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Precision oncology has become increasingly important in
the diagnosis and management of patients with cancer.
With these advances, liquid biopsies have shown promise
as a minimally invasive means to diagnose cancer, detect
resistance mutations and monitor tumor evolution, pre-
dict relapse, provide prognosis, and guide treatment
decisions.

Although many potential liquid biopsy analytes exist,
including circulating tumor RNA, cell-free micro RNA, and
exosomes, circulating tumor cells (CTCs) and circulating
tumor DNA (ctDNA) have emerged as the most common
analytes currently tested in clinical care [1]. Measurement
of ctDNA via a liquid biopsy test offers a minimally inva-
sive means to obtain valuable information on a tumor
without depending on invasive procedures such as tissue
biopsies that are not always possible to perform safely
[2]. In addition, liquid biopsies can potentially capture
multiple tumor clones and acquired mutations over the
course of therapy and offer a faster turnaround time rela-
tive to traditional tissue biopsy or imaging methods. Cur-
rently, there are two U.S. Food and Drug Administration
(FDA)–approved ctDNA-based companion diagnostic tests
essential for the safe and effective use of certain drugs:
the cobas epidermal growth factor receptor (EGFR) muta-
tion test V2 (Roche) to detect EGFR mutations in non-small
cell lung cancer and the therascreen PIK3CA RGQ PCR kit
(QIAGEN, Hilden, Germany) to detect PIK3CA mutations in
breast cancer.

However, key uncertainties with liquid biopsies still
remain, including determination of standardized preanalytical
criteria (e.g., timing of collection, collection tubes, extraction
methods) and analytical criteria (e.g., determination of ctDNA
or CTC positivity, assay cutoffs), the extent to which samples
accurately reflect the heterogeneity of a tumor and its

subclones, reproducibility of results across different plat-
forms, different shedding based on tumor type and stage of
disease, potential high false positive rate because of clonal
hematopoiesis of indeterminate potential variants, and appli-
cability to guide treatment decisions. Understanding the dif-
ferences between normal genetic variation and potential
precancer variant levels will also be essential if these tests
are to be used for screening applications. Despite all the pro-
gress in liquid biopsy technology, a recent joint review from
the American Society of Clinical Oncology and the College of
American Pathologists in 2018 concluded that there was still
insufficient evidence of clinical validity and utility for the
majority of ctDNA assays in advanced cancer [3]. Currently,
preanalytical variables are not standardized, and analytical
validity and clinical utility of liquid biopsies vary across testing
platform and disease type.

Potential applications of liquid biopsy in disease man-
agement include early cancer detection [4], assessment of
residual disease [5, 6], monitoring for recurrence for those
in remission [7], use in selection of patients for drugs [8, 9],
and monitoring clonal evolution or response in the meta-
static setting [10]. However, there is a range of level of
development of liquid biopsies for use in these different
clinical scenarios, with some more nascent in technology
and clinical use (e.g., screening) and some already with
companion diagnostics approved (e.g., patient selection).

To address these complexities, the 2019 Accelerating
Anticancer Agent Development Workshop assembled a panel
of experts for an in-depth discussion session entitled “Liquid
Biopsy: State of the Science and Future Directions.” This
panel presented assessments of the potential and challenges
faced by various stakeholders such as the FDA, clinicians,
industry, and patients for the widespread use of liquid biopsy
testing.
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CHALLENGES AND EFFORTS TO STANDARDIZE ctDNA
Stakeholders in the oncology community have recognized
the importance of standardizing procedures and guidelines
involved with liquid biopsy technology. For example, the
Foundation for the National Institutes of Health manages
The Biomarker Consortium, whose mission is to encourage
collaboration between the public and private sector to accel-
erate the development of biomarker-based technologies
[11]. Their ctDNA quality control material project has the
intent to develop and validate control materials for testing to
ultimately enable its use to assess the performance of a
laboratory’s ctDNA reagents, technology, and methodology
to assure analytical validity of results. In addition, the gener-
ated materials could potentially serve as a reference for com-
parison with other labs or assays. The Blood Profiling Atlas in
Cancer Consortium has a goal to develop standardized ana-
lytical validation protocols and preanalytical variables that
will aid in the development and validation of these emerging
technologies. Both consortia have consulted with the FDA to
help identify pathways toward achieving these objectives.

The ultimate goal for the standardization of liquid
biopsy technology is to provide more confidence in inter-
preting ctDNA assay results across various tests. This would
be a key step to ensuring more effective regulatory evalua-
tion and clinical certainty for the use of these assays.

REGULATORY AND CLINICAL TRIAL CONSIDERATIONS

From the regulatory and clinical trial perspective, liquid
biopsies such as CTCs or ctDNA can be used as a biomarker
(measured as an indicator of normal biologic processes,
pathogenic processes, or responses to an exposure or inter-
vention, including therapeutic interventions) [12]. Use of
liquid biopsy as a diagnostic biomarker would entail detec-
tion or confirmation of a disease or condition of interest
based on the biopsy result. Use as a prognostic biomarker
would identify the likelihood of a clinical event (e.g., disease
recurrence or progression), thus aiding in the predetermina-
tion of the natural history of disease. For example, a prog-
nostic biomarker of ctDNA in an adjuvant cancer setting
might allow for use as a stratification factor or as selection of

an enriched high-risk population in which drug development
could be pursued. Use of liquid biopsy as a putative surro-
gate endpoint or efficacy-response biomarker would require
a large body of evidence demonstrating biologic plausibility,
demonstration of prognostic value of the surrogate endpoint
for the clinical outcome, and evidence from clinical trials
(or meta-analysis) that the treatment effects on the bio-
marker correlate to the clinical outcome. Another use as an
efficacy-response biomarker could be for go or no-go deci-
sion making earlier on in drug development. A predictive bio-
marker would allow identification of patients who would be
likely to demonstrate a favorable or unfavorable effect from
a drug. If results of a clinical study demonstrate that detec-
tion of a biomarker is essential for the safe and effective use
of such a drug, then a companion diagnostic would be
required. Diagnostic tests may also be appropriate when
research demonstrates that a biomarker is not essential but
would aid in the risk benefit determination of a drug. A mon-
itoring biomarker would use a liquid biopsy result measured
serially to detect a change in the extent or degree of disease
or could also allow for resistance mutation detection.

Analytic validation of an assay detecting a liquid biopsy ana-
lyte is critical in the regulatory assessment of any test or drug
development program and includes various performance char-
acteristics of the assay including but not limited to the assay
specificity and sensitivity, how reproducible and precise the test
is, limit of detection of the assay, how accurate the test is when
compared with a validated reference/orthogonal method, and
the stability of reagents and specimen. Clinical validation of a
given assay depends on the specific assay claims. For a com-
panion diagnostic (CDx) claim, where a test is essential for the
safe and effective use of the corresponding therapeutic, if a
clinical trial assay is used for selection of patients in the trial
and if this assay is different from the final CDx assay, then a
bridging study is necessary to demonstrate that the final CDx
assay is safe and effective for use of the drug.

OUTLOOK ON LIQUID BIOPSIES

Liquid biopsies undoubtedly will continue to become more
important in the management of malignancies and in the

Figure 1. Potential applcations of ctDNA assays and regulatory considerations.
Abbreviations: CHIP, clonal hematopoiesis of indeterminate potential; ctDNA, circulating tumor DNA.
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support of drug approval. Future applications of ctDNA are
expected to include early cancer detection and screening,
(neo)adjuvant treatment selection for high-risk patients,
prognosis and monitoring of residual disease and recur-
rence, and use as a tool to follow clonal evolution (Fig. 1).
However, there remains uncertainty of the biological levels
of ctDNA among different tumor types, in early- versus late-
stage patients, and other various clinical scenarios in which
these levels have not yet been characterized. There is also
much work to be accomplished to standardize procedures
and guidelines related to liquid assay design and meeting
rigorous regulatory standards. As these areas are further

developed, the true potential of ctDNA to inform clinical
decision making may be realized.
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