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Multi-Endpoint Item-Response 
Modelling for Integrating 
Several Endpoints in Alzheimer’s 
Disease Drug Trials

As a proof-of-concept, the approach of integrating 
several clinical scales to inform the underlying latent 
constructs using MIRMs increased power for 
detecting treatment effect. The resulting latent 
variable can serve as surrogates for clinical 
endpoints with high signal-to-noise ratio.
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The objectives of this analysis were to build a multi-
endpoint item-response model (MIRM), integrating data 
from different clinical scales. The performance of the 
MIRM was tested within a conceptual randomized trial 
framework, created entirely from pooled placebo data.
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A compensatory multi-dimensional IRT was 
developped using both exploratory (i.e. items 
loaded in each latent variable) and 
confirmatory (i.e. specific assignment of items 
per latent variable using hierarchical cluster 
analysis) approaches. AIC, simulation-based 
diagnostics, and correlation matrix of residuals 
were used to assess model performance.

• Several rating scales are used in Alzheimer’s Disease (AD) to describe the 
heterogeneity of the disorder as a collection of cognition, daily function, 
behaviour and quality of life assessments. 

• They remain nonetheless an arduous and lengthy procedure for both 
physician and patient/caregiver [1]. These scales have demonstrated low 
efficacy signal to noise ratio [2], and high redundancy. 

Individual placebo score data (*number of 
items) from mild to moderate AD patients 
were extracted from Critical Path Institute’s 
database [3].
iADRS were derived from a set of items 
from ADASCOG14 and ADCS-ADL [4].

Patients were clustered into “non-responder” and “responder”, based on 
all total scores, using the unsupervised Machine Learning (ML) k-
means and Silhouette methods; and resampled with incremental 
weight of the responder set to create hypothetical trials with 1:1 
active:placebo randomization ratio. 

Selection of the final trial was based on 1) target threshold of CDR-SOB 
mean change from baseline evaluated by MMRM, and 2) ability of 
preserving conditional exchangeability: propensity score distributions 
and average standardized differences (ASD) on covariates. 

Based on the original dataset, a statistically 
significant drug effect was computed based on 
latent variable 1 (p= 3.65e-04), CDR-SOB 
(p=2.22e-05), ADASCOG14 (p= 0.134), iADRS (p= 
0.058) and ADCS-ADL (p= 0.044). 

Stage 4

Figure 1: Classification of ‘non-responder’ and ‘responder’ patients 
based on k-means, guided by average silhouette.

CDR-SOB (6*)
ADASCOG14 (14*)
ADCS-ADL (24*)
MMSE (11*)
EQ5D-Proxy (5*)
QoL caregiver/patient 
(13/13*)

Stage 3

Figure 6: The final MIRM showed that with 
800 subjects the latent variable yielded 83% 
power to detect a treatment effect, while 
CDR-SOB, iADRS or ADCS-ADL alone 
resulted in 94%, 59% and 25% power, 
respectively. 

A confirmatory 2-latent MIRM (86 items and 480 parameters) with a correlation of 0.221 performed better (ΔAIC = -8412.7) than 
the 1-latent MIRM.  LV2 did not show difference between placebo and active, hence was dropped from the power assessment.

AD: Alzheimer’s Disease; ADASCOG14: Alzheimer's Disease Assessment Scale–Cognitive Subscale; ADCS-ADL: Alzheimer's 
Disease Cooperative Study – Activities of Daily Living Scale; AIC: Akaike information criterion; ASD: Average standardized 
difference; CDR-SOB: Clinical Dementia Rating – Sum of box; EQ5D:EuroQol-5 dimensions; iADRS: Integrated AD Rating 
Scale; ICC: Item characteristic curve; MIRM: Multi-endpoint item-response model; ML: Machine Learning; MMRM: Mixed 
model for repeated measures; MMSE: Mini Mental State Examination; QoL: Quality of life;

Figure 5: Residual correlation plot between all pairs 
of items of all AD scores. General observed 
correlations are mostly between -0.5 and 0.5.

Figure 4: One-dimension view of item characteristic curves showing the individual probability of 
obtaining scores in each category for CDR-SOB items, labelled 100s, ADASCOG14 – 200s, MMSE – 
300s, EQ5D – 400s, QoL - 500/600s (patient/caregiver) and ADSC-ADL – 700s. 

Power assessment by MMRM for 
total score of each scale and the 
latent variable from MIRM over 
100 bootstrapped datasets of 

the final trial providing different 
sample sizes (n=100-1200)

754 270
‘Responder’ vs ‘non-Responder’

Figure 2: Satisfactory conditional exchangeability evaluated by overlapped 
propensity score distributions and ASD scores <0.1  on covariates.

Figure 3: Contribution of scales to the 2 latent variables revealed by 
factor loadings.
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