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Objectives

● To compare the performances of DeepSurv, a deep learning survival neural network with a tumor, 

node, and metastasis staging system in the prediction of survival

● Test the reliability of individual treatment recommendations provided by the deep learning 

survival neural network



Introduction

Linear Survival Analysis (linear log-risk functions)
● Cox’s Proportional Hazards Model

Non-linear Survival Analysis (nonlinear log-risk functions)
● classification methods
● time-encoded methods
● risk-predicting methods



Faraggi-Simon’s network: the model be extended to the non-linear case by replacing the linear predictor with 
the output of a neural network with parameters Θ.



Design, Setting & Participants

● Population-based cohort study

● Totally 17,322 patients, 127 features, including patient characteristics, tumor stage, and treatment 

strategies

● 12,912 patients (training set) + 3,228 patients (internal validated set) with stages I to IV NSCLC 

(January 2010 - December 2015) from Surveillance, Epidemiology, and End Results database 

(SEER)

● 1,182 patients (externally validated set) with stage I to III NSCLC (January 2009 - December 2013) 

in Shanghai Pulmonary Hospital (CHINA)



Four further experiments were conducted on the networks to test their performances against tumor, node, and 
metastasis (TNM) models



TNM Staging Model

T (Tumor) = refers to the size and extent of the 
primary tumor

N (Node Involvement) = refers to the the number 
of nearby lymph nodes that have cancer

M (Metastasis) = refers to whether the cancer has 
metastasized. This means that the cancer has 
spread from the primary tumor to other parts of 
the body



The hazard function
Where:
● a baseline hazard function, 
● a risk score, r(x) =         ,   , defined as the effect of an individual’s observed covariates on the 

baseline hazard
● h(x) as the log-risk function

To estimates the log-risk function, h(x), by a linear function,

Cox proportional hazards model



DeepSurv
● Cox proportional hazards deep neural network

● Deep feed-forward neural network which predicts the effects of a patient’s covariates on the 

hazard rate

● Personalized treatment recommender system

The hazard function
Where:
● a baseline hazard function, 
● a risk score, r(x) =         ,   , defined as the effect of an individual’s observed covariates on the 

baseline hazard
● h(x) as the log-risk function

To estimates the nonlinear log-risk function, h(x), by an output of deep neural network



DeepSurv

● The hidden layers consist of 
fully-connected nonlinear activation 
functions followed by dropout.

● The output of the network is taken as 

the predicted log-risk function hˆθ (x)



Characteristics of 
Patients in the Data Sets

LCCS = lung cancer–specific survival

T = tumor

N = node

M = metastasis

SEER = Surveillance, Epidemiology, and End Results 
cancer registry



Feature Component Weightings in the DeepSurv Model



Comparison of TNM Stage and DeepSurv Model for Survival 
Prediction in Test Data Sets

LCCS = lung cancer-specific survival

NA = not applicable;

SEER = Surveillance, Epidemiology, and 
End Results cancer registry

TNM = tumor, node, and metastasis



Survival Predictors in 
Cox PH Model

● C statistic for Cox proportional 
hazard regression model = 0.716 
(95% CI = 0.705-0.727)

● C statistic for DeepSurv model = 
0.739 (95% CI = 0.713-0.764)



User-Friendly Interface of DeepSurv Model, Which Facilitates Survival Prediction and Treatment Recommendation

https://docs.google.com/file/d/1ppN4bwdj5H7TwIIRaum-wJ0d10JftWHO/preview


A. Lung cancer–specific survival 
recommendation comparisons 
of SEER dataset

B. SEER lobectomy test dataset
C. SEER sublobar resection test 

dataset
D. Lung cancer–specific survival 

recommendation comparisons 
of CHINA dataset

E. CHINA lobectomy test dataset
F. CHINA sublobar resection test 

dataset



Conclusion

● The deep learning survival neural network model (DeepSurv) showed more promising results in the 

prediction of lung cancer–specific survival (LCSS) than the tumor, node, and metastasis stage (TNM) 

on the test data set (SEER) with C statistic = 0.739 vs 0.706.

● The population who received the recommended treatments had superior survival rates than those 

who received treatments not recommended with hazard ratio = 2.99 (95% CI = 2.49-3.59; P < .001)
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