.102
Unadjusted Week 12 0.305 0.053 0.303
Unadjusted Change 0.266 0.137 0.201
Adjusted Change 0.270 0.121 0.213
95% confidence interval 0.159, 0.380 0.011,2.23 0.101, 0.324
p-Value* e 0.06 0.47
Quality of Life (SF-36-MCYS)
Unadjusted Baseline 55.878 56.617 55.462
Unadjusted Week 12 55.985 55.677 54.638
Unadjusted Change 0.107 -0.940 -0.824
Adjusted Change —-0.083 -0.618 —-0.960
95% confidence interval -1.725,1.559 -2.253]17. -2.614,0.694
p-Value* e 0.65 0.46
Global Function (ADCS-CGIC)
Worsened (%) 3(7.5) 4 (10.0) 2(5.1)
No Change (%) 25 (62.5) 20 (50.0) 22 (56.4)
Improved (%) 12 (30.0) 16 (40.0) 15 (38.5)
Odds Ratio i 1.43 1.46
p-Value** — 0.67 0.60

Notes: PEF6z-score = the mean afscores for 6 executive function tasks
(CANTAB: Spatial Working Memory, Stockings of Candye,
Intradimensiona/Extradimensional Shift, Paired Asses Learning; Stroop Color
Word Score, Trail Making Test B); SF-36-MCS = Mdr@@amponent Score of the
36-Item Short-Form Health Survey (higher scoresasgnt better mental health);
ADCS-CGIC scores are for Week 12 compared to baselihe seven-point scale
was collapsed to 3 groups: improved (1-3), no-ckady, and worsening (5-7).

*p-Values for regression coefficients representirggdifferences in least squares
means between each dosing group and the placebp.gkanultivariable linear
regression model was employed, whose main predicsrmedication treatment
group, and whose covariates included baseline sages sex, and education.

** p-Values for regression coefficients representirggddds ratios for each dosing
group as compared to the placebo group. A multéei proportional odds model
was employed, whose main predictor is medicatieattnent group, and whose
covariates include age, sex, and education.
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Table 3. Adverse Events Occurring in at least 5% of anyafiment Group

Adverse Event Category® Placebo 0.1 mg 0.5mg Total
count (%) (n=41) (n=41) (n=41) (N=123)
Constipation 1(2.4) 3(7.3) 0 (0.0) 4
Dry Mouth 0 (0.0) 3(7.3) 7(17.1) 10
Fall 1(2.4) 2(4.9 3(7.3) 6
Fatigue 3(7.3) 3(7.3) 7(17.1) 13
Gastroenteritis 4 (9.8) 0 (0.0) 0 (0.0) 4
Joint Pain 1(2.4) 1(2.4) 4 (9.8) 6
Lightheadedness 4 (9.8) 0 (0.0) 4 (9.8) 8
Low Back Pain 3(7.3) 0 (0.0) 0 (0.0) 3
Sedation 1(2.4) 3(7.3) 1(2.4) 5
Upper Respiratory Infection 9 (22.0) 4 (9.8) 3(7.3) 16
Urinary Tract Infection 3(7.3) 1(2.4) 1(2.4) 5

p. 27

®Fisher's Exact Test: Dry Moutp € 0.02) & Gastroenteritigo(= 0.03). No Fisher's Exact
Test has an associatpd 0.05 after a False Discovery Rate correctiomiattiplicity.
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FigureLegends

Figure 1. CONSORT diagram reflecting flow of stymhrticipants through the study.

Figure 2. Effect of guanfacine treatment on pretibaxecutive function (PEEBscore) in
cognitively normal elderly participants. Least sepgameans and 95% confidence limits are
estimated from linear mixed effects models accowgntdor serial correlation among repeated
PEF6z-score measurements at three time-points (baséliwegks, and 12 weeks). Both the
observed means (A) and the difference (from basgtmeans (B) are shown after multivariable
adjustments for age, education, and sex. AbbrewiatiPEF&-score, mean atscores for 6
executive function tasks (CANTAB: Spatial WorkingeMory, Stockings of Cambridge,
Intradimensional/Extradimensional Shift, Paired d@ates Learning; Stroop Color Word Score,

Trail Making Test B).

Supplementary Figure 1. Association between guamdguasma level at Week 12 and change in
prefrontal executive function (PEE&core) from Baseline to Week 12 for three treatraems

in 96 cognitively normal elderly participants (Spean’sp = —0.022p = 0.83 N = 96).
Abbreviations: PEF@&-score, mean af-scores for 6 executive function tasks (CANTAB: tida
Working Memory, Stockings of Cambridge, Intradimensl/Extradimensional Shift, Paired

Associates Learning; Stroop Color Word Score, Tviiking Test B).
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Highlights
* A randomized clinical trial of guanfacine 0.5 mg, 0.1 mg, or placebo for 12 weeks.
* Naeither dose of guanfacine improved prefrontal executive function.
* Neither dose of guanfacine improved quality of life or global function.

» Theonly common adverse event of guanfacine treatment was dry mouth.



