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Summary

Summary

l

MS

-

related cognitive dysfunction is 

common, heterogeneous, and 

likely to worsen without treatment

l

Cognitive rehabilitation is 

promising but rigorous trials still 

need to be conducted

l

Disease

-

modifying treatments and 

targeted symptomatic treatments 

may have NP benefits

l

Formal NP assessment is needed 

to confirm impairment and monitor 

cognitive function over time
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COGNITIVE DYSFUNCTION IN MS

Treatment

		Cognitive rehabilitation



Direct retraining (restorative)

Compensatory strategies

		Symptomatic medications



Targeted at cognitive deficits

Targeted at other symptoms	

		Medications for MS



Treatment of acute relapses

Disease-modifying medications



Treatment of MS is in its infancy; few controlled studies

Cognitive impairment has rarely been an explicit selection criterion for treatment outcome studies
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COGNITIVE DYSFUNCTION IN MS

Cognitive Rehabilitation

*Cognitive rehabilitation focused on attention (restorative), memory (restorative and compensatory), visual perception (restorative)

		Treatment		Study Design		Tx Effects		MaintainedGains?

		Inpatient cognitive rehabilitation*          x 6 weeks      (Jønsson et al. 1993)		Parallel groups    (vs. group discussion)
N=40		 visual perception, with trend on v-s abilities; 
 IP for controls		
+ 
(6 mos)

		Process-specific attention training    x 18 weeks   (Plohmann et al. 1998)		Parallel groups, with cross-over to second module
N=22		 alertness,             selective attention (process-specific),    divided attention		
+
(9 wks)























		Jonsson et al. 1993 study:  n=40, cognitively impaired as a group; EDSS=5.6 (sd=1.3); note that control group results generally c/w Rodgers et al. (1996) benefits of 24-week group therapy on verbal list-learning and abstraction

		Plohmann et al. 1998 study:  n=22 with documented attentional impairments; EDSS=2.0 to 8.0

		Comment re: DeLuca study in process (incl. Chiaravalloti et al. 2003; Lengenfelder et al. 2004 INS)

		Also comment on Lincoln et al. (2002): N=240 patients in 3 groups (Control vs. NP feedback only vs. NP compensatory strategies as needed), but patients weren’t all cognitively impaired and “cognitive rehabilitation” was not well operationalized, so n.s. effect
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COGNITIVE DYSFUNCTION IN MS

Case Example: Initial NP Assessment

39 yo right-handed Caucasian female

HS education + 1-2 years of college; customer service manager for manufacturing company

Sx onset 1983; MS diagnosis 2/98

BDI = 35; BSI significantly elevated (GSI T=78)
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TREATING COGNITIVE DYSFUNCTION IN MS

Objectives of Presentation

		Review studies of cognitive rehabilitation in MS

		Review effects of  symptomatic medications for MS on cognitive function

		Present data on NP outcomes from trials of disease-modifying medications for MS

		Discuss issues to consider in evaluating NP effects of treatment
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“Cognitive and Neurobehavioral Issues in Multiple Sclerosis”



TREATMENT OF MS-RELATED COGNITIVE DYSFUNCTION 

Jill Fischer, PhD



April 19, 2004
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COGNITIVE DYSFUNCTION IN MS

Case Example: Neurologic History

		Summer, 1983 (age 24):  Onset of neurologic symptoms



Right-sided numbness/weakness

Gait disturbance

Ptosis

Dysarthria

		Tx w/prednisone x 5 years; gradual recovery, but left w/ residual fatigue and   R-sided sensation; subsequently, developed R-sided pain and bladder dysfunction

		Mid-1990s: 2 episodes of major depression; subtle changes in cognitive function reported (concentration, word retrieval, and memory) 

		February, 1998 (age 39):  MS diagnosis confirmed





Reviewing the case of an individual patient provides a context for the importance of identifying effective treatments for MS-related cognitive dysfunction.
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COGNITIVE DYSFUNCTION IN MS

Treatment

		Cognitive rehabilitation



Direct retraining (restorative)

Compensatory strategies

		Symptomatic medications



Targeted at cognitive deficits

Targeted at other symptoms	

		Medications for MS



Treatment of acute relapses

Disease-modifying medications



Treatment of MS is in its infancy; few controlled studies

Cognitive impairment has rarely been an explicit selection criterion for treatment outcome studies
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COGNITIVE DYSFUNCTION IN MS

Case Example: 20 Months Later

41 yo right-handed Caucasian female

HS education + 1-2 years of college

Sx onset 1983; MS diagnosis 2/98; Medical leave 10/98

BDI = 14; BSI mildly elevated (GSI T=64)
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COGNITIVE DYSFUNCTION IN MS

Treatment

		Cognitive rehabilitation



Direct retraining (restorative)

Compensatory strategies

		Symptomatic medications



Targeted at cognitive deficits

Targeted at other symptoms	

		Medications for MS



Treatment of acute relapses

Disease-modifying medications



Treatment of MS is in its infancy; few controlled studies

Cognitive impairment has rarely been an explicit selection criterion for treatment outcome studies
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COGNITIVE DYSFUNCTION IN MS

 NP Effects of Sx Treatments:  Aminopyridines



Note:  Cognitive impairment was NOT an explicit selection criterion in these trials

		Treatment		Study Design		Tx Effects		Maintained Gains?

		4-AP x 2 weeks
(Smits et al. 1994)		DBPC Crossover
N=20		Trends on PASAT-2” and visuospatial memory		
N/A

		3,4-diAP x 30 days
(Bever et al. 1996)		DBPC Crossover
N=36		
***		
N/A

		4-AP x 6 months
(Rossini et al. 2001)		DBPC Crossover
N=54		
***		
N/A

























		Focused battery (including measures of memory, information processing, and word retrieval) was used to evaluate treatment effects.

		Smits et al. (1994): Patients w/EDSS 2.5-8.0 (90% CPMS); Up to 10 mg qid, with no washout; Confounded by carry-over effects

		Bever et al. (1996): Patients with EDSS 2.5-9.0 and leg weakness (81%) CPMS; up to 100 mg/day, divided, with 30 day washout

		Rossini et al. (2001): Progressive MS patients; 32 mg qd

		C/w recent Cochrane review (Solari et al. 2003)
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COGNITIVE DYSFUNCTION IN MS

 NP Effects of Sx Treatments:  Cholinergic Tx



Note:  Cognitive impairment was an explicit selection criterion in these trials

		Treatment		Study Design		Tx Effects		Maintained Gains?

		IV physostigmine  x 3 weeks
(Leo & Rao 1988)		DBPC Crossover    N=4		 Verbal memory (selected variables), but not attention span		
N/A

		Donepezil              x 12 weeks 
(Greene et al. 2000)		Open label
N=17		 MMSE, recognition memory, naming		
N/A

		Donepezil              x 24 weeks
(Krupp et al. 2004)		DBPC    Parallel groups
N=69		 Verbal memory, with trend on PASAT but not others		
N/A

























		Leo & Rao, 1988: No washout; Buschke SRT was primary outcome measure

		Greene et al., 2000: Nursing home patients w/MMSE < 25; DPZ 5 mg x 4 wks, then 10 mg x 8 wks; treatment effects evident at 4 weeks, persisted at 12 weeks (incl. Additional secondary NP outcome measures)

		Krupp et al. (2004): Eligible if “MCI”, i.e., < 0.5 sd below RAVLT control mean; 5 mg x 4 wks, then 10 mg x 20 wks; ITT analysis

		Mention recent trial of rivastigmine (Parry et al. 2003), in which fMRI showed relative normalization of cortical activation during the Stroop (i.e., less L medial PFC and greater R inferior PFC) in 5 MS patients (but no change in healthy controls)  
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COGNITIVE DYSFUNCTION IN MS

Treatment

		Cognitive rehabilitation



Direct retraining (restorative)

Compensatory strategies

		Symptomatic medications



Targeted at cognitive deficits

Targeted at other symptoms	

		Medications for MS



Treatment of acute relapses

Disease-modifying medications



Treatment of MS is in its infancy; few controlled studies

Cognitive impairment has rarely been an explicit selection criterion for treatment outcome studies
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COGNITIVE DYSFUNCTION IN MS

Treatment

		Cognitive rehabilitation



Direct retraining (restorative)

Compensatory strategies

		Symptomatic medications



Targeted at cognitive deficits

Targeted at other symptoms	

		Medications for MS



Treatment of acute relapses

Disease-modifying medications



Treatment of MS is in its infancy; few controlled studies

Cognitive impairment has rarely been an explicit selection criterion for treatment outcome studies
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COGNITIVE DYSFUNCTION IN MS

Treatment

		Cognitive rehabilitation



Direct retraining (restorative)

Compensatory strategies

		Symptomatic medications



Targeted at cognitive deficits

Targeted at other symptoms	

		Medications for MS



Treatment of acute relapses

Disease-modifying medications



Treatment of MS is in its infancy; few controlled studies

Cognitive impairment has rarely been an explicit selection criterion for treatment outcome studies
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COGNITIVE DYSFUNCTION IN MS

 NP Effects of Sx Treatments:  Tx for Fatigue



Note:  Cognitive impairment was NOT an explicit selection criterion in these trials

		Treatment		Study Design		Tx Effects		Maintained Gains?

		Amantadine            x 4 weeks
(Cohen & Fisher 1989)		DBPC Crossover N=29		 Susceptibility to interference; trend on processing speed 		N/A

		Amantadine vs. pemoline x 6 weeks
(Geisler et al. 1996)		DBPC  Parallel groups     N=45		 Processing speed but not memory (amantadine only)		N/A

		Amantadine
(Sailer et al. 2000) 		DBPC Crossover N=24		
***		N/A

























		Focused battery (including measures of memory, information processing, and word retrieval) was used to evaluate treatment effects.

		Cohen & Fisher (1989): Patients with symptomatic daily fatigue x 3 months (55% RRMS; EDSS M=4.0, sd=1.4);100 mg bid; 2 week washout

		Geisler et al (1996): Patients with EDSS<6.5 and documented fatigue; 100 mg bid amantadine vs. 56.25 mg pemoline

		Sailer et al. (2000): Patients with EDSS<6.5 and documented fatigue (FSS>4), 58% SPMS; 10-day washout; amantadine attenuated initial learning but enhanced practice effects in patients with longer disease duration
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COGNITIVE DYSFUNCTION IN MS

NP Effects of Treatment: Tx for Acute Relapse

		Treatment		Study Design		Tx Effects

		IV methylprednisolone  x 5-7 days
(Oliveri et al. 1998)		DBPC (vs. healthy controls)
N=14		Transient adverse effect on memory at Day 7 (resolved by Day 60 visit)



















		RRMS patients in acute relapse; IV MP dosing: 2.5 g over 5 days (n=4); 5 g over 7 days (n=5); 10 g over 5 days (n=5)

		Focused battery included attention span, memory, verbal fluency, and WCST
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COGNITIVE DYSFUNCTION IN MS

Disease Modifying Medications for Relapsing MS: 

Overview of NP Outcome Assessment in IFN-ß-1a (Avonex) Trial

Comprehensive NP Battery (Weeks 0 and 104) was administered in two 3-hour sessions 

on consecutive days.

Brief NP Battery was administered in one 90-minute session.

Fischer et al. 2000

		
Type of Measure		Study Week
0        26        52        78        104

		Verbal Abilities/Language		 x                                              x

		Visuospatial Abilities		 x                                              x

		Calculations		 x                                              x

		Information Processing		 x         x          x           x           x   

		Learning/Memory		 x         x          x           x           x

		Executive Functions		 x                                              x

		Screening Measure		 x         x          x           x           x





























		More comprehensive NP battery than in any previous clinical trial

		Initially selected measures based on rational groupings, but used Maximum Likelihood Factor Analysis, with Orthogonal Rotation, to verify domain assignments and identify parsimonious set of variables

		Selected 1 variable (highest, pure loading variable) to represent each domain 
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COGNITIVE DYSFUNCTION IN MS

NP Outcomes in Trials of Disease Modifying Medications

		IFN-ß-1b (Betaseron)

		Glatiramer acetate (Copaxone)

		IFN-ß-1a (Avonex)

		IFN-ß-1a (Rebif)



		Mitoxantrone (Novantrone)





NB:  NP effects of most disease-modifying agents have not been rigorously evaluated 
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COGNITIVE DYSFUNCTION IN MS

NP Outcomes in Trials of Disease Modifying Medications

		IFN-ß-1b (Betaseron)

		Glatiramer acetate (Copaxone)

		IFN-ß-1a (Avonex)

		IFN-ß-1a (Rebif)



		Mitoxantrone (Novantrone)





NB:  NP effects of most disease-modifying agents have not been rigorously evaluated 
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COGNITIVE DYSFUNCTION IN MS

NP Outcomes in Trials of Disease Modifying Medications

		IFN-ß-1b (Betaseron)

		Glatiramer acetate (Copaxone)

		IFN-ß-1a (Avonex)

		IFN-ß-1a (Rebif)



		Mitoxantrone (Novantrone)





Mitoxantrone – IV infusion q 3 months x 24 months; approved in 2000 for SPMS, PRMS, worsening RRMS

NB:  NP effects of most disease-modifying agents have not been rigorously evaluated 
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COGNITIVE DYSFUNCTION IN MS

Disease Modifying Medications for Relapsing MS:

NP Outcome in IFN-ß-1b (Betaseron) Trial

Mean WMS Delayed Visual Reproduction Total

Adapted from Pliskin et al. 1996

N=30 

EDSS = 0.0-5.5

9 NP variables (5 tests)

p<.03 for interaction

         (ANOVA)



		ANOVAs of individual measures, with Group as the between subjects factor and Time as the within subjects factor (using age-and education-corrected raw scores)

		Claim “significant treatment effect” on Delayed VR, esp. in high dose group, with trend on Trails B

		NO BASELINE AS COVARIATE (first assessment at Year 2)

		NO MULTIVARIATE ANALYSES
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COGNITIVE DYSFUNCTION IN MS

Disease Modifying Medications for Relapsing MS:

NP Outcomes in Glatiramer Acetate (Copaxone) Trial

Adapted from Weinstein et al. 1999

Mean PASAT-2” Total

N=248

EDSS = 0.0-5.0

9 NP variables (5 tests)

ns interaction

  (ANCOVA)



		ANCOVA of individual measures, with Group and Center as between subjects factors, Time as a within subjects factor, and Baseline as a covariate

		NO DEMOGRAPHIC ADJUSTMENTS

		NO MULTIVARIATE ANALYSES



(Intent to treat analyses were reported but results were similar with available Ss analysis)
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COGNITIVE DYSFUNCTION IN MS

Disease Modifying Medications for Relapsing MS:

NP Outcomes in Glatiramer Acetate (Copaxone) Trial

Adapted from Weinstein et al. 1999

Mean Buschke CLTR Total

N=248

EDSS = 0.0-5.0

9 NP variables (5 tests)

ns interaction

  (ANCOVA)



		ANCOVA of individual measures, with Group and Center as between subjects factors, Time as a within subjects factor, and Baseline as a covariate

		NO DEMOGRAPHIC ADJUSTMENTS

		NO MULTIVARIATE ANALYSES



(Intent to treat analyses were reported but results were similar with available Ss analysis)
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COGNITIVE DYSFUNCTION IN MS

NP Outcomes in Trials of Disease Modifying Medications

		IFN-ß-1b (Betaseron)

		Glatiramer acetate (Copaxone)

		IFN-ß-1a (Avonex)

		IFN-ß-1a (Rebif)



		Mitoxantrone (Novantrone)





NB:  NP effects of most disease-modifying agents have not been rigorously evaluated 

Mention recent report on NP benefits from alpha interferon-2b (Cabrera-Gomez et al. 2003 Cuban study)
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COGNITIVE DYSFUNCTION IN MS

Effect of IFN-ß1a (Avonex) on Cognitive Function:

2-year Change (with Baseline Adjustment)

IFN-1a

Placebo 

Set A

Set B

Set C

Fischer et al. 2000



MANCOVA with baseline as covariate is a more conservative analysis
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Note: Variables for a given factor had to load strongly (>0.500) on the identified factor,

and no more than modestly (<0.300) on any other factor. 

COGNITIVE DYSFUNCTION IN MS 

Principal NP Outcome Analysis in IFN-ß-1a (Avonex) Trial

Fischer et al. 2000

		Variable Set		Factor                      (Cognitive Domain)		Representative Variable

		Set A		Information Processing Verbal Learning/Recall Visual Learning/Recall		CALCAP Sequential RT      CVLT Trials 1-5 Total          RFFT Error Ratio

		Set B		Visuospatial Abilities Problem Solving           Visual Scanning          Planning/Sequencing     Deductive Reasoning		WMS-R Visual Span-Fwd   WCST Perseverative Responses Visual Search # Trials           TOL % Planning Time              20Qs % Good Hypothesis Qs 

		Set C		General Verbal Abilities Attention Span		WAIS-R Information (raw score)  WMS-R Digit Span-Fwd
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COGNITIVE DYSFUNCTION IN MS

Prevalence of Impairment by Cognitive Domain



Adapted from Rao et al. (1991)

Language
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		Patients in this trial were not selected for cognitive impairment, so we separated the cognitive domains into three sets for statistical analyses, based on likelihood of impairment
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IFN--1a

Placebo

COGNITIVE DYSFUNCTION IN MS

Effect of IFN-ß1a  (Avonex) on Cognitive Function:

2-year Change (without Baseline Adjustment)

P=.036

P=.603

Set A

Set B

Set C

P=.005

Fischer et al. 2000



		Performed principal NP outcome analysis on Comprehensive NP Battery 

(MANOVAs of 2-year change, with scores adjusted for demographics (before computing change scores), both w/ and w/o baseline performance as a covariate
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COGNITIVE DYSFUNCTION IN MS

Effect of IFN-ß1a (Avonex) on Cognitive Function:

Brief NP Battery Performance

P=.020*

IFN-1a (n=79)

Placebo (n=74)

*MANOVA of slopes

Fischer et al. 2000



		Secondary outcome analysis

		Selection of variables for Brief NP battery composite score was based on factor analysis of baseline scores and incorporated measures impaired frequently or moderately often:

		CVLT Trials 1-5 Total

		RFFT Error Ratio

		RFFT Total Unique Designs

		53.2% of IFNB1a group had sustained improvement (>0.5 sd) on BNPB composite vs. 37.9% PLC

		17.7% of IFNB1a group had sustained worsening, vs. 29.7% PLC
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Note: Variables for a given factor had to load strongly (>0.500) on the identified factor,

and no more than modestly (<0.300) on any other factor. 

COGNITIVE DYSFUNCTION IN MS 

Secondary NP Outcome Analysis in IFN-ß-1a (Avonex) Trial

Fischer et al. 2000

		Variable Set		Factor                      (Cognitive Domain)		Representative Variable

		Brief NP Battery Composite		Verbal Learning/Recall Visual Learning/Recall Information Processing+ Visuospatial Abilities 		CVLT Trials 1-5 Total          RFFT Error Ratio                     RFFT Total Unique Designs

		Single Multidimensional Variable		Information Processing+ Verbal Abilities+   (Visual Scanning)+ (Visuospatial Abilities)		PASAT Processing Rate
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COGNITIVE DYSFUNCTION IN MS

Evaluating NP Effects of Treatment

		Is a single NP measure adequate?

		Which NP measures should be included?

		How often should NP measures be administered?

		How should NP outcome measures be analyzed statistically?





Refer to Fischer (2003) chapter
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COGNITIVE DYSFUNCTION IN MS

Effect of IFN-ß1a (Avonex) on Time to Onset of 

Sustained Deterioration (>0.5 SD) in PASAT Processing Rate

Log-rank P=.023

†Difference (%) between IFN--1a and placebo.

IFN--1a (n=79)

19.5%

36.6%

Placebo (n=71)

Fischer et al. 2000







47%†





		Additional secondary analysis

		PASAT Processing Rate = combines PASAT-2” and 3” performance

		Treatment effect on PASAT is similar in magnitude to effect on EDSS progression

		In IMPACT trial (Cohen et al. 2002), MSFC was primary outcome measure (p=0.033), and median change on PASAT alone approached significance (p=0.06). 
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TREATING COGNITIVE DYSFUNCTION IN MS

Summary

		MS-related cognitive dysfunction is common, heterogeneous, and likely to worsen without treatment

		Cognitive rehabilitation is promising but rigorous trials still need to be conducted

		Disease-modifying treatments and targeted symptomatic treatments may have NP benefits

		Formal NP assessment is needed to confirm impairment and monitor cognitive function over time
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MULTIPLE SCLEROSIS

Suggested Reference

		Fischer JS. Assessment of neuropsychological function in multiple sclerosis. In JA Cohen & RA Rudick, Multiple sclerosis therapeutics (2nd ed). London: Dunitz, 2003, pp. 37-59.
















