
Methylation based clustering
• Shows clear molecular sub-groups in the pancreatic cancer patient cohort
• Clear connection of clusters to biological pathways
• Linkage of clusters to patient survival outcomes

Age, gender, race and presence/absence of prior pancreatitis diagnosis:
No significant link to the clusters and outcomes 

Benefits
• Better stratification of patients based on methylation
• Choosing more appropriate treatment strategy based on tumor biology
• Further developing options for early detection, based on methylation 

signals. 
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Driver mutation

KRAS (P<.001), TP53 
(P<.001), SMAD4 (P=.002), 

CDKN2A (P=.002)

Lack of mutations in driver 
genes

-
SMAD4 (P=.01), CDKN2A 

(P=.02)

Survival 
(Kaplan-Meier analysis)

The lowest survival 
probability up to 3- years 

Better 5- year survival post-
treatment (P=.0072)

The lowest cumulative 
survival rate up to 5-years 

(P=.0094)

The lowest cumulative 
survival rate up to 5-years 

(P=.002)

Other markers

Significant enrichment of 
cancer in tail or body of 

pancreas (P<.001)

Significant enrichment of 
Stage 1 patients

- -
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• Epigenetic classes were defined 
by patterns in the methylation 
and expression levels of sub-
genomic components. 

• Consensus clustering of PAAD 
dataset identified four clusters; 
a hypermethylated cluster with 
progressive hypomethylation on 
subsequent clusters 

• Hypermethylated cluster is 
enriched on driver mutations as 
KRAS, TP53 and SMAD4 (Fig.1)

• Biological pathway analysis 
showed two overrepresented 
members; Transcriptional 
regulatory network in Embryonic 
Stem Cells and Wnt/catenin 
signaling (Fig.2)

• GOs analysis demonstrate 
categories related to 
morphogenesis and 
regulation of transcription 
being over-represented

• From here, we can infer that 
our approach is capturing 
patterns potentially linked to 
clonal evolution (Fig.3)

Fig.1. Epigenetic classes discovered by hierarchical clustering Fig.2. Biological Pathway analysis from epigenetic markers

Fig.3. Gene Ontology analysis from epigenetic markers

• Obtaining the methylation signatures connected to clonal evolution in
pancreatic cancer patients.

• Pancreatic cancer patient stratification using cell of origin signatures.
• Prediction of clinical outcome in patients using methylation signatures.

OBJECTIVES

Performing an analysis using a combination of DNA methylation, transcriptome and 
mutation data from 195 patients from the TCGA Pancreatic Adenocarcinoma 

(TCGA-PAAD) study

Defining epigenetic classes
1. Differential methylation of sub-genomic components

2. Differential gene expression of transcription factors (TFs) 
3. Unsupervised hierarchical clustering

Methylation markers
Correlated with Gene, Gender, Mutation state, anatomical location and tumor stage 

using an Hypergeometrical enrichment analysis (p-value < .05)

Biological Pathway and Gene Ontology  Analysis 
Survival analysis 

Capability of methylation markers in survival prognosis prediction with Kaplan-
Meier analysis (p-value < .01)

METHODS

RESULTS

Fig.4. Kaplan-Meier analysis epigenetic classes hierarchized patient from the TCGA-PAAD study 

Kaplan-Meier analysis from TCGA-PAAD study demonstrate with a p-value = 
0.0083 that patients on hypomethylated class C2 presents a better survival 
than the rest of epigenetic classes (Fig.4.) Hypergeometrical enrichment 
analysis suggest (p-value < .05) that patients in each epigenetic class had a 
different clinical output related to: Global methylation levels, presence or 
absence of mutations on driver genes, anatomical location and cancer stages 
(Table 1)

Table.1. PAAD hierarchical clustering 
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