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Research Gap: 
Reliable biomarkers for immunotherapy response 
remain an urgent unmet need

Background
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Types of Epigenetic Changes:
◼ DNA methylation (focus of our study)

⚫ Stable biomarker in clinical samples 

⚫ Quantifiable and reproducible measurement 

⚫ Established technology platforms 

⚫ Strong biological relevance to gene regulation

◼ Histone modification

◼ Chromatin remodeling

◼ Non-coding RNA expression
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What are known?

Jung et al., 2019 Nat Commun ;Kelly et al., 2018 Leukemia

◼ DNA hypomethylation correlates with immune evasion/response signatures in multiple cancer types 

“demethylator”



What are unknown?

◼ Epigenetic Heterogeneity in ccRCC: 

— Do distinct DNA methylation profiles exist?

◼ Biomarker Potential: 

— Can methylation profiles predict immunotherapy efficacy 
in ccRCC?



Identification of demethylator phenotypes in ccRCC

◼ Global hypomethylation is associated with poor outcome in ccRCC



Identification of demethylator phenotypes in ccRCC

◼ Global hypomethylation is associated with poor outcome in ccRCC



Identification of demethylator phenotypes in ccRCC

◼ Global hypomethylation is associated with poor outcome in ccRCC
◼ Demethylation of enhancer regions is enriched in hypomethylated tumors



◼ Re-cluster with enhancer probes identified “tumor-associated enhancer demethylator”, TED+
◼ TED+ phenotype converges to tumor aggressiveness
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• Depletion of ECs
• Enrichment of CAFs
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TED+ is associated with resistance to Ipi/Nivo in ccRCC

◼ BIONIKK trial where 46 patients with 
metastatic ccRCC were treated with Ipi/Nivo
(IO/IO) and have available materials for EPIC 
methylation-array profiling

◼ All of the 5 patients belonging to TED+ 
experienced tumor progression within 12 
months

◼ TED phenotype is both prognostic and 
predictive of resistance for patients treated 
with immunotherapy
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A consensus list of hypomethylated probes in TED+

TED+ is associated with TET1 demethylation and expression

TET1 promoter 
hypomethylation

TET1 overexpression

TET1-mediated DNA 
demethylation

Enhancer 
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TED phenotype

Converts methylated cytosines into 
intermediates, leading to loss of 
methylation



Viewing RCC with a DNA Methylation Lens ENHANCES Understanding 
of ICI Resistance

Mi Zhou; William Y. Kim

◼ CcRCC with an enhancer demethylator phenotype (TED) harbor a worse prognosis and derive less clinical 
benefit from immunotherapy

Lu et al., 2022 Clin Cancer Res; Zhou et al., 2022 Clin Cancer Res

Publication



Limited success of 
RNA-based biomarker studies

e.g., IMmotion150, JR101

Integrating epigenetic and transcriptomic data 

Advantages of the nature of 
DNA methylation profiles

i.e., TED

Reliable biomarkers to 
predict ICI response/resistance

in metastatic ccRCC

+

Motivation



Integrative analysis identified an epigenetic silencing subtype

◼ Integration of DNA methylation and 
transcriptomic expression to identify 
probes/genes that were hypermethylated in 
promoter CpG islands while repressed in 
gene expression level.

◼ Two epigenetic (EPI) subtypes were 
identified, where EPIC-C1:

⚫ featured 9p loss and SETD2 mutation

⚫ showed poor outcomes
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Epigenetic silencing contributes to immunotherapy resistance

48 samples from BIONIKK trial had both DNA methylation and 
expression data 

◼ 12 from the nivolumab (IO) arm

◼ 27 from the Ipi/Nivo (IO/IO) arm

◼ 9 from the sunitinib (TKI) arm



Epigenetic silencing contributes to immunotherapy resistance

◼ 21 genes were consistently silenced by promoter-hypermethylation across different cohorts
◼ Two EPI subtypes were identified and EPI-C1 converged to 9p loss and poor outcomes



Model development and internal testing

Random split (8:2)

Tune λ by 10-fold cv

External validation

Training set

80% of samples

N = 240

Multivariate Cox with adaLASSO penalty

R package “iMES”

https://github.com/xlucpu/iMES

BIONIKK

ICI arms

N = 65

BIONIKK

TKI arm

N = 17

Descartes 

TKI arm

N = 102

TCGA-KIRC discovery cohort 

Testing set

20% of samples 

N = 61

+ +

A methylation index relevant to immunotherapy resistance



◼ iMES (index of methylation silencing) is a prognostic factor that tightly associated with patient outcomes
◼ iMES is also a predictive indicator of resistance for patients with metastatic ccRCC receiving immunotherapy



◼ High iMES was related to high immune infiltration with both activation and suppression signatures
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◼ High iMES was related to high immune infiltration with both activation and suppression signatures
◼ Low iMES was related to enrichment of epithelial cell, and Motzer’s angiogenic and angio/stroma subtypes

— vascularization and tumor angiogenesis might also play a role in immunotherapy response 



◼ Gene silencing influences both ccRCC aggressiveness and microenvironment
◼ iMES reliably predicts ICI treatment outcomes in ccRCC
◼ iMES and angiogenesis jointly impact response to immunotherapy in ccRCC

Lu et al., 2023 Cell Rep Med

Publication
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BIONIKK clinical trial (metastatic ccRCC )

The role of epigenetic markers as a predictor for 
immunotherapy efficacy is poorly studies in ccRCC

Clear-cell renal cell carcinoma (ccRCC)

Epigenetic 
modification

Tolerance to 
treatment

TED (tumor enhancer demethylator) 

Epigenetic silencing by 
promoter hypermethylation

iMES (index of methylation-
based silencing)

Lu et al., Clin Cancer Res 2022 Lu et al., Cell Rep Med 2023

DNA methylation profiles from BIONIKK

Immunotherapy resistance

1 2
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