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Motivation

This work is part of the PrECISE project. PrECISE 
combines hypothesis-driven strategies with data-driven 
analysis in a novel mathematical and computational 
methodology for the integration of genomic, epigenetic, 
transcriptomic, proteomic, and clinical data with the goal of 
risk-stratifying patients and suggesting personalized 
therapeutic interventions. This project has received funding 
from the European Union’s Horizon 2020 research and 
innovation programme under grant agreement No 668858. 
Project website: www.precise-project.eu 
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Availability

• Exploit prior knowledge from biological 
networks

• Apply multiple kernel learning for 
feature encoding

• Use pathway annotations to enable 
interpretability

• Accurate phenotype classification
• Biological interpretability
• Robustness to noise
• Handling curse of dimensionality
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Formulation

Given:
 molecular measurements

 phenotype of interest
  set of pathways

Build pathway-induced kernels:

Consider the mixture of kernels:

Optimize the weights for phenotype 
classification (custom 
implementation of EasyMKL2,3)

X ∈ ℝn,m

Xp ∈ ℝn,mp

Gp = (Vp, Ep) Lp = Dp − Ap

Kp = XpLpXt
p
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wpKp

𝒫
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In METABRIC case noisy 
kernels from CNA are 
integrated without 
significant performance 
loss

• Affymetrix Human Genome U133A Array from 6 breast 
cancer microarray cohorts4

• A collection of 50 hallmark gene sets from Molecular 
Signatures Database (MSigDB) version 5.25

• Molecular networks from KEGG6,7,8 and Pathway 
Commons9

• Illumina Human v3 microarray data and Affymetrix SNP 
6.0 copy number data from METABRIC10

Benchmark
Weights learned in 
different cohorts highlight 
relevant pathways for 
breast cancer

Signature learned on 
other cohorts 
successfully transferred 
to METABRIC

Pathway signatures are 
significantly correlated 
across cohorts

PIMKL is available as an open 
access web service on IBM Cloud

Comparison on a 
benchmark4 against 14 
methods exploiting prior 
knowledge

https://ibm.biz/ibmpimkl

Find out more 
on the project 
website

https://ibm.biz/ibmpimkl
https://ibm.biz/ibmpimkl

