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• We profiled genome-wide methylation levels in cfDNA from serial blood samples in 28 
patients undergoing treatment with metastatic malignancies.
• Longitudinal changes in cancer-associated methylation patterns in cfDNA were significantly 
associated with treatment response status at first follow-up imaging and progression-free 
survival (PFS).
• For patients classified as progressors, the cfDNA methylation assay preceded imaging and 
clinical evaluation by a median of 34 days.
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Patients treated for metastatic cancer face considerable uncertainty in real time regarding the effectiveness of systemic therapies, 
while incurring a serious burden of cumulative toxicity and out-of-pocket expenses. Today, imaging (CT, PET/CT, MRI), the 
standard for response assessment, typically requires 3+ months on therapy before confident conclusions can be made.

Objective

Highlights

Based on the theory that radiographic progression is preceded by changes 
in tumor biology that are detectable in peripheral blood, what we are calling 
“molecular progression”, we have developed a novel approach to 
quantitatively track changes in cfDNA methylation patterns to monitor 
response to treatment. Many cancer-specific methylation changes can be 
detected in cfDNA from plasma1-3, suggesting the viability of such 
biomarkers in diagnostic applications.

Figure 1. Potential use of 
cfDNA methylation assay for 
response monitoring. Performance of cfDNA methylation assay
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True progression

7 out of 8 patients classified as cfDNA progressors at either post-treatment blood collection were later confirmed to progress at first 
follow-up evaluation (88% positive predictive value); the one patient not confirmed to progress is discussed below. For the remaining 
patients, 18 of 20 did not progress (90% negative predictive value). Thus, sensitivity for the assay for identifying progression was 78% 
and specificity was 95% (Figure 3A). For patients classified as progressors, the cfDNA methylation assay preceded imaging and 
clinical evaluation by a median of 34 days (Figure 3B). 

Performance metrics
 • Specificity: 95%
 • Sensitivity: 78%
 • PPV: 88%
 • NPV: 90%

Stable 82 year-old lung adenocarinoma patient with predicted molecular progression shows progression at later 
clinical evaluation

On day 21 post-treatment, the cfDNA methylation assay 
classified one patient as a progressor while on treatment 
with carboplatin and paclitaxel, but imaging on day 93 
was inconclusive and suggestive of response with 
inflammation. However, new lytic bone lesions were 
missed and PET/CT confirmed progression on day 128.

Progression-Free Survival Analysis
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For all participants in the cohort, the median progression-free survival (PFS) was 207 days. Patients classified as progressors by 
cfDNA methylation at either post-treatment blood collection had worse PFS compared to non-progressors (log-rank P=8x10-7). Median 
PFS was 62 days for patients with predicted progression versus 263 days for no-predicted progression.

Assay workflow

We thank all participants and their families. We also thank Dr. Brian McNamee for review of all clinical images. 

• Whole-genome cfDNA methylation change is a novel cancer signature with potential to identify patients 
whose current treatment is ineffective prior to imaging.
• Our cfDNA methylation assay may allow switching to a more effective alternative at an earlier time 
thereby avoiding unnecessary side effects and cost from ineffective treatments.
• Integrating methylation-based changes with information about genomic alterations will increase 
performance of cfDNA-based response monitoring.

Conclusions
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We prospectively collected clinical data and blood from 28 patients with metastatic malignancies (Table 1 & Fig. 2A,B). Blood was 
drawn prior to start of a new treatment, after first cycle (median 21 days), and/or second cycle (median 43 days).

N (28) %
Age (years)

Mean (SD) 68 (9.5)
Median (Min, Max) 70 (43, 82)

Sex
Female 19 68

Male 9 32

Cancer Site
Lung 13 47

Breast 11 39
Other 4 14

Outcome
Progression 9 32

No Progression 19 68
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Table 1. Summary of various clinical parameters for the longitudinal cohort.

1 Obtain serial blood draws 2 Extract cfDNA from plasma
and sequence

Peripheral blood was obtained over time from patients and collected in Streck Cell-Free DNA Blood Collection tubes (Step 1). Plasma 
was separated from whole blood, after which cfDNA was extracted from 4 mL of plasma (Step 2). Bisulfite-treated libraries were 
prepared using a custom protocol and subjected to whole-genome sequencing (median depth 18X). Finally, by quantifying how 
methylation levels deviate from unaffected individuals, from baseline to subsequent timepoints, we classified patients as either 
progressors (greater deviance) or non-progressors (Step 3). Treatment response was evaluated by an independent radiologist based 
on RECIST 1.1 guidelines.

3 Track longitudinal changes in methylation 
patterns to predict progression
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Figure 2. (A,B) Summary of current line of therapy and number of 
previous lines of therapy. (C) Timing of sample acquisition and clinical 
evaluation and imaging.  References
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Figure 4. (A) PFS based on imaging and clinical evaluation grouped by cfDNA methylation-based prediction of progression and 
non-progression. (B) Swimmer plot shows progression-free follow-up for each participant (n=28). 

Figure 3. (A) Waterfall plot compares cfDNA methylation-based predictions to imaging at first follow-up, quantified by the sum of longest diameter (SLD) 
in target lesions by RECIST (n=28). Footnoted cases showed clear clinical progression. (B) Timing of cfDNA-based predictions of progression (n=7).
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