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o Vision problems
Speech/swallowing issues

Tremor

Spasticity and stiffness

Ambulation/balance issues

NICE. MS management. 2019.



Cognitive impairment Depression/anxiety

o Vision problems
Speech/swallowing issues

Respiratory function
Tremor

Bladder/bowel issues

Sexual dysfunction
Spasticity and stiffness

Ambulation/balance issues .
Pain/sensory problems

Fatigue/sleeping issues Social support system

NICE. MS management. 2019.



PwMS May Avoid Discussing Certain MS Symptoms

Top Symptoms PwMS Surveyed (N = 982) Said They Were
Uncomfortable Discussing With Their Neurologist™

Sexual problems
Bowel/bladder issues
Mood swings

. 54%
I 2 8%
I 2 6%

Cognitive concerns

I 2 1%

Swallowing problems
Tremors

Walking difficulty
Muscle spasms
Vision problems

Pain

I 2 1%
I 19%
I 19%
I 18%
I 17%
I 17%

a. Tintoré M, et al. Patient Prefer Adherence. 2017;11:33-45; b. Mortensen GL, et al. Patient Prefer Adherence. 2020;14:693-704.



Frequency of Cl Tends to Increase over MS Course

Proportion With CI (= 2 Cognitive Domains) in Each Patient Group
100 ~ 91.3

Patients, %
=N W bE U
Ry 6 L R O

o

Overall CIS RR SPMS PPMS
(N = 1040) (n =167) (n=759) (n = 74) (n = 40)

MS Subtype

Ruano L, et al Mult Scler. 2017;23:1258-1267
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Negative Effects of Cl on Daily Function and QoL

Employment

Social/family

Education Driving activities
Household
Tasks/money QoL Mental Health

management

Medical
decision
making

Treatment Caregiver
adherence wellbeing

Kalb R, et al. Mult Scler. 2018;24:1665-1680



Change on NP test scores between assessments
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Neuropsychological (NP) Test
Morrow et al., Clinical Neuropsychol, 2010: 1-15




Computerized global cognitive score among 274 MS patients

1. S 200D eEl GRS BaIEnET W am e o 0w o e e

09 .

08 .

0.7

0.6

0.5

04

Probability of driving by self-report

0.3

0.2

01"

o® @ L X N1 N J I e 1 N]J L] o9 @ &) e @

120 110 100 90 80 70 60

Gudesblatt M, Thompson T, Golan D. Personal Communication.



Volumetric MRI

Vhole brain Gray matter
olume 1587 ml* S57 mi*
Mormal rangs 1500 - W78 mi™ B05- 143 mi
Mormative peroentile 346G T

Lysandropoulos et al. 2016 Smeets et al. 2016




The association between MRI brain volumes and
computerized cognitive scores MS patients

11

Global Cognitive Score

!
an
'k

=
(X

=

)

—i
i

&
—

Regression Coefficients
L=

&
(2]

&
-

Golan et al., Brain and cognition, 2020, 145:105614



A. Deep gray matter atrophy rates . Cortical gray matter atrophy rates

RRMS

RRMS —» PMS

Annual atrophy rate

Eijlers, et al. Neurology 2019; 93: 1348



SDTM decline and recovery curves in patients with cognitive
relapse

13
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Benedict RH, et al. Lancet Neurol 2020; 19: 860
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Original Research Paper

The impact of subjective cognitive fatigue and
depression on cognitive function in patients
with multiple sclerosis

Daniel Golan, Glen M Doniger, Karl Wissemann, Myassar Zarif, Barbara Bumstead, Marijean
Buhse, Lori Fafard, Idit Lavi, Jeffrey Wilken and Mark Gudesblatt

699 PwMS were included

Depression and cognitive fatigue accounted for no more than 6% of the variance in objective
cognitive domain scores.
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Screening for MS cognitive impairment using a self-

administered 15-item questionnaire

* The MS neuropsychological Screening Questionnaire (MSNQ) was developed to
screen for cognitive impairment of pwMS.
* A pool of 80 items (literature, expert opinion) was reduced by Rasch analysis to

15 items.
10- Failing to 13- Problem
. A 4- Forgetting 7- Forgetting & . )
1- Distractibility . : . answer questions | controlling
appointments instructions .
coherently impulses
2- Problems - Needin 11- Failing to
. . 5- Forgetting 8 & 8 . 14- Laughing or
listening to ; frequent track two things .
what is read . . crying w/o cause
others reminders atatime
6- Forgetting 9- failing to 12- Failing to 15- Excessive
3- Slowed :
. shows or follow through on | follow egocentric
Processing . :
programs planned activities | conversations speech

Benedict RHB, et al. Mult Scler 2003; 9:95 - 101
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Screening for MS cognitive impairment using a self
administered 15-item questionnaire

Table 1 Phase II demographic and clinical data

Mean SD Range Correlation Correlation
with MSNQ-P with MSNQ-T

Age 42.9 6.7 29-60 ns ns
Education 14.9 2.2 10-20 ns ns
Disease duration 10.5 7.0 1-30 ns ns

EDSS 3.4 2.0 1-7.5 ns ns
Nine-hole peg test, average of both hands 29.8 21.7  13-134 ns ns
25-foot walk, seconds to complete 7.1 8.4 3-50 ns ns

BDI 10.2 6.9 0-32 0.53* ns
CES-D 19.6 6.0 1-39 0.46** ns
Social Aggression Scale 3.0 3.6 0-17 ns 0.59*
Boston Naming Test 54.3 6.4 19-60 ns —0.45%*
Judgement of Line Orientation 21.7 6.6 3-30 ns ns
CVLT-II Total Recall Trials 1-5 44.8 10.4  19-65 ns —0.53*
CVLT-II Delayed Recall 9.4 3.4 0-15 ns —0.43**
BVMT-R Total Recall Trials 1—3 16.1 7.3 0-34 ns ns
BVMT-R Delaved Recall 6.6 3.1 0-12 ns —0.43**
Trail Making Test, Part B 123.2 106.5 34—689 ns 0.55%
Paced Auditory Serial Addition Test 32.6 13.9 0-59 ns —0.47**
WCST Perseveration Responses 19.6 19.1 3-119 ns 0.37**

* P<0.01; ** P <0.001; ns = not significant

Benedict RHB, et al. Mult Scler 2003; 9:95 - 101



Perceived Deficits Questionnaire

lose your train of thought
when speaking?

have difficulty remembering the
names of people, even ones you
have met several times?

forget what you came into
the room for?

have trouble getting things
organized?

have trouble concentrating
on what people are saying
during a conversation?

forget if you had already
done something?

miss appointments and meetings
you had scheduled?

Ritvo PG, et al. Mult Scler 1997; 1-65

8. have difficulty planning 15. forget to do things like turn off the
what to do in the day? stove or turn on your alarm clock?
9. have trouble concentrating on things 16. feel like your mind went
- . . totally blank?
like watching a television program
or reading a book? 17. have trouble holding phone
numbers in your head,
10. forget what you did the night before? even for a few seconds?
11. forget the date unless you looked 18. forget what vou did last weekend?
itup?
19. forget to take your medication?
12. have trouble getting started, even if 20 h bl Kine decisions?
you had a lot of things to do? . ave trouble making decisions?
13. find your mind drifting?
14. forget what you talked about after

a telephone conversation?




E-diary derived patients reported outcomes (PROs): Association with
objective clinical endpoints, psychological status and quality of life of

19 patients with multiple sclerosis
E-diary screenshots Construct validity
issaan T aas. o : :
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" e Visual Visual 0.5 <0.001
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difficulties

Golan D, et al. PLoS ONE 2021; 16(5): e0250647
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FULL LENGTH ARTICLE | VOLUME 30, P192-197, MAY 01, 2019

Depressive symptoms and fatigue as predictors of objective-
subjective discrepancies in cognitive function in multiple sclerosis

Abbey J. Hughes, PhD 2 s . Jagnti {Jackie) Bhattarai, PhD = Samira Paul, MA = Meghan Beier, PhD

Published: January 31, 2019 = DOI: htips_//doi_org/10_ 1016/ msard 2019.01.055 =

Highlights

* Underestimation of cognitive function (i.e., when subjective
cognitive function is worse than observed cognitive
performance) is associated with depressive symptoms and
fatigue.



Clinician Impression?

21

Neurologists’' accuracy in predicting cognitive
impairment in multiple sclerosis

Kristoffer Romero®"-*, Prathiba Shammi®, Anthony Feinstein®

Of the 97 MS patients whose date were analyzed, 44.3%
(43/97) had confirmed global cognitive impairment.
Neurologists’ accuracy in predicting cognitive impairment in
the whole MS patient sample was not significantly different
from chance, X?=1.25, p=0.26.

Multiple Sclerosis and Related Disorders (2015) 4,209-295



SPECIAL ARTICLE

Quality Improvement in Neurology
Multiple Sclerosis Quality Measurement Set 2020 Update

Alexander Rae-Grant, MD, Lilyana Amezcua, MD, MS, Jeffrey English, MD, Neeta Garg, MD, Correspondence
Barbara Giesser, MD, Adam G. Kelly, MD, Iris Vanessa Marin Collazo, MD, Amanda Montague, EdM, American Academy of
Michael Olek, DO, Elizabeth Page, Amy Bennett, D, and Tracie Caller, MD, MPH Neurology

® quality@aan.com
Neurology™ 2021;97:134-141. doi:10.1212/WNL.0000000000012124

Table Multiple Sclerosis Quality Measurement Set 2020 Update

Title Numerator Denominator Required exclusions Allowable exclusions
Cognitive impairment  Patients with MS were screened for Patients with a diagnosisof Patient not seen in past 12 « Patient declines to
screening and follow-  cognitive impairment in past 12 months, MS months complete a cognitive
up for patients with MS and if screening positive, patient was assessment on date of

referred appropriately for further encounter
evaluation and management « Patient is not able to

complete a cognitive
assessment on date of
encounter

s Patient currently
receiving treatment to
address cognitive
impairment




MACFIMS — Minimal assessment of cognitive function
k@ in multiple sclerosis

Meuropsychological Cognitive Domain Administration
Test Time (minutes)
SDMT (Rao, 1981; Processing speed and 5

Smith, 1982) working memory

BVMT-R Visual/spatial learning 10

(Benedict, 1997) and memory

PASAT Processing speed and 10

(Gronwall, 1977) working memaory

CVLT-II Auditory/verbal learning 25

(Delis et al., 2000) and memory

DKEFS — Sorting Test Executive function 25

(Delis, 2001)

JLOT (Benton, 1994} Visual/spatial perception 10

COWAT (Benton, 1989) Language and other domains, 5
verbal fluency

BVMT-R = Brief Visuospatial Memory Test (Revised), COWAT = Controlled Oral Word
Association Test; CVLT-Il = Cafifornia Verbal Learning Test Il DKEFS = Delis-Kapfan
Executive Function Systemn, JLOT = Benton Judgement of Line Orientation Test;
PASAT = Paced Auditory Serial Addition Test, SDMT = Symbol Digit Modalities Test.
Source: Benedict et al., 2002.%



Barriers to implementation of MACFIMS

Neuropsychologist
expertise needed

Stress
Tune

\\\\\\ Difficult //////
scoring
process
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Recommendations for a Brief International Cognitive

Assessment for MS (BICAMS)
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Contents lists available at ScienceDirect

Multiple Sclerosis and Related Disorders

journal homepage: www.elsevier.com/locate/msard

Clinical trial

Validity of a multi-domain computerized cognitive assessment battery for
patients with multiple sclerosis

Daniel Golan™", Jeffrey Wilken™“, Glen M. Doniger™', Timothy Fratto®, Robert Kane®,
Jared Srinivasan®, Myassar Zarif®, Barbara Bumstead®, Marijean Buhse®, Lori Fafard®,
Ilir Topalli®, Mark Gudesblatt®~*

* Traditional and computerized tests of memory, processing speed, visual
spatial and executive function converged by factor analysis
 Computerized tests identified cognitive impairment with 58% sensitivity

* Computerized tests may be more likely to detect prolonged response times
and impaired executive function



Construct validity of traditional and computerized
2B batteries by principal components factor analysis

Test” F1 F2 F3 F4 F5
C: Staged Information Processing Speed: Composite Score, Level 2.2 0.76

C: Stroop: Composite Score, Level 3 0.73

C: Go-NoGo: Composite Score 0.77

C: Catch Game: Total Score 0.64

C: Visual Spatial Processing: Accuracy 0.4 0.77

C: Problem Solving: Accuracy 0.4 0.56

C: Delayed Non-Verbal Memory: Accuracy 0.4 0.44 0.4

C: Delayed Verbal Memory: Accuracy 0.66

C: Verbal Function: Matching, Accuracy 0.84
C: Verbal Function: Rhyming, Accuracy 0.78
T: Symbol Digit Modalities Test (SDMT), Oral 0.58 0.54

T: Controlled Oral Word Association Test (COWAT), Animals 0.45 0.67

T: Controlled Oral Word Association Test (COWAT), F-A-S 0.76

T: Delis-Kaplan Executive Function System (D-KEFS), Correct Sorts 0.4

T: Paced Auditory Serial Addition Test (PASAT), 3 s 0.71

T: Brief Visuospatial Memory Test-Revised (BVMT-R), Delayed Recall 0.5 0.41

T: Judgment of Line Orientation (JLO), Number Correct 0.77

T: Selective Reminding Test (SRT), Delayed Recall 0.83

% variance explained” 17 15.6 12.4 108 10.7

C, computerized; T, traditional.
? Loadings = 0.4 are omitted.
® Percent of variance explained by all 18 variables for each factor.

Golan D, et al. Multiple Sclerosis and Related Disorders , 2019; 30: 154-162



Group data comparing age and education adjusted
computerized cognitive scores of MS patients and normal,
healthy controls

MS Controls (N = 15) Cohen's d° P value

N Score Score
Global Cognitive Score 81 89.1 + 13.9 101.2 + 6.9 1.1 <0.001
Memory 81 87.7 + 18.4 1015 + 9.2 0.93 <0.001
Information Processing Speed 76 858 + 17.5 98.0 + 11.8 0.82 0.002
Working Memory 81 89.4 + 13.4 102.0 + 123 0.97 0.001
Attention 81 86.6 + 18.3 1005 + 7.6 0.96 <0.001
Executive Function 81 90.0 + 14.9 1035 + 10.2 1.1 0.001
Visual Spatial 79 965 + 16.8 109.0 + 11.8 0.86 0.007
Motor Skills 77 89.9 + 185 104.7 + 4.3 1.1 <0.001
Verbal Function 80 876 + 26.6 955 + 21.7 0.33 0.28
Problem Solving 79 918 + 17.7 959 + 15.4 0.25 0.4

Golan D, et al. Multiple Sclerosis and Related Disorders , 2019; 30: 154-162



Table 7

P=0.001; Cohen's d=1.68

Demographics by cognitive classification”. % 8
o
Impaired on both batteries Impaired on computerized 9 o e 8
(N = 50)" battery only (N = 10)° 3 °
$3 100 8 8
 E
Age 46 + 7.4 423 + 9.1 & ﬁ 85 = o
Education (years) 142 + 2 153 + 26 ik 8
EDSS® 4.5 + 1.7'9 32+ 15 e &
Disease  duration 11.3 + 7.9 7.2 + 49 e
(years) 5, o
Percent unemployed 35 (70%)"" 5 (50%) 40 _
Impaired on Unimpaired on
computerized both batteries
battery only
Unimpaired on both batteries Group differences P
(N =13)* value”
-E 130 | P=0.007; Cohen's d=1.23
443 =+ 9.9 0.37 2 — :
2 :
146 = 3 0.23 E 2 o
2.9 + 1.4 0.006 g 1 8 8
92 *+ 6.6 0.32 Eﬁ 85 | e
Sk
70
3 (23%)" 0.01 i
" TE
3 55 o
iy
3? % _Ihpaii-edon Unimpairedon )
computerized both batteries
battery only

Golan D, et al. Multiple Sclerosis and Related Disorders , 2019; 30: 154-162



Traditional tests
WORD LIST
PASAT SELECTIVE REMINDING 7/24 SPATIAL RECALL GENERATION
3" 2" LTS CLTR Delayed Trials 1-5 Delayed

MEMORY 0.52** 0.54** 0.61** 0.65** 0.63** 0.43** 0.43** 0.54*
EXECUTIVE *%* *%* *%* *% *%k * * *%
FUNGTION 0.50 0.53 0.45 0.52 0.49 0.31 0.31 0.55
VISUAL * *% * *% * * *

x SPATIAL 0.32 0.47 0.41 0.45 0.39 0.35 0.12 0.33

~ | VERBAL - . . .

% FUNCTION 0.47 0.43 0.28 0.23 0.25 0.25 0.07 0.32

2
ATTENTION 0.39* 0.49** 0.42* 0.50** 0.51* 0.27* 0.45** 0.62**
INFORMATION . . N N " .
PROCESSING 0.39 0.36 0.43 0.40 0.39 0.27 0.25 0.42
MOTOR SKILLS 0.19 0.21 0.31* 0.39* 0.33* 0.43* 0.41* 0.45*

Achiron A, et al. J Neurol, 2007; 14: 1102
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Systematic Review

Mudriple Selerasis Journal

Computerized neuropsychological assessment

devices in multiple sclerosis: A systematic 135245851987094
review
Curtis M Wojcik, Meghan Beier, Kathleen Costello, John DelLuca, Anthony Feinstein, ;tiﬁ:jl:gﬂn?houmalﬁ-

Yael Goverover, Mark Gudesblatt, Michael Jaworski III, Rosalind Kalb, Lori Kostich,
Nicholas G LaRocca, Jonathan D Rodgers and Ralph HB Benedict; National MS Society
Cognition Work Team

Conclusion

Several computerized tests of cognition are available and applied in MS research, As the currently
stand, most CNAD batteries and individual tests do not yet demonstrate adequate reliability and
validity to supplant well established conventional NP procedures such as MS Cognitive Endpoints
battery (MS-COG), BITCAMS (Brief International Cognitive Assessment for MS), or MACFIMS
(Minimal Assessment of Cognitive Function in MS). However, some tests (e.g. certain subtests
of the CDR, CBB, NeuroTrax, CNSVS, C-SDMT, PST and CSCT) possess psychometric
qualities that approach or maybe even exceed conventional, person administered tests and
can serve as useful screening tools or supplement to full assessments.

Woijcik CM, et al. Mult Scler 2019
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Disease-modifying treatments and cognition in
relapsing-remitting MS

Figure 2 Forest plot visualizing the mean effect sizes of longitudinal improvement of cognitive processing speed under
different DMTs

Overall effects 4 [ " | 0.27(0.21,0.33)
Platform therapy - —— 0.27(0.18,0.35)
p-Interferan : — 0.30(0.15, 0.41)
Glatiramer acetate et 0.30(0.17,0.50)
Dimethyl fumarate 0.12 (-0.16, 0.40)
Teriflunomide ' R 1 0.13(-0.18,0.44)
Escalation therapy A i 0.28(0.19,0.37)
Natalizumab - : — 0.28(0.15, 0.41)
Fingalimod — 0.26(0.12, 0.40)
Alemtuzumab { 0.40(-0.29,1.10)
Rituximab® - 0.27 (-0.17,0.71)
Cyclophosphamide* 4 0.69(-0.32,1.70)
05 0.0 0.5 10 15 20

Landmeyer NC, et al. Neurology 2020; 94: e2373 Hedges g



Cognitive Efficacy of Pharmacologic Treatments in
el MS: A Systemic Review

Negative ™ Positive

* In conclusion, there is 45 A B
insufficient evidence to 40

7]
support the use of 2 ¥
.. . 5 30
pharmacologic intervention R
to improve cognitive = 20
function with MS e 15
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Chen M, et al. CNS Drugs, 2020; 34: 599
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Evidence for the Efficacy of Cognitive Rehabilitation

Description RCT characteristics Treatment duration Test used Effect size*
Restorative approaches
RehaCom™ Computer programme with training 23 patients with RRMS; RehaCom (n=12) vs active 6 weeks, two Paced Visual Serial Large
maodules for various cognitive functions; placebo (n=11); clinic-based training in attention and  sessions per week, Addition Test
available in 27 languages; easy to information processing; therapist supervised 1 h per session
administer; requires a therapist
RehaCom™ Computer programme with training 58 patients with RRMS; RehaCom (n=32) vs usual 10 weeks, CNS Vital Signs Medium
modules for various cognitive functions; clinical care (n=26); training in attention and two sessions per
available in 27 languages; easy to information processing in clinic-based or community  week, 1 h per session
administer; requires a therapist samples; therapist supervised
RehaCom™ Computer programme with training 36 patients with SPMS; RehaCom (n=19) vs active 10 weeks, Brief International Large
modules for various cognitive functions; sham placebo (n=17); training was multimodal and two sessions per Cognitive Assessment for
available in 27 languages; easy to home based but supervised by a therapist week, 1h persession Multiple Sclerosis
administer; requires a therapist
BrainHQ™ Adaptive computer programme providing 89 patients with RRMS, 35 with SPMS5, and 12 weeks, Meuropsychological Small to
exercises targeting speed, attention, seven with PPMS; adaptive training (n=74) vs active  five sessions per composite score medium
working memory, and executive functions  placebo (n=61); home based, remotely supervised; week, 1 h per session
results unavailable for four patients
Attention Process Adaptive programme of tasks and exercises 88 patients with RRMS; Attention Process Training 12 weeks, Paced Auditory Serial Medium
Training™ targeting focused, sustained, selective, (n=55) vs active placebo (n=33); home based but two sessions per Addition Test
alternating, and divided attention with supervision week, 1 h per session
Speed of Processing  Computerised drill and practice designed 21 patients with RRMS; speed of processing training 5 weeks, 10 sessions,  Digit Symbol Coding Large
Training™* specifically to improve processing speed {n=12) vs no treatment contral (n=9); community 30-45 min per
based session

Benedict RH, et al. Lancet Neurol 2020; 19: 860



Evidence for the Efficacy of Cognitive Rehabilitation

Compensatory approaches
Modified Story Participants trained to use context and 86 patients with impaired learning, of which 5 weeks, California Verbal Learning  Medium to
Memory Technigue™  imagery to improve learning and memory; 55 patients had RRMS; modified Story Memory two sessions per Test-Il large
computer-assisted administration Technique (n=41) vs active placebo (n=45); week, 45-60 min per
community based and therapist delivered session
Mental Visual Six 2 hindividual sessions of visual 20 patients with RRMS; visual imagery training 3-6 weeks, Adapted autobiographical  Large
Imagery™ imagery training group (n=10]) vs active placebo (n=10); clinic based one or two sessions  interview
with supervision perweek,
six 2 h sessions
General Training in compensatory strategies, 60 patients with multiple sclerosis; memory 8 weeks, one session  Brief Repeatable Battery  large
compensatory explanations on different kinds of internal  treatment (n=20) vs placebo (n=20; relaxation) vs perweek, of Neuropsychological
strategies™ and external aids, mnemonics, mental control (n=20; information only); group intervention  1h per session Tests
reviews, and error-free learning with four people per group; clinic based with
supervision
Self-generated Behavioural sessions training inthe use of 24 patients with RRMS, four with SPMS, Six 1 h sessions Contextual MemoryTest  Large
learning™ self-generated learning techniques seven with PPMS; treatment group (n=19) vs active

placebo (n=16); community based with supervision

Benedict RH, et al. Lancet Neurol 2020; 19: 860
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