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Given the growing incidence of cancer worldwide, successful detection and screening of these diseases are crucial to lowering
the risk of devastating effects. Among all cancers, lung cancer is the leading cancer-related cause of death. Currently, tissue
biopsy is the gold standard to diagnose lung cancer and, while effective, this procedure is invasive and has several risks due to its
surgical nature. Liquid biopsy is emerging as an alternative procedure to address these limitations, revolutionizing the field by
enabling a non-invasive diagnosis that is less expensive, faster, and has lower risks associated. Specifically, liquid biopsy enables
via blood samples a snapshot of the biological variables that affect the tumor growth and progression, contributing to lung cancer
detection as well as to the analysis of prognosis and therapy response over the course of the disease. This is attained thanks to
the identification of several biomarkers such as circulating tumor cells or cell-free DNA (approved by the US Food and Drug
Administration) that are related to lung cancer progression. While the use of these biomarkers for assessing the effectiveness of
therapy over time has translated into clinical practice, the use of them for cancer detection and the initial diagnosis is yet to be
implemented in the clinical routine. Regarding the latter, this work highlights the use of several biomarkers in combination, to
boost performance and the need for strong validation of the biomarkers proven prognostic in research settings.

for cancers is slim~. This indicates that the later stage of lung
cancer has very few effective treatment interventions and ex-
plains the aforementioned high mortality associated with lung
cancer, which translates to about 25% of all cancer deaths, or a
death toll of approximately 1.6 million people annually. All
this highlights the need for earlier diagnosis and personalized
treatment plans for individuals who develop this disease.

Abbreviations and Acronyms

» cfDNA - Circulating cell-free DNA

* ctDNA - Circulating tumor DNA

* CTC - Circulating Tumor Cells

* ELISA - Enzyme-linked immunosorbent assay Imaging techniques, like computed tomography scans and
X-rays, may locate potential tumors but are not able to dif-
ferentiate between cancerous and noncancerous cells. Thus,
tissue biopsy has been and still is the gold standard technique
in clinical practice to diagnose lung cancer”. While effective,

this procedure is however invasive and has several risks asso-
ciated due to its surgical nature (e.g., inflammation, infection,

* NSCLC - Non-small cell lung cancer
* SCLC - Small cell lung cancer

* TAADs - Serum tumor-associated autoantibodies

Introduction

Lung tumors are the leading cause of death in cancer-related
illnesses!. As malignant tumor cells accumulate uncontrol-
lably in the lung, they spread out to the lymph nodes and po-
tentially to other organs such as the brain. Recently, there have
been increasing causes of lung cancer due to exogenous fac-
tors related to unhealthy lifestyles such as smoking tobacco,
which contains several carcinogenic substances. While it is
the second most common type of cancer, reaching 1 in 15 men
and 1 in 17 women, most patients who develop lung cancer
are not diagnosed until they reach a metastatic stage'’. At this
stage, prognoses are poor and the usual five-year survival rate

bleeding, etc.). Given these risks, liquid biopsy is emerging
as an alternative to conventional tissue biopsy, revolutioniz-
ing the field by enabling a non-invasive diagnosis that is less
expensive, faster, and has lower risks associated?. In brief,
liquid biopsy consists of a blood test, usually sampled from
the arm, that analyzes the fragments of cells that have broken
off or entered the bloodstream as a result of cancer progres-
sion. The vast amount of malignant tumor cells can invade the
blood vessels quickly. The liquid biopsy functions with spe-
cific biomarkers in combination to collect the DNA sequenc-
ing from the blood vessels of the bundle of tumor cells?.

The non-invasive and inexpensive nature of liquid biopsy
enables easy and continuous monitoring by repeated sam-

© The National High School Journal of Science 2023

NHSJS 2023 Summer | 1



pling, in contrast to conventional tissue biopsy, changing the
paradigm of cancer screening and individualized therapy plan-
ning. This review paper further delves into the specifics of
biomarkers used in liquid biopsy and this method’s capabili-
ties of early diagnosis and the extent of treatment progression.

Lung Cancer Progression and Liquid Biopsy

Small cells lung cancer (SCLC) and non-small cells lung can-
cer (NSCLC) are the two main types of lung cancer. SCLC
is characterized by relatively smaller and round-shaped tumor
cells that quickly grow and invade other regions of tissues>.
NSCLC consists of larger tumor clusters, whose size results
in a slower spread rate to other organs®. Despite these dif-
ferences in growth rates, both types are mostly diagnosed at
metastasis”. While there is evidence supporting the use of
liquid biopsy for both types®?, the collected clinical data is
more centered on NSCLC, since this is the most common of
the two types of lung cancer accounting for about 85% of all
lung cases®.

Liquid Biopsy has the potential to provide information con-
cerning predictive markers and acquired resistance mecha-
nisms in a shorter period compared to the state-of-the-art use
of retrospective evaluation in tissue. There are several lig-
uid biopsy-derived biomarkers used to detect and treat lung
cancer. Biomarkers applied to liquid biopsy are biological
molecules found in circulating blood or body fluids that sig-
nal a disease condition based on normal or abnormal cells.
These biomarkers help identify patients who have the possi-
bility of having malignant tumor cells that can lead to lung
cancer. The three main biomarkers are Circulating tumor cells
(CTC), Serum tumor-associated autoantibodies (TAADbs), and
Circulating Tumor DNA (ctDNA)H. These biomarkers are
connected to cancer progression as they give an analysis of
genomic and proteomic data.

* Circulating Tumor Cells (CTCs): As the primary tumor
sites grow, they eject tumor cells that migrate, either iso-
lated as single cells or in clusters, to the bloodstream and
invade distant sites to proliferate. These circulating tu-
mor cells, or CTCs, can be measured using DNA, RNA,
or protein-based molecular profiling, and become an ef-
fective biomarker to diagnose cancer and assess progres-
sion. Cell Search Technology, the first actionable testing
for detection approved U.S. Food and Drug Administra-
tion (FDA), demonstrated that CTCs were proven effec-
tive for the detection of metastatic prostate, breast, and
colorectal cancers'?. However, for the early diagnosis
of cancer cells, there are low concentrations of CTCs
in blood for cancer-specific surface markers that have
low identification ratesZ. To avoid this issue, enrichment
of technology developed CTCs into CTC-based Folate

Receptor Positive Circulating Tumor Cells (another di-
agnostic biomarker) that increased the sensitivity but is
still limited to adenocarcinoma cancer, a type of NSCLC
which has a strong association with smoking, developing
in the glands that line the organs. Folate Receptor Pos-
itive Circulating Tumor Cells use novel ligand-targeted
polymerase chain reaction techniques to distinguish lung
benign or malignant tumors in NSCLC'Z,

Serum Tumor-Associated Autoantibodies (TAAbs): An-
other biomarker is TAAbs, autoantibodies against over-
expressed and mutated cells, which could help diag-
nose cancer at an early stage. The rationale for the
use of this biomarker for early diagnosis is explained
three-fold®. The first reason is that the immunosurveil-
lance’s occurrence in the early immuno-editing phase
indicates that autoantibodies are detectable earlier than
CTCs. From using one-dimensional sodium dodecyl
sulfate-polyacrylamide gel electrophoresis or enzyme-
linked immunosorbent assay (ELISA), a proteomic tech-
nique is developed that enables to screen abundance of
antigens instantaneously by opening immuno-proteomic
to exhibit a better diagnostic value®. The TAAbs have
been used as the diagnostic marker to evaluate such types
of cancer as breast, NSCLC, colon, prostate, and pan-
creatic!'®. The second reason is that despite low tumor
mass stabled blood, TAAbs are present at high titers.
The credibility of TAAbs’ is proved as the tumor cells
were easily detectable in the lung nodules, and as such,
TAADbs has been approved by China Food and Drug Ad-
ministration’?. A combination of assays like ELISA
for TAAbs establishes the panel for the multiplex detec-
tion of antibody biomarkers. Hence, TAAbs was able
to overcome the heterogeneity of tumor cell proteomes
which was one of the restrictions that most protein mark-
ers were not able to pass the clinical trials for prog-
nosis'#. However, TAAs may become neo-antigenic if
they exhibit post-translational changes, abnormal loca-
tion, or overexpression in cancer'*. An essential com-
ponent of immunoproteomics is the pattern of formation
of tumor-associated autoantigens and their particular au-
toantibodies in the course of carcinogenesis. As a result
of immune suppression or tolerance brought on by tumor
cells during the immunosurveillance’s escape and equi-
librium steps, the majority of autoantibodies seen in can-
cer have low titers and are inefficient at activating effector
functions'*. The last reason is that TAAbs enhance the
detection of proteins that undergo alterations during tu-
morigenesis 12 Therefore, the personalized treatment of
TAAbs and autoantibodies is used to associate the related
vaccines which are targeted for specific immunotherapy

against cancer’®,
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Fig. 1 Current Status of Liquid Biopsy in Lung Cancer. Reproduced under Open Access license from?.

* Circulating Tumor DNA (ctDNA): The last biomarker to
be introduced is the circulating tumor DNA (ctDNA),
which is part of circulating cell-free DNA (cfDNA). The
difference between general cfDNA and ctDNA is that
while cfDNA accounts for all DNA that can freely circu-
late in the bloodstream, ctDNA represents only the free
DNA from a tumor origin. ctDNA is derived from the
primary tumor into metastasis from the malignant tumor
cells due to necrosis and apoptosis. Since cfDNA can
be differentiated from healthy cell DNA such as DNA
methylation, the DNA methylation status resembles ma-
lignant tumor cancer, Signals for DNA methylation are
imperative because they alert the early stage of cancer.
The ctDNA of cfDNA increase in concentration is pro-
portional to the size of tumor cells. It is demonstrated to
be associated with tumor response, burden, and survival
outcomes as it links to the protein to be transported by
vesicles'®. A cfDNA-based machine-learning approach
can be used to term lung cancer likelihood in plasma
(Lung-CLiP) to discriminate early-stage lung cancer pa-
tients from risk-matched controls to minimize false posi-
tives from low-dose computerized tomography data?,

However, the limited snapshot of liquid biopsy may fail to
reflect its heterogeneity. Specificity and sensitivity are the
gold standard metrics when measuring the effectiveness of lig-
uid biopsy and tissue biopsy for detecting tumor cells. The
biomarkers introduced in this section can be combined to im-
prove these sensitivity and specificity scores toward clinical
translation in applications such as treatment progression and
diagnosis. Connecting back to the application of liquid biopsy

for SCLC, ctDNA, and CTC are the most practical biomark-
ers to be integrated for cancer monitoring of response and ge-
nomic proﬁling@. The feasibility of ctDNA allows greater
consistency of prognostic stratification to some degree in a
limited number of cases®. The next section delves into the
applications of liquid biopsy and the biomarkers.

Applications and Degree of Implementation

Liquid biopsy can increase the sensitivity and/or selectivity of
CT scans or other non-invasive imaging or radiation methods
for screening lung cancer patients. Improvements in treatment
progression and early diagnosis are crucial to reduce the lung
cancer burden and motivate the direction of the development
of liquid biopsy. Advancements are needed to enable identify-
ing both genetic and epigenetic aberrations. Currently, liquid
biopsy provides the genetic surface of both primary and some
extent of metastases to systematically track genomic evolu-
tion™. This technique has already demonstrated its potential
in research settings. Regarding clinical translation, while the
use of liquid biopsy for treatment progression has an accept-
able degree of implementation using the combination of var-
ious biomarkers mentioned above, early diagnosis is the ap-
plication the liquid biopsy is developing towards using more
effective combinations. As liquid biopsy requires a small
amount of sample to detect the tumor cells in the body quickly,
the degree of implementation is limited: the areas where liquid
biopsy excels indicate that the tumor cells have already spread
out to the body in the metastasized stage.
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Fig. 2 Liquid Biopsy Progression and Precision Therapy. Reproduced under Open Access license from'8

Treatment Progression

Liquid biopsy can also be used to monitor the biological
changes of disease during treatment, such as the persistence of
Estimated Glomerular Filtration Rate mutations, the presence
of tumor protein p53, Phosphatidylinositol-4,5-bisphosphate
3-Kinase catalytic subunit alpha mutations, Retinoblastoma-1
alterations, FAT tumor suppressor homolog 1, or ATP binding
cassette sub-family B memberl mutations in EGFR-mutated
patients. This data can then be used to personalize chemother-
apy, immune checkpoint inhibitors (ICT), or TKI treatment®.
Hence, to discuss the application of biomarkers in treatment
progression, ICI must be addressed. Immunotherapy has de-
veloped ICI, which results in significant therapeutic bene-

ts. ICI therapy is connected to the biomarkers as it causes
immune-related adverse reactions, such as various organ tox-
icity or any structural and functional changes in organs and
tissues®. Hence, the predictive biomarkers from the ICI re-
sponse efficiently guide the treatment decision and patient se-
lection which helps to understand the overall resistance mech-
anism. CTCs or ctDNA are predictive biomarkers that give ap-
propriate responses under immunotherapy to stratify patients
for treatment progression.

Those biomarkers that are well sought from the peripheral
blood sample suggest how they are feasible for analysis of tu-
mor mutation burden in profiling tumor cells. Mutations and
copy number alterations are measured in ctDNA and used to
predict response to access treatment. The evaluation of muta-
tions in the CTCs regulates and monitors patient treatment in
real-time, which benefits the strong prospect for the develop-

ing treatment of lung cancer in the future. Longitudinal moni-
toring of ctDNA mutations is used to track the emergent ther-
apy resistance and identify resistance mechanisms. CTCs help
to identify proteins with tumor cells and measure their amount,
especially PD-L1 and ARV7 expression to assist the treatment
selection. Enumeration of CTCs is used to monitor treatment
responses which can be harvested to generate patient-derived
explant (CDX) models in immune-deficient mice supporting
drug and biomarker development.

Early Diagnosis

Some biomarkers, such as ctDNA and TAABs, have demon-
strated potential for early diagnostic tests with trials support-
ing evidence?!. Diagnostic tests are different from screen-
ing as diagnostic tests are focused on patients who do show
symptoms of lung cancer while the screening is intended for
people who are asymptomatic but going through a prelimi-
nary check-up. Substantial studies verified by the indirect
enzyme-linked immunosorbent assay verified that TAABs do
perform some early diagnosis performance but further panel
approach is needed to yield higher diagnostic records?%. To
delve deeply, serum single or a combination of multiple anti-
bodies are revealed to be effective tools such as the 6 TAAbs
for both early and late diagnoses. However, a more advanced
panel like 7 TAAbs has a higher potential to be used as early-
detection biomarkers'l. According to the experiment which
the 129 plasma samples of 63 patients with malignant lung
nodules and 66 patients with benign nodules, the specificity,
and sensitivity were achieved at 83.3% and 82.5% respec-
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tively. Currently, CTCs that are being released in the metas-
tasis stages have promising applications to be used for early
diagnosis according to future applications. As the promising
application is lung cancer screening, new methods are aris-
ing for the development of CTC biomarkers. CTC separa-
tion method detects the small tumors in the early stage and
diagnosis of early or advanced cancer patients. To elaborate
on the specific applications of CTCs that help with screen-
ing and early diagnosis, there are several physical enrichment
methods. The physical method enriches CTCs by differenti-
ating CTCs and blood cells, including relative density, size,
and electrical characteristics. Processing the peripheral blood
by the enrichment process discussed above reduces the back-
ground blood cell levels, allowing remaining cell populations
to be detected and analyzed. The first one is the positive en-
richment of CTCs derived from the immunomagnetic bead
method of the CellSearch system’s representative product. It
automatically photographs, counts, and analyzes stained cells
to help the screening process. Likewise, a negative enrichment
method uses immunomagnetic beads of CTCs by removing
the background blood cells. Immunoadsorption methods are
based on microfluidic chips and the processing speed uses a
CTC chip, one of the fastest four assays of biomarkers that are
currently verified.

Discussion

Liquid biopsy-derived biomarkers have been used in a variety
of combinations that have shown promising results in the early
detection of lung cancer. Liquid biopsy has been continuously
developed by complementing the limitations of tissue biopsy
requiring higher risk and cost while being slower from addi-
tional diagnosis. However, the evidence of favorable results
was limited outside of the research setting in real-life cases. It
is presented by the significant portion of false negatives and
negative plasma tests when going through the confirmation
process of tissue biopsy. This also means that clinical fields
need further clarification with more sensitive and specific as-
says that should be provided to develop the low or absent val-
ues that limited the biomarkers’ applicability. In the future,
robust studies are needed to verify an appropriate combina-
tion of biomarkers with other diagnostic tools such as imag-
ing technology to validate the role of liquid biopsy in clinical
practice for screening and diagnosis. Specifically, the incorpo-
ration of multi-analyte panels into preventive health screening
should be considered to target the specific patient population,
and cancer types, and how the results are integrated with other
clinical information. With various effective biomarkers that
liquid biopsy can generate, further efforts are warranted in-
cluding the transoms analysis and validation studies. Hence,
technological developments will help mitigate these current
problems of liquid biopsy by defining the best biomarker com-

binations to increase the sensitivity and specificity of tumor
cells in the early diagnosis process. Contribution to personal-
ized and preventive medicine via CTC, TAAbs, and ctDNA is
evidenced?Z. However, future research is needed to validate
the good insights of a further area of specificity and sensitivity
when used on lung cancer patients. As an example, a com-
pany named GRAIL raised funds of a total of $1 billion from
Google, Amazon, and Microsoft to develop liquid biopsy for
cancer blood detection. It launched to execute a whole-cancer
screening using blood samples for early diagnosis. This is one
of the direct examples that shows contribution in developing
the liquid biopsy.

Conclusion

This review paper discussed the contribution of liquid biopsy
in the medical field to help detect, screen, and give therapy
responses for lung cancer patients. While it has been imple-
mented for clinical routine therapy assessment through the use
of various biomarkers, liquid biopsy has not yet been imple-
mented in clinical practice for detection in early diagnosis.
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