CIRCULATING TUMOR CELLS

Circulating tumor cells in non-small cell lung carcinoma
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ABSTRACT

Circulating tumor cells (CTCs) are associated with survival of cancer patients. Several methods have been developed

to detect circulating tumor cells. The number of CTCs in NSCLC is lower than in other solid tumors. To date, trials are

ongoing for a better understanding of CTCs. Besides association with prognosis, CTCs can be used to assess the efficacy of

treatment and they are important substrates for molecular profiling of the tumor..
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Lung Cancer is the deadliest cancer worldwide. Annually, in
the USA alone over 225,000 people are diagnosed with lung
cancer and approximately 160,000 are estimated to die from
it in 2012 (1). Decisions in lung cancer treatment are based on
imaging rather than on fluid based biomarkers. Unlike CEA in
colorectal carcinoma and PSA in prostate cancer, tumor markers
are not widely accepted in making treatment decisions for lung
cancer patients. Recently, the potential value of circulating
tumor cells (CTCs) was shown. CTC based analysis has been
envisioned as a “fluid phase biopsy” that enables us to study both
quantitative and qualitative properties of the malignancy (2).
The biology of circulating tumor cells, also referred to as
circulating epithelial cells, is not well understood. Circulating
epithelial cells represent disease derived cells including both cells
en route to metastasize and end-stage cells. In fact, in blood the
whole spectrum of circulating epithelial cells can be shown (3).
CTCs are rare cells among the billions of normal blood cells. At
least 13 other methods have been described to identify them
by differences in biological and physical properties (4). These
methods differ with regard to their sensitivity. To date, the FDA
has only approved narrow utility of the CellSearch method
for enumerating CTCs in metastasized breast, colorectal and
prostate carcinoma in disease prognosis (5,6). In short, the
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CellSearch method makes use of immunomagnetically enriched
epithelial cells. For all the approved utilities, CellSearch method
was able to divide patients into long and short term survivors
based on the number of circulating tumor cells (7).

Only a few reports have been published on CTCs in NSCLC
(2,8-11). When comparing data with the same technology,
incidence of CTCs in NSCLC was lower compared with
other tumors as reported for the CellSearch method (5), the
CTC-chip (12) and as shown in Table 1 (which is derived by
combining data from Marrinucci ef al. and Wendel et al.) (2,13).
Aggregates of CTCs were identified in 50% of NSCLC patients
using the same approach (14). Krebs et al. compared CellSearch
and ISET (Isolation by Size of Epithelial Tumor Cell) in 40
patients with stage III-IV NSCLC. Samples were more frequently
positive for CTCs with the ISET method (80%) compared to
CellSearch (23%). Clusters of at least 3 CTCs were detected
in 38% of the samples by ISET and in none by CellSearch. No
survival analyses were performed (15).

The value of CTCs assays in lung cancer diagnostics has yet
to be established. CTCs can have prognostic value, even if the
diagnostic yield is low. However, for qualitative assessment of
tumor properties a test with a high yield is warranted. Sensitivity
of some detection methods is too low for this purpose.

Prognostication of disease

In 2011, Krebs et al. reported data from a study using the
CellSearch method. Twenty-one out of 101 stage III-IV patients
had at least 2 CTCs detected before start of treatment. CTCs
before and during treatment were correlated with overall survival
and stage of disease (11). Hofman et al. reported a study using
ISET. All included patients underwent surgery for NSCLC and
all stages were included. Thirty-six percent of all samples were
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Table 1. Percentages of patients with HD-CTCs per mL of blood obtained from patients with metastasized prostate, breast, pancreatic
and NSCLC (2,13).
N =2 =5 =10
Prostate 20 90% 80% 65%
Breast 30 80% 70% 60%
Pancreatic 18 61% 44% 44%
NSCLC 31 52% 42% 32%

considered to be positive for CTCs. Patients with high level (=50
cells, 31% of all samples) of suspicious cells turned out to have a

worse prognosis (10).

CTCs and response assessment

Changes of CTC numbers during treatment for lung cancer have
not been studied widely. Using the CTC-chip, patients with an
increase in numbers of circulating tumor cells during treatment
had radiographic tumor progression and a reduction of numbers
was related to radiographic response (16). CTC numbers
(detected by CellSearch) were compared with FDG-PET for
to bone metastasized breast cancer and were in agreement
up to 80% of cases (17). In patients with stage IV NSCLC, a
correlation between changes in number of CTC and FDG-
PET or RECIST response was observed. However this was not
identified for all time points measured (18). Since FDG-PET
for evaluation of (chemo) radiotherapy might vary due to the
post irradiation inflammation, CTC detection before, during and
after (chemo) radiotherapy might be interesting to compare with
FDG-PET response.

Fluid biopsy: qualitative assessment of tumor

Changes in CTCs are thought to play important roles in
response assessment. At the present analysis of isolated CTCs
makes it possible to identify patients with EGFR, HER2 and
KRAS mutations (19). Other markers such as YH2AX, a marker
for double strand DNA breaks, were also detected in CTCs
(20,21). With a more sensitive CTC detection method, response
to for example cisplatin and Tyrosine Kinase Inhibitors can be
predicted (8,16).

Conclusions

Highly sensitive methods for use as a fluid biopsy are currently
developed. The initial use of these methods is for CTC
enumeration as a prognostic tool, which is only of limited use
clinically but demonstrates the identification of a relevant rare
cell subtype in the blood. The important next step is to use these

cells as biopsy material for additional characterization using
both traditional immunocytochemistry as well as molecular
approaches. NSCLC is particularly attractive due to the clinical
need for a real-time fluid biopsy to aid in both the earlier
diagnosis and treatment management, and, equally as important,
the better understood molecular characteristics of the disease as

it relates to possible treatment responses.
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