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N-methylD-aspartic acid receptor antagonist, temporarilyneasures as predictors of response. While other targets

ameliorate some symptoms in a subset of patidPitsise Il along the Papez circuit could, at least in theory, be sui

and lll trials of putative disease-modifying therapies targetirapleor perhaps more optimal, we chose a target within the

the amyloid protein aggregations observed in AD have largelypothalamus which contains both the descending portion

been unsuccessful in preventing disease progressfaidi-  of the fornix and the mammillary body. This was done based

tionally, the long-term safety of these treatments remainsaa our empirical observation of acute memory effects in a

be determined. Clearly, there is a great need for more specpatient with hypothalamic stimulation for obesitgind the

and ef cacious therapies for AD. preliminary observations in the six AD patients in the pilot
Converging evidence from neuropathological and in vivetudy of DBS for AD® Other potential targets would require

imaging studies has demonstrated the vulnerability of tivalidation of both safety and ef cacy, something that was

hippocampus and heteromodal association cortices in AD,lzesyond the scope of our trial. Here, we describe the design

well as decreased functional connectivity in cortico-corticalnd methods of the ADvance clinical trial and discuss the

and cortico-hippocampal circuit8.Approaching AD as reliability of the major clinical outcome measures used in

a dysfunction in cortico-cortical and cortico-hippocampate study.

circuits suggests that modulating neuronal activity within

these networks may be a viable treatment option for eaMethOdS

AD. Deep brain stimulation (DBS) is a neurosurgical tecHOvVerview

nique that has shown success modulating Paimgtor ADvance (ClinicalTrials.gov identi er: NCT01608061) is a

dysfunctiont*2and mooéf4circuits in conditions for which feasibility clinical trial funded by the National Institute on

pharmacologic treatments are not effective. The importanéging (R01AG042165) and Functional Neuromodulation

of developing circuitry-based therapeutic approaches tad (FNM). Six sites in the United States and one in Canada

modulate cortical and hippocampal networks affected in Aparticipated in enroliment (see “Acknowledgments” section).

was the impetus for a Phase | study of DBS of the fornix Bites were chosen based on previous experience with clinical

early AD patients?® research related to AD, neuroimaging capabilities, ethical
The fornix is a white matter bundle that connects thapprovals, and experience with DBS research.

hippocampus with other components of the limbic systém, ADvance is d2-month double-blind, placebo-controlled,

forming circuits that have been implicated in episodimasked clinical trial, as shown IFigure 1. Consenting

memory*®1° Recent diffusion tensor imaging (DTI) studiesindividuals participated in a screening visit followed by

have shown white matter reductions in the fornix of-india baseline visit to assess eligibility and collect baseline

viduals with AD? In fact, fornix atrophy may precede bothcognitive and other clinical assessments, historical -docu

hippocampal degeneration and clinical symptoms of AD andents, laboratory values, and neuroimaging. DBS device

predict conversion from mild cognitive impairment (MCl)implantation took place withi0 days of consent. Two

to AD.222This growing body of evidence, combined withweeks following implantation, participants were randomized

rodent studies showing that DBS of the Papez circuitimprovego two groups, DBS “on” or DBS “off”, for 42-month

memory and promotes neurogenéstéindicates that DBS blinded period followed by #2-month open-label extension

targeting of the fornix region (DBS-f) may be an effectiveluring which all subjects will be programmed to DBS “on”.

treatment for AD symptoms. In the open-label Phase | trial éfdditional long-term clinical follow-up for up t48 months

six AD subjects treated with DBS-f fa2 months, positron will be provided.

emission tomography (PET) scans showed an increase in ) )

cortical glucose metabolism and increased cortical-funBarticipants: inclusion

tional connectivity ovell yeat® in contrast to the decreasesand exclusion criteria

in cortical metabolism and functional connectivity typicallyinclusion

observed in AB>? v Informed consent signed by the subject, caregiver, and a
Building on the aforementioned collective observations, surrogate

ADvance was designed as a double-blind placebo-controlled Nonchildbearing/postmenopausal women, and men

clinical trial to preliminarily assess the safety and ef cacy betweerd5 and85 years of age

of DBS-f for the treatment of very mild AD, as well as thev Met criteria for probable AD according to the National

utility of prespeci ed clinical and neuroimaging baseline Institute of Aging/Alzheimer’s Association critetia
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Figure 1 Flow diagram depicting an overview of the ADvance trial schedule. Major visits are shown along with the number of participants at implantatiGne@s=42).

indicates DBS “on”, red indicates DBS “off
Abbreviations: mo, months; DBS, deep brain stimulation.

v Clinical Dementia Rating scale (CDR global) rating of
0.5 or1 at screening

v Alzheimer’s Disease Assessment Scale — cognitive com
ponent (ADAS-cog-11) score 42—24, inclusive, with v
a score=4 on ADAS-cog iteml (immediate recall) at v
both screening and baseline vi¥its

v General medical health ratirg3 (good or excelleny \%

v Living at home with an available caregiver or informant to
report on dalily activities and function throughout the studyw

v Fluent in English

v Good surgical candidate for placement of a deep brain
stimulator, as determined by the neurosurgical team v

v On a gable dose of a acetylcholinesterase inhibitorv
(AChEI) donepezil, galantamine, or rivastigmine for at
least60 days prior to signing informed consent, without
intention to modify this medication dose throughout thev
entirety of the study.

Exclusions v
v Neuropsychiatric Inventory (NPP)total score=10 or
score=4 in any domain except apathy at screening
Modi ed Hachinski ischemic score-4 at screening %
Young Mania Rating Scale (YMR$)11 at screeniri§
Attempted suicide in th2 years prior to signing consent
Risk for suicide as determined by an answer of “yes” t&
“suicidal ideation” or “yes” to any items in the suicidal

< < < <

behavior section with reference to tBenonth period
prior to screening on the Columbia Suicide Severity
Rating Scale (C-SSRS)

Current major psychiatric disorder

Score>10 on the Cornell Scale for Depression and
Dementia (CSDD) at screenifig

History of head trauma in th2 years prior to signing
consent

History of brain tumor, subdural hematoma, or other-clini
cally signi cant space-occupying lesions on CT (computed
tomography) or MRI (magnetic resonance imaging)
Mental retardation

Current alcohol or substance use disorder as de ned by
Diagnostic and Statistical Manual of Mental Disorders,
fourth edition— text revision (DSM-IV-TR)

Exclusions for PET and MR, including claustrophobia,
metal implanted in the body (MRI), and insutiependent
diabetes (PET)

Radiation exposure in the year prior to consent that
added to exposure in the study would exceesm over

12 months

Any abnormal laboratory results, cardiovascular or reuro
vascular disorders, or currently prescribed non-AD medi
cations that would preclude participation in the study
Ungable doses of any medication prescribed for the
treatment of memory loss or AD
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v Unwilling or unable to comply with the protocol High-resolution, stereotactic MRI scans of the brain were
v Life expectancy oK1 year used to directly target the bilateral postcommissural fornices.
v Actively enrolled in another concurrent clinical trial.  More speci cally, the DBS electrode was implan2&dm
anterior and parallel to the vertical portion of the fornix
Recruitment and consent within the hypothalamus={gure 2). The most ventral cen
Participants were recruited from memory and geriatrie psyact of the DBS lead (Medtronic mod2d387) was typically
chiatry clinics, advertising, and community outreach activplaced posteromedial to the optic tract at a depth such that
ties at each of the seven sites. Prospective participants wiredorsal most contact was intraparenchymal, approximately
rst assessed for their ability to provide consent through-clinat the level of the midcommisural plane. Laterally, the target
cal interviews. Clinicians experienced in dementia researcbrresponded to the midpoint of the medial/lateral extent of
and DBS surgery evaluated each participant’s ability to-corthe fornix in the coronal plane to maximize the proximity
prehend the consent form as well as understand the persamfahe four DBS contacts to the descending column of the
consequences of what would and could happen during tleenix. A burr hole was placed approximatel$ cm lateral
study. Assessments and consent procedures took place intthéhe midline at or just anterior to the coronal suture with
presence of a caregiver who cosigned the consent form aasdfustments made so that the lead trajectory would avoid
witness. Voluntary written informed consent by each subjestilci and de ection from the wall of the frontal horn of the
and his or her caregiver was required at the beginning of bdgteral ventricle. Intraoperative stimulation was performed
the screening and baseline visits and prior to surgical implaattthe discretion of the surgeon to evaluate contact position.

procedure (if all entry requirements were met). After surgery and prior to hospital discharge, an MRI was
conducted to con rm the position of the leads. If necessary,
EI|g|b|I|ty screening the implanting surgeon repositioned the leads during the

Enrollment was de ned as the time a subject signed tlsame hospitalization, followed by a second MRI. A third-
screening informed consent to participate and was followgarty-blinded determination of lead position was obtained
by an initial screening visit at which medical and neurepsyy sending the postimplant MRI scan to a neurosurgeon not
chiatric information was gathere@igblel). In order to move involved with surgical implantation of devices for the study,
forward with implantation, a site-independent Enrollmenivho subsequently performed stereotactic analysis of the MRI
Review Committee (ERC) reviewed the data collected twn a DBS planning station.

determine if subjects met inclusion and exclusion criteria.

For each subject, the ERC reviewed historical documentati&urgical devices and programming

of early AD as well as scores on cognitive tests conductdthe DBS system used in the study includes the M&&01
during the screening visit to con rm the diagnosis of probablactiva® PC stimulator, Mode3387 Lead, and Mode&l7085

AD. They also veri ed the absence of concomitant medical @xtension (Medtronic, Inc., Minneapolis, MS, USA). All
psychiatric conditions or medications, and any surgical risksiplartable devices, external control devices, and acces
that might affect DBS surgery. Additionally, US trial sitessories (Model8840 N'Visior® programmer with8870
audio-recorded selected psychometric assessments, and gitdiva applications software and Moda¥V022 External
independent ERC raters dually scored a randomly selecteglrostimulator) are approved by the FDA for DBS treatment
sample of ADAS-cog and CDR interviews to con rm scoringpf Parkinson’s disease and essential tremor. The Activa PC

accuracy and rater consistency. neurostimulator (Medtronic, Inc.) is a dual-channel device
capable of delivering bilateral stimulation. It contains a
Baseline visit and DBS nonrechargeable battery and microelectronic circuitry that
device implantation delivers controlled electrical pulses to speci cally targeted
Baseline visit and surgery brain areas. The device was implanted subcutaneously

A baseline visit was scheduled59 days postconsent atjust inferior to the clavicle, connected to an extension run
which baseline medical, laboratory, neuropsychological, asdibcutaneously along the head, neck, and shoulder and
imaging data (PET and MRI) were obtainddlfle ). connected to the implanted leads. Quadripolar DBS leads

Implantation surgery took place with@ days follow  (3387) are made of four thin, insulated coiled wires bundled
ing screening consent if all study requirements were metith polyurethane insulation. Each lead has faufr mm
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Table 1 ADvance visit schedule

Screen Baseline  Implant Program Months post-DBS device implant
1 3 6 9 12 13* 15 18* 21* 24* 36* 48*

Procedures

Consent

Review of medication

Medical history

Physical examination

Electrocardiogram
Preoperative lab tests
Monitoring lab tests
Imaging

PET v

MRI v v
Psychiatric consult

CSDD

YMRS

C-SSRS
Neuropsychological testing

ADAS-cog

CDR

NPI v

CVLT

Digit span

Digit symbol

/THWWHU AXHQF\

Trail Making Test

BVMT-R

ADCS-ADL23

QOL-AD

ZBI

Hachinski ischemic scale v/
DBS device implantation v
Randomization v
Device program “on”/*off” v v
Unblinding v
Notes: *indicates all the devices programmed “on” for open-label follow-up. Phone follow-up will occur at nﬁ?r]tms 33, 39,42, 45 to assess adverse events or mood,
memory, or personality changes& % & ,15 . 37 377 FRPSOHWYSI, Hrae 0, Ereed). profdtiiRLAIOFSH, free testosterone, ACTH, cortisol, glucose,
FRPSOHWH PHWDEROLF SURAOH
Abbreviations: ACTH, adrenocorticotropic hormone; CBC, complete blood count; ADAS-cog, AlzheinRisease Assessment Scale — cognitive component; ADCS-
ADL23, Alzheimer'®isease Cooperative Study — Activitiesdily Living; BVMT-R, Brief Visuospatial Memory Test — Revised; CDR, Cleicedntia Rating Scale; CSDD,
Cornell Scale foDepression andementia; C-SSRS, Columbia Suicide Severity Rating Scale; CVLT, Californidééertiay) TestDBS, deep brain stimulation; FSH,
follicle-stimulating hormone; INR, international normalized rdtig; luteinizing hormone; MRI, magnetic resonance imaging; NPI, Neuropsychiatric Inventory; PET, positron

emission tomography; PPT, partial prothrombin time; PT, prothrombin time; QOL-AD, Qualitifeof- AlzheimeDisease; TSH, thyroid-stimulating hormolY&IRSYoung
Mania Rating Scale,, Tree triiodothyronine; T, free thyroxine; ZBlI, Zarit Burden Interview.
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electrodes at the tip space8 mm apart. Stimulation can be randomly allocated to begin DBS-f soon after implantation or
delivered using one electrode or a combination of electroddsyear later. Patients were randomi2eeeeks after implanta

The N'Vision programmer (8840) is an external componeiion in al:1 allocation to DBS-f “on” or DBS-f “off”. Ran

that noninvasively reviews and adjusts the neurostimulatodem blocks were used to generate randomization for each site,

output parameters. and the randomization assignment was provided via phone
call to the unblinded technician responsible for programming
Randomization, blinding, and DBS-f dosing the implanted device. Study subjects, the implanting surgeon,

The overall study design was a delayed-start trial, in whidtudy coordinators, the principal investigator, and follow-up
all subjects received DBS stimulator implantation and werdinicians responsible for administering questionnaires and
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to the DBS-f “on” group, the chosen contact on each side was
set to a voltage of 50% of that eliciting a stimulation-related
event or of3.5 V, whichever was lower. If a stimulation-
related event was reported with bilateral stimulation, the
voltage was turned down M2 V increments on each lead
until the event was no longer experienced. For each subject
randomized to the DBS-f “off” group, all leads were set
at 0 V. The programming protocol was completed in full
regardless of DBS-f “on” or DBS-f “off” randomization
status to prevent unblinding of participants, with the only
difference being the nal voltage of the DBS-f electrodes.
The unblinded clinician at each site is responsible for ensur
ing that the parameters remain consistent throughout the
24-month follow-up unless there are stimulation-associated
side effects or safety concerns. Following the end of the
24-month follow-up visit, programming will be left to the
discretion of the site physician.

Follow-up during the double-blind period
Figure 2Coronall\_/1RIdem_onstrating plapementoflﬁeselectrodesaﬂteriorand FO”OW-Up visits are scheduled fd.l’, 3,6 9, and 12
parallel to the vertical portion of the fornix within the hypothalamus bilaterally. . i L. i
Abbreviation: DBS deep brain stimulation. months after implantation. These visits include a physical
examination, psychiatric consultation, neuropsychaelogi
outcome assessments remain blinded to treatment assignneamttesting, blood tests (82 months), PET scans (&,
until all subjects complete th2-month visit or until each 12 months), and brain MRI (12 months). All subjects,
subject's24-month visit, whichever occurs rst. Instancesincluding patients randomized to DBS-f “off”, have the
of emergencynblinding are disclosed to site monitors andmplanted device programmed “on” after th2-month
the national primary investigators (CGL and AML). Theswisit for a subsequent open-label treatment phase. Open-
procedures are only initiated in cases of compromised subj&dbel follow-up visits are scheduled b3, 15, 18, 21, 24,
welfare and are, whenever possible, reviewed by the natiod8l, and48 months after implantation. These visits consist
and site primary investigators and reported to the commeraidisafety monitoring, clinical updates, physical examina
sponsor (FNM). tion, psychiatric consultation, and/or neuropsychological
At a follow-up visit 11-17 days following surgery, the testing (18,24 months). There will be additional phone
DBS device was programmed according to the randomizatiéwilow-ups at month&7, 30, 33, 39, 42, and45 to assess
assignment by an unblinded clinicidrablel). Starting with any adverse events (AEs) or changes in cognition er per
the most ventral contact, monopolar stimulation was deligonality. Subjects will exit the study at the conclusion of
ered at a frequency 480 Hz with a90-microsecond pulse their 48-month visit Table 1).
width. The initial amplitude was set1d/ and was increased
incrementally byl V every30-60 seconds to a maximumPET and MRI
until the subject reported experiential phenomena, includifdRI and PET protocols were implemented based on the AD
memory-related phenomena or autonomic symptoms (égeuroimaging Initiative (ADNI) protocols that have been
increased heart rate). Each contact was individually testeded extensively to measure longitudinal changes in gray
and the contact on each side that produced an experientiat@tter volumes (MRI) and cerebral glucose metabolism
autonomic-related event at the lowest voltage was chosereasoss different MRl and PET scanners and study %ites.
the therapeutic contact. If no experiential phenomena weP&T scans with the radiotracéfH]-2-deoxy-2- uorod-
produced with stimulation, the contact that had the highegituicose (BF]-FDG) to measure regional cerebral glucose
threshold for autonomic adverse effects was chosen. Thigtabolism are acquired preoperatively and,af, and
was usually conta@ or 3, the two most superior of the four 12 months. PET scans are performed on a PET/CT scanner
contacts on the DBS electrodes. For each subject randomizédeach site using a uniform protocol and postprocessing
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methods designed to obtain comparable measurementD&MB, a summary of results is sent to the FDA and led
cerebral glucose metabolism across scannersfsiesing  with all overseeing institutional review boards.

radiotracer uptake, subjects are maintained in a quiet, dimly

lit room, with eyes open and ears unoccluded. Thirty- miKOUtcome measures and analytic plan

utes after & mCi pl0% radiotracer injection, patients areSafety outcome assessment

positioned in the scanner, an®@minute emission scan Doctors and clinical staff at local sites are in regular contact
is obtained, followed by a transmission scan. The seconwdth participants and study partners to monitor for AEs, as
10-minute frame of the emission scan (40 minutes aftelescribed earlier. As soon as an AE is detected, the local
[*®F]-FDG administration) is used for quantitative analysidgeam obtains as much clinical information as possible and
The MRI protocol was designed to detect focal pathologwpidly reports to the study principal investigator, the medi
(eg, tumors or strokes) and for MRI-PET registration toal monitor, and the coordinating center. The coordinating
de ne regions of interest. The MRI scans were performecknter, working as a team, then reviews, requests additional
prior to the rst PET scarl—2 days postoperatively, and areinformation, noti es other sites, and noti es DSMB, insti
repeated a2 months. MRI scans are acquiredldhT scan tutional review boards, and FDA as spelled out in study
ners at each site. The sequences were implemented frompghecedures. AEs will be presented as a measure of the safety
ADNI protocols that were developed for each MRI scannaf DBS-f surgery and treatment for mild AD.

to obtain comparable quantitative measurements, including

gray matter volume®¥:3*The MRI sequences inclu8glane Clinical outcome assessment

localizer, volumetric sequence (magnetization-prepargdne primary goal of this study is to examine the acute and
rapid gradient-echo or spoiled gradient recalled echo), Tong-term safety of DBS-f for mild AD. Acute safety is
sequences for electrode localization (postoperative scassessed by the rate of serious device- or procedure-related
only), fast spin-echo inversion recovery (FSE-IR), DTAEs from the date of implant through the date of random
(when available), and resting-state functional MRI (wheization as well as serious procedure-related events through

available). 30 days postimplant. Long-term safety is assessed by the rate
of serious therapy (programming) related AEs from the date
Safety monitoring of randomization through the date of ttl®month visit.

An independent Clinical Events Committee (CEC) consist The second goal of this study is to preliminarily examine
ing of a multidisciplinary team of physicians from geriatricsthe ef cacy of DBS-f for mild AD. The two primary outcomes
neurology, and neurosurgery who are not investigators @me change from baseline in the ADAS-cog and CDR sum of
the study was created. The CEC conducts reviews of hlbxes (CDR-SB) scores. The ADAS-cog is one of the more
AEs reported for study subjects. Each AE is adjudicated foommonly used measures to assess cognitive symptoms
its relatedness to the study, surgical procedure, irtgiddn associated with AD in clinical trials. The ADAS-cog is able
pulse generator, leads (electrodes), and programming. Aesdifferentiate individuals with nonimpaired cognition
are categorized as general medical, psychiatric, surgical,foom those with impaired cognition and has demonstrated
programming in nature. In addition, adjudications are madeliability in assessing the extent of cognitive impairment in
regarding whether an event is a serious AE or an unantimdividuals* The standard ADAS-cog consists Hif sub
pated adverse device effect. Psychiatric AEs are assessestates designed to assess memory, language, and praxis, and
each follow-up visit using measures such as the C-SSRScoring is based on the number of errors made on each item,
CSDD? and YMRS* with a higher score indicating greater impairment. Previous
A separate independent Data Safety and Monitoringinical trials have indicated that a four-point change on the
Board (DSMB) of one practicing neurosurgeon, two-netADAS-cog total score is suggestive of a clinically important
rologists and/or psychiatrists, and one biostatistician ndifference®?“*However, systematic analysis of double-blind
connected to the sponsor or participating investigators wakacebo-controlled trials of cholinesterase inhibitors -dem
established. The DSMB reviews CEC-adjudicated AE®nstrated an averag®.7 improvement a6 months andl
occurrences of serious AEs and unanticipated adverse dewear* The CDR was developed for the evaluation of staging
effects, as well as safety and ef cacy trends and makssverity of dementi& The CDR characterizes cognitive
recommendations regarding the continuation, suspensi@md functional performance by assessing the subject in six
or termination of the study. Following each review by théomains including memory, orientation, and problem solving.
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The CDR has consistently demonstrated good reliafsitity For the acute safety end point, rate 86& con dence

and has been validated against neuropathological nd#ts. interval will be presented. For long-term safety end points,
A global CDR score is computed via an algorithm basadte and®5% con dence interval will be compared according
on the input of the ratings of the six domains and is usefid randomization group. Other data summaries will include
for characterizing and tracking a subject’s level of impaima detailed summary and rate estimation of all serious AEs,
ment and stage of dementia sevefityjth values between as well as Kaplan—Meier estimates of the cumulative rates
0 (normal) and3 (severe dementia). The CDR-SB score isver time.

obtained by summing each of the six donratings. CDR- For the two clinical ef cacy outcomes of particular
SB scores range frofito 18, with higher scores re ecting interest (ADAS-cog score and CDR score), all analyses
more severe impairmefft. will follow intent-to-treat (ITT) or modi ed-ITT principles.

Secondary outcomes include change from baseline The mean change from baseline (preimplanf)2enonths
12 months in scores on other cognitive tests: California Verbbstimplant will be calculated in each group. Differences
Learning Test, second edition (CVLP)t Verbal Fluency?! between randomized groups in mean change on each of
Brief Visuospatial Memory Test — revised verstéand Trail these primary outcomes will be calculated, along with cor
Making Test? Other measures include Quality of Life — AD,respondingwo-sided95% con dence intervals. In addition,
which is a rating of the patient’s quality of life both from thewithin group improvements will be assessed relative to a null
patient and the caregivErAD Cooperative Study — Activi change of zero. Additional analyses will include assessments
ties of Daily Living Inventory, Zarit Burden Interview to of change over time in mixed model regression estimations
assess caregiver distrésgnd NPI to assess the presencwith repeated measurements. Site will be used as a covariate

of psychiatric symptoms and behaviéts. in this model.
In addition to ADAS-cog-13 total score, this method will
Neuroimaging outcome assessment also be used to examine derived Word Recall Total score,

The primary neuroimaging outcome measure is a regionabrd Recognition scores, and the subset of ve ADAS-cog
change in glucose metabolism from baseling2enonths, items shown to be most sensitive to memantine. The subset
measured by PET. Previous research using PET measteg methodology described by lhl &¢t° will be applied to
of cerebral glucose metabolism has identi ed a speci € pathis data set to assess the relative strength of treatment effect
tern in AD of hypometabolism in the parietal and temporalcross other subtests of the ADAS-cog. Further analyses will
heteromodal association cortidés his pattern has been be conducted to determine the impact of baseline ADAS-cog
found in over85% of pathologically con rmed AD cas&s scores on outcome (ie, to assess whether the treatment effect
and has been correlated with dementia seV&MRG-PET diminishes in the more advanced population), including
is sensitive to AD clinical progression and to effects of phamixed model regression analyses with baseline ADAS-cog
macotherapy, including DB%3:26:57-5° score as a predictor, and t with an interaction term. Within-

A secondary imaging outcome is bilateral hippocampalroup outcomes, by baseline ADAS-cog score also will be
volume measured using volumetric methods, decreasessiimmarized. CDR analyses will include global score, SB,
which have been correlated with the progression ofA&1An  and memory domain score. In addition we will analyze the
additional imaging tool of interest is fornix integrity measure@€DR-SB score relative to the overall severity classi cation
with DTI for which the fornix is manually drawn (with high from the ADAS-cog to determine the agreement of catego
reliability) as a region of interest. However, we do not plarization of mild symptom severity at baseline with how the
to use DTI obtained after implantation analytically due tecores change together over time.
concerns about interference by the implanted electrodes.

Neuroimaging measure analytic plan

Clinical measure analytic plan The end point is the mean, per-subject, percent glucose-metab
All analyses will be conducted according to the prespeci edlism change in prespeci ed regions of interest, including the
statistical analysis plan for the study. Descriptive statisubdivisions of the temporal and parietal association cortex and
tics compare treatment group on baseline demographitise hippocampus. The primary analysis will be conducted on
Categorical variables are analyzed using frequency in@n ITT basis. The percent improvement for each subject will
dence, and event rate. For continuous variables, analysesdetermined by subtracting the baseline value for glucose
include mean, median, standard deviation, and range. metabolism in each region of interest (ROI-BL) from the
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12-month glucose metabolism (ROI-12) and dividing the resudt least30% power to statistically evaluate the end point of

by ROI-BL ([ROI-12 ROI-BL]/ROI-BL). This quantity will glucose metabolism as speci ed earlier.

be averaged across all subjects, and mean improvement will be

compared across randomization groups in a two-sanbge Results

evaluated at the.05 signi cance level. Supportive analysesCharacterization of the baseline

will only evaluate those subjects with complete data and/&tudy population

those who are compliant with the protocol. Following recruitment,85 potential subjects across the
Exploratory analyses will be conducted to evaluate theevenstudy sites signed the initial consent and participated

relationship between changes in regional glucose metabolisma screening visit. Forty-eight (56.5%) nagt inclusion

and changes in clinical outcomes (eg, ADAS-cog, CVLT, etcand exclusion criteria at screening and were approved by

Exploratory analyses will be performed to identify baselinERC reviewers to proceed in the trial. Forty-two of these

structural and functional neuroimaging predictors of DB88 patients (49.4% of consenting potential subjects)athet

clinical response. These analyses may include, but not be lioniteria following the baseline visit, signed a second- con

ited to, regional glucose metabolism, hippocampal volumesgnt form, and underwent DBS-f device implantation. The

and regional white matter functional integrity (DTI). Theseix patients who were cleared at screening but did not proceed

analyses will t multivariate linear regression models, with théo implant did so for two reasonisvo declined to proceed

candidate predictor and randomization assignment, and thaird did not sign consent for baseline testing,fandfailed

interaction as independent variables, and clinical outcome (ég,meet inclusion/exclusion criteria when ADAS-cog was

ADAS-cog-11, CDR-SB, CVLT) as the dependent variableepeated at baseline, with scores out of range.

Covariates with apparent effect on outcome will then be t We comparedTable 2) consenting subjects who were

in a multivariate regression model with stepwise selecti@treened and successfully implanted 4R) to those who

procedure using signi cance level 8f10 as a cutoff. were screened but not implanted with a DBS devicel@)\
We saw no difference between these groups in demographic
Power estimation information (age, sex, and elapsed time since initial AD-diag

The power to detect a treatment effect depends on the siz&os$is) gathered at screening. We observed signi cantly lower
the effect, sample size, and the gpuaration of the within- (ie, better) ADAS-cog-11 (178.6 vs21.119.8,P 0.03) and
person variance—covariance matrix. For the ADAS-cog, WeDR global scores (67% #8%, with a score d.5,P 0.05)
conducted a power simulation using ADNI data. Assuminig subjects who were implanted. This is explained by the-inclu
a mixed effects model with random intercept and slope, sion and exclusion criteria designed to limit participation to
missing data, variance of intercept4.68Y, variance of subjects with very mild AD. ApproximateB0% of patients
slope (0.37}, correlation between random intercept anavho failed screening did so because symptom severity was too
random slope oD (model with unstructured covariancehigh. No signi cant difference was found in CDR-SB score,
failed to converge), variance of residual®.87f, time Hachinski ischemic scale score, or psychiatric assessment
vector c (0,3,6,9,12), there B4% power to detect a dif measures, including the NPI, C-SSRS, CSDD, or the YMRS
ference in change scores 063 points with42 subjects, in implanted compared to not implanted patiemgb(e?2).
which translates to a difference in slope®9@&3. We will Table2 summarizes the scores of implanted subjects on
have 80% power to detect a difference in slopeOB88 additional cognitive and psychiatric tests from the baseline
points/month oi7.06 points/year. Using the same methodyisit. In addition to inclusion criteria measures such as the
the power to detect a difference in a change of scoddof CDR, scores on the CVLT-Il, a verbal memory measure, were
points (a typical effect size) was calculated t@®%, which  similar to published scores of individuals with MCI who later
translates to a difference in slope0&3. progressed to AP Note that these additional scores include
Statistical power for the neuroimaging hypothesis listedll 48 subjects who were assessed at baseline, not only the
previously was estimated using PA3®8 software under 42 who were implanted.
a two-sided, two-sampletest and the assumption4tf ran
domized subjects in‘a1 allocation. Assuming a signi cance Reliability of primary outcome measures
level (A of 5%, mean improvement (DBS) #0%, standard We examined test—retest reliability of the main outcome
deviation (DBS and control) d2%, and mean improvement measures by comparing score stability between the screening
(control) 0f0.0%, a total ofi0 randomized subjects providesand baseline visits for th& implanted subjects. There was

Open Access Journal of Clinical Trials 2015:7 submit your manuscript 71
Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Holroyd et al Dove

Table 2 Demographics and screening measures by implantatiorable 3 Correlation* between screening and baseline value
status

Measure N  Pearson’s Intraclass Kappa

Patient Screened and Screened and  P-value* correlation correlation
characteristic implanted not implanted ADAS-cog-11 score 42 0.42 0.41

(n=42) (n=43) ADAS-cog-13 score 42 054 0.51
Age (years) 68.2(7.8 66.87.4 0.41 CDR global score 42 0.68
Sex (male) 55% 47% 0.45 CDR sum of boxes score 42 0.68 0.69
Hapsed time since initial 2.51.9 1.6[.4 0.06 NPI total score 42 0.59 0.60
diagnosis of AD (years) Notes: *The kappa statistic is reported for the CDR global score; the Pearson and
ADAS-cog-11 score  17.5(8.6 21.119.8 0.03 LQWUDFODVV FRUUHODWLRQ FRHIAFLHQWY DUH UHSRUWHG
ADAS-c0g-13 score 28.9(5.2 32.3(1.4 0.08 Abbreviations: ADAS-cog, Alzheimer'®isease Assessment Scale — cognitive

component; CDR, Clinicdbementia Rating scale; NP1, Neuropsychiatric Inventory.

CDR global scored.5 67% 38% 0.05
CDR global scorel 33% 57%
CDR global score2 5%
Sg?es”m ofboxes  3.9d.6 4523 0.30 AD, and implanted participants differ from consenting-non
NP total score 2812.8 4791 0.12 implanted participants only on average ADAS-cog-11 and
Hachinski ischemic ~ 0.510.6 0.410.5 0.34 CDR global scores. Furthermore, we con rm the reliability
scale score of the primary outcome measures used iiDeancestudy
C-SSRS score .210. 3. 0.74 . . . .

0.29.8 0.39.7 population by demonstrating consistency across two visits.
CSDD score 1.82.1 2.218.6 0.54 - . .
YMRS score 0.18/0.58 0.16/9.50 0.89 ADvance joins three smaller DBS studies conducted in
GMHR scoré 3.90.3 NA AD patients published thus farand builds on data from
&9/7 ,, 2 VXP RI2088/W NA approximately25 animal studie$?42863ADvance was
AYretall trials A designed based on an open-label Phase | study of DBS-f
CVLT-Il —short delay 1.9[.9 NA . . . . . .
free recall A conducted in six patients with mild AD, as previously
CVLT-Il — shortdelay 3.62.5 NA discussed. Interestingly, patients with less severe prestimula
free recall C tion cognitive dysfunction and less severe metabolic de cits
SVLT'” _|||,an delay 1.5@.2 NA were more likely to bene t from DBS-f in this tri#.This
ree recal . . . . . . )
ADCS-ADL23 score  69.5(5.0 NA study provided the basis for the inclusion criteria used in
Notes: *P-values for continuous measure calculated-bgsts;P-values for discrete ADvance, which focus on selection of participants with very
measures calculated by chi-squared testata gathered at baseline visit. mild AD. |mp|anted participants were younger, more ||ke|y

Abbreviations: AD, Alzheimer's disease; ADAS-cog, AlzheimeBssease .
Assessment Scale — cognitive component; ADCS-ADL23, AlzheirDésEase to be malea and had lower baseline ADAS'COQ'll scores

Cooperative Study — A(.:tiv?ties obaily Living; CDR, CIinicaDementia_ Rating  than the mean scores in recenﬂy reported Phase Il trials of

Scale; NPI, Neuropsychiatric Inventory; CSDD, Cornell ScaleDfepression and . . . 66

Dementia; C-SSRS, Columbia Suicide Severity Rating Scale; CVLT-II, CaliforiRyloid-lowering agents in AB-**Mean ADAS-cog-11 was

‘N";’b:étiir’;‘l'iggggﬁ;‘:’g”goeudr:‘g'oa’g"n“i';é‘;;:rg'c';’:‘;d'Ca“ea'th Rating score; 17 5 for implanted ADvance participants, and ranged from
19to 23 in recent Phase lll trials. Thus, our participants were

younger and less impaired than those in these Phase lll trials,
a moderate correlation between screening and baseline Vit the differences were relatively small.

scores for ADAS-cog-11 and a high correlation for ADAS-  Foptaine ealf” recruited110 patients with Alzheimer
cog-13, CDR global score, CDR-SB, and NRe 3). The  gementia or MCI to be screened for a study assessing
stability in scores seen within subjects across initial visi{Sgs for cognitive decline, andne subject met criteria,
suggests that our primary clinical outcome measures aignsented, and continued on to implantation. In the current
reliable for the population in this study and can be used ggjdy,42 of 85 screened subjects consented and underwent

measure disease progression over time in this trial. implantation. One possible explanation for this difference
may be that the Fontaine ef’astudy required subjects
Discussion to have received &SM-IV AD diagnosis within2 years

ADvance is the rst multicenter, randomized, double-blindand have a mini-mental state examination score between
controlled clinical trial evaluating the ef cacy of DBS-f 20 and24, which was not required in the ADvance study.
for mild AD. This paper outlines the methods used in thkk also is possible that th&year open-label follow-up
ADvance trial and characterizes the study populatiophase used in ADvance may have contributed to improved
Subjects demonstrate cognitive test scores indicative of mparticipation.
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Another study ir?014 examined open-label DBS targetingve are examining may be undergoing degeneration at
the nucleus basalis of Meynert in six patients meeting criterarying rates in individual study participants, limiting the
for mild-to-moderate AD. Although ADAS-cog scores worseffectiveness of DBS-f to slow cognitive decline and our
ened by an average ®points afterl year of stimulation, the ability to examine the ef cacy of DBS-f within our study
authors noted that this was less than the avéampe7-point  population.
worsening seen in prior reports of patients with AD. Further, In summary, the ADvance trial was successful in enroll
global increases in metabolism in amygdalohippocampal aimty appropriate patients for a novel application of DBS, and
temporal regions were seen in three out of the four patients wie believe several unique design aspects outlined here could
underwent PET scans of cerebral glucose metab8lism.  be considered in future clinical trials of DBS targeting AD

Taken in the context of prior research, ADvance is a novelnd other cognitive disorders.
important step in studying DBS-f as a treatment for mild
AD. The subject pool is much larger than prior studies arﬂcknowledgments
involves1 year of double-blind, controlled cognitive testingThis research is supported by a grant from the National Insti
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