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State of the art

Mixtures in survival analysis on time to first event: Cox and extensions Different censoring schemes [START_REF] Peng | A mixture-model approach to the analysis of survival data[END_REF] Censored data with high-dimensional covariates [START_REF] Bussy | C-mix: A high-dimensional mixture model for censored durations, with applications to genetic data[END_REF] Many applications in the analysis of recurrent events Hospital readmissions, disease recurrences, repeated failures of industrial systems Extensions of Cox model with recurrence: counting point process setting

Andersen-Gill model [START_REF] Andersen | Cox's regression model for counting processes: a large sample study[END_REF] Frailty models [START_REF] Aalen | Heterogeneity in survival analysis[END_REF][START_REF] Oakes | Frailty models for multiple event times[END_REF] Mixtures of recurrent events Discrete-time duration model [START_REF] Mcdonald | Mixture modelling of recurrent event times with long-term survivors: Analysis of Hutterite birth intervals[END_REF][START_REF] Dean | A discrete-time Multiple Event Process Survival Mixture (MEPSUM) model[END_REF] Frailty-mixture models for recurrent event of cure models in health applications [START_REF] Xu | Estimation of summary protective efficacy using a frailty mixture model for recurrent event time data[END_REF][START_REF] Tawiah | Mixture cure models with time-varying and multilevel frailties for recurrent event data[END_REF].
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Proposed model

Fully parametric mixture model based on the Andersen-Gill model with covariates Notations (T ij ) j≥1 : the times of successive events for i

(i = 1, • • • , n) N i (t)
the number of events occurred to individual i Z i ∈ {0, 1} K the cluster of i in binary coding

{N i (t)} t≥0 given Z ik = 1 characterised by intensity λ ik (t) λ ik (t)dt = E [dN i (t)|F(t-), X X X i (t), Z ik = 1] ,
X X X i (t) the covariate process and F(t-) the filtration generated by the process Intensity of the process in cluster k

λ ik (t) = λ 0k (t) exp(X X X i β β β k )
with baseline Weibull intensity λ 0k (t) = γ 1k γ 2k t γ 2k -1
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Parameters estimation

Likelihood of path i

p(t t t i |X X X i ; θ θ θ) = K k=1 π k ni j=1 [λ ik (t ij , θ θ θ k )] × exp - τi 0 λ ik (u, θ θ θ k )du p(t t ti|X X Xi,Z ik =1;θ θ θ)
.

EM algorithm

Starting from θ θ θ (0) , alternate the following two steps until convergence E-step : update the class membership matrix at iteration h ρ

(h) ik = π (h-1) k p θ θ θ (h-1) k K l=1 π (h-1) k p θ θ θ (h-1) k
, M-step : update model parameter by maximizing the expectation of the log-likelihood θ θ θ

(h) k = argmax θ θ θ n i=1 ρ (h) ik log p(t t t i |X X X i , Z ik = 1; θ θ θ) Vincent Vandewalle
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BIC(K) = ( θ θ θ; K) - ν K 2 log n with ν K = K(d + 2),
and n the number of paths

Remark

The choice of the covariates could also be performed using BIC
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1. Re-admission of elderly people data 2. Model-based clustering of counting process 3. Results on simulated data 4. Results on re-admission data

Conclusion and perspectives

Vincent Vandewalle

Clustering of recurrent events data applied to the re-admission of elderly people at hospital 14/22

Consistency of the parameters estimation Output of the model 

  same cluster should follow the same recurrent events distribution The effect of covariates can be different in each cluster Proposal Assume that the data come from a mixture of counting processes with intensity depending on covariatesVincent VandewalleClustering of recurrent events data applied to the re-admission of elderly people at hospital 8/22 1. Re-admission of elderly people data 2. Model-based clustering of counting process 3. Results on simulated data 4. Results on re-admission data

  events data applied to the re-admission of elderly people at hospital 16/22

  different recurrence types in the data Not uniquely based on the number of event but also on the variation of the intensity Additional interpretation of the re-admission process Perspectives Make depend the prior probability on baseline covariates Perform prognosis of the patient cluster Study how to integrate the information on the patient cluster at baseline to medical practices Vincent VandewalleClustering of recurrent events data applied to the re-admission of elderly people at hospital 20/22