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Advances in survival models with competing risks

During cross-validation, 

Hypermeters space is 

highly important

Hyperparameter selection criterion 

based on calibration and 

discrimination (IBS), results in 

better performance  

Clinical risk prediction models need to be evaluated based on 

different aspects of model performance.  

Benchmarks offer a 

neutral and transparent 

model comparison

• Nested cross-validation set-up

• Easy to add new survival 

models with competing risks

• Decoupled python and R 

environments – Docker containers.

• Detects and imputes missing values, 

univariate or multiple imputation.

• Hyperparameter selection criterion 

based on Integrated Brier Score (IBS).

• Comprehensive 

model evaluation 

across multiple 

aspects of model 

performance.

• Cancer outcomes are inherently competing such as death from cancer 

recurrence vs death from other causes (e.g.,  cardiovascular disease) . 

• Problem: Standard survival analysis often ignore this structure (e.g., using 

composite outcomes) or competing events are censored, which biases event 

incidences and mislead clinical interpretation. 

• Challenge: Rapid growth in statistical and deep learning competing risk 

models has outpaced rigorous, comparable evaluation.

• Solution: Transparent and neutral benchmark with a broad set of 

performance evaluation metrics.

• Application: Benchmark is applied to a Scottish colorectal cancer cohort 

to identify which methods are reliable in practice.

Glasgow Royal Infirmary (GRI)  

• Addition of alternative models

• Uncertainty estimation with 

conformal 

• Private       Public GitHub

• Agreement between models on risk 

predictors of recurrence

• Explore histopathology as another 

source of potential risk factors
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1Edinburgh Cancer Centre, University of Edinburgh, 2Department of Statistical Science University College London, 3Glasgow Cancer Centre, University of 

Glasgow, 4MRC Human Genetics Unit University of Edinburgh, 5Health Data Research UK

AI models need to be accurately 

compared to commonly used 

statistical approaches

Predictors of death from cancer recurrence/CRC (TOP 10)

Linear Non-Linear

Proportional Non-Proportional

FGRP (Ridge)

Calibration at 2.5 years 
DeSurv

Calibration at 2.5 years 

Benchmark Glasgow Royal Infirmary Cohort
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Small space Big space

Survival models with competing risks used in the benchmark

DeepHit
Calibration at 2.5 years 

Integrated Brier Score (IBS) (lower the better)

Model performance on GRI cohort

C-index (Pec, RMLT input, IPCW) (higher the better)

Model’s loss IBS

Median pooled coefficient SD across outer folds

FGRP (ridge) Pooled Regression Coefficients

Lymph node ratio

Marginal invasion

Tumor budding

SOX1 Cytoplasmatic

BRAF 

Well/Moderate Differentiation

IL17RA

Peritoneal invasion

Venous Invasion (Elastica)

T-stage IV

Clinical Utility at 2.5 years 

Treat none

Treat all

FGR

RSF

FGRP

csCPH

DeSurv

DeepH it

Lymph node ratio

CXCL10

pSTAT3

Tumor Budding

Marginal Invasion

CXCL9

CD3 FOXP3

SMADA4 Nuclear

SOX9 Nuclear

Preoperative albumin

DeSurv permutation importance (mean ∆IBS) across folds
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