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Liquid biopsies are emerging as a patient-friendly approach
for estimating biomarkers to predict treatment outcome
and overall survival. Detection and characterization of
circulating tumor cells (CTCs) is a promising biomarker
and its application for non-small cell lung cancer (NSCLC)
is currently under investigation. The FDA approved
CellSearch system is used as the standard test. The most
challenging hurdle in this and other techniques is to discern
the CTCs from the background noise of normal blood cells.
In the CellSearch system, lysis of erythrocytes, separating
leukocytes with anti-CD antibodies, and immunomagnetic
enrichment of cancer cells from blood samples expressing
membranous epithelial cell adhesion molecule (EpCAM)
protein is used. The relevant detection rate using CellSearch
for prognosis is set by the developer on >2 (for metastatic
colorectal cancer) or >4 CTCs (for metastatic breast and
prostate cancer) per 7.5 mL blood sample. Clinical use of the
CellSearch system is currently limited in NSCLC because it
fails to detect CTCs at an acceptable rate and at a sufficient
high yield. Extrapolation of CTC frequency distribution in
7.5 mL of blood from patients with metastatic breast, colon
and prostate cancer showed that probably all these patients
had CTCs in circulation, but the sample volume was not
sufficient to detect them in all patients. Therefore, novel

methods for the detection of CTCs are being studied.

Methods of isolation

The different methods of isolation and detection of CT'Cs
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are based on the physical and biological properties of CTCs
when compared to the normal cells. Generally these can
be divided into three main groups: (I) measurement of the
expression of epithelial specific proteins, also called the
protein based or immunocytometry strategy; (II) mRNA or
DNA based techniques, where the expression or presence of
certain genetic sequences is measured; (III) and finally the
use of the distinctive physical characteristics of CTCs, e.g.,
their size. Each method has its own merits.

Next to the CellSearch system, a novel technique using
expression of epithelial specific proteins, based on the
increased expression of the folate receptor in cancer cells
has been developed and was used by Wan ez a/., published
in Annals of Translational Medicine in Dec. 2015 (1). The
expression of the folate receptor in several carcinomas
including NSCLC was earlier reported by Parker ez 4/. in
2005 and again by Nunez et /. and O’Shannessy et 4/. in
2012 (2-4). There are four known folate receptors (a, B, v
and 9). The y and d receptors are mainly expressed on T-cells,
while B-receptors are expressed in a subpopulation of
activated macrophages. The a-receptor physiologically plays
a role in retaining folate in the body. They are primarily
expressed on the apical side of the epithelial cells, for
example epithelial cells lining the bladder. Organs expressing
this a-receptor are the salivary glands, kidneys, lungs,
pancreas and breast tissue. The receptor is thus primarily
expressed in locations where excretion occurs.

The up regulation of folate a-receptors on cancer cells,
and its relative absence in physiological circumstances in
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the hematological compartment, makes it a possible target
to determine whether cells qualify as CTCs or not. In
December 2013 a method based on this distinction was
described by Lou ez 4/. and by Yu et al. (5,6). Following lysis of
red blood cells and depletion of white blood cells using CD45
leukocyte depletion magnetic beads, they used a conjugated
ligand specific of the folate a-receptor, thereby binding all
folate a-receptors present. Abundant unbound conjugates
are depleted by a washing procedure. The remaining bound
conjugates thus represent all folate a-receptors present in
that sample. As a synthesized oligonucleotide was connected
to the conjugates, quantification of the folate o-receptors
is possible using qPCR. The amount of folate o-receptors
is then divided by a value of 7.5x10™"* M (derived from the
amount of folate o-receptors on a cancer cell line, specifically
KB cells), giving the amount of CTC units (CTU) per 3 mL.

Following a validation study using spiked cells, Lou
et al. (5) studied 72 NSCLC patients as well as 20 patients
with benign diseases and 24 healthy donors. CTU amounts
were significantly different between the groups: healthy
patients had a mean of 6.7 CTU (range, 3.0-11.4), benign
disease patients a mean of 6.0 (range, 1.6-8.7) while
NSCLC patients disease stage I-I1I had a mean of 11.9
(range, 3.8-25.7) and disease stage IV had a mean of 20.9
(range, 6.8-75.0). The authors hypothesized that the
background in healthy cases could have been attributed
to indiscriminative binding of the oligonucleotides to the
residual cells in the enriched samples.

Using a cut off of 8.5 CTU per 3 mL, they found
a sensitivity of 82% and a specificity of 93% to detect
CTC. Interestingly, they observed no difference between
adenocarcinoma and squamous carcinoma in the amount
of CTCs.

Yu ez al. (6) tested the folate technique on 153 patients
with NSCLC, 49 healthy controls and 64 patients with
benign diseases. Using a threshold of 8.64 CTU per 3 mL
blood, the method showed a sensitivity of 73% and a
specificity of 84%. They did not find a significant difference
in CTUs between the different disease stages.

Recently Chen et al. (7) investigated 473 patients with
NSCLC; 227 patients with benign lung disease and 56
healthy donors. These were split in two groups, one group
(236 NSCLC, 113 benign and 28 controls) was used to
train a classifier while the second group (237 NSCLC, 114
benign and 28 controls) was used as a validation set of the
model obtained from the training set.

The optimal cut off was determined to be 8.93 CTU
per 3 mL, giving a sensitivity of 76% and a specificity of
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82% for the validation set. They also related the CTUs to
clinical stage, with a significant difference between stage 1/11
and III/IV, but not between stage III and IV. No difference
in CTU count was found between the different histological
subtypes as reported by Lou (5) earlier.

Finally, Wan ez a/. (1) used the same technique in
50 patients with both adenocarcinoma and squamous
carcinoma from the lung. Nine patients had stage I disease,
11 stage II, 7 stage III and 23 had stage IV disease. As a
control group, 35 patients with benign lung diseases and
28 healthy subjects were included. A clear difference in the
CTUs per mL was observed between the NSCLC group
and both the benign patients and the healthy controls (41.01,
1.03, and 0.34 CTU per mL respectively). In addition,
higher CT'U counts predicted a higher disease stage.

This technique using the folate a-receptors is fully
dependent on the assumption that there are no other cells
expressing these receptors, and that the tumor cells maintain
their expression while in circulation as CTC. It is known
that different processes such as epithelial-mesenchymal
transition (EM'T) may interfere with the expression of
surface proteins; however whether this is also true for the
folate a-receptor expression is unknown. Moreover, not all
NSCLC subtypes or cells exhibit this protein and might
therefore be missed using this method (2,3).

Also, in contrast to CTC determination in blood when
looking at the folate a receptor expression, in a histological
setting (biopsies) there seems to be a difference in expression
between adenocarcinoma (higher) and squamous carcinoma
lung cancer patients (2,3).

Of interest is the ‘background noise’ present in healthy
controls. This background can be caused by cross binding
with the B-receptor, presented by remaining leukocytes.
Another possibility is the non-specific binding of the
oligonucleotide by different normal cells, for example
macrophages or red blood cells that remained behind in the
enriched sample, or the presence of a small subpopulation of
activated macrophages that does present the o receptor (5,6).

Finally, this new method has not yet been correlated to
survival. Hopefully this will be the next step.

In line with other results

CTCs have already shown to be prognostic in both lung
and other solid tumors over the last decade. High CTC
counts are detrimental in all solid tumor types. The change
of CTC count has been linked to better survival and to
response therapy (8-11). However, there are many different
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Table 1 Studies investigating circulating tumor cells in non-small cell lung cancer by ISET, CellSearch and folate receptor technique

Author (year) Measurement method Population

Outcome

Hofman (2011) (17) CellSearch & ISET

stage I-IV
Krebs (2011) (12)

CellSearch

Krebs (2012) (18) CellSearch & ISET

210 NSCLC patients undergoing surgery,

40 patients stage llI/1V,
paired blood samples for comparison

CellSearch (=1 CTC): 82/210 positive (39%)
ISET (=1 CTC): 104/210 positive (50%)

Both methods independently associated with
diminished DFS

101 NSCLC patients untreated stage lll/IV, =2 CTCs: 21 patients (21%)
samples before and after treatment

CTC =5 CTCs baseline and treatment CTC
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

>1 CTC: 28/37 positive (78%)

CTC count decrease correlated with DFS
Threshold 8.5 CTU: detection of NSCLC:
sensitivity 82%; specificity 93%

>1 CTC per 1 mL:

45 out of 66 (68%) blood samples

CTC =5 permLaHR OS 4.0

78 NSCLC patients, chemotherapy-naive, =1 CTCs per 1 mL: 57/78 (73%)

No correlation disease stage

Threshold 8.64 CTU per 3 mL: detection of NSCLC:
sensitivity 73%; specificity 84%

> 2 CTC: 9/37 positive (24%)

>1 CTC: 15/38 (%)

>1 CTC: 18/43 positive (42%)
>5 CTC: 10/43 positive (23%)
>5 CTCs correlated with OS and PFS

Punnoose (2012) (15)  CellSearch 41 patients NSCLC, stage Ill/IV
Treated with erlotinib and pertuzumab
Lou (2013) (5) LT-PCR 72 NSCLC patients, stage I-IV
(folate a-receptors) 20 benign patients 24 healthy donors
Nieva (2013) (14) HD-CTC IF 28 NSCLC patients with metastatic
disease, 66 blood samples during course
study
Wendel (2013) (16) HD-CTC
stage I-IV
Yu (2013) (6) LT-PCR 153 NSCLC patients, stage I-1V,
(folate a-receptors) 64 benign disease 49 healthy controls
Juan (2014) (11) CellSearch 37 NSCLC patients, stage IlIB/1V,
measurements at baseline and after
2 months chemotherapy
Muinelo-Romay CellSearch 43 NSCLC patients, stage llIB or IV
(2014) (13) and undergoing first line chemotherapy
Chen (2015) (7) LT-PCR

(folate a-receptors)
Wan (2015) (1) LT-PCR
(folate a-receptors)

Modified CellSearch
(+EPCAM- CTC)

de Wit (2015) (19)

50 patients NSCLC, stage I-IV
35 benign patients 28 healthy subjects

27 patients (24 NSCLC patients)

Validation set: 237 NSCLC patients, stage Threshold 8.93 CTU per 3 mL: sensitivity of 76%;
I-IV 114 benign patients, 28 controls

specificity 82%
Correlated with disease stage
CTU correlated to disease stage

>1 EpCAM+ CTC: 11/27 (41%) =5: 4/27 (15%)
>1 EpCAM- or EpCAM+ CTC: 20/27 (74%) =5:
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 method; EpCAM-CTCs, epithelial cell adhesion molecule negative
circulating tumor cells; HD-CTC IF, high definition- CTC Immunofluorescence; LT-PCR, ligand targeted PCR; CTU, circulating tumor cell unit.

methods to obtain the CTCs that are used and cut off
values differ substantially from 1 to 8 CTCs per 7.5 mL
blood (9,12-16) (Tuble 1).

Currently the single FDA approved method (for
colon, prostate and metastatic breast cancer, but not lung
carcinoma) is the CellSearch system. The CellSearch
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system uses the aforementioned immunocytometric
methods to discriminate CTCs. After separating the
plasma from the solid blood components, magnetic beads
aimed at the EpCAM are used to magnetically separate
CTCs from the other cells. Followed by staining using
monoclonal antibodies against cytokeratin and CD45 in
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combination with the nuclear cell staining 4',6-diamidino-
2-phenylindole (DAPI). EpCAM and DAPI positive
cells that are CD45 negative are considered to be CTCs.
This validated technique is highly reproducible and has
clear prognostic value in many different cancer subtypes,
indicating that a clinically relevant portion of cells are
identified. As this system focuses on EpCAM positive
cells all cells not exhibiting this molecule are therefore
not recognized as tumor cells. While it is known that
tumor cells do not always express EpCAM (20,21), the
prognostic impact of these EpCAM negative (EpCAM-)
cells was negligible when adding a micro sieve to the
collection of the blood discarded by the CellSearch after
immunomagnetic enrichment of EpCAM + CTCs (19).
Still, more information is necessary before a definitive
conclusion can be drawn.

A second problem is that the CellSearch system only
isolates CTCs in a small fraction of patients per 7.5 mL
blood, even in the case of metastasized disease (12).

The mRNA based techniques are generally PCR-based
in a single or multi marker approach. These techniques are
difficult to reproduce and are unable to assess cell numbers.
Additionally, markers like TTF-1 or CEA detected by
reverse transcriptase PCR are not necessarily derived from
CTCs. Other techniques using DNA from circulating
cells are only useful against the specified target, such as the
epidermal growth factor receptor (EGFR) mutations (22).

Finally, measurements based on specific properties
of CTCs, mostly filtering methods, have the advantage
of capturing individual cells, making it possible to study
the vital cells after isolation. Using this method a relative
larger number of CTCs are found in 7.5 mL of blood
(17,18). For example, the ISET method by RareCell
has a reported sensitivity of up to 1 cell per mL whole
blood (18). This method operates by filtering cells through
a membrane. Cells larger than 8 microns remain on the
membrane and are transferred into wells where they
can be studies using a microscope. The ISET method
identifies CTCs in a larger percentage of patients
and in greater numbers: Specifically Krebs ez a/. (18)
identified CTCs in 32 out of 40 NSCLC patients (80%)
using the ISET method with a mean number of cells per
patient of 71 (range, 0-1,045). The CellSearch method
isolated cells in 9 out of 40 patients (23 %) with a mean of 4
cells per patient (range, of 0-78 cells) (18). Using the ISET
method they also identified EpCAM- CTCs and detected
CTC clusters, which were not found when the CellSearch
system was used. Although they did not use the modified
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CellSearch system described by De Wit et al. (19). The
clinical relevance of these EpCAM- cells is still largely
unknown and needs further studying as mentioned before.

Hurdles to overcome and future prospects

The most important hurdle is the identification of a single
or few CTCs amongst millions of white blood cells. It is
necessary to increase the yield if we want to make CTCs
available for other diagnostic techniques, such as single-
cell whole genome sequencing or strand specific sequencing
(23,24) which identifies both copy number alterations and
translocation breakpoints. One way to increase the yield
of CTCs is to filter more whole blood by using diagnostic
leukapheresis (DLA) (25). DLA is a standard clinical
method to isolate mononuclear cells (MNCs) from blood.
It is currently used as routine practice in hematological
diseases. It improves the detection rate of CTCs to 56%
for all stages of lung cancer. Currently only few centers
are exploring this approach. Another possibility is the use
of filters such as the ISET technique, but other filters and
markers are constantly being developed, causing the field
to change continuously. More research still needs to be
performed for developing new techniques and comparing
all methods, but CTCs have the possibility to play a major
role in the future for prognosis, tumor typing and selection
and follow up of therapy.
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