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1. INTRODUCTION

Cognitive impairment remains a major disability for individuals with multiple sclerosis (MS). The primary
objective of this study is to evaluate the efficacy for treating MS-associated cognitive deficits using a
unique computer-based plasticity-based and adaptive cognitive remediation treatment (PACR)
compared to a computer-based control. This novel cognitive remediation approach has led to striking
improvements in cognitive functioning in other disorders (schizophrenia, traumatic brain injury, aging,
and dementia) but has never been applied to individuals with MS.

1.1 STUDY RATIONALE

RELEVANCE TO MULTIPLE SCLEROSIS

MS-associated cognitive impairment has adverse effects on many aspects of quality of life including
impaired occupational and social functioning and increased caregiver burden. The proposed research is
a direct response to the unmet need for effective treatment of cognition in MS.

The research will be the largest trial to date of cognitive remediation in this disease, has a randomized
blinded design with an active control. The intervention is home-based and will allow wide patient
access. Demonstrating a clinically meaningful treatment outcome would provide a new standard of care
in MS. This immediately available program has the potential for increasing productivity at home and at
work and enhancing quality of life, effects which could transform the lives of people with MS.

PACR program is a novel and innovative program with potential to help patients with MS

PACR is a program currently registered with the FDA to pursue regulatory approval, with the goal to
become the first cognitive remediation program approved as medical device. A trial of PACR in
individuals with MS is warranted because: 1) it is an innovative therapeutic approach that differs from
other currently available treatments; 2) it is designed to target learning that is accompanied by neural
reorganization or restoration; 3) it has a practical and novel delivery approach with a web-based
implementation that can reach individuals with MS at any location; and 4) there is a significant body of
randomized, controlled trial (RCT) data demonstrating that PACR improves cognitive and real-world
function in people with a range of conditions and with forms of cognitive impairment similar to what is
seen in MS.

1. PACR offers an innovative therapeutic approach by targeting procedural or skill-based learning: Most
currently applied cognitive remediation approaches rely on the use of declarative memory in their
implementation of training strategies. Unfortunately, declarative memory is typically involved in
cognitive impairment. For example, when a patient is taught how to use a memory book, that patient
must rely on their declarative memory to learn and then recall the steps required to use the memory
book correctly [51]. Therefore, the patient is asked to rely on their deficient memory system for benefit.

In contrast, PACR is designed to enhance specific elements underlying cognitive function through
extensive repetition of learning exercises. Task performance is over-learned through repetitive and
rewarded practice. This practice-based skill learning depends on procedural memory. Procedural or
skill-based memory typically remains intact in a variety of conditions marked by impaired declarative
memory and other cognitive impairments [52-54], including MS [11].



PACR consists of exercises that continuously challenge basic processing skills, incorporating the critical
elements thought to drive optimal learning [55-61]:
e Aspeeded schedule: driving the brain to process stimuli over brief periods of time, with
extensive repetition of practice trials;
e Engagement: using attractive stimuli and high motivation for correct performance (correct trials
are rewarded with points delivered through virtual shopping experiences and animations);
e Adaptivity: using adaptive tracking methods to continuously adjust the task to the sensory and
cognitive capabilities of the individual participant (locking an individual’s performance to 80-90%
from trial to trial and across sessions to ensure that the exercises become more challenging for a
specific individual’s rate of learning at any given point in time); and
e Generalization: choosing stimuli to create exercises in which improvement will generalize
broadly to other situations and real-world performance.

As shown in Figure 1, the exercises are based on the theory that an individual can restore degraded
abilities through intensive procedural learning, leading to improved encoding of naturalistic information,

resulting in improvements in cognitive functions based on the quality of that incoming information.

Figure 1. PACR Overview
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2. PACR is designed to target learning accompanied by neural reorganization or restoration: A large
body of literature supports that, with appropriate forms of progressive learning, plastic changes in the
adult brain can result in the acquisition or improvements in areas including: perceptual abilities [62-63];
motor response abilities [64-65]; attention system control [66]; processing speed [67-68]; and executive
control abilities [69]. PACR stimuli and exercises have been designed to target these plasticity-based
changes [51, 57, 70-71]. For example, a task may require auditory discrimination between two
confusable syllables. Initially, the sounds are enhanced and slowed. This exaggeration is then gradually
reduced across training while the individual continues to improve on this skill, with the goal of driving
changes in the neural substrates of auditory discrimination and temporal response.

Studies of PACR in other conditions have documented changes that may suggest neural plasticity-based
changes following program use [7, 21]. An fMRI study following PACR use in normal aging adults
showed a greater activation in associated neural systems in the training group [72]. Task improvements
correlated with increases in activation in the right inferior frontal gyrus and the precentral gyrus. An
electroencephalographic (EEG) study [73] showed significant changes on visual evoked potentials in the
N1 response over visual cortex. The magnitude of this change correlated with improvement in visual
working memory. In a sample of 12 patients with mild cognitive impairment (MCl), pre- and post-
training showed a significant difference within the left hippocampus as measured with fMRI [21]. In a
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trial of PACR in adults with schizophrenia, cognitive improvement was accompanied by an increase in
serum levels of brain-derived neurotrophic factor to levels similar to healthy controls, suggesting that
physiological changes accompanied the cognitive changes [74].

3. PACR offers a novel and practical delivery approach: PACR is delivered over the web to any internet-
connected computer, while providing continuous documentation of participants’ usage and progress to
a secure central server for ongoing review and analysis. In contrast to previous cognitive remediation
approaches requiring a patient visit with 1:1 sessions with a trained clinician, web-based delivery can be
offered to more participants at reduced cost. It is also likely to improve overall clinical outcomes by
treating more patients in need than is possible with existing techniques, with the delivery of more
therapy to each patient.

4. PACR has demonstrated efficacy: Multiple randomized controlled trials (RCTs) have demonstrated
that PACR improves cognitive and functional abilities in diverse patient populations with cognitive
impairment that is similar in type and range as that seen in MS. Endpoints have included both
neuropsychological assessments of memory and cognition and real-world function. Currently, large
multi-center trials of PACR are underway in the areas of mild TBI and schizophrenia[23-24].

Normal aging: In the largest RCT of computerized cognitive training programs to date, 487 cognitively
normal adults aged 265 years were randomized into treatment and active control (educational content)
group [75]. Each group completed 40 hours of training (1 hour/day, 5 days/week for 8 weeks total).
Results demonstrated: 1) training-to-the-task improvement as expected, 2) generalization of
improvement to a composite of untrained, standardized neuropsychological assessments, and 3)
generalization of improvement to a measure of everyday cognition. Three additional randomized
controlled trials have been completed in normal aging (n=91, n=126, n=105) [76-78]. These studies
demonstrated that PACR exercises targeting useful field of vision significantly improved the timed
instrumental activities of daily living (TIADL task; the outcome for the first two trials) and reaction time
in a driving simulator and on-road driving performance (the 3rd trial) [78].

Mild Cognitive Impairment: A RCT of 47 participants with MCIl compared treatment to active control
(computer use) with 40 hours of training (90 minutes /day, 5 days/week for 5 weeks total) and showed a
strong effect on pre-post performance on a cognitive battery and a trend towards improvement on
delayed memory [20].

Schizophrenia: An initial RCT in schizophrenia included 55 participants. Treatment was compared to an
active control (computer games), with both conditions completing 110 hours of training (1 hour/day, 5
days/week for 22 weeks total). An interim assessment (50 hours of training) showed a significant
improvement in global cognition with particular large effects on verbal learning and working memory
[8]. Continuation for the remaining 60 hours of program use showed further growth in the overall effect
size, and then a general maintenance of the cognitive improvement after a six-month no-contact follow-
up period [19]. The effect of PACR on global cognitive function in schizophrenia was recently confirmed
and extended in a multi-site replication study [79-80]. This multi-site study enrolled 53 participants with
schizophrenia randomized into treatment and active control (computer games) groups, with results
similar to the original findings. An additional RCT with 39 participants comparing PACR to an alternate
therapy (CogPack) showed significant improvements in verbal learning and memory in the PACR group
and normalization in the PACR group only on a standard electroencephalographic measure of the
integrity of early brain information processing (sensory gating ratio)[81].



HIV: A recent controlled pilot study was completed with 46 middle-aged and older adults with HIV [22].
Approximately half (n=22) were assigned to complete 10 hours of PACR games targeting speeded visual
processing compared to the control group that received no contact during the study period. Despite the
relatively short period of intervention, the PACR group showed significant improvements compared to
the controls on the TIADL task, a speeded visual task (Useful Field of Vision) and finger tapping.

Summary of previous studies: In aggregate, these findings support PACR efficacy across a variety of
patient groups and hold two main implications for work in MS: 1) PACR is appropriate for MS: across the
spectrum of cognitive function, ranging from high-functioning individuals undergoing normal cognitive
aging to low-function individuals with schizophrenia, the PACR exercises are learnable and usable by
individuals in an in-home setting; 2) PACR is likely to be effective in MS-related cognitive impairment:
across several indications with distinct underlying causes there is substantial evidence that PACR drives
changes in function that generalize to both neuropsychological and real-world measures of function.

1.2 BACKGROUND

Cognitive impairment is a significant unmet treatment need in MS

Multiple Sclerosis (MS) is characterized by demyelinating lesions throughout the central
nervous system and is the most common progressive neurological disorder to occur in working-
age adults [28]. Cognitive impairment, estimated to occur in more than half of all patients, can
be independent from disease progression [29]. The most common deficits are in the areas of
information processing, attention, and new learning [9-10, 30]. These deficits often strike
individuals during their key years of productivity and are associated with significantly
compromised quality of life and increased caregiver burden [31].

Unfortunately, pharmacological approaches have not shown consistent treatment benefit [32-
33]. Disease-modifying medications may slow the progression of deficits, but studies have had
varied findings and methodological challenges [27, 34-37]. Symptomatic medication
approaches (e.g., cholinesterase inhibitors such as donepezil [16, 26] or amphetamines [12, 14])
have been of limited use, with initial positive findings unconfirmed in larger trials [14, 26].
Most recently, a subgroup analysis of more impaired patients in a trial of L-amphetamine
showed a positive signal for cognitive enhancement [14-15]. However, even if proven to be
effective for some, the use of amphetamines may have considerable treatment limitations,
including the potential for abuse.

Cognitive remediation is a promising treatment option

Cognitive remediation (also referred to as cognitive rehabilitation or cognitive training) holds
particular promise because it is safe and noninvasive and works to restore functional abilities
[38-39]). Despite its promise, conclusions concerning cognitive remediation approaches have
been limited due to methodological problems. Relatively few studies of cognitive remediation
programs have included adequate sample sizes and/or controlled designs. For instance, a
recent review noted 112 studies of cognitive remediation in TBI and stroke, with only 14
meeting criteria for consideration as Class | level of evidence [38]. Similarly, reviews of
cognitive remediation in MS have noted few trials to have used rigorous study design [40-41].



A second major limitation for cognitive remediation has been the variability of approaches to
cognitive remediation programs. Traditionally, cognitive remediation has been delivered
through the drill-and-practice of information and learning strategies to target specific cognitive
skills (e.g., memory techniques) and require 1:1 sessions with a trained clinician. More
recently, technological advances have led to computerized programs. Computer-based
programs offer several recommended advantages, including the ability to provide more
intensive therapy [42] and the capability to adapt program administration to meet individual
levels of function and performance [43]. Computer-based delivery often does not require as
much clinician time, and can provide the option of delivery to remote (e.g., home-based)
locations.

The few previous studies of cognitive remediation in MS [40-41] have shown clear signals of a
positive treatment effect [40-42, 44-50]. In the largest trial to date, Shatil and colleagues
completed a controlled trial with a computer-based training program (CogniFit Personal Coach)
in 107 Israeli patients with MS for 12 weeks [44]. Results showed rapid recruitment and,
despite no further contact after baseline, strong unprompted adherence to the program (71.2%
used the program and 57.6% completed the majority of their sessions). The treated group
improved on more cognitive measures than the control group, with significant changes on
measures of general memory, and verbal and visual working memory. Unfortunately, the study
was not randomized and did not include an active control condition. However, findings support
the potential benefit of a computer-based cognitive remediation program for individuals with
MS to use from home.

Reviewers have uniformly concluded that future trials should include sufficient sample sizes
and study designs that include an active control condition [39, 43]. Ultimately, benefits from
the interventions should generalize beyond the training task and/or single cognitive domain of
function [49]. It is also recommended that programs to be evaluated for use in MS should first
have efficacy demonstrated in other conditions [40].

The proposed trial is designed to overcome the limitations of prior cognitive remediation trials
in MS and incorporates the reviewer recommendations. This study will have an adequate
sample size, be double-blinded and randomized, and include an active control condition. The
intervention, PACR, is based on recent advances in both neuroscience and technology. It offers
a cutting-edge program design with web-based delivery. PACR also has the most empirical
support for any cognitive remediation program developed to date.

1.3 PRELIMINARY DATA

The goals of our preliminary data collection were to: 1) estimate the recruitment rate based on
the ability to identify eligible participants; 2) assess PACR program compliance in enrolled
participants; and 3) measure for a signal of benefit in treatment outcomes (PACR program
performance, participant ratings, and neuropsychological measures).




1. Recruitment Rate: Potential participants were identified through clinician referral, without any
advertising or other outreach. MS patients were considered eligible if their treating neurologist judged
that cognitive impairments were a concern; they were interested in completing computer-based games
that may improve their cognitive functioning; they had sufficient motor dexterity and visual ability to
operate a laptop computer; and they had internet access at home.

Results: Our goal for the feasibility study was to recruit ten participants. However, we met with
significant interest from the patients in our clinic, identifying 32 eligible participants at a rate of two per
week, over 16 weeks. Program enrollment was limited by the availability of computers and study staff.

Ten (10) participants have completed the PACR program to date and their outcomes are reported
below. These participants were three (3) men and seven (7) women, ranging in age from 27 to 64 years
(mean of 49 years). Six had a diagnosis of relapsing-remitting MS and four had a diagnosis of primary
progressive MS. EDSS scores ranged from 1 to 6.5, with a mean of 3.8.

2. PACR Program Compliance: At baseline, participants visited the clinical research unit and completed
a brief neuropsychological evaluation. Participants received a laptop computer and a set of noise-

Table 1: cancelling headphones, and were instructed on how to access the PACR

Total Program Hours program. During the remote (home-based) treatment period, participants

101 40 were asked to complete the study games for 1 hour/day, 5 days/week, for a

102 59+ total of 40 hours over eight weeks. The 40-hour target was based on

103 42 previous feasibility studies prior to larger controlled trials other conditions

104 51 [8, 25]. Compliance data were collected remotely. Participants returned

105 50 after eight weeks for the study end visit, complete the follow-up evaluation

106 31 and return study equipment.

107 73+ . -

108 20 Results: As shown in Table 1, all participants were close to the target of 40

109 42 hours. Nine of the ten completed or exceeded the target amount of hours.
The remaining participant (#106) completed 31 hours. Two participants

IﬁI?AN 23 (102, 107) requested to continue sessions on their home computer after the

eight week assessment.

3a. Treatment Outcome- PACR Performance: In addition to tracking compliance, the PACR system
provides measurement for a participants’ progress over time, as a check for successful training to the
task. Performances are compared to a large normative database, provided by the program developers,
and each participant is assigned a percentile to their current skill level. Change in percentile ranking
between the participant’s initial and best performance serves as an indicator of skill progression within

the program.

80
10
Results: As shown in Figure 2, all participants showed 70 1
improvement in their percentile ranking (combined across tasks), i =10
with the average group gain of 30.9 points, indicating marked 60 2
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completing the PACR program. A study staff member also completed the Clinician Interview-Based
Impression of Change (CIBIC) rating with both the participant and an informant when available (n=4,
either a spouse or other family member).

Results: The majority of the completed participants reported improvement. Seven of the 10
participants reported improved general cognition, and six reported improved memory. Similarly, seven
of the 10 received ratings of at least mild improvement on the CIBIC. No participant reported nor
received a rating of decline.

Participants and/or their informants were also provided with space to add any written comments along
with their ratings and these were overwhelmingly positive.

Participant comments included the following: “I think | am more comfortable with my deficits and my
emotional reaction to forgetfulness has improved along with my cognition.”; “Multitasking has
improved.”; “Using the program improved attention span and concentration.”; “At MS meeting
remembered to say what | need to say after the person before me is done speaking, | usually forget by
that point.” ; “I have an easier time remembering conversations I’'ve had and little things | need to do.”;
“I have noticed some noticeable cognition, conversation suggestions, memory recollection. Seems to be
better. Much more cognizant.”

Comments from the informants included: “The

Table 2. Neuropsychological Performance skills offered here helped her.”; “I think yes
Composite Cognitive z Score overall improvement. She went after it
Participant diligently.” “Remembering the date now several
Baseline | Study End | Change Score times a day and is able to repeat it and get it
right.” “Remembers little things that she would

101 -51 .13 .64 | have forgotten before.”
102 -1.01 -1.03 -.02
103 -11 .34 .45 | 3c. Treatment Outcome — Neuropsychological
104 -1.20 -1.03 .17 | Measures: A composite score was derived from
105 -2.36 -1.75 61 | four neuropsychological measures: California
106 -.54 -31 23 | Verbal Learning Test-Second Edition (CVLT I1)[82]
107 -2.58 -1.88 70 | total learning score (verbal learning), Brief
108 46 79 33 | Visuospatial Memory Test-Revised (BVRT-R) [17]
109 09 07 02 | totallearning (visual learning), the Symbol Digit
110 23 39 16 | Modalities Test (SDMT) [1-2, 5] total score
MEAN _75 43 33 (information processing), and Delis-Kaplan

Executive Function System Trail Making Test
(DKEFS Trail Making Test ) [18] Letter/Number Sequence trial (executive functioning). These measures
have reliable alternate forms and are both sensitive to the impairments typically seen in patients with
MS, and were comparable to the composite outcomes used in evaluation of the PACR program in other
conditions. Participant scores were transformed to z scores derived from published normative data for
each of the four measures, and then averaged for one composite score. Change scores were then
calculated between baseline and study end.

Results: As shown in Table 3, baseline, participants’ cognitive composite scores ranged from z=-2.8 to
z=.46, with a mean of z=-.75, indicating a range of cognitive functioning across the sample trending
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towards low average to mild impairment as a group. After completing the PACR program, all but one
participant showed improvement, with a mean increase of z=.33.

Summary of Preliminary Data: Our feasibility study indicates that eligible and interested participants
can be readily identified. PACR program compliance rate is very high. A positive signal for improvement
was identified through improvement on the PACR program exercise, participant ratings, and
standardized cognitive measures.

2. SPECIFIC AIMS
e Specific Aim 1 — Evaluate the effect of PACR on generalized cognitive and functional

performance:
Co-primary outcome measures will be: 1) a composite derived from a standardized battery of
neuropsychological tests, and 2) a timed measure based on direct observation of functional
performance.

e Specific Aim 2 — Identify specific predictors of response to guide future use:
Covariates will include baseline cognitive status, PACR program compliance, PACR task
improvement, and participant-reported outcomes.

PACR program is a novel and innovative program with potential to help patients with MS

PACR is a program currently registered with the FDA to pursue regulatory approval, with the goal to
become the first cognitive remediation program approved as medical device. A trial of PACR in
individuals with MS is warranted because: 1) it is an innovative therapeutic approach that differs from
other currently available treatments; 2) it is designed to target learning that is accompanied by neural
reorganization or restoration; 3) it has a practical and novel delivery approach with a web-based
implementation that can reach individuals with MS at any location; and 4) there is a significant body of
randomized, controlled trial (RCT) data demonstrating that PACR improves cognitive and real-world
function in people with a range of conditions and with forms of cognitive impairment similar to what is
seen in MS.

3. OUTCOME MEASURES

3.1 PACR Program-based assessments: As in our feasibility trial, we will measure: 1) Compliance: total
number of hours of program use; and 2) PACR performance: participants’ progress will be measured
from built-in assessments and compared to a large normative database provided by the program
developers. We expect large improvements in the treatment group on these assessments because they
have directly practiced these tasks. Participants failing to make progress on exercise-based assessments
may represent a subpopulation not treatable with this program, and participants making strong
progress may represent a subpopulation particularly amenable to treatment.

3.2 Neuropsychological Measures: The complete evaluation as shown in Table 4 will be performed at
baseline and study end, with the exception of the Wide Range Achievement Test- 3" Edition Reading Test
(WRAT-3) [84], which will be administered only once at screening/baseline. Tests will include the Symbol
Digit Modalities Test [1-2, 5], Paced Auditory Serial Addition Test (PASAT) [5-6], Wechsler Adult
Intelligence Scale-Fourth Edition (WAIS-1V) Digit Span and Letter/Number Sequencing [89], Selective
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Reminding Test [5, 90-91], Brief Visuospatial Memory Test [17], DKEFS Trail Making Test [18] and 9-Hole
Pegboard Test [92-93].

Alternate forms of each test will be used to mitigate test-retest effects. Participants who stop program
use will be scheduled for assessment based at three months from their consent date. Participants
seeking to withdraw from the study will, with their consent, be scheduled for a final assessment at the
time of their withdrawal.

We will employ a single composite cognitive measure as a co-primary outcome that will be derived from
four scores from the test battery, as shown in Table 4. These four measures include: 1) PASAT total score
(), 2) SRT total trial learning, 3) BVMT-R total trial learning, and 4) DKEFS Trails composite number and
letter sequence score. These measures were selected due to their: 1) sensitivity to the change in studies
of other interventions targeting cognitive processing in MS [12, 14-16], 2) reasonable test-retest stability
and minimal practice effects, and 3) plausibly to reflect PACR-related improvements (based on prior
studies and our feasibility trial).

The summary score (see Section 6) from the Timed Instrumental Activities Daily Living Task will be a co-
primary functional outcome.

Table 4. Study Evaluation Procedures for Screening, Baseline and Study End

Neuropsychological Measures (administered by blinded psychometrician)

Test Domain Study Outcome
WRAT-3 Reading Premorbid 1Q Estimate Randomization (Screening Only)
SDMT Screening, Level of Impairment Randomization
PASAT Information Processing Co-Primary (total score*)
WAIS-IV Digit Span-Forward Information Processing Co-Primary (total score*)
WAIS-IV Letter Number Sequence | Information Processing Co-Primary (total score*)
SRT Verbal Learning Co-Primary (total learning trials*)
BVMT-R Visual Learning Co-Primary (total learning trials*)
DKEFS Trail Making Test Executive Functioning Co-Primary (number and letter
trial*)
WAIS-IV Digit Span-Forward Information Processing Secondary
9-Hole Pegboard Motor Secondary
Functional Measure (administered by blinded psychometrician)

Timed Instrumental Activities of Daily Living task (TIADL) ‘ Co-Primary

Interview-Based Rating (administered by study nurse practitioner)
Cognitive Assessment Interview (CAl; with informant input) Secondary

Self-Report Measures

Participant-Reported Outcomes (with informant input) Secondary
MS Neuropsychological Questionnaire (MSNQ) Secondary
Ruff Neurobehavioral Inventory (RNBI) Secondary
BAMA (with informant input) Secondary
ECOG (Test of Everyday Cognition) (with informant input) Secondary
BDI-Fast Screen for medical patients Secondary
CMDI Self-Report Scale Secondary
Fatigue Severity Scale (FSS) Secondary
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Modified Fatigue Impact Scale (MFIS) Secondary
Positive and Negative Affect Schedule (PANAS-SF) Secondary
Benefit Finding (with informant input) Secondary
Post-traumatic growth inventory (with informant input) Secondary

* six representative scores will be compiled into a composite z score for the co-primary outcome measure

3.3 Functional Measure: The Timed Instrumental Activities of Daily Living task (TIADL) is a test of real-
world performance. The TIADL task is designed to be sensitive to mild cognitive impairment and has
published test-retest reliability [94-95]. TIADL completion time has demonstrated sensitivity in studies of
MS [96] as well as an outcome in PACR trials in normal aging [76-77], mild cognitive impairment [97],
and HIV [22]. TIADL scoring rules result in a single composite outcome measure for use as the functional
co-primary outcome measure in this study [98]. Completion time is measured in five key domains
represented by 10 common daily tasks: information identification finding a telephone number), finances
(making change), food (reading the first three ingredients on a can of food), and shopping (finding two
items on a shelf), and medication management (reading the directions on a medicine bottle).

3.4 Interview-Based Rating: A blinded study staff member will administer the Cognitive Assessment
Interview (CAI) [99]. The interview includes informant input when available and provides a clinician
interview-based rating for cognitive function on specific domains and a global impression.

3.5 Participant Self-Report: Program outcome ratings by the participant and their informant.
Participants will also complete the MS Neuropsychological Questionnaire (MSNQ) [40, 100], the Ruff
Neurobehavioral Inventory [101]. [101], the ECOG (participant and their informant),the BAMA
(participant and their informant) , BDI-Fast Screen for medical patients, CMDI Self-Report Scale,
Modified Fatigue Impact Scale (MFIS), Fatigue Severity Scale (FSS), the Positive and Negative Affect
Schedule (PANAS-SF), Benefit Finding (participant and their informant), and the Post-traumatic growth

inventory (participant and their informant).

4. STUDY POPULATION
The proposed study will be a double-blind, randomized trial of PACR versus active control (ordinary
computer games), administered for 60 hours across three months in 136 individuals with MS.

4.1 Number of Subjects
A total of 136 subjects with MS will be enrolled over the course of the study.

4.2 Participant Recruitment:

Target enrollment will be five participants per month. The study will be advertised through the Stony
Brook MSCCC clinic where over 1000 MS patients are seen annually. There is a growing waitlist for
enrollment from our feasibility study. Other sources of recruitment include area neurologists, emails to
patient lists, the local MS Quarterly Newsletter, written advertisements posted in the MS Center, local
community newspapers, and the Stony Brook University Medical Center patient newsletter and website.

All participants will have access to the treatment program (either as active treatment, or at study end if
in the control condition), as below. Participants will be reimbursed for the baseline and study end visits
to assist with any costs they may incur (e.g., work absence, babysitting, travel, etc.).
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4.3 Screening:

We will enroll participants with at least probable mild cognitive impairment, as determined by an SDMT
score falling one standard deviation or below published age-reference normative data [1-2]. Otherwise,
eligibility is purposely designed to be broad. Specific Aim 2 is designed to identify predictors of patients
who may gain the most benefit from PACR use in the future.

Eligibility Criteria

Inclusion Criteria
Ages 18-70
Definite MS Diagnosis, any subtype [83]
Probable cognitive impairment as defined
by a score < 1 SD below the mean of
normative data on the SDMT
Concurrent medications to be kept
constant over three months (as possible)
No relapse or steroids in previous month
Reading score on WRAT-3 of 37 or greater
Visual, auditory and motor capacity to
operate computer software, as judged by
treating neurologist or study staff
Willing to sign Agreement to Borrow
Laptop

Exclusion Criteria
History of mental retardation, pervasive
developmental disorder or other
neurological condition associated with
cognitive impairment
Primary psychiatric disorder that would
influence ability to participate
Other serious uncontrolled medical
condition (e.g., cancer or acute myocardial
infarction)
Alcohol or other substance use disorder
History of computer-based training
manufactured by Posit Science
Learned English language after 12 years of
age

4.4 Randomization: At screening, evaluation will include two brief cognitive measures to be used for
stratified randomization: 1) the Wide Range Achievement Test-3" Edition (WRAT-3) [84], to serve as a
general estimate of premorbid 1Q, and 2) SDMT[1-2]. The SDMT has been demonstrated to be sensitive
to the cognitive deficits associated with MS [85]. Here, the total score will be used as a general estimate
of current level of cognitive impairment. Scores will be compared to published normative data and
categorized according to whether they fall within one standard deviation from the normative mean; one,
two or three or more standard deviations above; or one, two or three or more standard deviations
below. Age will also be a stratification factor.

4.5 Reasons for excluding participants during the trial: Any participant who during the trial experiences
a relapse that is sufficiently severe to interfere with daily functioning or to require steroids will be
excluded.

5. STUDY DESIGN

5.1 Overview of Study Flow:

The study flow is shown in Figure 3 (pg 17). At the baseline visit participants will complete a baseline
evaluation (see below) and receive study program instruction. They will receive study equipment
(laptop and headphones; internet card if needed); be instructed on their assigned program; and access
the program under clinical supervision. Study Program Use (see also below): Participants will be
instructed to use their assigned program, in a quiet, distraction-free location of their choice. Study
programs are to be used in one-hour sessions, with a goal of five sessions per weeks, for 12 weeks total
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following randomization. Study End: Following final program use session, participants will return for
their final study end evaluation. Study
laptop and headphones will be
SCREENING AND BASELINE returned at this time for reassignment.
Baseline Evaluation; EDSS
Randomization & Program Instruction 5.2 Blinding: The treatment condition
and the control condition will be
identified as “Treatment X” and
“Treatment Y”. All participants will be
instructed to complete computer
games that may have cognitive benefit
AELOMESTUDIEROGRARILE from home using the study-provided
(12 Weeks) laptop. The Co-PI (neuropsychologist)
Remote Monitoring/Phone Contact and Clinical Coordinator will remain
unblinded. The Clinical Coordinator will
provide the randomization assignment
(computer-generated), register
participants to their respective
computer programs, provide

STUDY END EVALUATION instruction, and monitor initial program
use.

Equipment Return

The Pl and study psychometrician will
remain blinded. Only the blinded study
psychometrician will administer the baseline and study end cognitive testing and questionnaires. Data
entry will be double-coded by a second blinded psychometrician. Blinded study staff will complete the
clinician-based interview. At the end of the trial, study staff will evaluate the integrity of the blinding
procedures.

5.3 Study Program Use

All participants will be loaned a study laptop for the duration of the program-use portion of the study; a
subset of the computers will be equipped with a wireless internet card for any participant without home
internet access. Participants will use their assigned computer-based intervention (referred to as
“Treatment X” or “Treatment Y”) for one-hour sessions, with a goal of five sessions per week. Each
participant will have phone contact at least once per week.

Figure 3. Study Overview

Sixty hours of use are anticipated over a three-month period (12 weeks). Participants who have not
completed 60 hours of computer-based cognitive intervention within 12 weeks of the initiation of use
will be offered the opportunity to continue program use for no more than two additional weeks.
Participants will not be permitted to complete more than 70 total hours of program use before their
study end evaluation.

5.3a PACR Program: To use PACR, the participant opens a standard web browser on a broadband
connected computer and navigates to the PACR study website. The study web site serves simply as a
gateway to the games and contains no information to identify it as a cognitive remediation program and
does not have any reference to the program developers. The participant then logs into the PACR (using
a study provided screen name and study identification number). A game-like experience begins, where
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the participant is encouraged to earn points and in-game rewards to advance. To do so, the participant
selects one of the cognitive exercises scheduled for the day, and performs that exercise for fifteen
minutes. The exercise itself contains the core science stimuli and tasks. The exercises rely on
procedural memory systems and performance is expected to improve with practice. Participants
perform tens to hundreds of trials over the course of the fifteen-minute session, with each trial
providing auditory and visual feedback and rewards to indicate if the trial was performed correctly or
incorrectly. After each trial, the difficulty of the next trial is updated to ensure that within a session, the
participant gets approximately 85% of trials correct. The scheduling mechanism ensures that a
participant progresses through the exercises in a defined order, generally moving from more simple
(early sensory processing) exercises to more complex (multimodal, cognitive control) exercises over the
course of the three-month experience. At any point in time, the participant only has access to a subset
(typically six) of these exercises, four of which are performed per day. Each exercise has specific criteria
for completion or plateau performance, and after those criteria are met the exercise is removed from
the active set and the next exercise is added to the active set. This mechanism provides ongoing novelty
and engagement for the participant, while ensuring that the participant progresses smoothly through
the complete set of exercises over the program use period.

There are a total of 13 cognitive modules in PACR (see Appendix 1). During each session, exercises from
four modules are presented. The modules are completed in a set order, and when one is completed the
next module is started. With 40 hours of use, nine of the ten completed participants from our feasibility
trial finished the first four modules and were working on exercises from the following four. We expect
that with 60 hours, participants in this study on average will work on exercises from the first ten
modaules, following six modules to completion.

All usage and progress data are encrypted and then transmitted to a central server. No personally
identifiable information is stored on the server. On the server, the data are available for review through
a secure web portal, used to regularly check on usage and progress of each active participant to
customize their weekly phone contact in order to provide helpful guidance and coaching as needed.

5.3b Active Control Program (Ordinary Computer Games): The active control program is composed of
13 ordinary computer games (see also Appendix 1) matched to the PACR condition in overall procedures
and program use intensity [20, 75, 86-87]. This condition is designed to be a face-valid approach to
cognitive remediation in order to maintain the participants’ blinding. The control condition is also
designed to account for nonspecific treatment effects, including placebo response, interactions with
research personnel, and experience with computers and computer-related activities, and any halo or
expectation effect on study assessments.

To use the active control, a participant launches a local game controller on their desktop, and then logs
on to a user screen. The local application then allows the participant to select from a number of
ordinary computer games installed on the computer (e.g., word search, puzzles, etc.). The games are
chosen for their face-validity as cognitively challenging activities. Participants are instructed to play four
games for 15 minutes each, according to a set rotational sequence.

Participants will be asked to connect to the internet at least once per day, and program usage data will
be remotely monitored with the secure software program Track4Win [88]. As with the PACR condition,
the secure web portal will be used to regularly monitor participants’ program usage. These data will be
used to customize their weekly phone contact. This ensures that the PACR and active control groups are
matched for social contact and encouragement from study staff.
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6. STATISTICAL OVERVIEW/SAMPLE SIZE AND ANALYSIS PLAN

As displayed in Figure 4, this is a two-group, randomized controlled trial with a parallel group design.
Subjects will be stratified by participants’ ages (18- <35, 35-50, and >50), WRAT-3 Reading Score for
premorbid 1Q estimate obtained at the baseline (-1 --1.99, -2 - -2.99, and below -3), and SDMT for
current level of cognitive impairment obtained at the baseline (-1 --1.99, -2 - -2.99, and below -3). This
results in 9 strata. Within each stratum, subjects will be randomized 1:1 to either intervention or control
group. Furthermore, in order to ensure similar group assignments within each stratum, blocked
randomization is used with random permuted block size of 4 and 6. All eligible patients who are
registered and randomized will be included in the analyses, consistent with the intent-to-treat principle.
There are two co-primary quantitative outcomes; a significant finding in either quantitative outcome will
claim efficacy for PACR so all of the study’s type | error rate of 0.05 will be “spent” in testing efficacy
Hypothesis 1, and this can be done using 0.05 type | error rate for each outcome.

Calculation of Primary Outcome Measures

1. Neuropsychological Composite:
To evaluate change on the composite cognitive measure co-primary outcome, raw scores will be
transformed to z scores to provide a standard metric. The z scores will be calculated using means and
standard deviations of the total group performance at baseline to calculate z scores for both baseline
and follow-up measures.

1a. The mean of the group-derived z score for the composite neuropsychological test variables will then
be computed for each subject at baseline and follow-up.

Representative raw scores from the following tests will be used in the composite:

e BVMT-R Total Learning: “bvmt_total_raw”

e SRT Total Learning: “srt_total_raw”

Digit Span Backwards: “digitspan_backward”

Letter-Number Sequence: “lett_num_seq_raw”

PASAT- 2 score: “pasat2_raw”

DKEFS Trails Letter-Number Composite*: “LettNumCombo_DKEFS=dkefs_trails_2 +
dkefs_trails_3"

*Database note: this DKEFS Trails Letter-Number Composite score is derived by summing two raw
scores in database; also note time score needs to be reverse scored, so higher (slower) score indicates
poorer performance (in order to be consistent with the other measures for the composite, where lower
score indicates poorer performance).

1b. The mean of the z scores for each measure will be calculated for each participant at baseline and
follow-up. Next, the difference between these two means (mean composite z score at time 2 — mean
composite z score at time 1) is to be calculated.

1c. The difference between these two scores (change from baseline) will define the primary outcome for
the neuropsychological composite measure.
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2. TIADLS:
This measure consists of 10 items. Items 1-9 are timed, with scores from 0 to 120 or 180 seconds,*
depending on task. Each measure is then given an error score of 1, 2, or 3 (representing no error, minor
error or major error/failure to complete in time; note that item 10 only has an error score).

2a. To score: for items 1-9, each raw time score is multiplied by its error score. For example, for item
1, the score would be (tiadl_t1) *( tiadl_al). Total score for a 120 second item is 120 x 3 =360, and total
score for a180 second item is 180 x 3=540. Item 10 is left as a score of 1,2 or 3 (time is not part of score
for item 10).

2b. Items are then converted to group-based z scores to provide a standard metric and consistent
weighting of each item in the total. First, means and standard deviations are calculated for the entire
group at baseline for each item’s score. These means and standard deviations will be used to calculate
both baseline and follow-up z scores. In this process, item 10 is also converted to a z score, and
therefore provides equal item weighting.

2c. The total score at each time point will be the total of item z scores (1-10), providing a total
baseline score and a total follow-up score.

2d. The difference between these two totaled scores (change from baseline) will define the primary
outcome for the neuropsychological composite measure. Note here that the scores are reversed
because they represent
*Database note: Due to differences in data recording, in the current database, some raw scores need to
be capped at the time limit as part of the data cleaning process. Currently, at times total time, even if
over the time limit, have been entered. As an example, if a time was entered as 137 seconds for a 120
second time-limit item, the score needs to be capped to be counted as 120 (ie they reached the time
limit). Any score over 120 and 180 seconds respectively (depending on item) should be counted as 120
or 180 with error score of 3 to indicate incomplete). So, the total time score possible on any item would
be either 120 or 180 seconds (depending on item) x 3 (for incomplete within time allowed).

Analytic Approach

Figure 4 : Diagram of study design Referring to Figure 4, following balanced randomization,

Elapsed time since randomization Month 0 study entry is at times A and C. The PACR group is

Months: 0 3 treated from A-B and the Control group receives their

PACR: A+++++++B intervention from C-D. Inferential analyses will be performed

Control: CoooooooD using random effects regression models in SAS/STAT PROC
MIXED.

This section provides a brief overview of statistical topics, e.g., sample size and tests of the primary
hypotheses. A Statistical Analysis Plan, to be written before the analysis is implemented, will include
details about these and other statistical topics such as: testing secondary hypotheses about real-time,
within-session results for compliance and performance; evaluating sensitivity of hypothesis tests to
missing data (use Multiple Imputation [102]; and selecting covariates for inclusion in mixed effect
regression models.

6.1 Power and sample size: There are two, primary, continuous outcomes; this calculation concerns the
Month 3 between-group comparison to test Hypothesis 1, which is the primary efficacy hypothesis. To
claim efficacy for PACR, tests of either outcomes must reject the null hypothesis of equal means, so that
both tests can use 0.05 type | error rate for a 2-sided test. Because of the absence of a priori knowledge
about the effect size within each stratum, we assume each stratum has similar effect size and variability.
Therefore, a standard t-test calculation can be used to compute power vs. effect size for the proposed
sample size of n = 68 per group, which yields n = 65 per group with 5% missing at Month 3. (However,
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the actual data analysis, by mixed effect regression in SAS/STAT PROC MIXED, is more flexible than a t-
test and has higher power since it makes more effective use of baseline data (times A and C). Based on
clinical input, and from our previous studies in TBI and schizophrenia, we estimate standardized effect
size (Cohen’s d) of 0.5 to be the “Smallest Clinically Meaningful Effect.” In PASS12 sample size software,
this yields 81% power.

6.2 Testing the primary hypotheses: Comparisons based on randomization can be tested in PROC
MIXED using a model with a random effect for participant within group (PACR vs. Control), and terms for
participant, time point (0 = baseline, 1= Month 3),intervention (PACR, Control). Also the three
stratification factors, age, WRAT-3 reading score and SDMT score will be included in the model as
covariates. With no missing data, all participants will have two records. All collected variables will be
analyzed in a descriptive manner first. Patients’ characteristics will be compared between two study
arms through Chi-square tests (for categorical variables) or t-test (for continuous variables) to confirm
the performance of randomization scheme.

Hypothesis 1: At Month 3, Hypothesis 1 asserts PACR is more effective than the control (video games)
(B better than D) on either co-primary outcome measures. Stratified t-test will be used to test this
hypothesis first. Furthermore, linear mixed model will be also fitted to test if the improvement over time
between two study arms is significantly different or not. The significant interaction between group and
time, or the contrast (B-A)-(D-C) will suggest that PACR and control have significantly different effect. All
null hypotheses are that a term is 0 and all tests use 0.05 type | error rate. The model assumptions for
linear mixed model such as linearity, normality will be assessed and data transformation may be needed
to make these assumptions met.

Hypothesis 2: Several covariates (baseline function, overall task compliance (number of completed
sessions), improvement on study tasks (increased percentile scores), and patient-reported outcomes
predict PACR benefit. Month 3 PACR benefit is the interaction (B-A)-(D-C). A covariate z can
independently predict these effects if that covariate is a significant factor in the linear mixed model with
either primary outcome as the response variable. Clinical features such as presence/absence and type of
DMT, MS subtype, and disease duration will also be examined for the relation to treatment effect.
However, these are not expected to be strongly associated with treatment outcome.The predictive
accuracy of the final model will be unbiasedly validated using bootstrapping (REF).

7. FACILITIES AVAILABLE

7.1 Overview and Administration:

Stony Brook University Medical Center is the leading academic center on Long Island. There is a rich
interactive atmosphere which includes researchers, clinicians, and a clinical trials group as well as
support services for technical needs. Undergraduate, graduate, and medical students are available to
participate in research. The hospital serves patients from both Nassau and Suffolk counties (population
of 2.8 million). The neuroradiology department is in the same building with our center and offers
expertise in MS and continuous consultative services. The neurology department provides the Pl with
0.5 FTE secretarial support and clerical staff.

7.2 Research Facilities:
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Dr. Krupp's research team consists of two neuropsychologists with statistical expertise and research
associates skilled in neuropsychological testing. In the lab are eight computers with neuropsychological
software programs, statistical (SAS, SPSS) and word processing packages. All data and study-related files
are saved to the Clinical Research Center (CRC) server which is backed up daily and serviced by a 24 hour
on-site contract with Dell. On-site CRC information technology support staff is also available. The CRC
will provide has comfortable, well-lit rooms available for neuropsychological evaluations to be used in
this study. The Pl and her research team also have access to CRC nurses to assist with patient visits as
needed.

7.3 Clinical:

Dr. Krupp is the Co-director of the Stony Brook University MS Comprehensive Care Center. The Center is
affiliated with the local chapter of the National MS Society (NMSS). The MS center directors and staff
(which include a nurse practitioner and a research nurse) have regular meetings to provide updates on
clinical trials, recruitment, and clinical and administrative issues. Within the MS Center are databases
with patient registries that also include information on cognition and can be used to facilitate
recruitment for this study. Over 1000 patients are seen at the Center.

The PI meets frequently with the directors of the other MS Centers on Long Island. These physicians
have been a source of referrals for prior investigator-initiated and industry-sponsored clinical trials. Dr.
Patricia Coyle, Director of the MSCC, Dr. Myassar Zarif and Dr. Karen Blitz, two neurologists in private
practice, have committed to assist with recruitment for this study. Each is confident they can refer
approximately one patient per week from their practices.
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