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In clonal hematopoiesis of indeterminate potential (CHIP), hematopoietic stem cells with variants in
leukemia-associated genes gain a proliferative advantage.”” Clone size is quantified as the fraction of
mutant reads compared with total reads (variant allele fraction [VAF]).2 Larger VAF increases risk
of hematologic and inflammatory diseases,*® making longitudinal studies of clonal growth an area of
interest. Currently, VAF is measured from DNA extracted from whole blood. However, most clinical trial
protocols, epidemiologic studies, and research biorepositories do not store serial whole blood sam-
ples. Conversely, serial plasma samples are frequently available.

Because plasma cell-free DNA (cfDNA) largely originates from blood cells,®” we hypothesized that
sequencing cfDNA could similarly capture CHIP. Researchers investigating the use of cfDNA to
monitor solid tumor recurrence have reported identification of CHIP variants, suggesting that CHIP is
detectable in cfDNA.® Moreover, sequencing of whole blood DNA and cfDNA from patients with
hematologic disorders with somatic mutations such as aplastic anemia and myelodysplastic syndrome
demonstrated a strong correlation of VAF measurements between whole blood DNA and cfDNA.%'°
Researchers also found that CHIP detection was not well correlated between sample types, but their
study design combined various driver genes, which we anticipate would introduce variability because
differentiation biases differ by driver gene and blood cell types are not equally represented in cfDNA.
We tested the reliability of CHIP detection in cfDNA as a proxy for whole blood DNA, stratified by
driver gene. We hypothesized that origin—cell type proportions may explain differences in VAF between
sample types.

To test this, we collected blood from 67 patients suspected to have CHIP, with serial samples from 15
patients. Participants were recruited through the Clonal Hematopoiesis and Inflammation in the
Vasculature cohort at Vanderbilt University Medical Center."" Participants consented to study pro-
cedures under Vanderbilt University Medical Center's institutional review board (protocols: 210022
and 201583) in accordance with the Declaration of Helsinki. Blood was drawn into K2 EDTA tubes.
On the day of sample collection, 1 mL of whole blood was reserved for genomic DNA extractions.'?
Remaining blood was centrifuged at 1900g for 10 minutes at 4°C to isolate plasma. The plasma layer
was transferred, centrifuged at 16 000g for 10 minutes at 4°C, then stored at —80°C for up to
14 months. cfDNA was isolated from 4 mL aliquots of thawed plasma, processed with the nRichDX
Revolution cfDNA Max 20 kit (4 mL protocol); elutes were returned to —80°C. All cfDNA preparations
yielded >1.76 ng/pL. Targeted DNA sequencing with unique molecular identifiers was performed on
whole blood DNA and cfDNA using the CHIP assay at a median sequencing depth of 1249x.% Var-
iants were reported at VAF >0.02.
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Data is deposited in a controlled access repository (https://zenodo.org/records/176
04891). Code supporting analysis is available at https://github.com/bicklab/CHIP_
cfDNA_methylation.
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The full-text version of this article contains a data supplement.
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Figure 1. Variant detection and VAF measurements are similar in whole blood DNA and cfDNA. (A) Scatterplots and upset plot showing overlap of variants detected in

whole blood DNA and cfDNA. (B-F) Scatterplots showing correlation of VAF measured in whole blood DNA compared with VAF measured in cfDNA, stratified by driver gene.

Statistical significance determined with a Pearson correlation test.

We detected 100 unique variants among patients’ initial time point
samples (Figure 1A; supplemental Table 1). Of these, 61 were
detected in both whole blood DNA and cfDNA, 28 were detected only
in cfDNA, and 11 were detected only in whole blood DNA. If consid-
ering measurements from whole blood DNA as ground truth, this
represents a positive predictive value for cfDNA of 68.5%. For low VAF
(<0.1) variants in cfDNA, this represents a positive predictive value of
54.4%, and for high VAF 93.8%. Of the 28 variants detected only in
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cfDNA, 26 were low VAF and 2 were high VAF. Four of the variants
detected only in cfDNA were detected in whole blood DNA at later
time points (supplemental Figure 1). We performed Pearson correla-
tion tests in R (version 4.3.2)'® to assess the relationship between VAF
in whole blood DNA and cfDNA, which showed high correlation for
both DNMT3A (Figure 1B; R?=0.9; P<.001) and TET2 (Figure 1C;
R?=0.89; P<.001). Correlation was also high for PPM1D, SF3B1,
and TP53 but sample sizes were significantly smaller (Figure 1D-F).
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Figure 2. Linear modeling with cfDNA VAF and predicted origin-cell type proportions estimate whole blood DNA VAF with high accuracy. (A) Bar plots showing

the predicted proportion of material originating from each major blood cell type as determined by the frequency of cell type—specific DNA methylation signatures observed in

whole blood DNA and cfDNA. (B-F) Scatterplots showing predicted VAF compared to measured whole blood DNA VAF, stratified by driver gene. Predictions are based on

measured cfDNA VAF and cfDNA origin—cell type proportions. NK, natural killer.

Because mutations in these genes are known to induce a myeloid
bias, we hypothesized that the proportion of DNA originating from
a particular cell type may influence the relationship between whole
blood DNA VAF and cfDNA VAF. Hematopoietic cell types have
unique DNA methylation signatures, enabling prediction of origin—
cell type proportions from DNA methylation sequencing data. For
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this reason, we performed New England Biolabs Enzymatic Methyl
sequencing'* paired with a Twist Bioscience panel targeting 3.98
million CpGs for all samples. Sequencing was performed on an
lllumina NovaSeq X platform at an average read depth of 30x, and
DNA methylation was quantified with Bismark.'®> We predicted
origin—cell type proportions for whole blood DNA and cfDNA

RESEARCH LETTER 415

920z |11dy 20 uo 3senb Aq jpd "u rau -£62.T0 -G20Z -APe BPOO |4 /682867 /ST / /0T / 4pd -8 |2 11 1e /saoueApepoo |q /610 "suo 13ed | |gndyse //:d 313y wo 1} papeo junod



based on the frequency of DNA methylation signatures using the R
package methylCC.'® We compared origin—cell type proportions
for initial time point samples (Figure 2A) and found that monocyte
proportions were highly consistent between whole blood DNA and
cfDNA (difference in means = 0.01, 2-sample t test P = .09).
T cells and natural killer cells had very low representation in cfDNA,
compared with whole blood DNA.

We sought to identify mathematical relationships between VAF in
whole blood DNA, VAF in cfDNA, and cfDNA origin—cell type
proportions. We performed linear modeling with the R function Im
() with whole blood DNA VAF as the dependent variant, cfDNA
VAF as the independent variable, and origin—cell type proportions
of granulocytes, B cells, and monocytes as covariates. Resulting
linear equations for each driver gene are listed in Figure 2B-F. We
used these equations to predict whole blood DNA VAF from
cfDNA values and found that essentially all differences in VAF
between sample types were explainable by variation in cfDNA
origin—cell type proportions for both DNMT3A (Figure 2B;
R?=0.91; P<.001) and TET2 (Figure 2C; R? = 0.96; P <.001).
Predictions for PPM1D, SF3B1, and TP53 were perfectly corre-
lated with whole blood DNA VAF measurements (Figure 2D-F;
R? = 1; P < .001), likely because of overfitting as sample sizes
were small. We performed Jackknife validation and found that the
models performed consistently across iterations (supplemental
Figure 2). Median R? values were 0.91 for DNMT3A, 0.96 for
TET2, 1 for PPM1D, 1 for SF3B1, and 1 for TP53.

Our findings highlight the potential of cfDNA for longitudinal studies
of CHIP and permit several conclusions. First, high VAF CHIP can be
reliably detected in cfDNA. Despite the difference in DNA source
material, detection of high VAF CHIP variants was comparable
between whole blood DNA and cfDNA with most variants being
detected in both sample types. We note that cfDNA reported several
low VAF clones that were not detected in whole blood DNA. For this
reason, we caution that researchers aiming to use cfDNA as a proxy
for whole blood DNA should anticipate identification of additional
low VAF clones that are not detectable in whole blood DNA.

Second, VAF can be reliably measured from cfDNA, potentially
because of consistent representation of DNA from major blood cell
types in cfDNA. Notably, the driver genes evaluated in this study
bias hematopoiesis toward the myeloid lineage.'”'® For this
reason, most cells carrying these variants are likely myeloid cells
and the consistent representation of DNA from monocytes
between sample types may be a driving factor for high correlation
of VAF. Although linear modeling including origin—cell type pro-
portions marginally improved prediction of whole blood VAF from
cfDNA, we recommend that these corrections are unnecessary for
most applications. Cell-type proportions may be a more important
consideration if using cfDNA to measure CHIP driven by variants
that bias differentiation toward other lineages.
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