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ABSTRACT
The use of a liquid biopsy to assess molecular residual disease (MRD) of solid tumors holds significant promise for improving out-
comes for patients with cancer. Liquid biopsies are a minimally invasive approach for the identification of circulating tumor bio-
markers through a simple blood sample. Assays capable of detecting MRD through analysis of circulating tumor DNA (ctDNA) 
are rapidly evolving for clinical study applications and therapeutic interventions. To address these opportunities, BLOODPAC—a 
multi-disciplinary consortium representing stakeholders from public, industry, academia, and regulatory agencies—formulated 
a lexicon that provides a shared framework and clear definitions using liquid biopsies for solid tumor MRD with an emphasis on 
ctDNA detection. The terms in the lexicon are categorized under general MRD, ctDNA testing methodologies, reporting results, 
and acquisition timepoints, including examples of current and potential clinical use cases for MRD tests. The overall goal is to 
provide a unified language and approaches to solid tumor MRD to advance applications of these technologies, allow data aggre-
gation to strengthen future evidence, and facilitate regulatory approvals, leading to the use of liquid biopsy as an early endpoint 
in clinical trials. We believe that a common set of terminology and methods for solid tumor MRD can improve understanding and 
appropriate use of testing, accelerate clinical development, and improve outcomes for cancer patients.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and reproduction in any medium, provided the 

original work is properly cited and is not used for commercial purposes.

© 2025 The Author(s). Clinical and Translational Science published by Wiley Periodicals LLC on behalf of American Society for Clinical Pharmacology and Therapeutics.

Andrew G. Hadd and Angela Silvestro: Co-first authors.  

https://doi.org/10.1111/cts.70185
https://doi.org/10.1111/cts.70185
https://orcid.org/0009-0000-6274-0555
https://orcid.org/0000-0002-6379-7999
https://orcid.org/0000-0001-9239-7153
https://orcid.org/0009-0005-9586-0621
https://orcid.org/0000-0001-7210-6603
https://orcid.org/0009-0008-1415-3135
https://orcid.org/0000-0003-3023-6930
https://orcid.org/0000-0002-4847-0736
https://orcid.org/0000-0002-6173-6957
mailto:
https://orcid.org/0009-0002-4374-7246
mailto:lauren@bloodpac.org
http://creativecommons.org/licenses/by-nc/4.0/


2 of 9 Clinical and Translational Science, 2025

1   |   Introduction

The use of liquid biopsy for the analysis of cancer biomarkers 
is improving the ability to monitor cancer progression, to pre-
dict response to therapy, and to innovate clinical trial designs. 
Liquid biopsies offer the advantage of being minimally invasive; 
therefore, they can be performed more frequently than tissue bi-
opsies. This characteristic allows for the continual monitoring 
of the molecular status of the disease over time and provides in-
sights into the progression and characterization of the molecular 
drivers of particular cancers [1, 2]. The presence of subclinical 
micrometastatic disease biomarkers, which are not detected 
by standard imaging techniques, can be detected using highly 
sensitive liquid biopsy molecular residual disease (MRD) assays 
such as next-generation sequencing tests [3]. Detection of MRD 
in liquid biopsies relies on the analysis of tumor-derived DNA 
fragments released into the bloodstream or other body fluids, 
namely, circulating tumor DNA (ctDNA) [4]. Analysis of ctDNA 
as cancer-specific DNA markers (e.g., mutations, copy number 
variation, epigenetic patterns, fragment size, etc) represents the 
presence and relative abundance of the originating cancer tis-
sue. The detection of ctDNA also provides information about 
different aspects of cancer treatment, for example, determining 
response to neoadjuvant therapy applied prior to surgery, mon-
itoring of molecular relapse during surveillance, or indications 
of response to therapy in the metastatic setting [5]. Compared 
to standard biopsy and imaging techniques, the advantages of 
liquid biopsy for ctDNA analysis are driving innovations in can-
cer care [6, 7]. As the field of liquid biopsy for ctDNA analysis 
is rapidly expanding, there is an increasing need to standardize 
terminology in the field.

The Blood Profiling Atlas in Cancer (BLOODPAC) Consortium 
was launched on October 17, 2016, to accelerate the develop-
ment, validation, and implementation of blood-based liquid bi-
opsy tests with the overall goal of improving the outcomes of 
patients with cancer. The consortium created a collaborative 
infrastructure that enables sharing of information, development 
of standards, and best practices among various sectors—public, 
industry, academia, and regulatory agencies. The lexicon is de-
signed to assist a diverse group of stakeholders across technol-
ogy manufacturers, clinical testing, pharmaceutical companies, 
payors, and regulatory authorities to align on terminology and 
language to accelerate access to liquid biopsy for MRD and use 
as an early endpoint in clinical trials.

The lexicon terms focus on development, accessibility, analyti-
cal validation, and clinical validation of ctDNA-based MRD for 
solid tumors. We describe concepts, relevant terms, and exam-
ples within four specific categories: (i) general terminology, (ii) 
methods for the detection of MRD, (iii) reporting results, and 
(iv) clinical acquisition timepoints. General terminology ad-
dresses use of molecular versus minimal residual disease and 
factors that affect MRD analysis. An overview of methods and 
reporting results provides context for key technologies in this 
field and guidelines for comparing results from longitudinal 
testing. Standardization in clinical acquisition timepoints can 
help with interpretation of results and meta-analysis between 
different clinical trials. This lexicon expands on and comple-
ments other publications, such as BEST (Biomarkers, EndpointS 
and other Tools) published by the National Institutes of Health 

[8] and “Circulating Tumor DNA in Development of Therapies 
for Cancer: An Evidentiary Roadmap to an Early Endpoint for 
Regulatory Decision-Making” published by Friends of Cancer 
Research [9]. These efforts at creating an MRD lexicon also ad-
dress the challenge of difficulty with terminology, which is iden-
tified by Febbo et al. [10] as a potential barrier to ctDNA testing 
implementation and access.

BLOODPAC's members, representative of diagnostic develop-
ers, academia, pharmaceutical industry and regulatory bodies, 
aligned on and reviewed these terms and definitions. The di-
versity in stakeholder expertise reinforces the practical utility 
of this lexicon, which the group supports as a foundation to 
address the needs of the broader community utilizing liquid bi-
opsy for ctDNA analysis. The lexicon was submitted to the FDA 
in late 2023 for review and feedback through the agency's pre-
submission program. The FDA's comments were integrated into 
the document and the manuscript was reviewed by the College 
of American Pathologists' (CAP's) Preanalytics for Precision 
Medicine Project team and the Association for Molecular 
Pathology (AMP). The final lexicon of terms is presented here 
(Table 1).

2   |   General Terminology for MRD

We include a set of general terms to align on a framework for 
the components of liquid biopsy for MRD testing. Solid tumors 
present different cancer-associated biomarkers in the blood for 
which the detection depends on a number of factors, including 
type of cancer, stage, location, and response to therapy [11]. 
Therefore, the choice of “molecular” residual disease instead of 
“minimal” residual disease for liquid biopsy of solid tumors is 
intentional. Minimal residual disease is historically linked with 
the lowest quantifiable presence of anatomic disease below a vi-
sually interpretable method; e.g., imaging or cell counting for 
chronic myelogenous leukemia (CML). Unlike CML, for which 
the signature biomarker of bcr-abl references the disease, solid 
tumors may have varying levels of biomarkers based on the 
specific cancer, stage, or other factors [12]. In these cases, the 
absence of a solid-tumor biomarker in the blood does not neces-
sarily mean the cancer is absent. Therefore, we use molecular as 
an indication of the biomarker of disease instead of the disease 
itself. This approach is consistent with terminology adopted by 
the European Society for Medical Oncology (ESMO) [13], FDA 
draft guidance on the use of circulating tumor DNA [14], and 
Friends of Cancer Research [9].

The use of liquid biopsy is not limited to the MRD setting of post-
curative intent therapy surveillance monitoring. Serial mea-
surements of ctDNA may also be applied to the determination 
of neoadjuvant treatment response, adjuvant therapy response, 
and detection of molecular response, molecular recurrence, or 
molecular markers of resistance in the metastatic setting. These 
techniques and associated terms are shown in Figure 1. A re-
cent publication highlighted the interpretation of ctDNA results 
and provided general recommendations on the clinical utility of 
ctDNA in different treatment settings [11]. Other studies have 
focused on the current and future clinical utility of ctDNA in 
specific cancer types, including breast cancer [15] and gastro-
intestinal (GI) cancer [16]. Clinical applications can vary across 
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TABLE 1    |    BLOODPAC MRD liquid biopsy lexicon of terms.

BLOODPAC primary term Alternate terms Definition

Cancer shed (ctDNA shed) ctDNA shedding The release of circulating tumor DNA (ctDNA) 
from tumor cells into the bloodstream or into 
other bodily fluids through the processes of 
secretion, apoptosis or necrosis. ctDNA shed 

rates may vary based on cancer stage, histology, 
cancer biology, type, vascularity, growth, 
size, treatment type, treatment status, and 
location of the tumor among other factors

Circulating tumor DNA (ctDNA) Tumor-derived DNA fragments released 
into the bloodstream through extracellular 
vesicles or tumor cell apoptosis or necrosis

Clonal hematopoiesis of indeterminate potential 
(CHIP)

The presence of clonally expanded genetic 
variants in the blood from hematopoietic 
stem cells (HSCs) or other early blood cell 

progenitors independent of malignancy. CHIP 
mutations can be confounding factors in ctDNA 
testing. The use of matched normal sequencing 

information or bioinformatic filtering using 
databases of common CHIP polymorphisms are 

some methods in use to reduce the influence 
of CHIP on false positive calls for MRD

Mutation copies per mL The number of DNA fragments 
containing the mutation of interest 

divided by the volume of plasma

ctDNA clearance The change in ctDNA status from detected 
to not detected as a function of tumor 

biology or response to treatment

ctDNA detection The identification of a biomarker or pattern 
of biomarkers associated with circulating 
tumor DNA above a validated threshold

ctDNA dynamics ctDNA kinetics The change or the rate of change in 
the relative abundance of ctDNA as a 

function of serial measurements and/or the 
response of a solid tumor to treatment

ctDNA fraction The proportion of cell-free DNA derived from 
tumor cells compared to cell-free DNA derived 
from “normal” cells (mainly of hematopoietic 

origin) present in a liquid biopsy sample in 
reference to a specific marker (or set of markers)

ctDNA methylation fraction A methylation-based quantification of 
the circulating tumor allele fraction 
and estimate of ctDNA abundance

Fold change The difference of ctDNA levels expressed as 
a multiple or percentage between two values. 

Because of biological factors, method precision 
and analysis of values near the detection limit, 

this parameter should be used cautiously

Lead time The difference in time between the first positive 
ctDNA result and subsequent clinical or radiologic 

evidence of disease recurrence or progression

(Continues)
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BLOODPAC primary term Alternate terms Definition

Liquid biopsy In the context of cancer, a test that detects a 
cancer-associated signal in a body fluid sample 
(e.g., blood, urine or saliva) that may be used for 
multiple applications (e.g., treatment selection, 

disease monitoring and cancer screening)

Mean tumor molecules per mL (MTM/mL) The mean of tumor molecules per milliliter of 
plasma calculated from the mean ctDNA VAF 

multiplied by the number of cfDNA molecules (as 
mass of cfDNA in ng divided by 0.0033 ng/haploid 
copy) and divided by the volume of plasma in mL

Molecular persistence The observation of a steady-state presence 
or fluctuating low levels of ctDNA above 
and below the limit of detection in serial 

timepoints during/after cancer treatment, such 
as surgery, systemic therapy, or locoregional 

treatment (i.e., radiation therapy)

Molecular progression The increase of a tumor-derived circulating 
biomarker in response to cancer treatment. It 
is determined through serial assessments of 
circulating analyte levels during the course 

of treatment or follow-up. Whereas molecular 
recurrence defines situations of a circulating 

analyte such as ctDNA becoming detectable after 
an undetected status, molecular progression 
refers to the analyte increasing in quantity 

following a previously detected status

Molecular recurrence The detection of a tumor-derived circulating 
analyte, such as ctDNA, after an undetected 

ctDNA status. Molecular recurrence may 
be observed prior to radiographic imaging 

or other clinical recurrence signals

Molecular residual disease (MRD) Minimal residual 
disease, measurable 

residual disease

The subclinical presence of a cancer-
associated biomarker indicating a high risk 

of recurrence which cannot be detected 
by standard imaging techniques

Molecular response Molecular remission The reduction of a tumor-derived circulating 
biomarker in response to cancer treatment. It 
is determined through serial assessments of 

circulating analyte levels during the course of 
treatment. Molecular response can encompass a 
complete reduction (from detected to undetected 

analyte levels, i.e., clearance) or partial 
reduction according to pre-specified criteria

Molecular residual disease (MRD) assay A method for determining the presence of cancer-
associated biomarkers from liquid biopsies that 

are associated with a remnant or recurrence 
of residual disease following curative intent

(Continues)

TABLE 1    |    (Continued)
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BLOODPAC primary term Alternate terms Definition

Molecular Surveillance Monitoring Testing to detect the presence or recurrence of 
cancer as early as possible after completion of 
curative intent therapy. Surveillance may also 
refer to longitudinal monitoring for return of 

disease after a patient with metastatic disease has 
achieved clinical no evidence of disease (NED) 

status and is no longer receiving active treatment

Multi-omic marker panel Multi-modal 
marker panel

The analysis of more than one group of 
biomarkers identified within a classification 

of common elements such as proteins, 
methylation, DNA or RNA variants within a 
liquid biopsy sample. For instance, an MRD 
assay which detects both somatic mutations 
and DNA methylation or somatic mutations 

and proteins would qualify as multi-omic

Parts per million (ppm) Expression of VAF as counts of biomarker 
sequencing reads divided by background 

reads multiplied by a million

Qualitative assay A type of assay that reports only two categorical 
responses for the presence of a cancer-

derived biomarker, e.g., “ctDNA positive/
negative” or “ctDNA detected/not detected”

Quantitative assay An assay that measures and reports a value 
for the target biomarker proportional to the 
number of mutant molecules, concentration 

(e.g., MTM/mL or mean tumor molecules 
per volume of plasma), or VAF

Semi-quantitative assay An assay for which absolute or relative levels 
of a residual disease biomarker are binned 
into distinct categories. Semi-quantitative 

categories may be useful in comparing patients 
for which relative biomarker levels vary 

within the assay method or clinical context

Single-omic assay An assay format that is based on a single analyte 
(e.g. DNA mutations, RNA, or protein). For 

example, a ctDNA assay which detects only somatic 
mutations would be considered single-omic

Surveillance samples Liquid biopsies collected at predefined intervals 
after curative intent treatment. These samples are 
used to infer the molecular absence, persistence, 

remission or recurrence of cancer over time

Tumor-informed ctDNA assay Bespoke assay An assay format that defines a set of specific 
variants to test in cfDNA based on the 

sequence analysis of a patient's tumor tissue

Tumor-agnostic ctDNA assay Tumor naive, 
tumor-independent, 

tissue-free

An assay format that relies on directly 
testing a blood sample for the presence or 
absence of a pre-specified set or panel of 

cancer-associated biomarkers based on prior 
knowledge of the tumor or population-level 

data applicable to the tumor type, without the 
need for characterizing the tumor tissue

(Continues)

TABLE 1    |    (Continued)
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cancer types and use cases. Understanding how multiple fac-
tors, such as tumor shed, can affect the detection of ctDNA is 
important. Low shedding of ctDNA due to tumor origin, aggres-
siveness, or response to treatment may lead to a negative ctDNA 
result, even if a tumor is present.

3   |   Approaches to ctDNA Assay Development for 
MRD Detection

Current methods for ctDNA detection show promise in iden-
tifying cancer recurrence earlier than conventional clinical or 
radiological approaches. The terms in this MRD assay section 
include tumor-informed, tumor-agnostic, single-omic, and 
multi-omic methods. Tumor-informed ctDNA tests leverage se-
quencing of DNA derived from the patient's tumor tissue to de-
fine specific targets for analysis [9, 14]. These targets are sourced 
from either creation of a personalized ctDNA assay based on the 
tissue profile or bioinformatically selecting specific variants de-
tected on a predefined panel. This type of MRD test is specific 
to each patient, as the patient's tumor informs the alterations 
being measured by the test. Tumor-agnostic tests, also referred 
to as tumor-naive, tissue-naive, or tissue-free tests, rely on a 
fixed panel [9, 14]. These tests may utilize prior knowledge of the 
tumor alterations or methylation patterns, population-level data 
applicable to the tumor type, or, in some cases, data from pre-
treatment plasma sequencing. This approach mitigates the need 
for access to or analysis of the tumor tissue from the patient. 
Current approaches to tumor-informed and tumor-agnostic 
panels are single-omic methods focused on the detection of vari-
ation in DNA [13]. These techniques are expanding into meth-
ylation, fragment length distribution, and protein analysis for 
multi-omic approaches [17–19].

4   |   Reporting Terms in MRD Testing

Key challenges for liquid biopsy for ctDNA are the biological 
variation of ctDNA and cfDNA levels and the high degree of 
sensitivity required for MRD detection. Terms in this section 
distinguish between types of liquid biopsy assays and common 
terminology to describe ctDNA detection. Qualitative assays re-
port binary outcomes for ctDNA as “positive/negative” or “de-
tected/not detected.” Quantitative assays use various units of 
measurement including mean tumor molecules per mL (MTM/
mL), variant allele frequency (VAF), mutant allele frequency 
(MAF), tumor methylation fraction (TMeF), tumor fraction or, 
similar to qPCR, in mutant copies per mL. Given the low VAFs 
associated with MRD, an alternative approach is to express the 

tumor allele fraction in parts per million (ppm). An important 
consideration in the reporting of results is that negative, or not 
detected, outcomes are relative to the analyte. A negative test 
result does not definitively indicate the absence of cancer.

5   |   Sample Acquisition Timepoints for MRD

This section includes terms related to the role of unified nomen-
clature for acquisition and analysis of liquid biopsy samples and 
implications of ctDNA levels during treatment. Specificity in 
describing the naming of sample acquisition timepoints relative 
to the patient journey will be critical to allow for data aggrega-
tion in this emerging field. This shift will allow for continued 
generation of stronger clinical evidence, which we hope will ul-
timately lead to the use of ctDNA as an early endpoint in clin-
ical trials and accelerated development of cancer treatments. 
Using specific terms overcomes limitations inherent in the use 
of relative time points such as “baseline” or “landmark”. While 
a baseline sample typically refers to a chronologically obtained 
“first” ctDNA result, depending on the use case being evaluated, 
a baseline sample could be obtained anywhere along the treat-
ment or monitoring continuum. In addition, depending on lim-
itations of sample collection protocol, certain samples may be 
inaccessible, making it difficult to compare studies correspond-
ing to a presurgical, pretreatment timepoint. There are similar 
difficulties associating landmarks with a timepoint that is rela-
tive to milestones along a cancer patient's journey, instead of a 
landmark analysis, which has a specific statistical connotation. 
A landmark timepoint may be relative to surgery or a specific 
line of treatment, which must be further defined. However, 
landmark analysis is an important concept when used statisti-
cally to account for the fact that patients must have lived for a 
certain period to be included in the survival analysis. Because 
the initiation of testing will vary between studies and patients, it 
is important to overtly define the timing of the first blood draw 
(e.g., at diagnosis before initiation of any therapy, presurgical in 
the absence of neoadjuvant therapy, post-curative intent ther-
apy, etc). Therefore, BLOODPAC recommends that sample ac-
quisition timepoints represent combinations of phase, surgery, 
and therapeutic intervention, such as pretreatment, presurgical 
or postsurgical, preadjuvant therapy, as shown in Figure 1.

Sampling over time provides an informative profile of disease. 
Changes over time can be described in terms of ctDNA dynam-
ics, where magnitude, direction, and rate of change can be im-
portant indicators of disease progression [20]. ctDNA clearance 
is a term increasingly used to describe a change from detectable 
to not detectable levels of ctDNA. Fold change may be used to 

BLOODPAC primary term Alternate terms Definition

Variant allele frequency (VAF) The ratio of the number of times a particular 
variant allele is observed in a sample to the 

total number of alleles observed at that locus 
in the same sample. VAF can be averaged 

across multiple variants for a sample level and 
is most commonly expressed as a fraction, 

a percent, or as parts per million (PPM)

TABLE 1    |    (Continued)
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compare quantitative results from two timepoints; however, the 
magnitude of this change may be exaggerated due to biological 
variability and assay precision at low input levels. Sampling 
over time may reveal molecular recurrence of disease; however, 
trends must take into account assay reproducibility as well as 
tumor and host biological changes over time, requiring clin-
ical correlation. On the other hand, molecular persistence de-
scribes a steady-state presence of ctDNA that may have a low 
but relatively stable level of ctDNA across serial timepoints. 
Surveillance samples, corresponding to blood collections at pre-
defined intervals after curative intent treatment, can be used to 
assess molecular absence, persistence, remission, or recurrence 
of cancer over time. These samples can be further specified by 
treatment status and relationship to curative intent to improve 
meta-analysis between studies.

6   |   Outlook for Clinical Study Use Cases for ctDNA 
and MRD Detection

Agreement and use of common terminology in MRD provide a 
foundation for expanding applications of MRD in clinical stud-
ies. MRD assays and reporting terminology can reinforce the 
suitability of a particular method for different applications and 
comparisons of qualitative or quantitative metrics. A shift from 
the use of baseline or landmark as relative time points to more 
specific descriptors can help standardize trial design and facili-
tate comparisons between studies. We briefly highlight aspects 
of current and potential applications of liquid biopsy MRD in 
different clinical contexts while first acknowledging the ethi-
cal considerations and equity concerns associated with imple-
menting liquid biopsy technologies in cancer care. Although 
these issues fall outside the scope of this work, they have been 
extensively addressed by others. In a recent publication, De 
Carli et al. [21] provided a framework for ethical considerations 

at the patient-oncologist, clinical practice, and societal levels 
when utilizing ctDNA to detect MRD in patients. Febbo et al. 
[10] recently outlined recommendations for equitable and wide-
spread implementation of liquid biopsy as part of BLOODPAC's 
efforts to enhance patient access. The liquid biopsy MRD use 
cases below are not intended as a comprehensive review but as 
examples of current and potential impacts on the field of MRD 
for solid tumors.

A growing utility of solid tumor MRD is patient monitoring 
and therapy adaptation. Liquid biopsy for molecular surveil-
lance can help indicate the return of disease after a patient with 
metastatic disease had previously both clinical no evidence of 
disease (NED) status and molecular remission. The detection 
of ctDNA after curative intent therapy helps to identify disease 
recurrence or risk of recurrence ahead of current methods [22]. 
The presence or increasing quantities of MRD could result in a 
shift in monitoring or a change in therapy decision. Conversely, 
the absence of ctDNA could be used to reduce surveillance or 
influence consideration of a “drug holiday.” Notably, the ctDNA 
threshold for any prognostic claim should be supported by clin-
ical endpoints and clinically significant outcome data in the in-
tended disease setting [23].

The detection of levels of ctDNA has the potential to improve 
clinical study designs and measures through patient enrichment, 
selection, and/or stratification [11]. Patient enrichment refers to 
obtaining adequate numbers of patients at a specified treatment 
decision point to satisfy clinical trial designs. The presence of 
ctDNA identifies patients who are more likely to benefit from a 
given therapy. In a de-escalation trial design, lack of ctDNA de-
tection may help select for patients most likely not needing ther-
apy. Using ctDNA for patient selection trials can trigger changes 
in surveillance strategy, therapy, or eligibility for a novel agent/
regimen in a clinical trial. For example, patients positive for 

FIGURE 1    |    Applications of liquid biopsy for ctDNA analysis applied along a continuum of patient status, treatment stage, and response. Response 
curves of levels of ctDNA, y-axis, are presented at different stages of disease and treatment over time with regards to acquisition timepoints. 
Pretreatment in the neoadjuvant setting guides effective presurgical therapies; postsurgical ctDNA status is used for MRD surveillance; and molec-
ular assessment in advanced-stage settings determines treatment efficacy or response.
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ctDNA and a known therapeutic marker could be selected for 
targeted therapies [24]. Finally, randomization within clinical 
trial arms can be facilitated by adjusting for ctDNA results in 
statistical analyses. Recent examples support the importance of 
accounting for ctDNA status as an important clinical co-factor of 
tumor status or recurrence [25]. In combination, there are mul-
tiple options for effective incorporation of ctDNA status within 
trial designs as current and future applications of liquid biopsy.

A primary goal of the BLOODPAC MRD Working Group is to 
support the use of liquid biopsy as an early endpoint indicator 
in clinical trials. Liquid biopsy MRD offers clinical trial alter-
natives that can shape multiple designs in patient cohorts, re-
sponse monitoring, and ultimately, as a surrogate to support 
drug approval in the early-stage cancer setting. Although not 
currently clinically validated for use as an early endpoint, appli-
cation of liquid biopsy could help bring new interventions and 
therapeutics more quickly to those in need. This lexicon is in-
tended as a stepping stone in that process with intent to support 
harmonization of terminology, meta-analysis between different 
trials, and regulatory pathways for approval.

The members of the BLOODPAC consortium endorse this lex-
icon as a tool for the community in support of access to liquid 
biopsy for MRD and improved health outcomes for patients with 
cancer. It is the intent of this lexicon to encourage data sharing 
and a unified messaging to patients and the public for applica-
tions of liquid biopsy. We intend the lexicon to help avoid mis-
use or misunderstandings of ctDNA technology. Furthermore, 
the FDA and other regulatory agencies will benefit from this 
resource as they evaluate submissions and conduct approvals 
within a common framework.

Acknowledgments

The authors wish to acknowledge the BLOODPAC Executive 
Committee and Scientific Co-Chairs as of Spring 2024: Executive 
Committee: Philip G. Febbo—Chief Scientific Officer and Chief 
Medical Officer, Veracyte; Robert L. Grossman—Professor, University 
of Chicago CTDS & Founder/Director, Open Commons Consortium; 
Nancy Krunic—Global Head, Diagnostic Sciences and Partnerships, 
GSK; Peter Kuhn—Professor, University of Southern California; Jake 
Vinson—Chief Executive Officer, Prostate Cancer Clinical Trials 
Consortium. Scientific Co-Chairs: Jonathan Baden—Executive 
Director, Head of Solid Tumor Oncology Diagnostics at Bristol Myers 
Squibb; Kelli Bramlett—Executive Director, R&D, Molecular Genomics 
and Oncology, Quest Diagnostics; Darya Chudova—SVP, Technology, 
Guardant Health; Jennifer Dickey—Head of Regulatory & Quality, 
Personal Genome Diagnostics; James H. Godsey—Chief Scientific 
Officer and VP of R&D, Molecular Genomics and Oncology, Quest 
Diagnostics; Jerry S.H. Lee—Chief Science and Innovation Officer, 
Ellison Institute of Technology; Howard I. Scher—Physician and Head, 
Biomarker Development Initiative at Memorial Sloan Kettering Cancer 
Center; Angela Silvestro—Director, Companion Diagnostics, GSK. The 
authors acknowledge the contributions to the BLOODPAC project from 
Meerie Sheen, PhD, Donna Roscoe, Soma Ghosh, PhD, Jean Zhiyi Xie, 
PhD, Anand Pathak, MD, PhD, MPH, Francisca Reyes Turcu, PhD, 
Mary Barcus, MD, Paz Vellanki, Rama Kamesh Bikkavilli, Xiaoqin 
Xiong, PhD, and Rama Kamesh Bikkavilli, PhD, from the US Food and 
Drug Administration for their critical review and thoughtful feedback 
on the BLOODPAC MRD lexicon. The authors acknowledge the College 
of American Pathologists (CAP) and the Association for Molecular 
Pathology (AMP).

Conflicts of Interest

Andrew G. Hadd is an employee and owner of Natera Stock; Angela 
Silvestro is an employee and owner of stock at GSK; Jonathan Baden 
is an employee of BMS and holds equity in BMS and J&J; Christina 
Bormann Chung is an employee of GRAIL and owner of stock in 
GRAIL, Guardant Health & Roche; Ben Brown is an employee and 
owner of stock options at Adela Bio; Fernando Cruz-Guilloty is an em-
ployee and owner of Johnson and Johnson Stock; Gregory Jones is an 
employee and owner of stock at Neogenomics; Cheng-Ho Jimmy Lin is 
an employee of Freenome and owner of stock in Natera and Freenome; 
Daniel Norton is an employee and owner of stock options at Personalis; 
Melanie R. Palomares holds equity and is an employee of Exact Sciences; 
Carol Pena is an employee of Merck Sharp & Dohme LLC, a subsidiary 
of Merck & Co. Inc., Rahway, NJ, USA, and holds equity at Merck & 
Co. Inc., Rahway, NJ, USA; Thereasa Rich is an employee and stock-
holder at Guardant Health; Angel Rodriguez is an employee and owner 
of Natera Stock; Diana Merino Vega is an employee and owner of stock 
options at AstraZeneca. All other authors declare no competing inter-
ests for this work.

References

1. M. Murtaza, S. J. Dawson, D. W. Y. Tsui, et al., “Non-Invasive Analy-
sis of Acquired Resistance to Cancer Therapy by Sequencing of Plasma 
DNA,” Nature 497, no. 7447 (2013): 108–112, https://​doi.​org/​10.​1038/​
natur​e12065.

2. W. T. Iams, M. Mackay, R. Ben-Shachar, et al., “Concurrent Tissue 
and Circulating Tumor DNA Molecular Profiling to Detect Guideline-
Based Targeted Mutations in a Multicancer Cohort,” JAMA Network 
Open 7, no. 1 (2024): e2351700, https://​doi.​org/​10.​1001/​jaman​etwor​
kopen.​2023.​51700​.

3. D. Stetson, P. Labrousse, H. Russell, et al., “Next-Generation Molec-
ular Residual Disease Assays: Do We Have the Tools to Evaluate Them 
Properly?,” Journal of Clinical Oncology 42, no. 23 (2024): 2736–2740, 
https://​doi.​org/​10.​1200/​JCO.​23.​02301​.

4. E. Sánchez-Herrero, R. Serna-Blasco, L. de Robado Lope, V. González-
Rumayor, A. Romero, and M. Provencio, “Circulating Tumor DNA as 
a Cancer Biomarker: An Overview of Biological Features and Factors 
That May Impact on ctDNA Analysis,” Front Oncologia 12 (2022): 
943253, https://​doi.​org/​10.​3389/​fonc.​2022.​943253.

5. S. Torresan, M. de Scordilli, M. Bortolot, et al., “Liquid Biopsy in Col-
orectal Cancer: Onward and Upward,” Critical Reviews in Oncology/He-
matology 194 (2024): 104242, https://​doi.​org/​10.​1016/j.​critr​evonc.​2023.​
104242.

6. A. Armakolas, M. Kotsari, and J. Koskinas, “Liquid Biopsies, Novel 
Approaches and Future Directions,” Cancers 15, no. 5 (2023): 1579, 
https://​doi.​org/​10.​3390/​cance​rs150​51579​.

7. P. M. Kasi, G. Fehringer, H. Taniguchi, et  al., “Impact of Circulat-
ing Tumor DNA–Based Detection of Molecular Residual Disease on the 
Conduct and Design of Clinical Trials for Solid Tumors,” JCO Precision 
Oncology 6, no. 6 (2022): e2100181, https://​doi.​org/​10.​1200/​PO.​21.​00181​.

8. Group FNBW, “Glossary,” in BEST (Biomarkers, EndpointS, and 
Other Tools) Resource (Food and Drug Administration (US), 2021).

9. “Circulating_Tumor_DNA_in_Development_of_Therapies_for_
Cancer-Evidentiary_Roadmap.pdf,” accessed October 21, 2024, https://​
frien​dsofc​ancer​resea​rch.​org/​wp-​conte​nt/​uploa​ds/​Circu​lating_​Tumor_​
DNA_​in_​Devel​opment_​of_​Thera​pies_​for_​Cance​r-​Evide​ntiary_​
Roadm​ap.​pdf.

10. P. G. Febbo, M. Allo, E. B. Alme, et al., “Recommendations for the 
Equitable and Widespread Implementation of Liquid Biopsy for Cancer 
Care,” JCO Precision Oncology 8 (2024): e2300382, https://​doi.​org/​10.​
1200/​PO.​23.​00382​.

https://doi.org/10.1038/nature12065
https://doi.org/10.1038/nature12065
https://doi.org/10.1001/jamanetworkopen.2023.51700
https://doi.org/10.1001/jamanetworkopen.2023.51700
https://doi.org/10.1200/JCO.23.02301
https://doi.org/10.3389/fonc.2022.943253
https://doi.org/10.1016/j.critrevonc.2023.104242
https://doi.org/10.1016/j.critrevonc.2023.104242
https://doi.org/10.3390/cancers15051579
https://doi.org/10.1200/PO.21.00181
https://friendsofcancerresearch.org/wp-content/uploads/Circulating_Tumor_DNA_in_Development_of_Therapies_for_Cancer-Evidentiary_Roadmap.pdf
https://friendsofcancerresearch.org/wp-content/uploads/Circulating_Tumor_DNA_in_Development_of_Therapies_for_Cancer-Evidentiary_Roadmap.pdf
https://friendsofcancerresearch.org/wp-content/uploads/Circulating_Tumor_DNA_in_Development_of_Therapies_for_Cancer-Evidentiary_Roadmap.pdf
https://friendsofcancerresearch.org/wp-content/uploads/Circulating_Tumor_DNA_in_Development_of_Therapies_for_Cancer-Evidentiary_Roadmap.pdf
https://doi.org/10.1200/PO.23.00382
https://doi.org/10.1200/PO.23.00382


9 of 9

11. S. A. Cohen, M. C. Liu, and A. Aleshin, “Practical Recommenda-
tions for Using ctDNA in Clinical Decision Making,” Nature 619, no. 
7969 (2023): 259–268, https://​doi.​org/​10.​1038/​s4158​6-​023-​06225​-​y.

12. B. J. Druker, “Translation of the Philadelphia Chromosome Into 
Therapy for CML,” Blood 112, no. 13 (2008): 4808–4817, https://​doi.​org/​
10.​1182/​blood​-​2008-​07-​077958.

13. J. Pascual, G. Attard, F. C. Bidard, et al., “ESMO Recommendations 
on the Use of Circulating Tumour DNA Assays for Patients With Can-
cer: A Report From the ESMO Precision Medicine Working Group,” 
Annals of Oncology 33, no. 8 (2022): 750–768, https://​doi.​org/​10.​1016/j.​
annonc.​2022.​05.​520.

14. Oncology Center of Excellence, “Use of Circulating Tumor Deoxy-
ribonucleic Acid for Early-Stage Solid Tumor Drug Development; Draft 
Guidance for Industry; Availability,” May 2, 2022, accessed October 21, 
2024, https://​www.​fda.​gov/​regul​atory​-​infor​mation/​searc​h-​fda-​guida​
nce-​docum​ents/​use-​circu​latin​g-​tumor​-​deoxy​ribon​uclei​c-​acid-​early​-​
stage​-​solid​-​tumor​-​drug-​devel​opmen​t-​draft​-​guidance.

15. J. Xi, C. X. Ma, and J. O'Shaughnessy, “Current Clinical Utility of 
Circulating Tumor DNA Testing in Breast Cancer: A Practical Ap-
proach,” JCO Oncology Practice 20, no. 11 (2024): 1460–1470, https://​
doi.​org/​10.​1200/​OP.​24.​00274​.

16. F. Battaglin and H. J. Lenz, “Clinical Applications of Circulating 
Tumor DNA Profiling in GI Cancers,” JCO Oncology Practice 20, no. 11 
(2024): 1481–1490, https://​doi.​org/​10.​1200/​OP.​24.​00167​.

17. J. Kim, S. P. Hong, S. Lee, et al., “Multidimensional Fragmentomic 
Profiling of Cell-Free DNA Released From Patient-Derived Organoids,” 
Human Genomics 17, no. 1 (2023): 96, https://​doi.​org/​10.​1186/​s4024​6-​
023-​00533​-​0.

18. H. J. Kwon, S. H. Shin, H. H. Kim, et al., “Advances in Methylation 
Analysis of Liquid Biopsy in Early Cancer Detection of Colorectal and 
Lung Cancer,” Scientific Reports 13, no. 1 (2023): 13502, https://​doi.​org/​
10.​1038/​s4159​8-​023-​40611​-​w.

19. W. Yu, J. Hurley, D. Roberts, et al., “Exosome-Based Liquid Biopsies 
in Cancer: Opportunities and Challenges,” Annals of Oncology 32, no. 4 
(2021): 466–477, https://​doi.​org/​10.​1016/j.​annonc.​2021.​01.​074.

20. M. J. M. Magbanua, L. B. Swigart, H. T. Wu, et  al., “Circulating 
Tumor DNA in Neoadjuvant-Treated Breast Cancer Reflects Response 
and Survival,” Annals of Oncology 32, no. 2 (2021): 229–239, https://​doi.​
org/​10.​1016/j.​annonc.​2020.​11.​007.

21. K. DeCarli, A. Bradbury, A. M. Lopez, et al., “Ethical and Clinical 
Considerations in Ordering and Responding to Molecular Diagnostics 
and Circulating Tumor DNA as the Science Evolves,” JCO Oncology 
Practice 20, no. 11 (2024): 1508–1514, https://​doi.​org/​10.​1200/​OP-​24-​
00481​ 2024.

22. T. Reinert, L. M. S. Petersen, T. V. Henriksen, et  al., “Circulating 
Tumor DNA for Prognosis Assessment and Postoperative Management 
After Curative-Intent Resection of Colorectal Liver Metastases,” Inter-
national Journal of Cancer 150, no. 9 (2022): 1537–1548, https://​doi.​org/​
10.​1002/​ijc.​33924​.

23. P. J. Vellanki, S. Ghosh, A. Pathak, et al., “Regulatory Implications 
of ctDNA in Immuno-Oncology for Solid Tumors,” Journal for Immu-
notherapy of Cancer 11, no. 2 (2023): e005344, https://​doi.​org/​10.​1136/​
jitc-​2022-​005344.

24. B. Schneider, “A Phase II Circulating Tumor DNA Enriched, Ge-
nomically Directed Post-Neoadjuvant Trial for Patients With Residual 
Triple Negative Breast Cancer (PERSEVERE),” 2024 accessed October 
21, 2024, https://​clini​caltr​ials.​gov/​study/​​NCT04​849364.

25. H. Ding, M. Yuan, Y. Yang, and X. S. Xu, “Identifying Key Circu-
lating Tumor DNA Parameters for Predicting Clinical Outcomes in 
Metastatic Non-Squamous Non-Small Cell Lung Cancer After First-
Line Chemoimmunotherapy,” Nature Communications 15, no. 1 (2024): 
6862, https://​doi.​org/​10.​1038/​s4146​7-​024-​51316​-​7.

https://doi.org/10.1038/s41586-023-06225-y
https://doi.org/10.1182/blood-2008-07-077958
https://doi.org/10.1182/blood-2008-07-077958
https://doi.org/10.1016/j.annonc.2022.05.520
https://doi.org/10.1016/j.annonc.2022.05.520
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/use-circulating-tumor-deoxyribonucleic-acid-early-stage-solid-tumor-drug-development-draft-guidance
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/use-circulating-tumor-deoxyribonucleic-acid-early-stage-solid-tumor-drug-development-draft-guidance
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/use-circulating-tumor-deoxyribonucleic-acid-early-stage-solid-tumor-drug-development-draft-guidance
https://doi.org/10.1200/OP.24.00274
https://doi.org/10.1200/OP.24.00274
https://doi.org/10.1200/OP.24.00167
https://doi.org/10.1186/s40246-023-00533-0
https://doi.org/10.1186/s40246-023-00533-0
https://doi.org/10.1038/s41598-023-40611-w
https://doi.org/10.1038/s41598-023-40611-w
https://doi.org/10.1016/j.annonc.2021.01.074
https://doi.org/10.1016/j.annonc.2020.11.007
https://doi.org/10.1016/j.annonc.2020.11.007
https://doi.org/10.1200/OP-24-00481
https://doi.org/10.1200/OP-24-00481
https://doi.org/10.1002/ijc.33924
https://doi.org/10.1002/ijc.33924
https://doi.org/10.1136/jitc-2022-005344
https://doi.org/10.1136/jitc-2022-005344
https://clinicaltrials.gov/study/NCT04849364
https://doi.org/10.1038/s41467-024-51316-7

	Establishing a Common Lexicon for Circulating Tumor DNA Analysis and Molecular Residual Disease: Insights From the BLOODPAC Consortium
	ABSTRACT
	1   |   Introduction
	2   |   General Terminology for MRD
	3   |   Approaches to ctDNA Assay Development for MRD Detection
	4   |   Reporting Terms in MRD Testing
	5   |   Sample Acquisition Timepoints for MRD
	6   |   Outlook for Clinical Study Use Cases for ctDNA and MRD Detection
	Acknowledgments
	Conflicts of Interest
	References


