Longitudinal changes in cell-free DNA (cfDNA) methylation levels identify early non-responders to treatment in advanced solid tumors
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Figure 3. (A) Example traces of normalized
methylation levels in megabase bins
genome-wide in a unaffected participant (left)
and a breast cancer patient (right). (B) CDF of
genome-wide methylation levels in 1MB bins
averaged over all patient libraries (red) and
unaffected control libraries (blue).
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Figure 4. (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.
Clinical and imaging progressors are
marked by black squares.
(B) - Histogram of the amount of time
by which detection of molecular
progression via this assay precedes
clinical imaging/evaluation.
(C) Progression free survival (PFS)
Kaplan Meier plot of the full cohort
together and separated by the results
of this assay.

Sensitivity: 67%
Specificity: 91%
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Sex
Female

30

58

Male

22

42

Cancer Site
Lung

25

48

Breast

11

21

Other

16

31

Response status at first follow-up
Progression
No Progression

9
43

C

17
83

Unaffected Participants
N (21)

Age (years)
Mean (SD)
Median (Min, Max)

B

%

64 (13)

True progression
Predicted progression
Predicted non-progression

(1) - Clinical Progression, death before follow-up imaging (not imaged).
(2) - Clinical assessment showed progression.

Male

11

52

Table 1. Summary of various clinical parameters for the longitudinal cohort.

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.

We prospectively collected clinical data and blood from 52 patients with advanced stage solid tumors (Table 1 & Fig. 2A,B). Blood was drawn prior to start of a new
treatment, after first cycle (median 22 days), and/or second cycle (median 42 days). We also collected longitudinal blood samples from 21 unaffected volunteers
without a previous diagnosis of cancer. Longitudinal blood draws were at least one week apart for the unaffected group.
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Figure 5. For four patients we obtained long term blood samples over the course of many cycles and multiple follow
up evaluations. We show here the longitudinal changes in the cancer-associated methylation metric using
3
enzymatic methylation (EM-Seq), a substitute for WGBS over the course of treatment. Baseline and follow up
clinical/imaging evaluations are shown in boxed text. Collectively the data show that the assay may be of use over
longer time periods to track response and identify progression prior to imaging at a subsequent follow up evaluation
or provide continued reassurance that the therapy is effective.

• cfDNA methylation patterns are informative for treatment response to a
new line of treatment in advanced-stage solid tumors.
• Our early data on long-term follow up show that cfDNA methylation
changes on treatment are consistent with clinical patterns.
• Integrating methylation-based changes with information about genomic
alterations will increase performance of cfDNA-based response
monitoring.
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The genome-wide methylation pattern of patients with advanced-stage cancer showed much lower levels of methylation, with
localized regions of hypermethylation, relative to a set of 21 unaffected healthy participants (Fig 3A, B)1. This was also reflected in
higher levels of variation. The metric is designed to quantify the degree to which a given sequencing library deviates from the
expected pattern in a healthy participant based on a set of longitudinal healthy data.
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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 (or for longer term
follow-up libraries, enzymatic methylation-treated) libraries were prepared using a custom protocol and subjected to whole-genome
sequencing (median depth 18X). Finally, by quantifying the cancer-associated methylation using a metric described below, from
baseline to subsequent time points, we classified patients as either progressors or non-progressors (Step 3). Treatment response was
evaluated by an independent radiologist based on RECIST 1.1 guidelines.

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 plasma1-2, suggesting the viability of such
biomarkers in diagnostic applications.
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Figure 1. Potential use of
cfDNA methylation assay for
response monitoring.
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Patients treated for advanced-stage cancers face considerable burden of cumulative toxicity, out of pocket expenses and loss of
opportunity on ineffective treatments. Today, imaging (CT, PET/CT, MRI), the standard for response assessment, typically
requires 10-16 weeks or longer on therapy before confident conclusions can be made.
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• We profiled genome-wide methylation levels in cfDNA from serial blood samples in 52
patients undergoing treatment for advanced-stage solid tumors.
• 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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