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ctdna to predict outcomes in patients treated with pembrolizumab 
(INSPIRE)

Bratman, Yang, Pugh et al. Nature Cancer, 2020 



cfMeDIP-seq as a tumor agnostic approach for ctDNA

• cfMeDIP-seq is an immunoprecipitation-based assay that captures 
methylated CpGs.

• This assay pull down methylated cytosines, enriching DNA with methylated
CpGs and these fragments are sequenced.

• Low amount of cfDNA is needed (1-10ng) - a good opportunity for early 
diagnosis of cancer.

• The assay can identify differentially methylated regions (DMRs) which are
different between healthy and with cancer patients.

• Need adjustment for PMBC methylated cfDNA.

Shen et al, Nature 2018



cfMeDIP-seq for ctDNA detection

Renal Cell Carcinoma (plasma and urine)

CNS tumors (glioma)Head and Neck Cancer

1. Burgener et al, CCR 2021
2. Nassiri et al, Nat Med 2020
3. Nuzzo et al, Nat Med 2020



• Changes in mutation based ctDNA have shown to predict treatment outcomes in patients 
treated with ICB.

• However, some tumors may not have mutations to be tracked and/or bespoke ctDNA panels 
cannot be constructed due to non-availability of tumor samples.

• Methylated cfDNA has been challenging to analyze until the introduction of bisulfite-free 
approaches (i.e cfMeDIP-seq).

Could cfMeDIP-seq predict treatment outcomes in a similar way as mutation 
based/bespoke ctDNA can? 

Hypothesis



Methods: INSPIRE study

E Zhao, Sanz-Garcia E, Pugh T and Siu L, Under Review



Methods: CSM and FLS

E Zhao, Sanz-Garcia E, Pugh T and Siu L, ESMO 2022

Normal Controls
100 patients that plasma was assayed 

by cfMeDIP-seq in the same lab

200 DMCs

DMCs

Computation of the sample-specific fragment length 
histogram of all read pairs mapping at least one of the 

CSM signature regions

Determination of each fragment length relative 
similarity to cancer vs normal fragment length profile 

(mean log cancer to normal fragment length 
frequency ratio)

Every fragment was assigned to its own cancer-
associated score depending on its length and FLS for 

the sample was calculated as the mean of these 
scores

Cancer specific methylation
(CSM)

Fragment Length Score
(FLS)



results

Joint score (log-odds score of cancer 
based on CSM and FLS) correlates well 
with mutation based bespoke ctDNA

(Signatera) in all the Cohorts of INSPIRE 
at baseline and at cycle 3

Joint score (CSM and FLS) correlates well 
with response and can be tracked over 

time

E Zhao, Sanz-Garcia E, Pugh T and Siu L, under review

-51.1%-2.7%

CSM and FLS seems to be higher in samples from 
patients compared to controls



Results – CSM at single timepoints

E Zhao, Sanz-Garcia E, Pugh T and Siu L, under review

• CSM at baseline seems to 
correlate with OS while 
Cycle 3 predicts OS and 
PFS when adjusted by 
cohort.

• However, in MVA adjusting 
for PD-L1 and TMB, these 
differences are not seen. 



Results – CSM at change from B to C3 (kinetics)

• Delta CSM (methylation) and CMC (mutation) can predict PFS and OS.
• Delta CSM is an independent biomarker in MVA with PD-L1 and TMB.
• An increase in both CSM and CMC is associated with worse outcomes.

E Zhao, Sanz-Garcia E, Pugh T and Siu L, under review



Results – FLS at single timepoints

• There is no correlation between FLS and 
outcomes neither at baseline, nor at cycle 3.

E Zhao, Sanz-Garcia E, Pugh T and Siu L, under review



Results – FLS kinetics

E Zhao, Sanz-Garcia E, Pugh T and Siu L, under review

• A decrease in FLS from Baseline to C3 is associated 
with better OS but not with better PFS 



Results – FLS AND CMS

E Zhao, Sanz-Garcia E, Pugh T and Siu L, under review

• Those patients with a 
decrease in both CSM and 
FLS seems to have a better 
prognosis than others. 

• In MVA involving CSM and 
FLS, both FLS and CSM 
change are independent 
predictors for OS while CSM 
is only for PFS.



Results – CLEARANCE using cfMedIP-seq

E Zhao, Sanz-Garcia E, Pugh T and Siu L, under review

• Clearance was defined as a joint score -
1.75 (when comparing control vs 
cancer).

• Patients with clearance of ctDNA over 
treatment using cfMeDIP-seq have a 
better OS and PFS than those who did 
not.

• Those that did not clear by cfMeDIP-
seq had low joint score, just below the 
clearance.



TAKE HOME MESSAGES

• cfMeDIP-seq is a tumor-naive ctDNA approach that can detect ctDNA in 
patients with cancer against healthy controls.

• Our approach to measure ctDNA (CSM + FLS) correlates with mutation based
ctDNA analysis.

• The change of CSM over treatment (within the first 2 cycles, 6 weeks) is 
associated with OS and PFS while the change on FLS is associated with OS.

• Those patients who have clearance using cfMeDIP-seq have longer survival, 
similarly to what is seen in mutation-based ctDNA.

• cfMeDIP-seq could have greater applicability for monitoring response to ICB 
as it does not rely on mutation presence and tumor tissue sequencing.
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