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Abstract: As therapies have become more and more dependent on tumor as well as patient
characteristics, obtaining tumor material has become of great importance. Liquid biopsies hold much
potential as shown by a large amount of evidence across several studies. Clinical applications for
circulating tumor cells (CTCs) are unfortunately still lacking. In part this is due to a lack of studies
comparing liquid biopsies to conventional diagnostics and response measurements as well as studies
showing that liquid biopsies can be used to switch therapies leading to improved outcomes. However,
liquid biopsies using ctDNA for specific markers such as EGFR, ALK, ROS1 or RET have clinical
applications because specific drugs are available.
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1. Lung Cancer

Despite novel treatment options, lung cancer still has a high mortality rate and short survival
time, making it a devastating diagnosis for patients. Less than 20% will survive longer than 5 years,
making it the leading cause of cancer-related death [1]. Non-small cell lung cancer (NSCLC) makes up
the majority of cases, with most patients being (former) smokers. However, the number of NSCLC
patients that have never smoked is increasing. These patients often only have less genomic aberrations
than smokers, mostly single nucleotide mutation, rearrangements or deletions, in a tumor driver or
tumor suppressor gene. These genes, such as an epidermal growth factor receptor (EGFR), are by
themselves capable of driving a cell to survive and proliferate (Figure 1).
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Figure 1. Targetable genes and main pathways that lead to cellular proliferation.
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For those patients who present with advanced disease, prognosis is not only dependent on
the patient but also on tumor characteristics, as these determine which treatments are effective.
Chemotherapy can be given to all patients but is infamous for its side effects. In NSCLC it has
limited efficacy, but is often the only option to suppress symptoms and improve the quality of life.
Other therapies, i.e., targeted therapy and immunotherapy, which can have long lasting effects, have
become available for NSCLC, but are only effective in a small proportion of patients. Patients with
specific genomic aberrations (Figure 1), more often present in non-smoking patients, are eligible for
targeted therapy [2-5]. Specific tyrosine kinase inhibitors (TKIs) provide impressive tumor responses,
but not when their associated mutation is absent [4,6]. TKIs are capable of disturbing the kinase
activity necessary for signal transmissions, inhibiting specific pathways and thereby tumor growth.
While many tumors develop resistance within 1-2 years, many of these tumors contain secondary,
resistent mutations for which also new specific TKIs are (becoming) available [4,6-8]. They are divided
into on-target at the specific receptor and off-target resistance mechanisms, that are often unknown.
Therefore, obtaining tumor biopsy material to monitor the presence of resistant mutations has become
a vital part of quality care.

Immunotherapy with checkpoint inhibitors act by inhibiting an immune escape mechanism
of tumor cells. The most common used therapeutics inhibit the programmed death receptor 1 and
its ligand (PD-1 and PD-L1). PD-L1 restrains the immune system as a negative immune regulator
and inhibits the lytic activity of effector immune cells. The inhibition of this receptor increases the
recognition of tumor cells as foreign. This therapy has been recently introduced and although only
20%—-25% of NSCLC patients respond to single agent immune checkpoint inhibitors, responses can
last for years [9]. The presence of PD-L1 (the inhibited mechanism for immune evasion) is a major
factor in determining the chance that a patient will respond, but it is not a robust predictor. Even when
PD-L1 is present on the majority of tumor cells, response rates only reach 40%, while up to 10% of
patients will respond to therapy when PD-L1 is not detected. Markers that can improve the prediction
are therefore desperately required.

2. Tumor Tissue Obtained from Primary Tumors or Metastases

For optimal treatment decision-making, the histological classification, the presence of targetable
mutations, immune cells and surface molecules (e.g., PD-L1) are important. This information is
routinely obtained using formaline-fixed, paraffine-embedded tissue blocks from tumor biopsies.
However, about 20%-25% of endoscopic biopsies do not provide enough tumor cells to perform
molecular predictive testing or the DNA is of low quality [10]. Sometimes they do not even contain
enough tumor cells for a well-established histopathological examination. Additionally, biopsies are
invasive for the patient and not without complications.

3. Liquid Biopsies

Possible alternatives for conventional biopsies are ‘liquid biopsies’, e.g., circulating tumor cells
and circulating tumor DNA. As the tumor grows, tumor cells enter the bloodstream, and disseminate
throughout the body (Figure 2). These so-called circulating tumor cells (CTCs) can be identified in the
bloodstream by their different morphology, cell surface markers and genomic aberrations.

3.1. Circulating Tumor Cells

The predominant method of CTC detection is the CellSearch system which identifies CTCs by
their expression of EpCAM and cytokeratin, while lacking CD45 [11]. In 2004 this system received
FDA clearance and it is the only FDA-cleared technique to identify and enumerate CTC from a tube of
blood (7.5 mL) for metastatic prostate, breast and colon carcinoma.
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Figure 2. Different mechanisms that lead to the release of tumor cells and tumor DNA from the primary
tumor into the blood stream. Circulating tumor cells (CTC) and circulating tumor DNA (ctDNA) can
then be obtained by a normal blood draw.

Not only in these malignancies but also in lung cancer, the number of CTCs is predictive for a
shorter progression-free and overall survival [12-14]. CTC persistence after treatment is associated
with therapy failure for many malignancies [12,15-23]. In fact, their counts and change after therapy
are stronger correlated with survival than response evaluation by computed tomography (CT) in
metastatic breast cancer patients [12,14,15]. In addition, several morphological changes in CTCs have
been associated with chemotherapy resistance [23-26]. Moreover, in small cell lung cancer, genomic
analysis (assessment of copy number anomalies (can)) of CTCs may be used to predict response
to chemotherapy [27]. Driver mutations and PD-L1 expression can be detected in and on CTCs
(therapeutic marker) [28-32].

However, while CTCs are a clear prognostic factor in NSCLC, it is a weak or not a predictor for
tumor response at all (Table 1) [17,29,33-36]. Moreover, their clinical application is limited by the low
detection rate [35]. Even in advanced stage NSCLC, CTCs are only detected in 30% of patients and in
almost all cases in low numbers per 7.5 mL of peripheral blood (Table 1). Other limitations are the
standardization of CTC isolation or enrichment, the laborious and time-consuming process of isolating
CTCs, being less flexible than applying tests for the determination of circulating DNA.

When CTCs are captured in sufficient numbers, the heterogeneity of tumors can be studied by
analyzing these cells at an individual cell level. They could be used to study tumor development and
evolution. Unlike conventional biopsies, which can only contain tumor material from one location,
CTCs probably represent the most relevant tumor cells in the body [37]. Another advantage of CTCs
as compared with tumor biopsies is that they can be measured sequentially to assess tumor activity
under therapy as they can be obtained in a minimally invasive manner [38].
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Table 1. Circulating tumor cells in non-small cell lung cancer (NSCLC) by different filtration techniques
and the outcome.

Author (Year)

Measurement Method

Population

Outcome

Hofman (2011) [39]

Krebbs (2011) [17]

Krebbs (2012) [34]

Punnoose (2012) [18]

Lou (2013) [40]

Nieva (2013) [41]

Wendel (2013) [42]

Yue Yu (2013) [43]

Juan (2014) [44]

Muinelo-Romoy
(2014) [45]

Chen (2015) [46]

Wan (2015) [47]

Wit (2015) [48]

Cellsearch and ISET §

Cellsearch

Cellsearch and ISET

Cellsearch method

LT-PCR +
(folate x-receptors)

HD-CTCIF #

HD-CTC

LT-PCR (folate
a-receptors)

Cellsearch

Cellsearch

LT-PCR (folate
o-receptors)

LT-PCR (folate
a-receptors)

Modified Cellsearch
(+EPCAM- CTCs)

210 NSCLC patients undergoing
surgery, stage I-IV

101 NSCLC patients untreated
stage ITI/IV, samples before and
after treatment

40 patients stage III/IV, paired blood
samples for comparison

41 NSCLC patients, stage ITI/IV
Treated with erlotinib
and pertuzumab
72 NSCLC patients, stage I-IV 20
benign patients
24 healthy donors
28 NSCLC patients with metastatic
disease, 66 blood samples during
course study
78 NSCLC patients,
chemotherapy-naive, stage I-IV
153 NSCLC patients, stage I-1V,
64 benign disease,
49 healthy controls
37 NSCLC patients, stage ITIB/IV,
measurements at baseline and after
2 months chemotherapy
43 NSCLC patients, stage IIIB or IV
and undergoing first
line chemotherapy
Validation set: 237 NSCLC patients,
stage I-IV
114 benign patients, 28 controls
50 NSCLC patients, stage I-IV
35 benign patients,
28 healthy subjects

27 patients (24 NSCLC patients)

Cellsearch (=1 CTC): 82/210 positive (39%)
ISET (>1 CTC): 104/210 positive (50%)
Both methods independently associated with
diminished DFS
>2 CTCs: 21 patients (21%)
CTCs =5 CTCs baseline and treatment CTCs correlated with
OS *, PFS * and disease stage.
Cellsearch (>2 CTC): 9/40 positive (23%)
ISET (>1 CTC): 32/40 positive (80%)
ISET: additionally, CTC clusters and subpopulation of
EpCAM-CTCs A

>1 CTC: 28/37 positive (78%)
CTC count decrease correlated with DFS

Threshold 8.5 CTU t: detection of NSCLC: sensitivity 82%;
specificity 93%

>1 CTC per mL: 45 out of 66 (68%) blood samples
CTCs 25 per mL a HR * OS 4.0.

>1 CTCs per 1 mL: 57/78 (73%)
No correlation disease stage

Threshold 8.64 CTU: detection of NSCLC: sensitivity 73%;
specificity 84%

> 2 CTCs: 9/37 positive (24%)
> 1 CTCs: 15/39 (%)
>1 CTCs: 18/43 positive (42%)
>5 CTCs: 10/43 positive (23%)
>5 CTCs correlated with OS and PFS

Threshold 8.93 CTU: sensitivity of 76%,; specificity 82%
Correlated with disease stage

CTU correlated to disease stage

>1 EpCAM+ CTC: 11/27 (41%) >5: 4/27 (15%)
21 EpCAM- or EpCAM+ CTCs: 20/27 (74%) 25: 11/27 (41%)
EpCAM + cells >1 correlated with OS
EpCAM- cells no significant difference in OS

All CTC numbers are in 7.5 mL of whole blood, unless stated otherwise. *: OS: overall survival, PFS: progression-free
survival, DFS: disease-free survival, HR: hazard ratio. §: ISET: isolation by size of epithelial tumor. A: EpCAM-
CTCs: epithelial cell adhesion molecule negative circulating tumor cells. #: HD-CTC IF: high definition-CTC
immunofluorescence. +: LT-PCR: ligand-targeted PCR. t+ CTU: circulating tumor cell unit (designation of amount of
CTCs per 3 mL blood by Yu Y. and Chen X.). Adapted from Tamminga et al., Journal of thoracic disease 2019 [49].

3.2. Circulating Cell-Free DNA

Besides CTC, DNA also circulates in the bloodstream, either by active secretion or as a waste
product from decaying or apoptotic cells [50]. In the bloodstream, circulating cell-free DNA (cfDNA)
from healthy body cells is mixed with small amounts of circulating tumor DNA (ctDNA). Recently,
sensitive next-generation sequencing methods have been developed that are able to accurately measure
low mutant allele frequencies in plasma [51]. This development makes single-gene tests obsolete,
though digital droplet PCR may still be usable for the detection of minimal residual disease in patients
with known mutations. Mutations in DNA detected in the plasma show a strong correlation with
the presence of mutations in the primary tumor [31,51]. When e.g., EGFR, ALK, BRAF, ROS1, RET
aberrations are detected in plasma, this information can be used for treatment decision without the
need for a tumor biopsy [32,52]. When the mutation is present in the plasma sample, the outcome
is almost similar compared to those measured in biopsies. The role of ctDNA and immune-related
mechanisms is evolving as a tumor mutational burden and genes related to immune resistance such as
STK11 and KEAP1 which can be measured from plasma ctDNA.

4. Required Steps before Clinical Implementation Can Be Considered

While some may already be convinced that CTCs and ctDNA are ready for clinical application,
many physicians are hesitant. Studies that compare CTCs and ctDNA with conventional methods
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are few [12-14]. Most studies are relatively small and often from a single center. Large, prospective
multicenter comparative trials are lacking. Secondly, standard operating procedures for collecting and
analyzing samples differ between centers. Thirdly, none have ever tested whether CTCs and ctDNA
can actually be used to change clinical decisions. If we consider plasma ctDNA, however, there are
many studies that prove the value of targeted next-generation sequencing for genes that are targetable
with specific tyrosine kinase inhibitors [32,52]. These are already implemented in clinical practice.
ctDNA can also be used to assess the presence of minimal residual disease (MRD), as in hematology.
For hematology it has been shown that early interventions increase survival when based on MRD,
indicating a monitoring role for cfDNA.

ctDNA tests are predictive, while CTCs are mainly prognostic. Therefore, physicians will refuse
to implement liquid biopsies for CTCs. Only in a few malignancies have studies shown that CTCs can
predict whether patients will not benefit from therapies [36,53-57]. Unfortunately, it is still unknown
whether a switch to therapies should be implemented and would lead to a better outcome.

Another option for CTCs could be as a replacement for conventional biopsies (diagnosis) but in
NSCLC CTCs are simply too rare, unless larger volumes of blood can be screened. Single-cell next
generation sequencing may determine the specific DNA or even RNA aberrations that may have a
clinical impact. These technologies are evolving but are not ready for the clinic.

All in all, liquid biopsies are used for ctDNA that finds its application in the clinic for targeted
therapies, and for CTCs mainly as a prognostic biomarker.
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