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Abstract: Circulating tumor DNA (ctDNA) analysis is a promising non-invasive technique for active 
surveillance after chemoradiotherapy for locally advanced resectable esophageal carcinoma. In other 
malignancies false-positive results in ctDNA analysis have been reported due to clonal hematopoiesis. In this 
case, we present a 66-year-old male who had adenocarcinoma of the gastroesophageal junction for which 
he received neoadjuvant chemoradiotherapy and underwent a transhiatal esophagectomy. Postoperatively 
our patient received follow-up with ctDNA analysis using next generation sequencing (NGS) and droplet 
digital PCR (ddPCR). This case report illustrates a number of the current challenges in ctDNA diagnostics 
in esophageal carcinoma. Firstly, the TP53 c.524G>A; p.R175H mutation that was found in preoperative 
tumor biopsies became detectable in ctDNA only after distant metastases had already been confirmed 
by clinical symptoms and standard imaging- and biopsy techniques. Secondly our patient repeatedly had  
false-positive outcomes of ctDNA analysis. Genomic analysis of white blood cells revealed that the origin 
of these discordant mutations lies in clonal hematopoiesis. Failure to detect TP53 c.524G>A; p.R175H in  
cell-free DNA (cfDNA) is most likely due to the amount of ctDNA in the cfDNA fraction being below the 
limit of detection for NGS and ddPCR analyses. Clinicians should be aware of the possibility of finding 
mutations originating from clonal hematopoiesis when using ctDNA analysis during active surveillance for 
esophageal carcinoma. We recommend correlation of mutations in cfDNA with mutations in tumor biopsies.
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Introduction

For patients with resectable locally advanced esophageal 
cancer, active surveillance after a clinically complete 
response to neoadjuvant chemoradiotherapy (nCRT) is 
currently being investigated as a novel treatment option 
(1-3). Limitations to organ-sparing approaches presently 
under investigation consist of a 10% risk of subclinical 

residual disease, and risk of patient non-compliance due to 
the high burden of invasive diagnostics (4,5). A promising 
new diagnostic approach in active surveillance is analysis of 
circulating tumor DNA (ctDNA). This involves detection 
of DNA fragments that enter the circulation by release 
from necrotic or apoptotic tumor tissue, or by active release 
from vital tumor cells (6). Tumor-specific genetic alterations 
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can be identified in plasma-derived cell-free DNA (cfDNA) 
by next generation sequencing (NGS) (7-9). Ideally, 
residual or recurrent tumors after neoadjuvant treatment 
can be detected using these so-called “liquid biopsies”. 
For esophageal cancer, the application of liquid biopsies 
is still in its infancy. However, in some malignancies like 
non-small cell lung cancer and colorectal carcinoma it is 
already an accepted and valued modality for diagnosis of 
actionable mutations and detection of targeted treatment 
resistance mechanisms (10). Nevertheless, occasionally 
NGS of cfDNA yields mutations that cannot be matched 
with mutations found in tissue samples of the primary 
tumor. Hu et al. for example reported a series of thirty-
three non-small cell lung cancer cases with a confirmed 
TP53 mutation in plasma genotyping of whom nineteen 
could not be identified in tumor biopsy (11). In that report, 
NGS of peripheral white blood cells reveals concordant 
somatic mutations within non-malignant hematopoietic 
cells associated with clonal hematopoiesis in five of these 
false-positive cases (12). Clonal hematopoiesis refers to 
clonal outgrowth of hematopoietic progenitor cells with 
somatic mutations. This phenomenon is not uncommon in 
the general population and affects 5–13% of people over  
70 years old and 25% of cancer patients (12-15). White 

blood cells are the source of a significant proportion of 
circulating cfDNA (16). Therefore, clonal hematopoiesis 
potentially is a major factor in discordance between tumor 
genotyping and plasma cfDNA in not only non-small cell 
lung cancer, but other malignancies as well.

Herein we describe a patient with adenocarcinoma of the 
esophagogastric junction who underwent nCRT followed 
by surgical resection in whom genotyping of plasma 
cfDNA was discordant with matched tumor tissue due to 
clonal hematopoiesis. We present the following article in 
accordance with the CARE reporting checklist (available at 
https://dx.doi.org/10.21037/atm-21-525) (17).

Case presentation

A 66-year-old male was referred to our tertiary referral 
hospital in February 2016 (Figure 1). All procedures 
performed in studies involving human participants were in 
accordance with the ethical standards of the institutional 
and/or national research committee(s) and with the Helsinki 
Declaration (as revised in 2013). Written informed consent 
was obtained from the patient to perform comprehensive 
genomic testing and to publish his information. The 
patient had a medical history of gastroesophageal reflux 

t=0 Baseline: February 2016
∙ Diagnosis of cT3N0M0 adenocarcinoma of 

esophagogastric junction
∙ Obtainment of cfDNA sample I

t=1 Baseline + 4 weeks: Start of nCRT
∙ nCRT according to CROSS-regimen
∙ End of nCRT at baseline + 8 weeks

t=2 Baseline + 14 weeks: CRE-I
∙ EGD with bite-on-bite biopsies of primary 

tumor site show clinically complete response 
∙ Obtainment of cfDNA sample II

t=6 Baseline + 22 months
∙ Induction chemotherapy: intravenous 

paclitaxel and carboplatin

t=7 Baseline + 26 months
∙ Surgical resection of solitary metastasis in 

distal semimembranosus muscle

t=8 Baseline + 27 months
∙ Obtainment of cfDNA sample IV

t=10 Baseline + 33 months
∙ Obtainment of cfDNA sample VI

t=11 Baseline + 46 months
∙ Death of patient

t=9 Baseline + 30 months
∙ Progression of symptoms, Imaging shows 

multiple skeletal- and soft tissue metastases. 
∙ Obtainment of cfDNA sample V

t=3 Baseline + 21 weeks: CRE-II
∙ PET-CT, EGD with bite-on-bite biopsies of 

the tumor site and EUS-FNA show clinically 
complete response

∙ Obtainment of cfDNA sample III

t=4 Baseline + 22 weeks
∙ Transhiatal esophagectomy, resection 

specimen ypT1bN0 Mandard’s TRG 2 

t=5 Baseline + 21 months
∙ Tissue biopsy of solitary mass in distal 

semimembranosus muscle

Baseline

CRE-I

CRE-II

Metastasis Endpoint

Follow-up IIISurgery

SurgerynCRT

Chemo

Follow-up II

Follow-up I

Figure 1 Timeline of events from baseline to death of the patient. cfDNA, cell-free DNA; nCRT, neoadjuvant chemoradiotherapy; CROSS, 
ChemoRadiotherapy for Oesophageal cancer followed by Surgery Study; CRE, clinical response evaluation; EGD, esophago-gastro-
duodenoscopy; PET-CT, positron emission tomography plus computed tomography; EUS-FNA, endoscopic ultrasonography with fine-
needle aspiration; TRG, tumor regression grade.
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disease and Barrett’s esophagus. He had no medical history 
of other malignancies. After standard diagnostic workup 
involving endoscopy with tumor biopsies plus endoscopic 
ultrasonography, diagnostic computed tomography (CT) 
and positron emission tomography with CT (PET-
CT), the patient was diagnosed with cT3N0M0 (7th ed. 
UICC TNM staging manual) adenocarcinoma of the 
gastroesophageal junction (t=0). NGS of tumor biopsies 
revealed a TP53 missense mutation (c.524G>A; p.R175H) 
with a variant allele frequency (VAF) of 71% (Table 1). 
The patient was initially treated with nCRT according to 
the ChemoRadiotherapy for Oesophageal cancer followed 
by Surgery Study (CROSS)-regimen (18). The patient 
participated in the preSANO trial, which aimed to assess the 
accuracy of diagnostic response evaluations after nCRT (5). 
In context of this trial, 14 weeks (t=2) as well as 21 weeks 
after baseline (t=3), post-nCRT endoscopy was performed 
during which no macroscopic tumor could be found. At 
these points in time, biopsies were taken of the tumor site, 
showing no residual tumor cells. 

Liquid biopsies were obtained at baseline (t=0) as well as 
14 weeks after baseline (t=2; i.e., 8 weeks after completion 
of nCRT) and 21 weeks after baseline (t=3; i.e., 13 weeks 
after completion of nCRT). Analysis of cfDNA with 
Oncomine NGS at these points in time did not identify 
TP53 c.524G>A; p.R175H at baseline (t=0) and 14 weeks 
after baseline (t=2), in 3 or more independent molecules 
and a VAF of >0.1% (for 20 ng input). NGS did, however, 
consistently result in identification of a TP53 c.646G>A; 
p.V216M (VAF 0.37%, 0.34% and 0.32%, respectively) 
mutation. Twenty-two weeks after baseline (t=4; i.e.,  
14 weeks after completion of nCRT) the patient underwent 
a standard transhiatal esophagectomy. Resection specimen 
showed ypT1bN0 (all 19 removed lymph nodes negative) 
with Mandard’s Tumor Regression Grade 2 (1–10% residual 
vital tumor cells). The resection specimen did not contain 
sufficient residual tumor tissue for NGS.

Twenty-one months after initial diagnosis (t=5), biopsy 
from a solitary mass in the distal semimembranosus muscle 
revealed adenocarcinoma proving the patient had metastatic 
disease. Tissue mutation analysis revealed a TP53 c.524G>A; 
p.R175H mutation, confirming it being a metastasis from 
the forementioned esophageal carcinoma. The patient 
received palliative chemotherapy (t=6) with 6 cycles of 
intravenous paclitaxel and carboplatin. PET-CT imaging 
post-chemotherapy continued to show only this solitary 
soft tissue metastasis, therefore, the patient underwent 
surgical resection of this mass (t=7). Pathological analysis of 

metastatic tissue did not reveal remarkable mitotic activity. 
TP53 c.524G>A; p.R175H mutation again was identified 
after NGS of the resected metastasis. Twenty-seven 
months after baseline (t=8), during follow-up at the surgical 
outpatient clinic, liquid biopsies were obtained revealing 
TP53 c.646G>A; p.V216M (VAF 0.59%) mutation. The 
patient experienced a significant progression of symptoms 
30 months after baseline (t=9) reporting pain, weight loss 
and malaise. Another set of liquid biopsies was obtained 
and at this point in time NGS identified TP53 c.524G>A; 
p.R175H (VAF 0.23%) as well as TP53 c.646G>A; p.V216M 
(VAF 0.86%) in cfDNA. Imaging studies showed a total 
of 12 skeletal- and soft-tissue metastases located in the 
vertebral column, the dorsal musculature, the pelvis and the 
bones and muscles of the right lower extremity (Figure 2).  
The patient received palliative treatment with analgesic 
medication and localized external beam radiation therapy 
on symptomatic bone metastases.

NGS of white blood cell DNA obtained at 30 months (t=9) 
and 33 months after baseline (t=10) revealed the presence 
of the TP53 c.646G>A; p.V216M mutation (VAF 0.77%), 
which was identical to the mutation consistently identified in 
previous plasma genotyping. Furthermore, a TP53 c.659A>G; 
p.Y220C mutation was identified in two independent white 
blood cell samples (Table 1). Analysis of cfDNA samples by 
droplet digital PCR (ddPCR) confirmed earlier results from 
NGS with Oncomine colon panel (Table 2). At the time of 
writing this report the patient has passed away, 46 months 
after initial diagnosis of esophageal cancer.

Analyses

Blood samples drawn at t=0, t=2 and t=3 were collected 
using EDTA tubes. Plasma was separated, isolated and 
frozen within one hour after collection in order to provide 
stable cfDNA levels. All other samples were collected using 
CellSave tubes in which cfDNA levels are stable up to  
96 hours after collection and were isolated and frozen within 
48 hours (19). Isolation of cfDNA from plasma samples 
was performed with QIAamp Circulating Nucleic Acid kits 
(Qiagen, Hilden, Germany). DNA from white blood cells was 
extracted by a nucleospin kit. Concentrations of cfDNA were 
quantified using Quant-iT™ dsDNA High-Sensitivity Assay 
Kit (Thermo Fisher Scientific, Waltham, Massachusetts, 
USA) and Qubit® 2.0 fluorometer (Thermo Fisher 
Scientific). Sequencing was performed on the Ion Torrent 
S5 GeneStudio Prime system (Thermo Fisher Scientific). 
Sequencing of tumor tissue DNA was completed using a 
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dedicated custom-made cancer NGS panel for detection of 
TP53 aberrations. The entire coding region and the exon-
intron boundaries of TP53 are covered by this panel. TP53 
mutations in cfDNA of plasma samples were analyzed with 

cfDNA NGS kits with unique molecular identifiers (UMI: 
single molecule barcoding, Oncomine cfDNA assays, 
Thermo Fisher Scientific). Mean read coverage depths were 
>1,000 reads and >20,000 for diagnostic tissue and cfDNA 
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Figure 2 Variant allele frequency dynamics over time in cell-free DNA and white blood cells with corresponding PET-CT images. Images 
from left to right: baseline PET-CT image showing FDG-avid esophageal tumor; CRE-II (t=3) PET-CT image showing radiologically 
complete response to nCRT; PET-CT image at 21 months after baseline (t=5) showing FDG-avid lesion suspect for metastasis within the 
semimembranosus muscle; PET-CT image 26 months after baseline (t=7) of semimembranosus lesion showing decreased intensity after 
induction chemotherapy; PET-CT image 30 months after baseline (t=9) showing FDG-avid lesions suspect for metastasis within the adductor 
muscles of the right lower extremity, bilaterally in the pelvic acetabulum and in the transverse process of a thoracic vertebra. VAF, variant allele 
frequency; cfDNA, cell-free deoxyribonucleic acid; WBCs, white blood cells; PET-CT, positron emission tomography-computed tomography; 
nCRT, neoadjuvant chemoradiotherapy; FDG, 18-fluoride-fluorodeoxyglucose; CRE-II clinical response evaluation-II.
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NGS assays, respectively. In the cfDNA analysis identified 
variants were considered reliable when detected with at least 
3 independent molecules (UMIs). To confirm our findings, 
tumor tissue DNA was also analyzed with Oncomine cfDNA 
assays and cfDNA in plasma samples were also analyzed 
using digital polymerase chain reaction (Crystal digital PCR, 
Stilla Technology, Villejuif, France).

Discussion

In this case report we describe the long-term follow-up of 
an esophageal carcinoma patient with false-positive plasma 
genotyping due to clonal hematopoiesis. In our patient 
a TP53 c.524G>A; p.R175H mutation was identified in 
the primary tumor via endoscopic biopsy. This is a well-
described pathogenic variant associated with a variety of 
malignancies (20). Mutant p53 has been demonstrated 
to result in enhanced integrin and epidermal growth 
factor receptor (EGFR) trafficking causing increased cell 
scattering and invasion (21). Frequent plasma-derived 
cfDNA genotyping was performed aiming to find an 
association between disease activity and traceability of TP53 
c.524G>A; p.R175H in plasma cfDNA. This mutation 
became detectable only after distant metastases had already 
been confirmed by clinical symptoms and standard imaging- 
and biopsy techniques. Surprisingly, plasma genotyping in 

our case consistently identified a TP53 c.646G>A; p.V216M 
mutation that was not found in the tumor tissues. TP53 
c.646G>A; p.V216M variants have been associated with 
various malignancies. Although pathogenicity has as yet 
not been clearly established, it has been mentioned as a 
recurrent clonal hematopoietic variant (22,23). The VAF 
of the p.V216M variant was constant between baseline and 
21 weeks while the patient developed a clinically complete 
response, which would suggest a clonal hematopoietic 
origin. Of interest, the VAF of TP53 c.646G>A; p.V216M 
doubled at 27 months and increased further at 30 months. 
This would have made it hard to ascribe it to clonal 
hematopoiesis if leukocyte analysis had not been performed. 
Eventual NGS of white blood cells identified this latter 
mutation in normal appearing white blood cells of the 
patient. Analysis of circulating tumor cells was performed 
which resulted in the finding of no epithelial cell adhesion 
molecule (EpCAM)-positive cells, rendering contamination 
of white blood cells by circulating tumor cells improbable 
and confirming the TP53 c.646G>A; p.V216M mutation 
was of clonal hematopoietic origin. In the present case-
report we focused on TP53 mutation analysis.

Our case illustrates a number of challenges currently 
associated with cfDNA diagnostics in esophageal carcinoma. 
The tumor suppressor gene 53 (TP53) is one of the most 
frequently mutated genes in human cancers and codes for 

Table 2 Characteristics of ddPCR outcomes of cfDNA per point in time

T
Moment of 

sample
Analysis

DNA 
concentration 

(ng/μL)

Total 
DNA 
(ng)

Allele name
Wildtype 

concentration 
(copy/μL)

Variant 
concentration 

(copy/μL)

Variant 
percentage

Remark

t=0 (baseline) Baseline cfDNA ddPCR 2.14 25.70 c.524G>A; p.R175H 198.5 0 0 Negative

t=2  
(baseline + 14 w)

CRE-I ddPCR 2.07 39.12 c.524G>A; p.R175H 499.3 0 0 Negative

t=3  
(baseline + 21 w)

CRE-II ddPCR 2.58 38.70 c.524G>A; p.R175H 425.8 0 0 Negative

t=8  
(baseline + 27 m)

FU I ddPCR 1.76 3.52 c.524G>A; p.R175H 51.0 0 0 Negative

t=9  
(baseline + 30 m)

FU II ddPCR 2.76 16.56 c.524G>A; p.R175H 217.0 0 0 Negative

 WBCs-FU II ddPCR 3.82 38.20 c.524G>A; p.R175H 508.0 0 0 Negative

t=10  
(baseline + 33 m)

FU III ddPCR 1.02 19.28 c.524G>A; p.R175H 234.4 0.74 0.31 Positive

 WBCs-FU III ddPCR 120 30.00 c.524G>A; p.R175H 282.0 0 0 Negative

TP53 p.R175H (chr17:007578406; c.524G>A). cfDNA, cell free deoxynucleic acid; CRE, clinical response evaluation; WBCs, white blood 
cells; FU, follow-up.
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the p53 protein which has been referred to as “the guardian 
of the genome” (24,25). Esophageal adenocarcinoma 
displays an exceptionally high rate of TP53 mutations that 
reaches up to 70% (26). TP53, apart from frequently being 
altered in malignancy, is 1 out of 6 frequently mutated 
genes in clonal hematopoiesis as well (14). Over the 
past few years there has been an increased attention for 
clonal hematopoiesis. Acquisition of somatic mutations in 
hematopoietic cells results in abnormal clonal expansion 
that is associated with an increased risk of myeloid and 
lymphoid malignancies. Presence of clonal hematopoiesis 
in other types of malignancy is associated with worse 
outcomes and an increased risk of all-cause mortality (12). 
Clonal hematopoiesis is nevertheless most frequently a 
phenomenon of indeterminate malignant potential and can 
be found in 1 out of 10 people of 70 years and older and is 
present in a quarter of patients with any type of malignancy 
(13,14). This means that if cfDNA analysis in the future 
possibly becomes a diagnostic option in esophageal cancer, 
clinicians will have to consider the possibility of finding 
mutations that originate from clonal hematopoiesis rather 
than from a malignant lesion. This risk of false-positive 
test results can be readily averted by screening for clonal 
hematopoiesis in patients who have cfDNA mutations that 
cannot be matched with mutations in tumor biopsies. 

NGS of cfDNA isolated from peripheral blood is a 
relatively new diagnostic modality that is already employed 
in a variety of cancers and has fueled great expectations of 
broad applicability. Application of this technique in active 
surveillance of esophageal carcinoma potentially replaces 
modalities such as endoscopy and PET-CT. This could 
have important benefits with regard to cost-effectiveness, 
invasiveness, and patient compliance. cfDNA analysis does 
however not yet capitalize on its potential value in the case 
we describe. Failure to detect TP53 c.524G>A; p.R175H 
in cfDNA is most likely due to the amount of ctDNA in 
the cfDNA fraction being below the limit of detection for 
NGS and ddPCR analyses. Recent data from esophageal 
carcinoma indicate that analysis using Cancer Personalized 
Profiling by deep sequencing (CAPP-seq, analysis of 
multiple tumor-specific DNA variants) can detect ctDNA 
down to 0.07%, well before tumor progression can be 
radiologically detected (27). Our case does however 
demonstrate the possibility of finding mutations originating 
from clonal hematopoiesis. We recommend correlation 
of mutations in cfDNA with mutations in tumor biopsies. 
If mutations in cfDNA cannot be matched with tumor 
mutations, performing NGS of white blood cells can 

confirm clonal hematopoiesis and preclude false-positive 
outcomes.
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