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Circulating cell-free DNA (cfDNA) in patients
with medullary thyroid carcinoma is
characterized by specific fragmentation

and methylation changes with diagnostic
value
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Abstract

Medullary Thyroid Carcinoma (MTC) is a rare neuroendocrine tumour whose diagnosis includes evaluating
calcitonin serum levels, which can present fluctuations unrelated to MTC. Here, we investigated circulating DNA
fragmentation and methylation changes as potential biomarkers using ddPCR on cell-free DNA (cfDNA) isolated
from the plasma of MTC patients. For cfDNA fragmentation analysis, we investigated the fragment size distribution
of a gene family and calculated short fragment fraction (SFF). Methylation analyses evaluated the methylation levels
of CG_16698623, a CG dinucleotide in the MGMT gene that we found hypermethylated in MTC tissues by analyzing
public databases. The SFF ratio and methylation of CG_16698623 were significantly increased in plasma from MTC
patients at diagnosis, and patients with clinical remission or stable disease at follow-up showed no significant SFF
difference compared with healthy subjects. Our data support the diagnostic value of cfDNA traits that could enable
better management of MTC patients.
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To the editor

Medullary thyroid carcinoma (MTC) is a rare tumor aris-
ing from parafollicular C-cells [1]. Patients with intrathy-
roidal tumour have an excellent 10-year survival, which
worsens in patients with nodal or distant metastasis at
diagnosis [1].

MTC diagnosis includes fine-needle aspiration biopsy
(FNAB) in thyroid nodules and deregulated serum and/or
FNAB calcitonin (Ct) levels. However, the use of serum
Ct presents limitations, such as FNAB being invasive and
identifying half of the MTCs [2], rare Ct-negative MTCs
[3], and altered levels in non MTC-related conditions like
C-cell hyperplasia and other neuroendocrine tumors [4,
5]. Therefore, the identification of additional non-inva-
sive biomarkers is a major challenge for diagnosis and
disease monitoring.

Plasma cell-free DNA (cfDNA) is released in the blood-
stream by cells and is a promising source for diagnos-
tic and prognostic biomarkers, such as tumor-specific
mutations and epigenetic features [5]. Indeed, in MTC
patients, cfDNA was previously analyzed to evaluate
tumor-specific mutations for minimal residual disease
and response to treatment monitoring [6, 7]. Epigenetic
features of cfDNA, such as fragmentation and meth-
ylation patterns, have been investigated: a high propor-
tion of short cfDNA fragments was reported in cancer
patients [8], and circulating methylation signatures were
recently exploited for multicancer detection [9]. Of note,
cfDNA epigenetic features have never been investigated
in MTC.

We therefore evaluated plasma cfDNA fragmenta-
tion and methylation using droplet digital PCR (ddPCR)
in MTC patients enrolled in the study. Patients’ features
and detailed methods can be found in the supplemental
material.

In fragmentation analysis, we focused on the preva-
lence of the short fragment fraction (SFF) using an assay
that targets three fragment sizes from the conserved
Olfactory Receptor (OR) gene family, as previously
described [10]. We analyzed pre-surgical samples from 8
MTC patients (Supplementary Table 1) versus 6 controls
(Supplementary Table 2) and found that the SFF ratio
significantly increased in MTC (Fig. 1A), showing higher
levels in patients with extra-thyroid extension (Supple-
mentary Fig. 1A).

Moreover, ROC curve analysis resulted in an area
under the curve (AUC) of 0.87 (p=0.02), showing that the
SFF discriminates MTC patients from controls (Fig. 1B).
No correlation between the SFF and Ct levels was
observed (Supplementary Fig. 1B). SFF in 3 disease-free
patients three months after surgery showed no significant
decrease compared to pre-surgery SFF levels (Fig. 1C).
Notably, the SFF evaluated in a second cohort of 10
post-surgery MTC patients with stable (i.e. structural or
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biochemical) disease or remission showed no differences
compared to healthy donors (Fig. 1D), suggesting that
elevated SFF is a feature of patients with active MTC.

To investigate cfDNA methylation, we first searched
for alterations by interrogating publicly available meth-
ylation data from MTC and normal thyroid (detailed in
the supplemental material). Among the top 10 signifi-
cantly methylated CG dinucleotides in MTC compared
to normal thyroid (Supplementary Table 3), we focused
on two dinucleotides CG_16698623 and CG_17686260
both located in the MGMT gene since MGMT is hyper-
methylated in other types of tumors [11]. DAPCR was
performed for CG_16698623 (MGMT_623CG) meth-
ylation because the flanking sequence of CG_17686260
contained CG dinucleotides with unknown methylation
status.

We performed the methylation analysis in the pre-
surgical plasma of 9 MTC patients compared to controls.
MGMT_623CG was hypermethylated in MTC patients
(Fig. 2A), with higher levels in patients with extra-thyroid
extension (Supplementary Fig. 2A).

The ROC curve analysis with an AUC equal to 0.89
(p=0.0087) confirmed its performance (Fig. 2B).
No significant correlation between MGMT_623CG
methylation and Ct levels was observed (Supplemen-
tary Fig. 2B). However, two patients with low Ct had
high MGMT_623CG methylation, suggesting that
MGMT_623CG methylation could identify MTC
patients without diagnostic Ct levels.

We evaluated MGMT_623CG methylation in 4 dis-
ease-free MTC patients three months after surgical
resection, and we observed a negative trend compared to
pre-surgery levels (Fig. 2C).

Interestingly, the positive trend in SFF and methylation
of MGMT_623CG with advanced tumor stages suggest
that these assays could be further investigated for their
putative prognostic value. Univariate analyses showed no
association of cfDNA features with clinical data such as
age and sex (data not shown). The lack of statistical sig-
nificance for the correlation with staging and early fol-
low-up is presumably due to the small number of samples
analyzed, which is the main limitation of our work.

Our data, obtained using a reproducible technology
like ddPCR, support the diagnostic value of cfDNA fea-
tures, which could be clinically valuable as additional
non-invasive biomarkers in MTC patients. Validation
of our results in independent cohorts could support the
clinical application that may facilitate early MTC diag-
nosis and monitoring. Further studies will likely clarify
whether cfDNA features could also guide the extension
of surgery in MTC patients.
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Fig. 1 Evaluation of cfDNA fragmentation. (A) SFF was calculated as the proportion of short fragments as detailed in supplementary methods in MTC
patients and healthy donors (controls, HD) plasma samples. Unpaired t-test * p <0.05 (B) ROC curve of SFF in a cohort of 8 MTC and 6 healthy donors
subjects (Area under the curve AUC=0.8750; p-value=0.0201). Black line =sensitivity, red line=identity. (C) SFF in MTC patient before (T0) and three
months after the surgical resection (T1). (D) SFF in post-surgery 11 MTC patients and 15 healthy donors (HD) plasma samples. SD (Structural disease); BD
(Biochemical disease); DF (Disease Free) compared to HD (Healthy Honors; mean value in black line) SFF.
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Fig. 2 Evaluation of MGMT_623CG methylation. (A) MGMT_623CG methylation percentage in MTC patients and healthy donors (HD) plasma samples.
The methylation rate was calculated by using the bisulfite converted Human Methylated DNA and human unmethylated DNA as positive and negative
controls, respectively. Unpaired t-test * p <0.05. (B) ROC curve of MGMT_623CG methylation percentage in a cohort of 9 MTC patients and 7 healthy do-
nors subjects (AUC=0.8750; p-value=0.0201). Black line = sensitivity, red line =identity. (C) MGMT_623CG methylation percentage in MTC patients before

(T0) and three months after the surgical resection (T1)

List of abbreviations

MTC Medullary thyroid carcinoma
Ct Calcitonin

cfDNA  Cell-free DNA

ddPCR  Droplet Digital PCR

SFF Short fragment fraction

AUC area under the curve
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