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herapies (“PACTs”) for SZ

, which remain essential for limiting active psychotic symptoms that impede a patient’s 

“auditory learning” a crucial PACT “proof 
of concept”: even in severely ill, AP

severe Alzheimer’s disease

neurophysiological measures of EAIP, i.e. of the brain’s automatic response to a simple sensory event proximal 

4) reflect “automatic” vs. volitional processes and 

Memantine acutely “moves” cognitively and functionally

significantly “moved” these measures in SZ 
ds “normal” values. These changes could not be explained on the basis of AP medication 

–
–

to contribute to “core” neurocognitive deficits in SZ.
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this application specifically, diverges from past “negative” 
cognitive agent with a cognitive “load” that puts 

a “test dose” of a drug

“ able and stable biomarkers that…
” 

“ ”

specific pairing of drug and cognitive “load”: a drug that enhances specific neurocognitive domains is 

will be a novel PACT “prototype”: 

We propose that evidence for the requisite “spared” neural circuitry in 

“challenge”.

targets for pharmacotherapy. Ultimately, gains in EAIP and/or higher auditory processing after a “test dose” of 
tivity. This “personalized medicine” approach 

in an “efficient pilot test” of the 

, “Development of 
Psychosocial Therapeutic and Preventive Interventions for Mental Disorders”, which supports “
testing of novel psychosocial therapeutic and preventive interventions for mental disorders… using an 

.” Moreover, in this application, “
provide information of high scientific utility and… support ‘go/no go’ decisions about further development or 

” The application uses a “novel intervention strategy”
that will “replicate target engagement and relate change in the… target/mechanism to clinical benefit.”
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any “yes” on the Columbia Suicide Severity Rating Scale SSRS) “Since Last Visit”, or an exacerbation of 

“intent to treat” design, and their data are analyzed using linear mixed
Outcome and “Go Decisions”.
confirming “target engagement”, this application 

The small “n” necessitated by the 3

– g that they are relatively “blunt” metrics 

A “Go” decision requires: 1) confirmation of target engagement (AP

not use traditional statistical significance as “Go” criteria for Aim 2 reflects this RFA’s call for “Pilot” studies, the 
need to identify candidate treatments for a subsequent larger “n” Confirmatory Efficacy R01 study, and the limits 

is “visible to the naked eye,” and this 
=0.5 “Go” threshold for Aim 2 corresponds to a “number needed to treat” (NNT) 

 3.62. While a “Go” decision does not require identification of a biomarker predicting greater PACT 

mpact a “Go” decision.

developed “TCT Clinician Competence Assessment” monitor T
In the initial “biomarker testing” session (Test 1), 

to generate a “Pre Training APS score” as described previously (Fig. 

completing the Sound Sweeps session (“Test 2”). MEM effects on APS learning are 

→ → →

“ba” vs. “da”), differing o

“Go” criteria #1, plus at least one of #’s 2, 3 & 4

  
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“Lifetime/Recent version” at screen; “Since Last Visit” at 
any “yes” in C

NIH “PhenX Toolkit”

(Aim 1, “target engagement”) and 

“Go/No Go” decisions are based on traditional statistical significance (Aim 1) and effect si

sided (α=.05). Model parameters are estimated via the R lme4 package and Cohen’s d is estimated via the 
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measures involve a “change from baseline”, baseline metrics are compared betwe

. NIH Data Harmonization: 3 “PhenX Toolkit” (NOT
are used; see above and “Resource Sharing Plan”.

–

on APS learning is a “Go” criteria and confirms target eng
–

A Cohen’s 

primary “Go” criteria. The effect of drug assesses “greater” gains. Reverse
assesses “faster” gains. A separate model comparing differences in outcomes at 12
“more durable” gains. Secondary analyses will examine whether change in MEM
(“within subject” tar

–

Subject “throughput”: 
) complete TCT training in 12 subjects/yr. This will yield 2 “target engagement” Aim 1 arms of 

h “make up” days for missed appointments, 48 weeks/year) 
allows for a “maximum throughput” of 19.2 subjects/yr. To reach the target of 

for traditional significance, while the “Go” signal for therapeutic impact (Aim 2) is based on effect size (d=0.5). 

1. We don’t know how M
antagonist with rapid blocking and unblocking ability. It is widely used to treat Alzheimer’s Disease
cellular mechanisms responsible for MEM’s clinical effects are a source of controversy, 

communication in Alzheimer’s patients
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TCT’s clinical benefits

Δ Sx? Δ Cog? 


 

 


 
 

 
 
 

We fully acknowledge that, even in its primary clinical use (Alzheimer’s Disease), 

–
: that MEM will enhance the clinical impact of TCT, and that an individual’s sensitivity to this effect will 

As it relates to MEM’s potency in this PACT model, it is important to acknowledge that the dose selected for the 
Aim 1 “Test 2 MEM challenge” (20 mg; Fig. 5) is based on empirical evidence that this dose –

–

“inverted effects” on at least some EAIP measures, 
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5. MEM offers advantages over other drugs in a PACT “Confirmatory Efficacy” study. 

model, particularly in relation to its “scalability” for larger clinical trials: 1) amphetamine 
patient’s routine regimen; 2) after 

remain “on site” for safety monitoring

model supported by this RFA, TCT “learning”, as 
“factor that an intervention intends to modify, based on a hypothesis that [its] 

modification will result in improvement of symptom, behavior, or functional outcomes.”
“Targets might include…potentially modifiable…cognitive processes…”

–

“test the hypothesis that the target is relevant to the clinical 
problem under study.”

measures of target engagement, including “APS plateau”
– “target engagement” could 

i.e. gains in APS. Because of its “proximity” to the therapeutic impact of PACT, APS learning should be a target 

Also, compared to EEG, measures of APS learning are more “scalable” for use in future 
“Confirmatory Efficacy” trials.

–

“scalable”?

“Feasibility”) in implementation in the “real world”. 

(comparable to “Day Treatment”)

icacy, it will be “scalable.”
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“ ”

yield “n’s”

. There is still “room to move”: be “at ceiling”, 

large effect size gains in Verbal Learning (d=0.65) and auditory discrimination (“Words Noise”; 

MCCB domains (e.g. Cohen’s d’s for processing speed, attention/vigilance and working memory were 

there is clearly “room to move”

small sample size of this “pilot” study will not easily detect traditional (p<0.05) statistically significant group 
differences, but “Go/No Go” decisions will be based on “clinically meaningful” Cohen’s d=0.5

“ results… ”? ‘Go/No o’ 

“valid” negative 

“
the… target/mechanism to clinical benefit”), esting this hypothesis, with specific “Go/No Go” criteria, will 

ings to explore (i.e. “learn/confirm”) mature hypotheses related to 
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Section 4 - Protocol Synopsis (Study 1)

4.1. Brief Summary

Current therapies for chronic psychotic disorders such as schizophrenia include antipsychotic medications, which do not
 significantly improve function or correct cognitive deficits in this disorder, and cognitive therapies, which produce only modest
 benefits to most patients. We hypothesize that medications that specifically target neurocognitive processes like attention and
 vigilance will significantly augment the clinical benefits of cognitive therapies in schizophrenia. Here, we will confirm that the
 pro-cognitive medication, memantine, enhances learning of an auditory processing task in a computerized targeted cognitive
 training (TCT) program in antipsychotic-medicated schizophrenia patients, and complete a randomized, double-blind clinical
 trial in antipsychotic-medicated schizophrenia patients, comparing TCT (30 sessions) plus memantine (MEM) vs. TCT (30
 sessions) plus placebo (PBO).

4.2. Study Design

4.2.a. Narrative Study Description

Screened, eligible patients complete clinical, neurocognitive and functional measures and candidate biomarkers (EEG,
 QuickSIN, WIN). Aim 1 is completed in 2 tests, approximately 1 week apart. In Test 1, Sound Sweeps are tested after
 PBO for all subjects, who are then randomized to TCT+PBO vs. TCT+MEM arms (n=27/arm) using stratified random
 sampling (over sex, age and high/low Test 1 APS learning) blind to arm identity, similar to our previous studies. Test
 2 follows approximately 5-7 d later; this test is identical to Test 1, except that subjects receive their assigned study
 drug (PBO vs. MEM (20 mg po)) 1 hour prior to Sound Sweeps. Tests 1 and 2 are used to assess target engagement
 (Aim 1: MEM-enhanced APS learning) and MEM effects on auditory discrimination (QuickSIN, WIN). Our design allows
 for 20% attrition from enrollment (n=69) to completion of target engagement testing (n=54).   For Aim 2, TCT in these
 same subjects is scheduled 3 d/week (M-W-F) for 1-h/d, recognizing the need for flexibility (T-Th are “make-up days”),
 and continues until a subject completes 30-h (approximately 10-12 weeks). TCT is delivered by trained staff. 60 min
 prior to each TCT session, patients take either PBO or 20 mg MEM, as per arm assignment. Patients and staff are
 blind to study arm; staff are blind to patients’ baseline or post-intervention assessments. Outcome metrics assess
 symptom, neurocognitive and functional changes after 10, 20 and 30 TCT sessions, and 12 weeks post-TCT. Candidate
 biomarkers are re-tested after completion of 30 sessions of TCT.

4.2.b. Primary Purpose Treatment

4.2.c. Interventions

Type Name Description

Behavioral (e.g.,
Psychotherapy,
Lifestyle
Counseling)

Targeted Cognitive Training
(TCT)

Thirty, one-hour sessions over approximately 10 weeks, of computerized
 cognitive training modules.

Drug (including
placebo)

memantine The pro-cognitive medication, memantine (placebo vs. 20 mg) will be
 administered orally, 1 hour prior to targeted cognitive training, in a double-
blind, randomized design.

4.2.d. Study Phase Phase 2/3

Is this an NIH-defined Phase III Clinical Trial? ❍ Yes ● No

4.2.e. Intervention Model Parallel

4.2.f. Masking ● Yes ❍ No

❏✔ Participant ❏✔ Care Provider ❏✔ Investigator ❏✔ Outcomes Assessor

4.2.g. Allocation Randomized

4.3. Outcome Measures

Tracking Number: Funding Opportunity Number:  Received Date:
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Type Name Time Frame Brief Description

Primary Auditory Processing Speed
(APS) learning

Test 1 and Test 2, one week
apart

APS is measured before and after the TCT
 "Sound Sweeps" frequency modulation session,
 to determine the amount of "learning", based
 on the reduction in detection gap (ms). More
 learning (greater gain in processing speed)
 with memantine vs. placebo confirms target
 engagement, which is the primary outcome of Aim
 1.

Primary MCCB Composite baseline vs. post-TCT session
10, 20 and 30 (approximately
10 weeks), and 12 weeks post-
TCT

Change in MCCB Composite performance
 from baseline is one outcome measure. The
 MCCB measures 7 cognitive domains: speed of
 processing, attention/vigilance, working memory
 (verbal and nonverbal), verbal learning, visual
 learning, reasoning/ problem solving and social
 cognition. Details are found in[25, 89, 90]; past
 studies of drug effects on MCCB performance
 include[37, 91]. Since the MCCB is assessed
 multiple times, alternate forms of the HVLT-R
 and BVMT-R are used in counterbalanced order.
 MCCB Global Composite T-score (MCCB-C) is
 the primary neurocognitive outcome measure.
 Individual MCCB domain T-scores are used in
 secondary analyses to determine whether an
 overall effect is driven by specific aspects of
 neurocognition; TCT effects on verbal learning
 performance are known to be robust[13], and
 should be augmented by MEM. Baseline and
 MEM-enhanced (Test 2 vs. 1) MCCB performance
 (A/V subscale) will also be tested as potential
 biomarkers/moderators of MEM PACT efficacy.

Primary PANSSt: Positive & Negative
Symptom Scale total

baseline vs. post-TCT session
10, 20 and 30 (approximately
10 weeks), and 12 weeks post-
TCT

TCT reduces both positive and negative symptoms
 of psychosis; we predict that memantine will
 augment these effects via enhanced TCT
 learning, detected by the PANSS. For this reason,
 and based on the need to limit total outcome
 measures, PANSS Total Score is the primary
 clinical outcome measure. Positive and negative
 symptom subscales, as well as PANSS factor-
derived measures, will be assessed in exploratory
 analyses. Other secondary clinical measures
 will include: 1) Psychotic Symptom Rating
 Scales (assesses auditory hallucinations); 2)
 Young Mania Rating Scale; 3) Patient Health
 Questionnaire-9 (current depressive symptoms);
 4) Abnormal Involuntary Movement Scale; 5)
 Columbia Suicide Severity Rating (C-SSRS);
 “Lifetime/Recent version” at screen; “Since
 Last Visit” at follow-up visits). The C-SSRS is a
 sensitive measure of suicidal ideation; any “yes”
 in C-SSRS prompts an immediate full evaluation/
action plan by a study M.D.
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Primary World Health Organization
Disability Schedule 2.0
(WHODAS)

baseline, after sessions 10, 20
and 30, and 12 weeks post-
TCT

Function is assessed via the World Health
 Organization Disability Schedule 2.0 (WHODAS)
 at baseline, after sessions 10, 20 and 30, and
 week 12 post-TCT. WHODAS 2.0 is a 12-item
 patient-rated measure (< 15 min) using a 5-point
 Likert scale focusing on cognition, mobility, self-
care, getting along with people, life activities and
 participating in society; it was selected by the
 DSM-5 Task Force committee to replace the
 global assess-ment of functioning scale. NIH
 “PhenX Toolkit” scales of Impairment, QOL and
 Social Isolation will also be used. After session
 #30, the assessment will include a 14-item 7-point
 Likert scale of treatment satisfaction.

Primary EEG biomarkers baseline,visit 2 and after
session 30

Biomarkers from Tests 1-2 will be assessed as
 predictors of target engagement (Aim 1) and
 PACT sensitivity (Aim 2).EEG measures of
 early auditory information processing variably
 predict response to early APS learning[74],
 MEM-enhanced APS learning[62], and TCT
 outcomes[18].   EEG/ERPs are acquired via 64-
channel recording systems and assessed in the
 same order, as per[38, 94]: MMN/P3a/Theta
 power/Phase locking (25 min; Oddball Paradigm),
 ASSR (6 min). Exploratory analyses will test
 secondary predictions: for example, high vs. low
 baseline P3a amplitude and faster P3a latency
 will predict greater target engagement (Aim
 1), and greater MEM-enhanced TCT outcome
 (Aim 2). MEM-enhanced (Test 2 vs. 1) ERPs,
 auditory discrimination and neurocognitive (A/
V) measures will also be explored as outcome
 (Aim 2) predictors; significant pre- vs. post-TCT
 changes in ERP source dynamics will also be
 examined for mechanistic characterization[20].
 Robust biomarker predictors will be examined as
 moderator

4.4. Statistical Design and Power 4.4_Statistical_Design_and_Power.pdf

4.5. Subject Participation Duration approximately 24 weeks

4.6. Will the study use an FDA-regulated intervention? ❍ Yes ● No

4.6.a. If yes, describe the availability of Investigational
Product (IP) and Investigational New Drug (IND)/
Investigational Device Exemption (IDE) status

4.7. Dissemination Plan 4.7_Dissemination_Resource_Sharing.pdf
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sided (α=.05). Model parameters are estimated via the 
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