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 Methods 
 

• Data was collected on cognitive function and CSF biomarkers (AB1-42,Tau) during 
screening for an early phase AD spectrum study  (ClinicalTrials.gov NCT0197854).  
 

• The ability of PAL to detect a deficit in RBANS, CDR-SOB and MMSE was based on 
demographically adjusted logistic regression. For RBANS DMI and total index a 
score of  < .85 represented a 1 SD deficit, an equivalent deficit on the list learning 
task was calculated from age adjusted normative data. For the CDR-SOB, >0 was 
considered as a deficit and < 24 on the MMSE.   
 

• Participant scores were also evaluated relative to quantile bands of normative PAL 
data (N~1700) (Abbott, 2015). 
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Background 
 
• Positive biomarkers and a mild cognitive deficit define Prodromal Alzheimer’s 

disease (AD).  
 
• A key challenge of AD clinical trials is identifying participants that meet the 

screening criteria for both biomarker and cognitive deficits. 
 
• Identifying participants in the ‘pre-clinical’ or ‘prodromal’ stage of AD prior to the 

onset of cognitive and functional decline can be challenging, time-consuming and 
expensive.  
 

• Scores on the CANTAB Paired Associates Learning (PAL) task of episodic memory 
correlate with AD biomarkers (Barnett  2016, Nathan 2017) and have the potential 
to enrich samples for biomarker positive participants (Doherty 2016, Abbott 2017). 

 
• Here we evaluate the use of PAL as a pre-screening instrument to predict 

deficits in commonly used cognitive screening tasks; RBANS delayed 
memory index, list learning and total score, Clinical Dementia Rating Scale 
Sum of Boxes (CDR-SOB), and Mini-Mental State Examination (MMSE). 

Results 
 
• The analysis sample included n=56 participants, all aged over 50 years (Mean age 69.1,  SD 

5.6) with low/pathologic CSF-Aβ1-42 levels.  
 

• Participants were either asymptomatic (CDR=0; N=15) or with mild cognitive impairment 
(CDR>=0.5; N=41).   
 

• The correlation between PAL (total errors adjusted) and the selected cognitive measures 
ranged between -.859 (RBANS DMI) to -.611 (RBANS list learning) Table 1(A) 
 

• PAL was highly predictive of a deficit in the cognitive measures, with classification  accuracy 
ranging from 88.7 (RBANS DMI) to 76.9 (CDR-SOB) Table 1(B), Figure 1, with  AUC .96-.80 
Table 1(C), Figure 2A-D 
 

• Participants with a predicted deficit on RBANS (DMI) also showed a lower average MMSE score 
(24.8 vs 28.6) and a higher CDR-SOB score (1.85 vs 0.48) 
 

• Performance on PAL (-1 SD) worse than age adjusted norms (~1700) displayed high 
specificity for identifying deficits in the RBANS (Figure 3A-B).  

Conclusions 
 

• CANTAB  PAL can reliably  identify  participants’ with episodic memory deficits  early in the 
recruitment process. 
 

• The CANTAB web-based platform provides a validated and highly sensitive cognitive 
assessment for pre-screening that can be administered on a home computer (Cormack, 
2016). 
 

• PAL has potential for reducing trial costs, screen failure rates, site and patient burden by 
enriching for participants with a high probability of meeting screening criteria. 

Association between CANTAB PAL and common cognitive screening tasks  
 

(A) 
Correlation 

(B) 
 Correct classification 

(%) 

(C) 
AUC 

RBANS Delayed Memory Index (DMI) -.859 88.7 .957 

RBANS List Learning -.611 68.5 .806 

RBANS Total Score  -.808 83.3 .906 

Mini Mental State Examination (MMSE)  -.642 85.2 .920 

Clinical Dementia Rating Scale (Sum of Boxes) 
CDR-SOB  

n/a 76.9 
 

.847 
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Figure 3: PAL scores and RBANS total score from sample of older adults (N=56) in relation to normative data (N=1770). Coloured lines represent quantiles derived 
from normative data and therefore expected age adjusted scores (based on standard deviation) with the black dotted line representing median performance. Symbols 
represented sample performance on PAL stratified by RBANS. Pink dots represent a deficit in RBANS <85, with black triangles representing >= 85. 

Figure 2: Graph shows the relationship between performance on PAL (y axis) and RBANS delayed memory index (A) (x axis) and total score (B). The vertical line 
indicates the 85 cut-off. Colours represent the predicted group membership based on logistic regression analysis, with points in red indicating a predicted score of <85 
and those in blue a predicted score of >85. Misclassifications include false positives (score better than predicted) and misses (score worse than predicted). 

Figure 1: ROC curve showing the overall sensitivity of the CANTAB PAL task in predicting deficits on: A. RBANS delayed memory index, B. RBANS total score, C. 
MMSE, D. CDR Sum of Boxes. The area under the curve ranges from .957 RBANS DMI to .847 CDR SOB indicating an excellent ability to predict impairment. 

Illustration A.  Visual episodic memory assessed using the CANTAB 
Paired Associates Learning (PAL) task 

Illustration B. Completing CANTAB’s  Web-based software 
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Table 1: Table gives the association between PAL scores and scores in cognitive tasks commonly used in inclusion criteria. (A) correlation coefficient (B) % correct classification (C) Area under the 
curve. 
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