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Conclusions 
 

The value of IRT modeling over the classical test theory using total 

scores may increase along with the variability in items’ discrimination 

parameters. 

Study design 

• Parallel-group trial with a placebo and an active dose arm including 1000 

simulated patients per arm and 6 occasions per subject.  

• Simulated PRO data: physical well-being subscale (PWB) of Functional 

Assessment of Cancer Therapy-Breast (FACT-B), composed of 7 items with 

ordinal scores ranging from 0 to 4. 
 

Clinical trial simulations and power calculations 

 

 

 

 

 

 

 

 

 

 

 

 

 

• Full IRT model with drug effect: 

• Probability of a score k to the jth item for the ith individual: 

𝑃 𝑌𝑖𝑗 ≥ 𝑘 =
𝑒𝑎𝑗 𝑊𝐵𝑖−𝑏𝑗𝑘

1 + 𝑒𝑎𝑗 𝑊𝐵𝑖−𝑏𝑗𝑘
 

𝑃 𝑌𝑖𝑗 = 𝑘 = 𝑃 𝑌𝑖𝑗 ≥ 𝑘 − 𝑃 𝑌𝑖𝑗 ≥ 𝑘 + 1  

WBi: individual latent variable for well-being; aj: discrimination parameter for the jth 

item; bjk: difficulty parameter for score k of the jth item 

• Linear effect of time on WBi : 

 𝑊𝐵𝑖 𝑡 = 𝑊𝐵𝑖,0 + (𝜃1 ∙ 𝑥𝑎𝑟𝑚 + 𝜂𝑖) ∙ 𝑡 

𝑊𝐵𝑖,0~𝑁(0,1) ; 𝑥𝑎𝑟𝑚 : 0 for placebo arm, 1 for active dose arm; 𝜂𝑖~𝑁(0, 𝜔2) ;  

𝜃1: hypothetical drug effect (a value of 0.25/time unit was used in the simulations) 

• Full TS model  

• Total scores were calculated as the sum of simulated item responses.  

• TS model: TSi 𝑡 =
28

1+𝑒−[𝐼𝑛𝑡𝑒𝑟𝑐𝑒𝑝𝑡+𝜂1+(𝑆𝐿𝑃∙𝑥𝑎𝑟𝑚+𝜂2)∙𝑡] 

• Simulations and power calculations:  

• Original parameters (aj, bjk) were obtained from IRT modeling of pre-

treatment FACT-B PWB in metastatic breast cancer patients [3].  

• 4 scenarios: 0%, 50%, 100% and 200% of original variability in aj across 

the 7 items.  

• Power calculations were performed using the Monte-Carlo Mapped Power 

(MCMP) method implemented in PsN software [4]. 

Objectives 

To compare item response theory (IRT) and total score (TS) approaches for 

power/sample size calculation based on longitudinal questionnaire data for 

different magnitudes of variability in items’ discrimination parameters. Patient-

reported outcomes (PRO) are used as an example. 

Figure 3. Power to detect a drug effect vs total number of subjects for different magnitudes of 

variability in discrimination parameters. Comparison of power curves for the item-response theory (IRT) 

model and total score (TS) model. The dashed line represents 80 % power. 

• IRT pharmacometric modeling has been shown to increase power to detect 

drug effects in Alzheimer’s disease [1] and multiple sclerosis [2].  

• During clinical trials, PRO are increasingly collected as questionnaires 

containing ordered categorical items to evaluate variables not directly 

quantifiable, such as fatigue, health-related quality of life or pain. IRT modeling 

offers an alternative to classical test theory using TS to overcome challenges in 

PRO analysis owing to their multi-scale nature and frequent missing data.  

Variability in 

discrimination 

parameters 

Sample size  

IRT model 

Sample size  

TS model 

Difference in sample 

size 

Original (100 %) 58 78 26% lower for IRT 

No variability (0 %) 62 76 18% lower for IRT 

Low variability (50 %) 64 80 20% lower for IRT 

High variability (200 %) 60 100 40% lower for IRT 

Figure 2. Item characteristic curves for 0% and 200% of original variability in items’ discrimination 

parameters. For every item and level of variability, the probability of each score is plotted against the latent 

well-being WBi. 

Table 1. Total sample size required for 80% power to detect a drug effect on the latent well-being for 

different magnitudes of variability in discrimination parameters, using IRT and TS approches 

• Item characteristic curves obtained from the parameters used for two scenarios 

(0% and 200% of original variability) are exemplified in Figure 2.  

• IRT approach resulted in smaller sample sizes to achieve 80% power to detect 

a drug effect compared with TS approach in all scenarios (Table 1, Figure 3).   

• The difference in required sample size between IRT and TS increased along 

with the variability in items’ discrimination parameters. 

 

Figure 1: Clinical trial simulations and power calculation procedure using the Monte Carlo Mapped 

Power  (MCMP) method. Full model: with drug effect; Reduced model: no drug effect; iOFV: individual 

objective function value; IRT: item-response theory; MC: Monte Carlo; TS: total score.  
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