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How to combine different types of the data for a physician decision making?
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The Patient Path: a first approach Application to patient path data: the Include dataset Research directions

From original data to observation of patient path random variable?

A Patient path as observation of a random variable valued in a (complex) space of paths :

First approach for univariate continuous case: Leroy et al (2020)

Fix n, K ≥ 1, T > 0 and l 1 , ..., l n . Data is collected from n different patients. For 1 ≤ i ≤ n, set:

↝ t i = (t i,1 , ..., t i,l i ) ∈ [0, T ] l i ∶ the observation times of patient i. ↝ Y i (t i,l i ) ∈ R.
↝ Gaussian process mixture model: we associate a latent binary random vector Z i = (Z i1 , ..., Z iK ) to each individual, indicating in which cluster it belongs: if the i-th individual comes from the k-th cluster, then Z ik = 1 and 0 otherwise. Assume that these latent variables are coming from the same multinomial distribution: Z i ∼ M(1, π), 1 ≤ i ≤ n, with π = (π 1 , ⋯, π K ) t and K ∑ k=1 π k = 1.
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Data Extraction
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State of the art

↝ Study of Gaussian processes: Thompson, 1956;Matheron, 1973;Cressie, 1993. ↝ Application to the development of learning methods for regression problems O 'Hagan, 1978;Williams and Rasmussen, 1996.
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The Patient Path: a first approach First approach for univariate continuous case: Leroy et al (2020) Assume that the i-th individual belongs to the k-th group, let the data observed at time t be as observation of a sum of a cluster-specific mean process and an individual-specific centered process:
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Hypotheses

For 1 ≤ i ≤ n, and 1

, π} ∶ the set of all parameters of the model.
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Hypotheses

• {µ k } 1≤k≤K are independent,

• {f i } 1≤i≤n are independent,

• {Z i } 1≤i≤n are independent,

Inference: a variational version of the EM algorithm is used (MagmaClustR, Leroy et al (2020) 

Extensions

• The multivariate continuous case:

where C is a finite set.
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Gaussian process mixture model

We associate a latent binary random vector Z i = (Z i1 , ..., Z iK ) to each i-individual, indicating in which cluster it belongs: if the i-th individual comes from the k-th cluster, then Z ik = 1 and 0 otherwise. Assume that these latent variables are coming from the same multinomial distribution:
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The model

Assuming that the i-th individual belongs to the k-th group, we can define its functional expression as the sum of a cluster-specific mean process and an individual-specific centred process:
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Hypotheses

For 1

1≤j≤d,1≤i≤n , π} ∶ the set of all parameters of the model.
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Extension to the multivariate case

Hypotheses

• {µ k } 1≤k≤K are independent,

• {f i } 1≤i≤n are independent,

• {Z i } 1≤i≤n are independent,

• {ε i } 1≤i≤n are independent, Perform clustering using the Gaussian processes mixture model described above in the multivariate continuous case.

Perform clustering using the Gaussian processes mixture described above in the categorical case.

Perform clustering using the Gaussian processes mixture described above in the multivariate mixed case.

Take into account the possibility of having missing data.

Predict the future of a patient path in term of covariates.