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Supplementary material 2: Demographic characteristics of the ARSACS population with a SARA score below 20 points


	Continuous covariates
	median
	min-max
	nb of patients with observations

	
	BMI (kg.m-2)
	23.6
	13.6-57.1
	58

	
	INAS
	6
	1-10
	48

	
	AOO (yr)
	2
	0-40
	63

	Categorical covariates
	N
	percentage
	nb of patients with observations

	
	Loss of function
	18
	31%
	58

	
	Women
	31
	44%
	70

	‍
	AOO      0-4 yr
	54
	77%
	63

	‍
	                5-14 yr
	9
	13%
	63

	‍
	                15+ yr
	7
	10%
	63


Table S2-1: Demographic characteristics of the 70 patients with a maximum SARA score below 20 points. BMI= Body Mass Index, INAS= Inventory of Non-Ataxia Signs, AOO= Age Of Onset, N=Number of patients













Supplementary material 3 - Pooled p-value method
Let  denote the parameter vector of interest with  a covariate-parameter relationship of dimension 1, and assume we test the hypothesis  for a given null hypothesis  We first compute the mean of the LRT statistic across all imputed data sets:

where M is the number of imputed data sets, l the loglikelihood,  is the Maximum Likelihood Estimator (MLE) of  in the restricted model where  estimated on the imputed data set $m$,  the MLE of  in the full model, estimated on the same data set m and  the imputed data set m.
We then compute the mean of the MLE for the full model  and the restricted model  We compute the likelihood ratio test on each imputed data set m, with the likelihood evaluated at the mean MLE for the full and reduced model, and its average:

The proposed test statistic is:

where:

Under an asymptotic normality assumption, the test statistic D follows a F-distribution  with k (=1 here) and  degrees of freedom, where:


 










Supplementary material 4 – Evaluation of the predictive performance using simulations

Methods
We assessed the predictive performance of the model of individual disease progression using simulations. We used the covariates and TSO at inclusion from the 173 patients from the original data set. For each subject, we drew 100 vectors of individual parameters to predict the SARA score at 5 years after inclusion for each subject (), and to simulate observations at baseline, 1 and 2 years after inclusion adding a residual error. We hence simulated 17300 subjects. Then, for each subject, we re-evaluated the conditional distribution using one (baseline only) two (baseline & 1 year) or three (baseline & 1 & 2 year) visits, based on the population model. We estimated the median prediction 5 years after inclusion (  for subject i and n visits), and its Prediction Interval (PI) as respectively the median and the 5th  and the 95th () percentiles of 100 samples drawn in the conditional distribution.

We can then evaluate the predictive performance of the model by computing the Relative Estimation Error (REE) for each subject i, i=1,…,17300 using n visits for the conditional distribution:

We computed the Relative bias (RB) and relative root mean square error (RRMSE) for each case (n=1,23 visits) as the mean and standard deviation of the REE:


We also assessed the width of the PI () for each subject i, using n visits to compute their conditional distribution, and compute the mean widths over all subjects (  ) for n=1, 2 or 3 visits 


Finally, we report the fraction of patients where the  was within the 90% PI () using n visits to compute the conditional distribution.



Results
[image: ]

Figure S4-1: Violin plot of the Relative Estimation Error (REE) for the 17300 simulated subjects, using 1, 2 or 3 visits to compute their conditional distribution
[image: ]
Figure S4-2: Violin plot of the Width of prediction interval (PI) for the 17300 simulated subjects, using 1, 2 or 3 visits to compute their conditional distribution


	Number of visits (n)
	1
	2
	3

	
	-1.5 %
	-1.5 %
	-1.7 %

	
	10.9 %
	10.9 %
	9.2 %

	
	5.2
	5.2
	4.4

	
	87.9
	88.1
	88.4


Table S4-1: Relative bias (RB), relative root mean square error (RRMSE), mean width of PI () and fraction of predictions at 5 years after inclusion for the 17300 simulated patients, using 1, 2 or 3 visits to compute their conditional distribution


In figure S4-1 and table S4-1, we can see that the individual prediction at 5 years since inclusion is unbiased, with Relative bias of less than -2%. According to figure S4-2, we can see that the RRMSE is also low, with 10.9% for 1 or 2 visits, and 9.2% for 3 visits. The mean width of PI 5 years since inclusion also slightly decreases with the number of visits, from 5.2 for 1 or 2, and 4.4 for 3 visits. Finally, around 88% of “true” predictions at 5 years since inclusion fall within the PI for 1, 2 and 3 visits, which is consistent considering those are 90% prediction intervals. 
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