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Motivation
• Many risk prediction tools rely on simple, linear scoring 

system using a small number of features.
• Learning from electronic health records (EHR) data for 

predicting clinical outcomes is challenging due to data 
irregularities such as i) irregularly sampled measurements, ii) 
loss to follow-up (i.e. right-censored), and iii) competing 
events

Method overview

Conclusion
First demonstration of the ODE-based variational autoencoder time-to-event model for 
longitudinal data, which
• Handles irregularly sampled data
• Handles right-censored patients 
• Flexibly estimates hazard functions for the event of interest as well as competing 

events via a multi-task learning framework  
Future work
• Extends to a multimodal framework which includes patient’s tumor genetics data
• Well-calibrated uncertainty of time-to-event predictions as well as latent dynamics

Fig. 2 : Simplified illustration of SurvLatent ODE

Fig. 3 : Detailed model architecture of SurvLatent ODE

With b = 2

Method key takeaways
• Takes irregularly sampled patient’s data

and flexibly learns dynamics of a patient-
specific latent health trajectory using 
neural networks

• Learns hazard function trajectory !𝝀𝒌∗ 𝒕
which enables handling loss to follow-up
(i.e. right censoring) and predicting time-
to-event.

• Utilizes a multi-task learning framework
to handle competing risks where the 
latent trajectory 𝒁𝒕 𝒕 is shared across 
multiple events while each cause-specific 
decoder module captures signals specific 
to each outcome.   

Inference : the loss function handles right-censoring and multiple competing events

Fig. 1 : illustration of time-to-event data with time-varying features

Experimental results
• Model comparison in terms of key strategies in handling longitudinal data
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Time to hospital mortality prediction (MIMIC-III): 
• Time-varying measurements of the first 36 hours of the admission
• Ntrain = 11,950 (55%), Nvalid = 3,259 (15%), Ntest = 6,519 (30%)

Time to VTE prediction with death as a competing event:
• Venous Thromboembolism (VTE) is a frequent, yet fatal complication in patients 

with active cancer.
• Preventive measures (e.g. thromboprophylaxis) are effective but come with 

side effects.
• Utilized Dana-Farber Cancer Institute dataset with total 54 features collected up 

to a year after admission.
• Ntrain = 4,797 (55%), Nvalid = 1,307 (15%), Ntest = 2,630 (30%)

Fig. 4

Fig. 5

(III) SurvLatent ODE 
provides clinically 
meaningful and 
interpretable latent 
representations.

Fig. 4 : Cumulative incidence 
trajectories for the VTE event 
across the latent clusters.
Fig. 5 : Heatmap visualization 
of feature-wise coefficient 
for each latent cluster 

Found significant 
associations of the elevated 
risk group with well-known 
risk factors for VTE (shown 
in red and yellow boxes) 
such as SGOT, White Blood 
Cell counts, Platelet counts, 
etc.

(I) SurvLatent ODE outperforms conventional as well as SOTA (state-
of-the-art) time-to-event models for predicting time to mortality. (II) SurvLatent ODE outperforms SOTA as well as current clinical 

standards, Khorana scores, for predicting time to VTE.

Predicting time to Venous Thromboembolism (VTE)

Predicting time to all-cause mortality as the competing event 

Predicting time to hospital mortality

Experient 1 (MIMIC-III data)
Experient 2 (Dana-Farber Cancer Institute VTE dataset)
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