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ABSTRACT: Liquid biopsy has been gaining increased attention in recent years with its considerable potential in diagnostic,
predictive, screening, and prognostic assays in general oncology. Triple-negative breast cancer (TNBC) is the subtype of breast
cancer that presents no established target for treatment selection thus limiting strategies for treatment. With its high metastatic
potential, it has been identified to have a marked genetic instability and mutational burden. To date, traditional chemotherapy
and immunotherapy have been used to attempt tumor control; however, TNBC still illustrates a high risk of death and shows a
need for novel approaches that may be more effective. Liquid biopsy used at different time periods of TNBC treatment may help
to identify unique features that allow for the application of strategies to provide a better outcome. The ability to achieve such over
time is due to its ease of application with the ability to obtain information from a minimally invasive approach via blood draw.
With the interest to learn more about this technology in the context of TNBC, the objective of this study is to analyze the status
of liquid biopsy in TNBC patients through conducting a comprehensive review of current literature.

KEYWORDS: Translational Medical Sciences; Disease Detection and Diagnosis; Breast Cancer; Triple-Negative Breast
Cancer; Liquid Biopsy.

B |Introduction ing ctDNA. Although all biomarkers are still the subject of

Breast cancer is a pathological condition that occurs in the ongoing research, understanding their role in cancer behavior
breast tissue. As the number of breast cancer diagnoses substan- and the process of carcinogenesis is crucial to further develop
tially rises worldwide, the current and future role of oncologists efficient diagnostic and screening tools.
in the professional care of cancer patients is progressively chal- Through discussing published literature in the relevant land-
lenging. In fact, breast cancer has become the second leading scape, this review summarizes the latest findings on the clinical
cause of cancer deaths among women across the globe. application of ctDNA-based liquid biopsy technology in tri-

Triple-negative breast cancer (TNBC) is a subtype of breast ple-negative breast cancer, including its ultimate efficacy, early
cancer that lacks the fundamental receptors — estrogen, pro- diagnosis, personalized treatment, prognosis prediction, and
gesterone, and the overexpression of the human epidermal the future research progress of oncology technology.
growth factor receptor 2 (HER2) gene.? Such results indicate B Discussion
that TNBC does not respond to traditional hormonal therapy Understanding Triple-Negative Breast Cancer and the Tri-
medicines or the medicines that target the HER2 protein; the ple-Negative Paradox:
only effective therapeutic treatment for TNBC is chemother- Triple-negative breast cancer (TNBC) is a heterogeneous
apy.® Correspondingly, TNBC is known for its aggressive and disease that is estrogen receptor (ER) negative, progesterone
invasive nature, with low 5-year survival and a much higher receptor (PR) negative, and human epidermal growth factor
recurrence rate compared to hormone- or HER2-positive receptor 2 (HER2) negative (Figure 1), based on immuno-
breast cancers.* TNBC represents about 15% of all invasive histochemistry.® TNBC only affects 10-20% of the overall
breast cancers,” and it is proved to be more common in women breast cancer-positive population and 13 in 100,000 women
younger than 40 years of age, those of African or Hispanic de- yearly.>1!
scent,6 and with the presence of BRCA1 mutation.” In recent For now, established drugs such as trastuzumab or tamox-
years, the use of liquid biopsy and the sampling and analysis ifen which specifically apply to ER-, PR-, or HER2-positive
of circulating tumor DNA (ctDNA) or tumor cell fragments breast cancer seem unforeseeable in the clinical treatment of
from blood circulation,® was successfully tested with clinical TNBC.TNBC is characterized by its typical ductal histology,
trials in non-small cell lung cancer detection and treatments. high grade, high proliferation, and mitotic rates. It is asso-
Such findings contribute to a greater rate of early diagnosis ciated with poor prognosis, a high risk of local recurrence,
and play a notable role in early detection and cancer treatment. and poor disease-free and cancer-specific survival.? In fact,
It also aids the development of individualized therapy and the a previous study of 906 early-stage breast cancer patients
prediction of cancer prognosis. Several biomarkers have been demonstrated that the TNBC subtype and the increasing
obtained in previous findings such as exosomes, tumor-asso- number of cancer-positive lymph nodes are largely correlated
ciated antigens (TAAs), and tumor-associated autoantibodies with a superior local recurrence,' further indicating the high
(TAAbs);” among others, the most studied and used one be- malignancy of the disease. Other studies have also proven the
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risk for recurrence in TNBC patients is significantly higher
in the first 3 to 5 years after diagnosis than in patients with
PR- and ER-positive breast cancers. Another key contribut-
ing factor to TNBC’s malignancy is that it is not amenable
to current targeted therapies. Lack of estrogen, progesterone
receptors, and the overexpression of HER2 excludes tailored
therapeutic approaches with endocrine and HER2 targeted
therapies. With the absence of targets, the mainstay of treat-
ment has been with the use of cytotoxic chemotherapy and
more recently the incorporation of immune checkpoint in-
hibitors."* It has also been understood that in triple-negative
tumors, there is a clear benefit of introducing these agents at
diagnosis prior to surgery (neoadjuvant/preoperative chemo-
therapy) due to the high risk early on of metastases and the
aim of this treatment is to control local disease by reducing
local and distant recurrence.'

Tumor 2

Tumor 1

ER

PR

HER2

Figure 1: Tumor 1 is a triple-negative tumor (ER, PR, and HER2 negative)
whereas Tumor 2 is ER, PR, and HER2 positive. The image is an example
of stained breast cancer tissue; the brown color indicates the presence of ER,
PR, and HER2 receptors, which indicates the microscopic absence of the 3
key targeting receptors in TNBC.

The “paradox of TNBC" is that early on the disease is ex-
tremely chemotherapy responsive in general but the effects can
be short-lived as there are many patients who do enjoy the
reduction of disease but those who do not achieve complete
remission of cancer (referred to as a pathologic complete re-
mission or pCR) at the time of surgical resection after this
treatment, experience high rates of recurrence and death.'®
This paradox of TNBC is also used because the more ad-
ditional exposure to patients with TNBC after the initial
administration of cytotoxic chemotherapy, the more observa-
tions of relative resistance to chemotherapy in spite of initial
responsiveness. Additionally, patients with metastatic TNBC
rather than non-TNBC typically have poorer survival. The
CALGB 9342 study concluded that overall survival was sig-
nificantly shorter in those with TNBC compared with those
with other subtypes, despite a similar rate of objective response
and times to treatment failure.!” Furthermore, studies focusing
on patients with metastatic TNBC concluded a more rapid
progression during multiple rounds of chemotherapy, which
is another consolidative evidence of its high relapse rates and
low survival.®1?

TNBC’s extreme malignancy, poor prognosis, and high
recurrence rate further highlight an urgent need for more ef-
fective treatment options and more focused diagnostic tools to
assist early detection of the disease.

Circulating Tumor DNA in Triple-Negative Breast Cancer
Sample: Predictor of Prognosis:

Circulating tumor DNA (ctDNA) derived from tumors or
cancer cells is present in the cancer patients’ plasma. Essential-
ly, ctDNA is the extracellular DNA molecule (double-stranded
and mitochondrial DNA) that came from cells found in the
patients’ body fluids.*® Early studies showed that ctDNA pos-
sessed many cancer-associated molecular characteristics, such
as single-nucleotide mutations, methylation changes and can-
cer-derived viral sequences, and therefore were considered to
be derived from tumor tissue. These findings were significant
for the development of future ctDNA detection technology.
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Figure 2: The process of liquid biopsy ctDNA analysis.

Initially described in 1948, both diseased and normal cells
release circulating cell-free DNA (¢fDNA) into circulation
through active and passive transport. Typically, fDNA is frag-
mented and its length strands suggest that DNA is released
into the bloodstream through cell death.? In healthy individ-
uals, cfDNA is thought to be mainly of hematopoietic origin
and is usually found at lower levels (approximately 1-10 ng/
mL of plasma). However, patients with cancer can have levels
5 to 10 times those of healthy individuals. There is evidence
that a proportion of fragmented DNA is derived from the tu-
mor itself; this phenomenon is termed circulating tumor DNA
(ctDNA). The seminal research by Stroun revealed that ctD-
NA fragments harbor similar genomic alterations as a patient’s
tumor. Since then, others have detected ctDNA in various sol-
id malignancies. Intriguingly, tumor-derived DNA fragments
appear to be sizably smaller (approximately 143 to 145 bp)
than the normal ¢fDNA fragment-size distribution (peaks
around 166 bp). Therefore, genomic changes, epigenetic mark-
ers, and fragment size can be used to detect the presence of
ctDNA in the circulation and to infer the tissue of origin.?’

The majority of available studies on the use of ctDNA
deal with genetic analysis and mutation detection. The anal-
ysis of ctDNA (Figure 2) is often discussed in the context of
the non-invasive approach to mutation detection that leads
to mechanism resistance and therapeutic management in pa-
tients.” With the development of highly sensitive methods
and the ability to interrogate a large quantity of genes, sub-
stantial advancements have been made in this area of cancer
detection. Interestingly, such a method is also used to analyze
different features of the sample’s DNA, such as methylation
status, size fragment patterns, transcriptomics, and viral load,*!
which opens new paths for analyzing samples of liquid biopsy
from cancer patients.

Patient
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Past clinical investigations of ctDNA-based liquid biopsy
present major success in non—small cell lung cancer, where
examination and diagnosis of peripheral blood with tumor
antigens are routinely used in clinical examinations.”** In the
TRACERXx study, results showed that ctDNA could be de-
tected up to 6-12 months prior to a lung cancer diagnosis
with imaging, because cancer-related chemical abnormalities
and genetic mutation precede the appearance of detectable
abnormalities, such as visible masses, in chest imaging.”*
This significantly reduces or even possibly eliminates the
risk of exposure to radiation by multiple follow-up imaging
for stable lung lesions and reduces high false-positive rates
and overdiagnosis seen in imaging screening.”> As a result,
with previous evidence of success, liquid biopsy is emerging
as a promising method for disease progression identification
for cancer after adjuvant treatments or surgery, as well as the
longitudinal monitoring for therapy response and disease
progression.

Circulating Tumor DNA in Triple-Negative Breast Cancer
Sample: Predictor of Prognosis:

In previous findings of retrospective studies, ctDNA has an
excellent ability to predict relapse and prognosis in TNBC pa-
tients who have completed their primary treatment.”* With
sufficient supporting data, further stratification of TNBC
prognosis can be achieved by incorporating ctDNA detection
through liquid biopsy after the delivery of curative treatment.
The ongoing phase II trial,  TRAK TN (NCT03145961), aims
to investigate whether ctDNA screening can be used to detect
cancer residue following patients’ primary TNBC treatment.*
Dr. Nicholas C. Turner and his colleagues called this study “the
first study to assess whether ctDNA assays can guide thera-
py for patients with early-stage TNBC”.?® Patients undergo
double-blinded ctDNA screening every 3 months after the
completion of primary treatment for TNBC. The trial’s recent
data found that using ctDNA early often assists the process of
determining relapse of TNBC.?>?* This finding, if confirmed,
would have significant implications for future study designs
and allow for earlier intervention for cancer control which
could impact tumor management and survival. It has also been
observed that using liquid biopsy to identify mutations earlier
in the patient experience may afford an opportunity to identify
the development of variants and with more frequent monitor-
ing, changes like these and other changes may be helpful for
treatment approaches. Though this technology appears to be
helpful in many patients, there have been findings that show
it is not always helpful in some patients at risk for relapse.?’
With this limitation acknowledged, this detection method,
because of its ease in utilization, has the potential to be an
invaluable tool in many cancers including TNBC. Ongoing
studies and measures to finetune this technology to provide
clinically meaningful application will hopefully be forthcom-
ing.

gComparing Tissue Biopsy and Liquid Biopsy: The Effects of
Liquid Biopsy on Triple-Negative Breast Cancer:

General biopsy is a fundamental tool for clinical assessment
of cancer, aiding diagnosis and disease management.”® In an
oncology setting, tissue biopsy is traditionally used for identi-

fying and classifying diseases and profiling genetic mutations
of cancer. However, such a historical method presents many
restraints such as the concerns over single-biopsy (Figure 3).
Previous findings demonstrate a significant intertumoral and
intratumoral heterogeneity between primary tumor sites and
metastasis sites. Consequently, a traditional surgical biopsy is
proven to be not feasible due to its underestimation of tumor
complexity and failure to see an overall picture of the disease.”’
These limitations highlighted the need for a minimally-inva-
sive, more modern approach to the real-time monitoring of
TNBC. Unlike traditional biopsy, which usually involves ei-
ther a surgical approach or a minimally-invasive procedure to
collect tumor tissue, liquid biopsy can easily be done from a
simple blood draw of the patient’s plasma.**** Briefly, muta-
tion detection in ctDNA-based liquid biopsy is mainly used
for the purpose of:*!

e Diagnosing cancers prior to traditional detection such as
radiology

e Customizing cancer treatment through genotyping

o Identifying mechanisms of resistance occurred in thera-
pies to aid a better understanding of the disease

® Measuring and monitoring residual disease after treat-
ment

@ Inspecting cancer resistance or relapse to the already-ad-
ministered treatments

Although tissue biopsy can sometimes be more affirmative,
liquid biopsy is performed on a basis of easy access, allowing
easier and more cost-efficient use,* particularly among those
who cannot have surgery. The use of liquid biopsy can decrease
the time to treatment based on tumor detection, improve staff
and resource efficiency, and can be used to test other diseases
with greater scope. Moreover, it avoids postoperative compli-
cations of standard tissue biopsy, including the risk of more
cancer spread, injury to surrounding tissues, and severe bleed-
ing from the incision. In cases of tumors that show regional
differences, liquid biopsy is able to test tumor DNA fragments
from different sites of the tumor and thus supply a more thor-
ough genomic picture.*® With that being said, oncologists can
more flexibly use molecularly-targeted therapies, especially in
cases of TNBC where targeted therapies are difficult to plan
and execute. Likewise, liquid biopsy may bring a faster and
more innovative method to select future TNBC clinical trial
candidates and monitor response to the tested drug or agent.

Type of Biopsy Advantage Disadvantage

Important for research and discovery

Invasive, risky, time-consuming

/ ® Clinically validated » Failure to detect metastasis at distant sites
- e Critical if non-DNA biomarkers are e Impractical for periodic monitoring of’
needed treatment response
95 e Surgical post-operative complications
Tissue Biopsy
Non-invasive, easy to obtain samples Clinical practices not yet established

&

)

Liguid Biopsy

Can not assess non-DNA biomarkers
Does not provide histological cvaluation
Higher false positive rates

Captures heterogenous alterations
Provides comprehensive tissue profile
Minimal pain/risk

Rapid turnaround & high sensitivity
Real-time monitoring of drug
response/resistance

Figure 3: Comparing the advantages and disadvantages between tissue and
liquid biopsy.
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Potential Challenges of the Clinical Adoption of Liquid Bi-
opsy:

Although a growing number of liquid biopsies are being
performed, they still must reach two crucial goals before full
adoption: its full clinical validation and the development of
standards/regulations for their future adoption. In addition, a
few areas include:3+3¢

e In order to receive appropriate treatment decisions,
strengthened clinical data must be established to create clini-
cally beneficial outcomes: experimental studies must gain more
knowledge on the biology of liquid biopsy markers (including
the emerging markers beyond ctDNA such as extracellular
vesicles, tumor-educated platelets or circulating microRNAs)
which can then in turn be retranslated to the bedside to im-
prove the clinical use of liquid biopsy analytes.

e Requires a deeper understanding of aspects of biomarkers
and cancer biology, otherwise, risks for false results of liquid
biopsy are possible: results from previous studies support the
clinical validity of ctDNA liquid biopsy for improved risk as-
sessment (staging), monitoring of cancer therapies and early
detection of relapse in cancer patients. However, it should
be noted that the concentration of ctDNA is also low in
early-stage cancer patients, which has stimulated the recent
development of ultrasensitive ctDNA assays. Applying these
assays has revealed a background of cancer-associated muta-
tions in normal white blood cells, which may contaminate the
ctDNA fraction.

® Despite all the progress being made in blood-based tech-
nology, there are still limited standards to address specific
processes: these crucial steps include extraction methods and
analytic criteria (such as determination of ctDNA, circulating
tumor cell positivity assay cutoffs interpretation and reporting,
and clinical utility).

e Before liquid biopsies can become an integrated part of
regular oncologic practices, physician education must be en-
sured: their sophisticated understanding of the utility and
limitations of liquid biopsies enables the correct and most ef-
fective implementation of the technology for each patient.

Estimates for Application:

Research reports estimated a $6 billion market value and
$26 billion market size for liquid biopsy by 2030.%° Current-
ly, it has been utilized for diagnosing mainly lung cancer and
screening for other types of cancer. It is often applied in clin-
ical settings as a companion diagnostic for cancer detection
which confirms the accuracy of performed tests.

Generally, as a breast cancer detection tool, many believe lig-
uid biopsy can improve the diagnostic outcome, and evidence
agrees that the more practical use of liquid biopsy technique is
for high-risk patients who have a history of cancer or detected
genetic mutation.’” Currently, liquid biopsies are common-
ly applied as a complementary technique to tissue biopsy;*®
traditional tissue biopsy is still the main tool used for breast
cancer and TNBC diagnosis, but for those patients who are
unable to undergo treatment or whose tumors do not allow
an invasive biopsy, liquid biopsy holds great promise. And

hopefully, with more established research, liquid biopsies can

gradually be adopted in not only triple-negative breast cancer
detection but also for all types of cancer.

The Future of Liquid Biopsies:

In 2020, the United States Food and Drug Administration
(FDA) approved Foundation Medicine’s companion diag-
nostic test “FoundationOne® Liquid CDx", which can detect
changes in all solid tumor masses with the initial diagnosis.
'This sequencing test can analyze more than 300 genes and their
signatures which will be utilized to guide treatment selection
and possible clinical trials for patients.*” Data from prospec-
tive studies have shown that liquid biopsies can even deliver
advantages to patients beyond being a non-invasive approach,
such as increasing quality-adjusted life years.*>*! As numerous
companies have already taken action, it is closer and closer to

making the widespread adoption of liquid biopsies a reality.

B Conclusion

Despite an inability to perform clinical experiments to add
original knowledge to the field of triple-negative breast cancer,
through the format of a literature review, this paper made valu-
able derivations in the areas of summarizing previous studies
and predicting the future role of liquid biopsies. Previous stud-
ies and research examined in this review have shown a high
potential for the successful application of liquid biopsies in
TNBC. However, its large-scale adoption will require further
clinical evidence of clear and direct benefits for patients in order
to complete full application and transition in hospitals, re-
search institutions, clinics, private practices, etc.*>* Ultimately,
the present literature supports the validity of liquid biopsy as
a minimally invasive diagnostic tool for the early diagnosis
and monitoring of therapeutic response, cancer screening in
high-risk populations, assessment of tumor heterogeneity, and
detection of novel cancer driver mutations. The future of liquid
biopsies is believed to have the potential to increase diagnostic
options and individualized care for breast cancer.*! Therefore,
with further research and investigations, liquid biopsy marks a
promising future in oncology and medicine.
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