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In clinical medicine, tissue biopsy is a standard procedure involving the
removal of sample cells or tissues for examination. A few years ago, the
term “liquid biopsy” (LB) was coined'? to describe the use of circulating
tumor cells (CTCs) as candidate tumor biomarkers in breast cancer. The
existence of CTCs is not new, as their presence in the bloodstream was
already documented in the middle of the 20th century.®

Originally reserved for the measurement of tumor cells or nucleic acids
circulating in the blood, the term LB has now broadened to include the
measurement of a variety of biomarkers in bodily fluids, such as urine,
saliva, and cerebrospinal fluid (CSF). Recent advances in technology
enable LBs to examine a spectrum of matrices, from CTCs and
circulating tumor DNA (ctDNA) to soluble proteins, cell-free (CfDNA),
cell-free RNA (cfBNA), and exosomes.

LB research has undergone an exponential evolution with rapid
implementation in clinical practice. Some authors and clinical
associations have proposed the introduction of LB in diagnosis* and
treatment protocols, and different commercial systems have received
government approval for clinical use.

In this review we explore the opportunities and challenges associated
with LB and will focus on the following:

B The role of LB in relapsed or refractory solid tumors

B The role of LB in early-stage disease and minimal residual
disease, and its potential application in drug-development

Selection of biological markers for CTC detection
Application of CTC-based LB in a Phase 3 Trial

An overview of Precision for Medicine

Conclusions and future perspectives



The role of LB in relapsed or refractory solid tumors

Cancer is a spatially and temporally dynamic associated with unacceptable procedural risks.
disease displaying substantial differences between
primary and metastatic tissues and intratumor
heterogeneity, which may lead to underestimation
of the genomics landscape portrayed by a

single tumor biopsy.® Though deemed the gold
standard, imaging-guided biopsy of metastatic
solid tumors is invasive, not amenable to
repetition, and might be technically unfeasible or

LB, mainly encompassing ctDNA and CTCs, is
swiftly advancing as a noninvasive complement—
even often an alternative tool—to tumor

biopsy and represents a paradigm shift for
detecting tumor-specific genetic and epigenetic
abnormalities and monitoring treatment response
and resistance (see Figure 1).
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Comparison of traditional tissue biopsy and LB, with the advantages that LBs have
gained over traditional invasive tissue methods over the past decade.
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The relapsed or refractory solid tumor setting

is where LB provides the best clinical utility

by guiding therapeutic decisions, informing

trial eligibility for new drugs, and differentiating
subjects who may benefit from dose escalation
or early discontinuation strategies. Traditionally,
Phase 1 trials of novel agents have recruited
patients with all solid tumor types, whereas
contemporary studies increasingly restrict accrual
to specific molecular profiles in tumor-agnostic or
tumor-informed settings.

CtDNA is tumor-derived DNA that is composed
of small fragments of nucleic acid that are not
associated with cells or cell fragments, and it

is protected from blood nucleases by histones.
CtDNA carries tumor-related alterations,

which can be detected with next-generation
sequencing (NGS) and polymerase chain reaction
(PCR)-based methodologies.®” Extensive and
carefully controlled trials have shown elevated
concordance rates (up to 90%) between plasma
and tissue samples obtained concomitantly.
Though wildly varying among subjects, ctDNA
levels in individual patients correlate well with
dynamic changes in tumor burden and may
detect clonal heterogeneity in metastatic
progression, which would not be captured by a
single tumor specimen.® For instance, genomic
profiling of more than 3,000 patients with
metastatic castration-resistant prostate cancer
found consistently increased ctDNA levels in those
progressing on multiple treatment lines, likely
representing a greater disease burden. In addition,
the concordance rates between plasma ctDNA
and patient-matched tumor specimens were
greater with contemporary than with older tissue
biopsies, highlighting the ability of ctDNA to track
genomic alterations as they evolve with therapy.®

Treatment resistance commonly follows tumor
response to targeted therapies. For oncogene-
addicted tumors, ctDNA may quickly detect
emerging genetic alterations linked to primary or
acquired resistance to targeted agents and be
used to tailor newer-generation therapies in highly
and rapidly progressing metastatic patients. For
instance, though lung cancer patients typically
respond to first- or second-generation epidermal
growth factor receptor (EGFR) tyrosine kinase
inhibitors (TKIs), the majority inevitably relapse
within 1 year. Genomic profiling of relapsed tumors
has revealed that most cases acquire a TKI-
resistance mutation (T790M), which prevents TKI
blockade by increasing adenosine triphosphate
(ATP) affinity and steric hindrance. Irreversible
third-generation TKls can target both sensitizing
EGFR mutations and T790M, and the assessment
of EGFR mutations in ctDNA is now routinely
included in the lung cancer workflow.

For non-oncogene—addicted cancers, tumor
mutational burden (TMB) quantified by ctDNA is
actively being investigated as a predictive marker
for response to immune checkpoint inhibitors
(IClIs). Recently, an analysis of 2 independent
cohorts of relapsed or refractory lung cancer
patients receiving ICls showed that blood TMB
correlated well with matched tissue TMB and with
tumor response and progression-free survival.®
Still, rapid ctDNA clearance or decline has been
associated with prolonged progression-free and
overall survival, confirming that ctDNA may be
an early predictor of outcome after treatment
with ICls.’®'2 Responses to ICls may also be
challenging to interpret because tumors often
shrink slowly or can appear transiently enlarged
due to inflammation (pseudoprogression).
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Therefore, another scenario where ctDNA may be
helpful is for distinguishing true progression from
pseudoprogression, which has a 10% incidence
in solid tumors after ICI therapy.™

In contrast to standard serum tumor markers
that have half-lives of days to weeks, ctDNA has
a short half-life (2.5 hours or less), which can be
advantageous for quantifying real-time tumor
burden in response to therapy.' Intriguingly,
mounting evidence shows that molecular
response can be detected earlier than radiological
response using quantitative ctDNA analysis,
thus accelerating the identification of responder
and non-responder cases.' In ovarian cancer
patients, baseline levels and post-treatment
ctDNA decreases significantly correlated with
progression-free survival, making them more
informative than serum cancer antigen (CA) 125
levels.'® Conversely, an early increase in ctDNA
has been reported to correlate with disease
progression in metastatic breast cancer patients,
with an average lead time of 5 months before
radiological progression and increased accuracy
compared to serum markers such as CA15-3.""
In colorectal cancer patients, KRAS mutations
have been discovered by ctDNA analysis as a
mechanism of emerging resistance to anti-EGFR
therapy. Of note, ctDNA assessment anticipated
the emergence of KRAS-resistant subclones with
a 10-month lead time versus imaging
progression.'® Numerous other studies have
reported that while ctDNA analysis cannot yet fully
replace tumor imaging, it may provide an earlier
tumor response assessment than traditional
imaging evaluation.'®

Notwithstanding the dramatic efficacy noted in

some subjects receiving chimeric antigen receptor
(CAR)-T cells, many patients will not achieve a
complete response or relapse. Thus, the ability
of ctDNA to identify individuals at high risk for
relapse or toxicity earlier in their therapy course
would be of value. In one study, ctDNA analysis
was successful in detecting a tumor clonotype in
96% of relapsed or refractory lymphoma patients
receiving CAR-T cells. High baseline ctDNA
levels were associated with tumor progression
and cytokine release syndrome or neurotoxicity.
Overall, 70% of durably responding versus 13%
of progressing patients exhibited undetectable
CtDNA levels 1 week after infusion, with high
ctDNA levels detected before radiological relapse
in 94% of cases. All durably responding

patients had undetectable ctDNA within

3 months of infusion.?®

CTCs only recently gained considerable traction
beyond their approved use as prognostic markers
in several tumor types a decade ago. While
ctDNA concentration is commonly associated
with tumor burden, mechanisms governing tumor
cell invasion, migration, and extra- or intravasation
do not evoke an obligatory link to tumor size.
Small primary tumors can metastasize, while large
tumors do not always do so. The differing, albeit
incompletely understood, underlying mechanisms
resulting in ctDNA shedding and CTC
dissemination emphasize the complementarity

of these distinct LB approaches. Notably, CTCs
also can measure proteins such as programmed
death-ligand 1 (PD-L1) expression.?!

For precision oncology implementation, it is
crucial to detect molecular markers that enable
prognosis estimation, predict treatment response
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or resistance, and guide therapy choice by
characterizing somatic alterations involved in
tumor progression.

Precision for Medicine’s ApoStream technology
has the ability to measure multiple proteins to
phenotype/characterize CTCs into EPI (CTCs
positive for epithelial markers) or EMT (CTCs
positive for mesenchymal markers). Even more
important is the ability to measure one or multiple
biomarkers of interest so assays can be run

at multiple timepoints for pharmacodynamics
purposes. From a clinical research perspective,
there is interest in validating these assays to select
patients for enrollment, and eventually, in bringing
the assay to a companion diagnostic (CDx) level.
One of these examples is human epidermal
growth factor receptor 2 (HER2) programs
(especially after the new low-HER2 findings). On
the genomics side, Precision for Medicine has the
ability to run a variety of assays (PCR, NGS, etc)
on CTCs in bulk or with single-cell resolution.

In the relapsed or refractory setting, the role of
ctDNA as an efficacy or toxicity biomarker could
be particularly beneficial for go/no-go decisions
in early-stage drug development. In addition, as
a predictive marker, ctDNA would allow the rapid
identification of subjects who are most likely to
derive benefit from an experimental drug and
facilitate the development of a CDx.

The role of LB in early-
stage disease and minimal
residual disease, and its
potential application in
drug development

LB assays play an important role in the early
stages of drug development for targeting the
right treatment to the right patients at the right

time. There is now substantial data supporting
the analytic and clinical validity of LB for
implementation in routine practice for advanced
disease genotyping to predict the benefit of
target drugs.?>?324 In addition, a growing body
of evidence suggests that LB allows the non-
invasive analysis of any tumor-derived component
detected in a bodily fluid at a single point in time,
providing relevant prognostic and predictive
information in different phases of disease
progression, from diagnosis to evaluation of the
response to treatment.?425

Currently, there is particular interest in the use

of ctDNA to detect the presence of tumors in
patients with no clinically evident disease after
curative-intent treatment (molecular or minimal
residual disease [MRD] concept). The primary
application of ctDNA assay in early-stage cancer
treatment is its ability to identify MRD after primary
tumor resection, allowing researchers or clinicians
to determine which patients harbor residual
disease immediately after surgery or adjuvant
treatment and which patients have been cured

of their disease. As such, LB has the potential

to improve clinical decision-making in precision
oncology by enabling precise selection of not
only patients who could benefit from adjuvant
treatment after surgical resection from adjuvant
treatment, but also patients who are not likely to
benefit and could avoid undergoing potentially
toxic chemotherapy.”2%

Precision for Medicine recognizes the potential
of ctDNA MRD-based interventional clinical trials,
accommodating this personalization approach
for adjuvant/consolidation therapy. Based on
MRD assessment, the design may escalate or
de-escalate standard treatment, omit standard
treatment, direct systemic therapy after standard
adjuvant treatment, or measure response to
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adjuvant/consolidation therapy and escalate if
the standard of care is ineffective. Accordingly,
potential clinical trial endpoints for ctDNA MRD
studies include survival (overall survival or event-
free survival) compared with a control arm

or historical cohort, and ctDNA clearance or

change in ctDNA concentration (see Figure 2).
Furthermore, ctDNA clearance may serve as an
endpoint to assess the effectiveness of treatment,
providing an opportunity for genome-based
therapy before rapid disease progression.?”:2

Figure 2: Examples of clinical trial designs based on ctDNA MRD.
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Across cancer types, the clinical specificity of
ctDNA detection for predicting relapse in the
absence of further treatment is high, often >90%
if no further treatment is administered after the
positive test result. MRD-positive patients might
benefit the most from additional treatment.

Data from early-stage lung and bladder cancer
suggest that the benefit of adjuvant/consolidation
immunotherapy is potentially restricted to ctDNA-
positive patients.?%%°

The recent introduction of ICI studies as part of
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consolidation treatment for patients with stage
Il non-small cell lung cancer (NSCLC) allowed
assessment of the ability of ctDNA to predict
patients’ response to adjuvant ICl. Data analysis
showed a large group of patients who did not
benefit from ICI addition. Moreover, more than
30% of those patients experienced at least one
grade 3 or 4 adverse event. Therefore, the first
results showed that ctDNA-negative patients
did not benefit from ICI consolidation (after
chemoradiation) compared to those with no
further treatment, suggesting that ctDNA testing
would help spare this therapy to patients who are
unlikely to respond.3"2

Multiple early-stage breast cancer studies
detecting and monitoring ctDNA showed that
high ctDNA levels prior to neoadjuvant treatment
were associated with tumor size, aggressivity,
and lower pathological complete response (pCR)
rates, while clearance of ctDNA after treatment
was associated with longer survival even in
patients who did not achieve pCR.%34

In a locally advanced gastroesophageal
adenocarcinoma study, pretreatment ctDNA-
positive patients showed non-variable shorter
disease-free survival after curative-intent resection
than those who had negative ctDNA resullts.
Therefore, resolution or persistence of ctDNA
helped predict nonrecurrence and recurrence of
disease respectively.®5%

A prospective ctDNA-guided study in adjuvant
stage Il colorectal cancer demonstrated that

a ctDNA-based approach was non-inferior to
standard management with respect to 2-year
recurrence-free survival and less chemotherapy
use in the ctDNA-guided group (15% vs 28%)

in comparison with the standard-management
group.¥” This study marks a paradigm improving

precision oncology treatment for stage Il colorectal
cancer patients. Also, it highlighted the concept
and application of MRD assessment, the potential
clinical implementation of which will be established
with the results of similar ongoing studies.

LB, and more specifically ctDNA assays, are in
high demand in new clinical trials, especially in
situations where tissue biopsies are suboptimal
or time is crucial. Thus, as more evidence
accumulates, it is critical to continue prospective
clinical trial work to confirm ctDNA MRD as a
strong predictive biomarker and whether ctDNA
MRD detection after solid tumor surgery or
chemoradiation can be used to personalize
treatment decision-making. The Precision

for Medicine team enhances this tool and its
impact on drug development—the opportunity to
improve patient survival outcomes in the era of
precision medicine.

Selection of biological
markers for CTC detection

Currently, there is no standard or consensus on
criteria for the “right” or “best” marker for CTC
detection. Optimally, the selected CTC marker
would be expressed only on CTCs, and it would
be expressed throughout the progression of the
disease. The most commonly used markers are
epithelial lineage markers for positive selection,
nuclear markers for negative selection of red
blood cells and platelets, counterstain markers for
negative selection, and disease-specific markers.
To be effective, disease-specific markers should
be more highly expressed in cancer cells than in
normal cells. However, it has been shown that
de-differentiation and subsequent loss of tumor-
specific markers may occur in aggressive cancers
that have CTCs.
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Application of CTC-based
LB in a Phase 3 trial

A few years ago, Precision for Medicine was
involved in the BEACON Trial, a large Phase 3
study comparing a long-acting topoisomerase-1
inhibitor (etirinotecan pegol [EP]) against treatment
via physician’s choice (TPC) in advanced breast
cancer patients who had previously been treated
with anthracycline, taxane, and capecitabine.
CTCs were successfully isolated from 97% of the
1,431 blood samples collected throughout the
study using ApoStream, Precision for Medicine’s
proprietary CTC platform. This technology uses a
dielectrophoresis-based, antibody-independent
separation approach to isolate and enrich

CTCs for downstream analysis using multiplex
immunofluorescence (mIF), NGS, fluorescence

in situ hybridization (FISH) or ISH, in vitro

assays, and even animal models (see Figure 3).

ApoStream® can also be used to isolate other
rare cell types, including stem cells, progenitors,
and differentiated immune cells such as CAR-T
cells and other difficult-to-identify immune

cell populations.

Using multiplex immunofluorescence, the CTCs
were analyzed for a number of markers—
topoisomerase 1 (Top1), topoisomerase 2 (Top2),
Ki67, RAD51, ABCG2, yH2AX, and terminal
deoxynucleotidyl transferase-mediated dUTP
nick end labeling (TUNEL). Results showed the
EP-treated patients with low Top1 expression

in CTCs on cycle 2 day 1 (C2D1) had improved
overall survival (OS) compared with those with
higher positivity (see Figure 4), suggesting that
CTC Top1 expression following EP treatment may
identify patients who are most likely to have an
OS benefit.®®

Figure 3: CTC isolation and enrichment enable multiple assays from a single tube.
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Figure 4: Low Top1 expression on C2D1 correlates with improved OS in advanced breast

cancer patients treated with EP.
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An overview of
Precision for Medicine

As an end-to-end solution for biomarker-driven
studies, Precision for Medicine leverages the
combined power of trials, labs, and data to

drive development. We integrate clinical trial
execution with deep scientific knowledge,
specialty laboratory expertise, and advanced
data sciences to maximize insights into patient
biology and accelerate the pace of discovery and
approval. Precision for Medicine helps advance
the most challenging clinical development
programs by leveraging a unique blend of
proprietary technologies, flexible processes, and
creative problem-solving abilities developed over
the course of more than 2 decades supporting
successful oncology, rare disease, and advanced
therapy trials.

5 10 15 20 25 30

Conclusions and
future perspectives

Until recently, the clinical applications of LB

were limited to assays targeting single genes.
Now, researchers are actively investigating the
use of LB for detecting cancer, screening for
disease recurrence, monitoring treatment, and
assessing residual disease at the molecular level.
As technologies continue to advance, the clinical
applications of LB will continue to expand across
therapeutic areas, enabling data-driven decision-
making and propelling precision medicine forward.
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