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Outline
 Negative studies 

• Is the cognitive outcome the culprit?

 Characteristics of cognitive test batteries for schizophrenia cognition trials

• Potential differences between phase 2 and 3 trials

• Implementation difficulties

• Too long to complete?

• Much missing data?

• Sensitivity to cognitive impairment

• Ceiling and floor effects – are they real risks

• Test-retest reliability

• Number one in MATRICS survey

• Practice effects

• Mis- and Disinformation

• Relation to other co-primary measures

• Most important: Sensitivity to treatment effects

• Absence of „active comparator‟

• D-serine data

• Cognitive remediation



Evaluation Criteria

1.  Implementation

2.  Sensitivity

3.  Reliability

4.  Practice

5.  Relation to co-primaries

6.  Sensitivity to treatment effects



Overview of Trials with Available 
Psychometric Data

 R3487/MEM3454; N=215

• alpha7 partial agonist 8-week study

• MCCB at screening, baseline, weeks 4, 8, 10

 DSP lurasidone versus risperidone; N=323

• MCCB at screening, baseline, 

 2 TURNS trials

• MK-0777; N=60

• MCCB at baseline and week 4

• Cognitive Neuroscience measures of specific domains

• AL-108; N=59

• MCCB at baseline, week 6, week 12

 Sanofi-Aventis AVE 1625 CONNECT trial; N=477

• MCCB at baseline, weeks 12, 26, 52
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CIAS POC Study Overview: 
R3487/MEM3454 alpha7 partial agonist 8-week study

Smokers: Non Smokers  3:1

Placebo

n=50

5 mg

n=50

15 mg

n=50

50 mg

n=50

Add on to stable AP* (n = 215 )

Primary Efficacy variable: 

Cognition (MATRICS Composite Score)

Secondary Efficacy variables:

Negative Symptoms (PANSS, NSA); Depressive Symptoms (MADRS)

Function (UPSA, PSP); Cognitive Domains (MATRICS Domain Scores)

Screening Baseline Wk 1 Wk 2 Wk 4 Wk 8 Wk 10

MATRICS x x x x x
WMS III Paired Associates 

(Immediate & Delayed Recall) x x x x

UPSA-2 x x x

PSP x x x x

PANSS x x x x x x x

NSA x x x x x x

MADRS x x x x x x

*Antipsychotics included: risperidone, paliperidone, aripiprazole

Umbricht, et al, 2009.



MCCB in Schizophrenia Clinical Trials:  
Baseline Characteristics

Keefe et al, Schiz Res, in press; Umbricht et al, 2009; Sanofi-Aventis data on file

Characteristic Lurasidone v. 

Risperidone 

(N=323)

R3487/MEM34

54

(N=215)

Age, mean (SD) 43.1 years 

(10.4)

39.6 years (9.0)

Men 72% 72%

Race

White

African American

Other

31%

64%

5%

32%

54%

13%

PANSS Total Score

Mean (SD)

67.5 (11.7) 57.0 (10.3)

UPSA-B Total Score

Mean (SD), N=308

70 (16.2) 85 (15)

MCCB Composite 

T-Score, Mean (SD), N=321

26.9 (12.4) 27.6 (12.1)



TURNS MK-0777 Trial
Placebo

N=21

MK-0777, 3 mg.

B.I.D. (N=18)

MK-0777, 8 mg

B.I.D. (N=21)

Mean + S.D. Mean + S.D. Mean + S.D.

Age, yrs. 40.0 (10.9) 43.3 (9.3) 44.9 (8.7)

Education, yrs. 12.2 (2.5) 13.3 (3.0) 14.2 (2.4)

Gender (male) 77.3% 61.1% 61.9%

Race (white) 45.4% 50.0% 42.9%

WTAR reading score 29.2 (10.3) 27.1 (12.0) 29.7 (14.0)

MCCB composite score 30.1 (13.1) 31.0 (12.6) 27.8 (12.2)

BPRS total score 26.8 (6.4) 28.9 (5.2) 29.8 (6.2)

BPRS positive symptom score 7.0 (3.5) 7.6 (2.8) 6.8 (2.1)

SANS total score 18.6 (11.5) 17.8 (10.5) 20.6 (14.7)

Calgary total score 1.6 (11.5) 2.1 (2.4) 2.0 (2.1)

Simpson-Angus total score 1.1 (1.5) 0.8 (1.2) 1.4 (1.6)

Buchanan, Keefe, Lieberman et al, Biological Psychiatry, in press



TURNS Allon-108 trial

Placebo    

(N=20)

AL-108 5 mg 

(N=19

AL-108 30 mg 

(N=19)

Mean SD Mean SD Mean SD

Age, years 41.4 10.4 43.2 10.5 45.2 8.2

Education, years 12.1 2.7 12.6 2.2 12.4 2.7

Wechsler test of adult 

reading (WTAR) score

26.1 13.1 32.0 13.7 28.6 11.4

Javitt, Buchanan, Keefe, et al, submitted



Evaluation Criteria

1.  Implementation

2.  Sensitivity

3.  Reliability

4.  Practice

5.  Relation to co-primaries

6.  Sensitivity to treatment effects



MCCB Test Scores: Missing Data Rate
Variable Memory/Roche 

N=215

DSP

N=323

Total number of invalid MCCB tests at 

screening and baseline

14/4300 (0.03%)

N=4300 (=215X10x2)

16/6460 (0.02%)

N=6460 (=323x10x2)

Subjects with complete MCCB tests 

(excluding invalid or missing tests)

Screening

Baseline

Screening & Baseline Scores

210/215 (98%)

213/215 (99%)

208/215 (97%)

320/323 (99.1%)

321/323 (99.4%)

318/323 (98.5%)

Subjects missing > 2 domains

Screening

Baseline

0 (0%)

0 (0%)

1 (0.3%)

0 (0%)

Median duration between screening 

and baseline tests

10 days 15 days

Fox et al. ISCTM 2009; Keefe et al, in press



Evaluation Criteria

1.  Implementation

2.  Sensitivity

3.  Reliability

4.  Practice

5.  Relation to co-primaries

6.  Sensitivity to treatment effects



Severity and Profile of Cognitive Impairment in 
Schizophrenia at Baseline of Clinical Trial

Composite

Proc Speed

Attention

Working Memory

Verbal Learning

Visual Learning

Reasoning

Social Cognition

20

25

30

35

40

45

50

55

60

Healthy Normative
Sample (N=300; Mean
= 50; SD = 10)

Schizophrenia
Patients (N=323)

Keefe et al, Schiz Res, in press

T-Score
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Screening and Baseline MCCB Composite T-score: Normal 
Density Estimate and Histogram (N=323)

Baseline Median=26

Mean T-score at baseline =26.9 (SD=12.4); skewness =0.13; normality test p>0.05

Mean T-score at Screening =24.7 (SD=12.1). Area under the curve (histogram)=1.

Screening Baseline
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0.00

0.01

0.02

0.03

Keefe et al, Schiz Res in press



Mean ± SD                       14.3 ± 11.6                                    14.2 ± 12.9                                     21.5 ± 13.9                                   21.1 ± 12.8 

 N                                              55                                                   37                                                     71                                                  108    
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Evaluation Criteria

1.  Implementation

2.  Sensitivity

3.  Reliability

4.  Practice

5.  Relation to co-primaries

6.  Sensitivity to treatment effects



Implications of Reduced Reliability

 A very simple hypothetical:

• Effect size of d = .5 exists in reality between 2 groups

• Total sample size needed to achieve power = .80, alpha = .05, 2-tailed at 

different levels of reliability

Adapted from Green, MATRICS-CT Meeting; October 27, 2009, and G. Helleman
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MCCB Composite T-Score Test-retest 
Reliability

Domain

Memory/ 

Roche

(ICC)

Lurasidone

(ICC)

MK-0777

(Pearson r)

AL-108

(ICC)

Composite T-score 0.88 0.88 0.95 0.93

Speed of processing 0.81 0.79 0.89 0.88

Attention/Vigilance 0.82 0.79 0.80 0.84

Working memory 0.81 0.79 0.90 0.85

Verbal learning 0.65 0.58 0.72 0.77

Visual learning 0.70 0.65 0.84 0.73

Reasoning/Problem 

solving
0.77 0.77 0.84 0.72

Social cognition 0.75 0.75 0.78 0.80



Composite ICC across Sessions in Placebo 
Group (N=42)
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Domain ICC across Sessions in Placebo 
Group (N=42)
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AX-CPT and N-back Reliability in TURNS MK-
0777 Trial (All Patients)

Domain (measure)
Test-Retest 

Reliability

AX-CPT d-prime 0.67

N-Back d-prime

0-back (all non-targets) 0.68

1-back (all non-targets) 0.84

2-back (all non-targets) 0.82

2-Back response times

Target hit 0.78

Novel correct rejection 0.54

Repeated correct rejection 0.78

22Buchanan et al, Biological Psychiatry, in press 



Test-Retest MCCB Composite 
T-Score in R3487/MEM3454 Trial

Screening Composite T-Score

ICC = 0.88 (P<0.001)

Pearson’s r = 0.89
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Keefe RSE, et al. International Congress on Schizophrenia Research; March 28-April 1, 2009; San Diego, CA.
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Testing-Retest MCCB Composite T-Score (N=318)

ICC = 0.88

Pearson‟s r = 0.89

Screening Composite T-Score

B
a
s
e
lin

e
 C

o
m

p
o
s
it
e
 T

-S
c
o
re

Least Squares Fit

-10 0 10 20 30 40 50 60

-10

10

30

50

Between screening and baseline visit (days): ● 2-5,  O 6-14 , □ 15-25, ◊ 26-32, ♦ 33-37 + 117

Effect of time elapsed between screening and baseline visits: nonsignificant  (p>0.4,  interaction test  for slope in least 

squares regression). Keefe et al, Schiz Res, in press



Evaluation Criteria

1.  Implementation

2.  Sensitivity

3.  Reliability

4.  Practice

5.  Relation to co-primaries

6.  Sensitivity to treatment effects



Nuechterlein, et al, Am J Psychiatry, 2008

Practice 
Effects in 
MATRICS 

PASS 
Validation 

Study

http://ajp.psychiatryonline.org/content/vol165/issue2/images/large/S713T3.jpeg


Initial Phase 2 Trial of Nicotinic Agonist 
in Schizophrenia

Freedman R et al, Am J Psychiatry, 2008: 165:1040-1047



MCCB Practice Effects

Domain

Memory/ 

Roche

(d)

DSP

Lurasidone v. 

Risperidone

(d)

TURNS

MK-0777

(T)

Composite T-score 0.21 0.18 2.47

Speed of processing 0.22 0.20 1.12

Attention/Vigilance 0.27 0.17 -0.71

Working memory 0.18 0.16 1.00

Verbal learning 0.02 0.09 3.47

Visual learning 0.08 0.13 3.24

Reasoning/Problem solving 0.16 0.14 3.94

Social cognition 0.01 0.03 -1.24

d = (Baseline – Screening)/SDscreening

T = number of Normative SDs/10



Composite T-scores across Sessions In 
Placebo Patients (N=42)
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Evaluation Criteria

1.  Implementation

2.  Sensitivity

3.  Reliability

4.  Practice

5.  Relation to co-primaries

6.  Sensitivity to treatment effects



MCCB in Antipsychotic Clinical Trial  in Schizophrenia: 
Cross-Sectional Relationship between Composite T-Score 

and UPSA-B at Baseline

29 Sites, N=308

Lurasidone vs. Risperidone 6-month study

Keefe et al, Schiz Res, in press
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Cross-Sectional Relationship Between 
Composite T-Score and UPSA-2 at Baseline 

(N=189)
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Smoothed line by robust LOESS method.

Pearson’s r =0.56 (P<0.001)

Keefe RSE, et al. International Congress on Schizophrenia 

Research; March 28-April 1, 2009; San Diego, CA.
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3.  Reliability
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MCCB composite score treatment data in 
TURNS MK-0777 Study

Measure
Placebo 

(N=17)

MK-0777, 3 

mg BID (N=15)

MK-0777, 8 

mg BID (N=18)

ANCOVA

Week 0 Week 4 Week 0 Week 4 Week 0 Week 4 F df p

MCCB Composite 30.1 

(13.1)

32.5 

(14.0)

31.0 

(12.6)

31.3 

(13.9)

27.8 

(12.2)

27.9 

(12.7)

1.61 2,49.0 0.210

N-Back

0-Back

1-Back

2-Back

3.7 (0.5)

2.7 (0.8)

1.4 (0.8)

3.7 (0.6)

2.8 (0.8)

1.6 (0.6)

3.7 (0.6)

3.0 (0.6)

1.4 (0.6)

3.7 (0.6)

3.0 (0.7)

1.4 (0.6)

3.4 (0.5)

2.7 (0.8)

1.5 (0.8)

3.6 (0.6)

2.6 (0.6)

1.4 (0.6)

0.01

0.35

0.97

2,46

2,46

2,46

0.98

0.71

0.39

AX-CPT

d-prime

(N=16)

2.4 (1.1)

(N=16)

2.2 (1.4)

(N=16)

2.5 (1.1)

(N=16)

2.5 (1.2)

(N=15)

2.0 (1.2)

(N=15)

2.0 (1.1) 0.25 2,43 0.78

Buchanan et al, Biological Psychiatry, in press 



High Dose D-serine in the Treatment of Schizophrenia
Demographics for Study Completers

Nominal relative D-serine dose (mg/kg/d) 30 mg/kg

(n=12)

60 mg/kg

(n=19)

120 mg/kg

(n=16)

Age 41.7+ 11.4 43.5+9.4 43.2+9.6

Male (%) 75% 95% 88%

Schizophrenia (n) 9 16 13

Schizoaffective (n) 3 3 3

Inpatient (n) 5 8 6

Highest Education 12.1+2.3 11.7+1.9 11.9+2.8

Age of 1st Treatment 21.9+5.4 21.1+6.4 20.8+8.9

Age of 1st Hospitalization1 22.3+4.5 22.6+5.1 24.0+8.6

Antipsychotic dose (CPZ Equivalent/d 468.8+252 602.6+295 493.7+319

Atypical (%) 67% 68% 75%

Achieved absolute D-serine dose (g/d) 2.58+0.31 5.58+0.45 11.1+1.1

Kantrowitz JT, et al. Schizophr Res, 2010; 121:125-130. 1 Data unavailable for one patient in 30 mg/kg and one in 120 mg/kg dose



MATRICS Outcomes in d-serine Treatment

Kantrowitz JT, et al, Schiz Res, 2010; 121: 125-130



Using Neuroplasticity-Based Auditory Training to Improve 

Verbal Memory in Schizophrenia

Fisher M, et al. Am J Psychiatry. 2009;166:805-811 



MCCB Conclusions

1. Minimal missing data 

2. Sensitive to cognitive impairments overall and in on 
individual tests and “domains”

• Plenty of room for improvement

3. Reliability is high for composite, and variable for 
domains

4. Practice effects are small

• May continue through multiple assessments in attenuated form

5. Strong correlation to UPSA co-primary scales

6. Sensitivity to treatment effects appears possible, but 
there have been many negative studies
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Structural Equation Modeling Analyses on CATIE Baseline 
Data (N=1331)

 Null model failed to fit the data

 A uni-factorial model based on the nine 

tests was an improvement in fit; 

2(27)=192.18, p<0.001; CFI=.94, 

GFI=.97, RMSEA=.077

 A uni-factorial model including the five 

pre-defined domain scores was a 

considerable improvement in fit over 

the uni-factorial model from the nine 

tests (2 (22)= 152.27, p<.001; CFI=.98, 

GFI=.97; RMSEA=.080 .  

 A five-factor model that included the 

tests from each of the five cognitive 

domains as separate factors was a 

significantly poorer fit compared to the 

uni-factorial model from the five pre-

defined domain scores 2(14)=78.04, 

p<.001. 
Keefe et al, Neuropsychopharmacology, 2006



Power Table (from Cohen)

Effect size (Cohen‟s d) N required (power = 
0.80; α = .05) for each 
of two groups

.50 62

.35 128

Source: http://www.paidresearch.org/powercalculator/calc.php


