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Chapter 5
Circulating Tumor Cells in the context
Non-small Cell Lung Cancer

Jacqueline Aparecida Torres

5.1 Introduction

Lung cancer is the neoplasm with the highest incidence rate and mortality, affecting
men and women. In 2018, the global annual incidence of lung cancer was 2.1 million
cases (11.6%), in addition to being responsible for 1.8 million deaths. Based on
these data, we can observe that lung cancer is a serious public health problem [25].

Non-small cell lung cancer (NSCLC) is the most incident lung cancer, account-
ing for about 80-85% of cases being subdivided into three main types: adenocarci-
noma, squamous carcinoma, and large cell carcinoma. The overall survival rate of
NSCLC is approximately 50% in 5-year but the progression from stage I to stage [V
decreases this rate to 1% [50].

The main obstacles to the treatment of NSCLC are late diagnosis, metastatic
behavior, and disease recurrence. A small percentage of patients with NSCLC,
approximately 20%, are diagnosed in the early stages of the disease (I or II), where
they could be treated by surgical resection; however, about 80% are diagnosed late
and present with locally advanced disease (22%) or metastatic disease (57%),
requiring chemotherapy and/or radiotherapy. Even patients eligible for surgical
resection may have recurrences due to distant metastases within the first 24 months
[41, 50, 65, 67].

A characteristic of NSCLC is histological heterogeneity. There are variations
within the main groups, such as adenocarcinomas, with distinct subtypes, diagnos-
tic, prognostic, therapy, and demography, being necessary for the notification of the
NSCLC, the realization of an immunohistochemical profile for differentiation [52].

Histological heterogeneity can be explained by intratumoral heterogeneity
(ITH), present in the NSCLC. ITH is understood to be the molecular and genetic
changes that occur in this neoplasm. The origin of molecular heterogeneity can be
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explained by several mechanisms such as genomic or chromosomal instability, epi-
genetic modifications, adaptations to the microenvironment, clonal evolution due to
selective pressure from the tumor microenvironment, or by chemotherapy action. In
addition to these molecular changes, the NSCLC expresses biomarkers such as the
PD-L1 protein whose ligand, programmed death receptor 1 (PD-1), is expressed by
T cells that may be present in the composition of the tumor microenvironment. This
discovery enabled the targeting of the immune response to the target tumor cells
[2, 3, 52].

Currently, the tumor material used to characterize NSCLC histologically, to
identify molecular alterations and protein expression, is obtained by conventional
biopsy. However, this examination is invasive and locally restrictive, making it
impossible to perform with the frequency necessary to understand the molecular
changes that occur in tumor dynamics [33].

In search of new methods to reduce obstacles in the treatment of NSCLC, liquid
biopsy, which is the ex vivo analysis of a body fluid sample for the purpose of
detecting and quantifying targets of interest, has shown a diagnostic approach with
the potential to reveal health changes that include the onset and development of
diseases [13].

Liquid biopsy performed by blood is feasible in patients with NSCL, because,
unlike tissue biopsy, is performed in minimally invasive and safely procedure. In
addition, the blood presents circulating biomarkers that, if analysed, allow a whole
understanding of the tumor biology, since they come from the primary tumor and
metastatic site [32, 53].

Among these biomarkers, circulating tumor cells (CTCs) are present, which are
fragments of the primary tumor that circulate spontaneously individually or in
groups of three or more CTCs (clusters), exclusively by lymphatic vessels and blood
and precedes the metastatic behavior of neoplasms. CTCs have several components
that can be analyzed, such as intact tumor DNA for mutation analysis, tumor RNA
for gene expression and profile identification, and several biomarkers for proteomic
analysis [33, 46].

Although not yet approved by the Food and Drug Administration (FDA) for use
in clinics, CTCs have the potential to complement testing in patients with NSCLC
and, in this review, we will focus on the contribution of CTCs to the comprehension
of this neoplasm.

5.2 Expression of biomarkers in CTCs of patients
with NSCLC

Immunotherapy revolutionized the treatment of patients with NSCLC, as it enabled
the targeting of the immune response to tumor cells, allowing patients affected by
different types of NSCLC to have a longer survival due to its ability to increase or
restore antitumor immune function [2].
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PD-L1 protein is expressed in several cell types, among them cancer cells and
antigen-presenting cells (B lymphocytes, dendritic cells, macrophages) after being
exposed to cytokines. Binding PD-1 to PD-L1 results in a signal that inhibits the full
activity of T cells. However, in cancer patients, this inhibition mechanism causes
tumor cells to pass unharmed to the immune system [3].

The most clinically advanced ICIs are directed to PD-1/PD-L1, performing
immunosuppressive function in patients, obtaining authorization from the Food and
Drug Administration (FDA) as a treatment option for NSCLC. Among the IClIs,
there are nivolumab and pembrolizumab whose target is the PD-1 receptor and
atezolizumab and durvalumab that target the PD-L1 protein [2, 11, 47].

To analyze the efficacy of treatment with ICIs, it is necessary to evaluate in real
time the status of PD-1/PD-L1 expression; however, in clinical practice, it is diffi-
cult to perform this evaluation due to the invasive nature of conventional biopsy.
However, through CTCs, there is the potential to monitor, via liquid biopsy, the
dynamics of PD-1/PD-L1 expression of patients treated with ICIs over time.

Some groups have studied PD-1/PD-L1 expression in CTCs. The study by
Kallergi et al. [26] demonstrated that CTCs PD-1+ and PD-L1+ can be detected
before and after first-line chemotherapy in patients with metastatic NSCLC. For
this, CTCs were isolated from 30 patients with NSCLC before chemotherapy and
from 11 patients after the third treatment cycle, using the ISET Technology®
(Rarecells Diagnostics, France) methodology. To identify the CTCs, Giemsa stain-
ing and immunofluorescence staining (IF) were used.

Using Giemsa staining, CTCs were identified in 28 out of 30 patients (93.3%) at
baseline and in 9 out of 11 patients (81.8%) after the third chemotherapy cycle. On
the other hand, with immunofluorescence staining (FI), CTCs were detected in 17
out of 30 patients (56.7%) at baseline and in 8 out of 11 patients (72.7%) after the
third chemotherapy cycle. At the beginning of the study, the expression of PD-1 and
PD-L1 was observed in 53% and 47% of patients, respectively. After the third treat-
ment cycle, the corresponding numbers were 13% and 63%, respectively. Median
progression-free survival (PFS) was significantly lower in patients with >3 PD-1
CTCs (+) at baseline compared to those with 3 < PD-1 CTCs (+) (p = 0.022) [26].

The pilot study conducted by Dhar et al. [7] also aimed to evaluate the expression
of PD-L1 in CTCs. Twenty-two patients with metastatic NSCLC treated with pem-
brolizumab, nivolumab and avelumab were recruited, of whom 31 samples were
collected before and after chemotherapy. Using the Vortex Chip HT device, CTCs
were isolated in 30 of the 31 samples (96.8%), and samples with CTCs had 1 or
more PD-L1+ CTCs. The PD-L1+ CTCs fraction ranged from 2.2 to 100%. It was
possible to verify the agreement of PD-L1 expression of CTCs with tissue biopsy in
only 4 patients of 22. This group demonstrated that quantification of PD-L1 CTCs
levels when combined with tissue biopsy results can help identify patients with a
higher probability of responding to therapy or, by monitoring throughout treatment,
the patients most likely to become resistant to treatment.

Ilie etal. [20] isolated CTCs, using the ISET Technology® (Rarecells Diagnostics,
France) platform, in samples of 106 patients, as a non-invasive method to evaluate
the status of PD-L1 in patients with advanced NSCLC and compared them with the
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status of PD-L1 in tumor tissue. CTCs were detected in 80 (75%) patients. In 71
samples, it was possible to compare the tissue and CTCs; 6 patients (8%) presented
1 PD-L1(+) CTCs and 11 patients (15%) presented 1% of PD-L1(+) tumor cell in
the tumor tissue, with 93% agreement between tissue and CTCs, demonstrating that
the status of both tissues correlate, revealing the potential of CTCs to assess real-
time PD-L1 expression in patients with NCSLC.

In view of the results presented here, it is observed that CTCs can contribute to
the analysis of expression levels PD-1/PD-L1 before the start of treatment and pro-
gressively over this course.

5.3 Circulating Tumor Cells: Source of Early Detection
and Recurrence of NSCLC

On average, 80% of the patients are diagnosed late, that is, with the disease in
advanced stages, where surgical treatment is not an option. Even with the advance-
ment of therapies, a large portion of the patients do not survive the 5 years after
diagnosis. Reducing tobacco consumption is a very important factor in controlling
the number of NSCLC cases, but in addition, there is an imminent need to diagnose
patients in the early stages of the disease.

The American College of Radiology Imaging Network conducted The National
Lung Screening Trial (NLST) which aimed to compare two forms of early detection
of lung cancer: computed helical low-dose Tomography (CT) — often referred to as
spiral CT — and standard Chest X-ray [40]. The study was conducted with 53.454
smokers and ex-smokers aged between 55 and 74 years, who smoked at least 30
packs-a-year, who had no previous symptoms or history of lung cancer. The results
of this study showed that low-dose CT screening was 24.2% while X-ray was 6.9%.
However, among the positive results, 96.4% in the low-dose CT group and 94.5% in
the X-ray group were false-positive results.

The amount of false-positive results raised the question about expanding this
type of screening, which could increase the rate of consultations based on indeter-
minate cause nodules, generating concerns and high costs. On the basis of this study
and given the imminent need for new methods for the early detection of lung cancer
(LC), Ilie et al. [21] analyzed patients with chronic obstructive pulmonary disease
(COPD), which, regardless of stage of development, is a risk factor for NSCLC. In
addition, based on the invasive behavior of the NSCLC and data from experimental
models where tumors measuring less than 1 mm can release CTCs in the blood-
stream, the group proposed to investigate whether patients with COPD had CTCs,
which could be an early marker of NSCLC.

For this, they analyzed the peripheral blood of 168 patients with COPD, who did
not present any lung cancer detectable by imaging tests. Using ISET Technology
(Rarecells Diagnostics, France), researchers detected CTCs in 3% (5 patients). The
patients were followed-up and after an average of 3.2 years, all presented nodules in
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the lung detected by computed tomography. The 5 patients underwent surgery and
analysis showed that the cancer was stage I, which means that they had not spread
to lymph nodes or developed metastases. This study demonstrated, for the first time,
the potential of CTCs as an early marker of invasive CL in patients at high risk [21].

CTCs are considered the primary metastatic source of cancer due to their ability
to colonize organs and tissues. To this end, CTCs undergo several molecular and
cellular changes, through the epithelium-mesenchymal transition process (EMT),
granting a mesenchymal phenotype to epithelial cells making them more effective
in their mobility due to the weakening of cell-cell adhesion and fusiform shape gain
fundamental for metastatic behavior to be effective [31, 36].

The study by Xie et al. [62] investigated the possible correlations between CTCs
and pathological types and staging of NSCLC during the early postoperative period.
Sixty-nine patients with NSCLC were recruited. CTCs were analyzed by multiple
mRNA in situ after enrichment by nanotechnology for lysis of red blood cells.

The presence of epithelial or mixed CTCs had no significant correlation with
tumor size, lymph node metastasis, and distant metastasis TMN in patients with
NSCLC (P > 0.05), but higher TNM levels were related to the presence of mesen-
chymal CTCs (P < 0.05). After surgery, the patients were divided into pathological
types: 48 patients had adenocarcinoma of which 40 were positive for CTCs. Of the
16 cases of squamous cell carcinoma, only 2 were negative for CTCs and among the
5 patients with large cell carcinoma only 1 had CTCs (P < 0.5) [62].

Frick et al. [12] analyzed CTCs as a prognostic marker to measure the risk of
NSCLC recurrence after stereotactic body radiotherapy (SBRT) treatment. The
treatment is effective in early stage of NSCLC; however, failures occur at the pri-
mary tumor site in about 10-15% and 20-25% in distant locations. For the study, 92
patients with stage I NSCLC treated with SBRT were recruited. The samples for
analysis of CTCs were obtained before, during, and in series up to 24 months after
treatment with SBRT. CTCs were quantified by a trial using adenoviral-based probe
that expresses green fluorescent protein (GFP) that detects high telomerase activity
in cancer cells.

The CTC test was positive before SBRT treatment in 38 of 92 (48%) patients.
During treatment, CTCs were observed in 35 patients with a count of 0.5 CTC/
mL. In the 3-month period after SBRT treatment, CTCs continued to be detected in
10 out of 35 patients (29%). The persistence of CTCs was associated with increased
risk of treatment failures in distant locations and (P = 0,04) tended to increase the
regional failure (P = 0,08) and local failure (P = 0,16). This study suggests that
CTCs before treatment and its post-treatment maintenance are associated with the
risk of recurrence outside the target treatment site, suggesting that CTCs have the
potential to identify patients at higher risk of recurrence [12].

In order to identify the prognostic value of the presence and characterization of
CTCs in the peripheral blood of NSCLC patients undergoing radical resection,
Bayarri-Lara et al. [1] analyzed samples of 56 patients with pathological stage
between IA and IITA, obtained before and 1 month after surgery, the mean follow-
up of these patients was from 3 to 16 months (variation 3-23).
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In the samples prior to surgery, CTCS were detected in 29 of 56 patients (51.8%)
and after 1 month of surgery, 18 patients (32.1%) presented CTCs. During follow-
up, 16 patients (28.6%) presented signs of cancer recurrence in an average of
8 months; 50% of the patients who had CTCs after surgery developed recurrence,
compared to 18.4% of the patients who did not have post-surgery CTCs, thus cor-
relating the presence of CTCs after surgery to a higher risk of early recurrence.

The results of these studies demonstrated the potential of CTCs as an early
marker of diagnosis and recurrence in the NSCLC, which would enable more rigor-
ous and early decision-making, in addition to the individualization of treatment.

5.4 Identification of the NSCLC Molecular Profile in CTCs

Knowing the molecular heterogeneity of NSCLC was an important factor for the
development of new precision therapies, because some of these tumors are depen-
dent on oncogenes, that is, depend on key point mutations of signaling pathways to
grow and survive.

Among NSCLC subtypes, adenocarcinoma is the most incident and may present
at least one driver mutation. The main changes identified were in the epidermal
growth factor receptor (EGFR) and in the anaplastic lymphoma kinase (ALK), both
protein tyrosine kinases (PTKSs) receptors, proteins responsible for gene expression,
acting in cell growth, survival, migration, and apoptosis, these being, until now, the
main targets for the treatment of NSCLC.

The discovery of these molecular changes changed the course of the treatment of
patients with NSCLC, as it enabled the development of tyrosine kinase inhibitors
(TKIs), whose function is to prevent the enzymatic activity of these oncogenes.
EGFR TKIs are gefitinib, erlotinib, afatinib, and osimertinib, and ALK inhibitors
are crizotinib, ceritinibe, and alectinib. The response to the use of TKIs has been
promising, with very significant clinical benefits. Objective response rates of
60-70% are reported with the use of these different TKIs and a disease control rate
of up to 80-90%. However, patients tend to develop drug resistance within 1 to
2 years due to somatic mutations [24, 27, 38, 55].

Mutations in EGFR occur mainly at sites where EGFR binds to TKIs and are
detected in exons 18 to 21 of the tyrosine kinase coding gene. More than 85% of
adenocarcinomas present exon 19 deletions or L858R point mutation in exon 21,
targets that are clinically actionable. At exon 18, point nucleotide substitutions
occur at codon 719. In the exon 20, there are point mutations and insertions includ-
ing T790M, and this mutation is responsible for about 50% of all acquired resis-
tance mutations. In ALK rearrangements, EML4-ALK is the dominant
rearrangement. This mutation is found in 3—7% of NSCLC [5, 10, 51].

It is necessary to develop new ways of detecting somatic mutations in
NSCLC. Studies have shown that CTCs have predictive, diagnostic, and prognostic
value to identify mutations in NSCLC, in addition to identifying and monitoring
mutations related to resistance to TKI treatments.
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The study by Yang et al. [64] aimed to isolate and quantify CTCs after treatment
with osimertinib, TKI) with activity against the T790M mutation in EGFR. Patients
(n = 68) had samples collected at baseline and on day 28. CTCs were evaluated by
the CellSearch system. CTCs were divided into favorable (<5 CTCs) and unfavor-
able (>5 CTCs) groups. Patients in the favorable group at the beginning of the study
showed significantly longer median progression-free survival (PFS) compared to
patients in the unfavorable group (9.3 vs.6.5 months; p = 0.0002). The PES interval
for patients in the favorable group on day 28 was 9.7 months, significantly higher
than the mean time of PFS of 6.2 months achieved by patients in the unfavorable
group (p =0.011). This is the first report on the presence of CTCs and its prognostic
role in T790M-positive NSCLC EGFR patients after disease progression with treat-
ment with EGFR-TKI.

The objective of the study by Pailler et al. [45] was to verify whether the sequenc-
ing of CTCs could provide information on acquired resistance to ALK inhibitors in
addition to tumor heterogeneity in NSCLC mutated in ALK. Patients treated with
TKI-ALK (n = 17), crizotinib (n = 14) or lorlatinib (n = 3) were recruited after pro-
gression of the disease.

The samples were filtered with ISET Technology® (Rarecells Diagnostics,
France), CellSearch, and Rosettesep system. Pools of CTCs (n = 126) and 56 unique
CTCs were isolated and sequenced. Hotspot regions over 48 cancer-related genes
and 14 ALK mutations were examined to identify ALK-independent and ALK-
dependent resistance mechanisms. Various mutations were observed in crizotinib-
resistant patients in several genes on independent pathways of ALK. RTK-KRAS
(EGFR, KRAS, BRAF) and TP53 pathways have been mutated recurrently. In a
patient resistant to lorlatinib, two single CTCs in 12 showed mutations in the com-
pound ALK. Mutation of the compound ALK G1202R/F1174C was observed prac-
tically similar to ALK G1202R/F1174L and ALK G1202R/T1151 mutation of the
compound not detected in tumor biopsy. These results highlight the genetic hetero-
geneity and clinical utility of CTCs to identify TKIs-ALK resistance mutations.
Therefore, CTC sequencing can be a unique tool to evaluate resistance mechanisms
and assist in the personalization of treatments [45].

By means of hypermetabolic CTCs, detected by the increased uptake of glucose,
Turetta et al. [58] demonstrated that it is possible to evaluate the mutational status
of the NSCLC. Thirty patients with stage IV NSCLC were included in the study, of
which the blood samples were incubated with 2-NBDG, a fluorescent glucose ana-
log, and analyzed by flow cytometry. Using ddPCR, they detected mutations in
EGRF and KRAS in 85% of patients, corresponding to the primary tumor in 70% of
cases. Multiple mutations in KRAS were found in two patients, other two had muta-
tions different from those detected in the primary tumor and two patients with wild
primary tumor new mutations were detected: EGFR p.746_750del and KRAS
p-G12V. This study demonstrated the potential of CTCs to detect distinct mutations
of the primary tumor, allowing us to know the heterogeneity of the NSCLC.

Analyzing samples of 125 patients with stage IIIB-IV NSCLC, using CellSearch
technology and anti-vimentin antibody to detect mesenchymal CTCs, Lindsay,
et al. [34], observed that 51/125 patients (40.8%) had CTCs and 26/125 (20.8%)
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were CTC + vim at the beginning of the study. A multivariate analysis showed that
patients with 5 CTCs (total) significantly reduced to OS but not PFES compared to
patients with <5 total CTCs.

The researchers divided the patients according to the mutation of the NSCLC
driver, where they observed an increase of vim + CTCs in the mutated subgroup
EGFR (N = 21/94 patients), a reduction of total CTCs in the rearranged subgroup
ALK (N = 13/90 patients), and a total absence of vim + CTCs in adenocarcinomas
mutated with KRAS (N = 19/78 patients. This study demonstrated that EGFR
mutant CTCs express epithelium-mesenchymal transition characteristics not
observed in CTCs of KRAS-mutant adenocarcinoma patients [34].

Chromosomal rearrangements of ROS1 in CTCs of patients with NSCLC
mutated in ROS1 and treated with crizotinib were evaluated by Pailler et al. [43]. A
sample of four patients was analyzed using ISET Technology® (Rarecells
Diagnostics, France), and the ROS1 rearrangement was detected by filter-adapted-
fluorescence in situ hybridization (FA-FISH). In CTCs of all patients, ROS1 rear-
rangement was detected, initially confirmed by conventional biopsy. The mean
number of CTCs at the beginning of the study was 34.5/3 ml of blood. Tumor het-
erogeneity, assessed by the number of copies of ROS1, was significantly higher in
baseline CTCs compared to tumor biopsies. The number of CTCs increased signifi-
cantly in two patients who progressed during crizonitinibe treatment. This study
showed for the first time the ability of CTCs to detect mutated NSCLC in ROSI.

The combination of the studies exposed in this chapter (Table 5.1) demonstrates
the potential of CTCs as an auxiliary and/or independent source for mutation analy-
sis, a tool for prognosis in treatments with TKIs and IClIs, as also for early diagnosis
of NSCLC. It is essential to develop more research in order to contribute to the vali-
dation of CTCs in clinical practice, composing the biomarkers used in liquid
biopsies.
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