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Triple Negative Breast Cancer - TNBC
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F. Vitali et al. , JBI, 2013 
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M. Zitnik et al. , IEEE Transactions on Pattern Analysis and Machine Intelligence , 2014 
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Krumsiek J. et al.., BMC bioinformatics, 2010
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RESULT ANALYSIS

𝐷𝑖𝑠𝑒𝑎𝑠𝑒 𝐺𝑒𝑛𝑒𝑠 𝐷𝑖𝑠𝑒𝑎𝑠𝑒 𝐺𝑒𝑛𝑒𝑠

𝑅𝑒𝑔𝑢𝑙𝑎𝑟𝑖𝑧𝑒𝑑 𝐺𝑒𝑛𝑒𝑠 TP FP 𝑇𝑜𝑡 𝑅𝐺

𝑅𝑒𝑔𝑢𝑙𝑎𝑟𝑖𝑧𝑒𝑑 𝐺𝑒𝑛𝑒𝑠 FN FN 𝑇𝑜𝑡 𝑅𝐺

𝑇𝑜𝑡 𝐷𝐺 𝑇𝑜𝑡 𝐷𝐺 𝑁

𝑆𝑒𝑛𝑠𝑖𝑡𝑖𝑣𝑖𝑡𝑦 =
𝑇𝑃

𝑇𝑜𝑡 𝐷𝐺

𝑃𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛 =
𝑇𝑃

𝑇𝑜𝑡 𝑃𝐺

𝐹 𝑚𝑒𝑎𝑠𝑢𝑟𝑒 = 2 ∗
𝑆𝑒𝑛𝑠𝑖𝑡𝑖𝑣𝑖𝑡𝑦 ∗ 𝑃𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛

𝑆𝑒𝑛𝑠𝑖𝑡𝑖𝑣𝑖𝑡𝑦 + 𝑃𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛

CONFUSION MATRIX

AIM: Maximization of regularized disease genes (TP)

Index of
THERAPEUTIC 

EFFICACY
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RESULTS - TSDS APPROACH

PPI NETWORK
554 NODES
2602 EDGES

32 TARGET PROTEINS

43 DISEASE PROTEINS

PPI repository

Shah et al., 2012 

involved 
in the 
genetic 
changes 
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RESULTS - TSDS APPROACH

32 TARGET PROTEINS

134 combinations of 
16 different proteins 

TOPOLOGICAL SCORE OF DRUG SYNERGY

MULTI-TARGET 
RANKING 

0,99
0,89
0,66 None are currently used 

in ongoing clinical trials



Francesca Vitali NETTAB & IB, 15/10/2015

RESULTS - DRUG AND PATHWAY ANALYSIS
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RESULTS - DRUG AND PATHWAY ANALYSIS
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REPOSITIONING? 

ELECTIVE DRUG FOR
• Chronic myeloid leukemia 
• Gastro-intestinal stromal tumors

IMATINIB

IMATINIB PATHWAY ANALYSIS



Francesca Vitali NETTAB & IB, 15/10/2015

RESULTS - PATHWAY ANALYSIS

MAPK signaling pathway – BOOLEN NETWORK
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1. Imatinib
2. Imatinib + Vemurafenib
3. Imatinib + Flucytosine
4. Imatinib + Vemurafenib + Flucytosine

DRUG ADMINISTRATION SIMULATIONS

POLYPHARMACOLOGY = multiple drugs acting on different targets

NO OPPOSITE DRUG-TARGET INTERACTIONS

RESULTS - PATHWAY ANALYSIS
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Example: Imatinib – MAPK pathway

ALL NODE BEHAVIOURS DISEASE NODE BEHAVIOURS

RESULTS – MONTECARLO SIMULATIONS

for each DRUG:
for each PATHWAY:

MONTECARLO SIMULATIONS by applying
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IN VITRO RESULTS

TNBC subtypeLuminal subtype

MTT assay – Evaluation of cell viability

2-5-7 days of treatment with different concentration of Imatinib
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Luminal vs TNBC

IN VITRO RESULTS

One week treatment with 10µ Imatinib

Western Blot assay – Disease gene evaluation 
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IN VITRO RESULTS

TNBCLuminal

One week treatment with 10µ Imatinib

Gene expression assay – Disease gene evaluation 

Genes involved in 
TNBC PROGRESSION
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IN-VITRO EXPERIMENTS
ON GOING 
of drug combinations
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• The application to breast cancer 
 highlights potential targets and drugs 
 enables the selection of top candidate pathways and 

potential drug combinations in a variety of 
multifactorial diseases

• The developed approach can easily be applied to 
other complex diseases 
 Network construction based on a list of mutated 

proteins in patient’s specific proteomic or genomic 
background – precision medicine

CONCLUSIONS
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• Combinations of different drugs

• Future works:
 Bayesian networks instead of Boolean graphs

ON GOING


