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Abstract

Introduction: Liquid biopsies are increasingly being adopted in the care of patients with
cancer. Not only in patients with metastatic disease but the utility is also being recognized in
earlier phases of the journey of a patient with cancer. More recently, methylated platforms
are offering another lens of looking at the same question more so in minimal residual disease
(MRD) and early detection settings. While false positives secondary to clonal hematopoiesis
of indeterminate potential (CHIP) are recognized as one entity to consider when interpreting
these assays, and advanced CHIP filtering bioinformatics platforms can prevent this, false
positives secondary to aberrant methylation are not described. Case Presentation: Herein,
we report a case of a patient with hepatitis C-related viremia and a very high viral load that
had a false-positive plasma-only colorectal MRD assay. The colorectal MRD assay
spontaneously cleared on hepatitis C virus therapy which led to clearance of the virus.
Conclusion: As these assays are increasingly applied in real-world settings, it would be of
value to consider non-cancer chronic disease states that may lead to aberrant methylation
that could lead to a false-positive assay.
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Introduction

Minimal residual disease (MRD) assays, which can be divided into (i) plasma-only and (ii)
tumor-informed circulating tumor DNA (ctDNA) assays, are a recent development in cancer
care [1]. Colorectal cancer has been the poster child in terms of the number and types of
assays. In patients with resected colorectal cancer, they have made a significant impact in
monitoring disease recurrence and tailoring therapy and are currently being evaluated as
predictive markers in numerous ongoing clinical trials [2]. Even outside of clinical trials,
physicians use these tests to aid in therapeutic decision-making and initiation of treatment.
There is increasing evidence of how these tests have profoundly changed clinical practice by
moving from tissue to peripheral blood as a source of information [3].

However, plasma-only and tumor-informed assays have individual limitations to
themselves, and there are pros and cons to each approach [4]. With increasing utility, we are
understanding better both the analytical and pre-analytical variables that affect sensitivity
and specificity of these assays, and also instances where they might be false negative or false
positive. Herein, we report our experience with a patient who had a moderately differentiated
resected sigmoid adenocarcinoma with concurrent hepatitis C virus (HCV) infection and a
false-positive plasma-only assay on the methylation portion. This cleared without any anti-
cancer treatment as the HCV viremia resolved on anti-HCV-based therapy.

Case Presentation

A 62-year-old male with a medical history significant for type 2 diabetes mellitus and
HCV, presented with irregular bowel movements and a positive stool DNA test. He subse-
quently underwent a colonoscopy that revealed a partially obstructing suspicious sigmoid
mass and was biopsied, confirming a moderately differentiated adenocarcinoma that was
mismatch repair proficient/microsatellite stable. His staging scans were negative for any
distant metastases. Based on his findings, he underwent a laparoscopic sigmoid colectomy;,
and a 5.5 x 5.6 x 1.3 cm mass was removed, with metastases to one of twenty-one lymph
nodes. Surgical staging classified this as stage IIIB (tumor, node, metastasis pT3N1a) with
positive lymphovascular invasion, negative perineural invasion, and pMMR/microsatellite
stable as noted earlier. RAS/RAF-based testing that was done as part of the evaluation of an
MRD-based clinical trial showed that the tumor was extended RAS/RAF-wildtype. Tumor-
informed ctDNA assay was sent by the surgical team in the postoperative setting, which was
negative. The patient received 3 months (4 cycles) of capecitabine and oxaliplatin as adjuvant
chemotherapy with routine restaging scans and MRD-based ctDNA detection.

However, at 19 weeks post-surgery, the patient had both a plasma-only as well as a tumor-
informed assay for evaluation of eligibility for some of our MRD-based clinical trials.
Intriguingly, the plasma-only test revealed that MRD was detected, whereas the tumor-
informed assay was negative. Further evaluation and discussion revealed that this was only
for the methylation component and not the mutational component of the composite assay.
Concurrent imaging of the CT chest, abdomen, and pelvis showed no evidence of disease.

While workup and investigations were being done to evaluate options given the MRD-
positive plasma-only assay, the patient got treatment for the very high HCV viral load without
signs of cirrhosis, which was planned after he had completed his adjuvant therapy. He had
been earlier referred to hepatology and subsequently started on anti-HCV therapy with
glecaprevir/pibrentasvir, a combination of HCV NS3/4A protease inhibitor and an HCV NS5A
inhibitor. Figure 1 summarizes the timeline of events and treatment received with respect to
sigmoid colon cancer and HCV.
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Fig. 1. Simplistic schema summarizing the sequence of events and therapy for patient’s diagnosis of stage Il
colon cancer and associated HCV treatment.

As options for further chemotherapy were discussed given the MRD-positive assay, the
patient opted for no more systemic chemotherapy and more time to think about this. After
completion of his anti-HCV therapy, patient reestablished care and new baseline plasma-only
and tumor-informed assays were repeated along with imaging.

Surprisingly, repeat testing at 33 weeks post-surgery revealed that ctDNA was not
detected by either of the plasma-only assay and tumor-informed assay tests. Multiple sub-
sequent follow-ups and more than 2 years into the surveillance setting, the assays have
continued to remain negative with no evidence of disease recurrence. In this case, our
working hypothesis is that the HCV viral load of over a million copies per mL likely caused the
false-positive methylation signal. The treatment for HCV, which was curative, leads to
clearance of the virus and the methylation signal on the colorectal cancer plasma-only assay.
The fact that the mutational component of the plasma-only assay as well as an independent
tumor-informed ctDNA assay continued to be negative, and clinically, this being relatively low
risk, argues against the presence of cancer in this patient. The CARE Checklist has been
completed by the authors for this case report and is attached as online supplementary
material (for all online suppl. material, see https://doi.org/10.1159/000535174).

Discussion

This is an intriguing case and potentially the first report of any false-positive case de-
scribed in the real-world setting pertaining to a methylated assay that is secondary to a non-
cancer disease state (in this case, the very high HCV viremia). As these liquid biopsies
increasingly get adopted in MRD and earlier detection settings, it is important to realize that
there could be potential instances of overlapping methylation signals with other cancers and/
or chronic non-cancer conditions.
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According to the time points, the patient’s plasma-only assay was only positive when the
HCV viral load was high. After completion of anti-HCV therapy and no detectable HCV viral
load, the plasma-only assay had become negative. Not surprisingly, the mutational component
on both the plasma-only as well as the tumor-informed assay detected no ctDNA. Our concern
is that the plasma-only assay may have had a false MRD signal due to the active HCV viremia in
our patient. To hypothesize, it might be possible that after HCV treatment, the background
signal might have died out and hence no longer interfered with MRD detection. As we learn
more about these assays, not only in the MRD setting but also now in early detection/
diagnosis where multiple assays are in development and available for commercial use, these
kinds of instances could potentially result in false positives.

This observation might also potentially explain some of the patients who on long-term
follow-up still do not have a diagnosis of cancer despite a positive signal in some of these
multi-cancer early detection tests. Most of the earlier detection assays are looking at some
component of epigenomics/methylated markers. The National Cancer Institute has released a
white paper report on factors that could influence these results. These include and are not
limited to certain pre-analytical variables, the characteristic of the ctDNA, sequencing
methods, storage of plasma, or PCR-related errors [5]. But non-cancer disease states that
could influence these assays is a novel finding.

With more use of these assays and learning, some guidelines and/or limitations have been put
forward. E.g, in situations where there could be a lot of background noise such as pregnancy, bone
marrow, or solid organ transplant patients, and/or if someone has had a recent blood transfusion,
the sensitivity or specificity could be impacted. As noted earlier, CHIPs are a consideration in those
with older age. Someone with another malignancy (hematological or solid tumors) may cause a
false-positive signal. And finally, as noted in our case, another non-cancer disease state potentially
may impact methylation. The sensitivity of this test is also influenced by the amount of ctDNA shed
by different cancer types, especially low-shedding cancers [6]. However, real-world data and studies
with positive controls (other malignancies, and in this case, non-cancer disease states) would be
crucial factors to take into account for any assay in development in clinical use. The false-positive
rates (FPRs) with ctDNA and CHIPs (clonal hematopoiesis of indeterminate potential) are de-
creasing with better databases and bioinformatics filtering [7]. But we are probably still on the
learning curve in the field of these epigenetic/methylation signals.

Building upon this, an interesting lens to see this issue is to recognize the introduction of
Multi-Cancer Early Detection (MCED) tests that can detect cancer-origin signals by using cell-free
DNA-based targeted methylation assays [8]. These are now commercially available in clinics and
trials to screen the general population and identify site- and type-specific cancer signals. The hope
is that it will help physicians in ordering particular imaging or blood markers to confirm cancer
findings much before the disease can be picked up by conventional tools. However, the flipside to
this is that cancer signals could be picked up by the test with no evidence of cancer, despite
frustrating and meticulous detection attempts. The thought process here is that it could be a
potential false positive or very early-stage cancer that even with the best of imaging and di-
agnostics is still not detectable and needs more follow-up. In such cases, cancer site origin FPR
was dependent on whether the signal was from a solid tumor or hematological cancer; as the
latter was associated with a higher FPR. To counteract this, the detection classifier was adjusted
according to hematological cancer and solid tumors [9]. In the case of a false-positive signal, it
could be possible that (1) either the test was truly a false positive or (2) there was the presence of
background signals caused by other comorbid conditions or diseases which may lead to false-
positive signals. Therefore, this screening test has gone through multiple iterations, including
modification, of the hematological signal threshold to avoid false positives [10].

Building upon this, it is likely that the HCV infection with high viremia acted as a possible
aberrant methylation signal that was cleared with anti-HCV therapy [11-13]. For any assay
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utilizing methylation-based platforms, we will eventually learn with time about the non-
hematological, non-cancer group of illnesses causing aberrant methylation patterns. Recogni-
tion of CHIP also took years. Additionally, these assays can help identify certain mutations that can
act as predictive biomarkers, especially in the setting of systemic immunotherapy. The profound
effect of this is seen in the colorectal space for microsatellite instability-high (dMMR-MSI-H)
cancers, where immunotherapy has significantly improved disease outcomes [14].

Our report has several limitations. First, it is a case report. To make sure this was not
premature, we waited 2+ years of follow-up and multiple plasma-only and tumor-informed
ctDNA-based MRD tests and clinical follow-up/imaging that all continue to be negative to
date. The strength of the report is this being the first of this novel finding. As noted earlier, the
strength of our findings is the multiplicity of time points and long-term follow-up. The
serendipitous timing of the methylation component of the plasma-only assay being positive
and turning immediately thereafter once HCV viremia resolved supports our hypothesis.

Conclusion

There is a paucity of literature regarding false-positive liquid biopsy assays, particularly
from non-cancer disease states. Our report is probably the first and an important addition to
the literature that needs to evolve more in this subject. It would be worthwhile going back to
patients who have had methylation-based earlier detection assays and still do not have any
obvious evidence of cancer to see if they have any concomitant/chronic non-cancer disease
states to help explain this finding.
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