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Abstract

Pancreatic cancers are typically resistant to chemo and radiation therapy and are predisposed to
distant metastases. Circulating tumor cells (CTCs) are tumor cells disseminated from primary and
metastatic sites and can be isolated from peripheral blood. CTC may overcome the limitation of
the current available tumor markers, CA19-9. As a surrogate for ‘real-time biopsy’, CTCs allow
recurrent assessment of a tumor’s biological activity. We review the current methodologies for
CTCs extraction and characterization including antibody-based immunological assays, PCR-based
assays, and novel technologies based on the physical or biological characteristics of CTCs. CTCs
also provide an accessible link to the existence of epithelial to mesenchymal transition, tumor stem
cell markers, and ongoing clonal mutations and epigenetic changes in the tumor. We also explore
the potential of using CTC profiling in diagnosis, selection of neoadjuvant and adjuvant therapy,
detection of recurrent disease, examination of pharmacodynamic biomarkers, as well as in gene
therapy and immunotherapy for pancreatic cancer. Ongoing CTC characterization not only has the
potential to represent all cells shed from primary pancreatic tumor and each metastatic site, but
also allows dynamic sampling at multiple time points during the clinical course to identify the
subpopulations of CTCs and the specific molecules driving metastasis and chemo resistance. We
predict that CTC genotyping and phenotyping will play an increasing role in personalized therapy
and in identification of novel therapeutic targets as well as monitoring the course and status of the
disease.
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Introduction

Circulating tumor cells (CTCs) are tumor cells circulate through normal vessels and
capillaries, and neovessles formed by tumor-induced angiogenesis [1, 2]. Metastases result
from tumor cells migrating from the primary tumor sites to distant organs, such as lung,
liver, bone or brain, and are directly responsible for most cancer-related deaths. CTCs were
first described in the blood of a metastatic cancer patient were in the 19t century by Thomas
Ashworth [3]. Since then, isolation and characterization of CTCs in patients suffering from a
variety of different cancers have been an hot topic of scientific investigations [4]. CTCs
have been shown to provide predictive and prognostic information in terms of disease
relapse, overall survival, and tumor response to therapy in patients with metastatic or
surgically resectable colorectal [5-7], breast [8, 9], prostate [10, 11], lung [12] and ovarian
cancers [13]. Identification of genetic mutation in CTCs acquired during the therapeutic
course is useful to herald drug resistance in patients with cancer [12]. However, the role of
CTCs in one of the most deadly cancers, pancreatic cancer, has not been extensively studied.
Herein we discuss current progress in CTC detection and its role in the management of
pancreatic cancer.

Pancreatic cancer

Pancreatic cancer is one of most aggressive solid tumors clinically characterized by local
invasion, early metastasis, and resistance to standard chemotherapy [14]. There were an
estimated 44, 030 newly diagnosed cases of pancreatic cancer in the United States in 2011; a
15% increment compared to 2008. Pancreatic cancer has one of the lowest overall survivals
among all types of cancers, making it the fourth leading cause of death due to cancer in the
United States [15], and the eighth and ninth leading cause of cancer death in the world in
males and females independently [16]. Currently, the surgical outcome in pancreatic cancer
remains unsatisfactory as many post-operative patients exhibit distant metastasis shortly
after surgery and succumb to death thereafter [17, 18].

Up to date, the best tumor marker for pancreatic cancer has been carbohydrate antigen 19-9
(CA19-9), a sialylated Lewis antigen of the Mucin 1 (MUC1) protein with an overall
sensitivity of 80% and specificity of 82%. Unfortunately, patients with blood type of Lewis
a- and b- genotype (5-10% of the Caucasian population) are incapable of synthesizing the
CA19-9 epitope [19]. In addition, CA19-9 may also be elevated in patients with non-
malignant diseases such as cirrhosis, chronic pancreatitis, cholangitis, obstructive jaundice
as well as in other digestive tract cancers [20]. Even among patients with resectable
pancreatic cancer, CA19-9 levels are not elevated in up to 35% of the patients [21]. Better
biomarkers are needed for pancreatic cancer diagnosis and prediction of therapeutic
efficacy.

CTCs are a potential marker for pancreatic cancer not only because of their specificity, but
also because CTCs allow repeated study of tumor genetics, proteomics and molecular
biology of the cancer cells as well as pharmacodynamics throughout a patient’s clinical
course. Herein, we explore the potential role of CTCs in the diagnosis, staging, prognosis,
and therapy of pancreatic cancer. If CTCs are shown to correlate with the risk of distant
metastasis, isolation of CTCs would also allow more accurate study of “druggable targets”
in the disseminated cancer cells and thus allow a more rational selection of adjuvant therapy
for localized pancreatic cancer.
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Isolation and characterization of CTCs

CTCs are typically present at low concentrations in cancer patients. Numerous assays for
detecting CTCs have been developed. The current common approaches for detection of
CTCs in patients with pancreatic cancer include: 1) immunological assays using antibodies
directed against cell surface antigen; 2) PCR-based molecular assays for tumor-derived
DNA or RNA extraction from CTCs; and 3) technologies based on physical or biological
properties of cancer cells (Table 1).

Immunological assays

The CellSearch® system (Veridex LLC) uses antibodies directed against cell surface
antigens. In this method, CTCs are first extracted in ferrofluids using epithelial cell adhesion
molecule (EpCAM) antibody-coated magnetic beads, then fixed and further stained with
antibodies to epithelial cytokeratin 8, 18, and 19, DAPI for nuclear staining, and CD45 for
leukocyte antibody. Once mounted on a slide, the CTCs are counted to provide quantitative
data. The CellSearch® system has received FDA (US Food and Drug Administration)
approval to aid in monitoring patients with metastatic breast, prostate, and colon cancer [5,
6, 8-11]. In addition, the assay has also been reported to provide prognostic information in
pancreatic and other cancers.

One US study using CellSearch® system examined the prevalence of CTCs in blood samples
from 199 patients with nonmalignant diseases, 964 patients with metastatic carcinomas, and
145 healthy volunteers. The study included 16 patients with metastatic pancreatic cancer.
Differences in vascularization of the tumors, sites of metastasis, and aggressiveness of the
tumor proved to be contributing factors to the presence and the number of CTCs. The
median number of CTCs from colon cancer and pancreatic cancer was relatively lower than
those with prostate cancer, ovarian cancer, or breast cancer, suggesting the system was less
efficient in pancreatic cancer or that fewer cells were shed into the systemic circulation
possibly because of filtration of cells from the primary tumor during their transit through the
hepatic portal circulation [4]. A prospective study from Japan showed that the presence of
CTCs identified using the CellSearch® system in pancreatic cancer patients correlated with
poorer prognosis among stage 1Vb patients, independent of chemotherapy administration
[22]. Apart from cell counting, CTCs identified using the CellSearch® system can be further
characterized [23]. However, overall, the current CellSearch® system has not shown
sufficient sensitivity for localized and metastatic diseases in patients with pancreatic cancer.

Other EpCAM antibody-based methods involve use of a microfluidi platform (a CTC-chip)
potentially capable of isolating viable CTCs from peripheral blood of patients with
pancreatic cancer [24]. Another CTC-chip device utilizes a herringbone-chip (HB-Chip)
capable of isolating clusters of CTCs containing up to 14 CTCs with highly variable
cytomorphologic features. Such clusters could potentially lodge in distal capillaries in
appropriate niches and initiate metastatic lesions [25]. One weakness of antibody-based
immunological assays is the potential loss of any subpopulation of CTCs which do not
express the specific antigens used in the capture protocol (eg: EpCAM-negative CTCs)
making this method incapable of sampling the entire population of CTCs.

PCR-based molecular assays for CTCs detection

RT-PCR assays have been used following extraction of total RNA to measure target gene
copies from the peripheral blood of patients with pancreatic cancer. A study of 48 patients
who received pancreatectomy showed that after surgery, the copy numbers of EpCAM gene
were significantly increased, however this increase was not associated with a worse
prognosis [26]. Previous studies also used RT-PCR to measure the mRNA levels of CK-19
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[27] CK-20 [28], carcinoembryonic antigen (CEA), epidermal growth factor receptor 1
(EGFR1) and human telomerase (hnTERT) [29] in the blood of pancreatic cancer patients.
One pitfall of PCR-based approaches is that the origin of the nucleic acids is not clear and
the results may not represent actual CTCs as the nucleic acids could also include shedding
from necrotic cells in tumor deposits, tumor-derived exosomes, cellular fragments or result
from lysis of CTCs in the bloodstream. This limitation could be overcome by preforming an
initial purification of nucleated cells from the circulation followed by extraction of nucleic
acids from the cells prior to performing RT-PCR [30].

CTCs isolation based on the physical and biological properties of CTCs

CTCs and

Dielectrophoretic Field-Flow Fractionation refers to the application of dielectrophoretic
(DEP) forces to differentially drive cell movement based on the differences in dielectric
properties between blood cells and cancer cells that arise from differences in morphological
and electrical conductivity. The CTCs isolated from this method are viable and they can be
cultured in media for further characterization [31]. Other physical-biologic property
technologies include the use of fiber-optic array—scanning technology and laser-scanning
cytometry scans which can identify nucleated cells deposited on a glass slide according to
their distinct cell-surface antigen profiles [32]. These technologies are antibody independent,
thus overcoming the potential “surface antigen” limitation of immunological assays (e.g.,
the CellSearch® system). To the best of our knowledge, the results of these technologies
have not been published using blood from patients with pancreatic cancer but have been
proved to be useful in other cancers such as lung and breast cancer [31].

tumor initiating cells

Further characterization of CTCs identified subpopulations such as tumor initiating cells
(TICs). TICs, also called cancer stem cells (CSCs), are likely to be critical not only for
diagnosis and treatment of early stage cancer but also for finding novel treatments for
pancreatic cancer with advanced stage. Numerous reports have demonstrated that EpCAM is
one of the major markers for TICs of various cancers including pancreatic cancer [33]. Li et
al. identified a subpopulation of highly tumorigenic cancer cells expressing the cell surface
markers CD44+, CD24+ and EpCAM+ in pancreatic cancer. These cells display stem cell-
like characteristics such as self-renewal and the ability to differentiate as well as to drive
continuous malignant cell expansion in an invasive and metastatic manner. As few as one
hundred CD44+CD24+EpCAM+ cells were able to generate a tumor in 50% of
immunocompromised mice. In contrast, cells which were negative for all three markers
required at least 10# or more tumorigenic cells be implanted in order to induce tumor
formation [34].

Theoretically, there are two subtypes of cancer stem cell pools within a tumor: intrinsic
cancer stem cells and induced cancer stem cells. Intrinsic cancer stem cells are thought to
exist within the primary tumors from the initial stage of tumorigenesis whereas the induced
cancer stem cells are differentiated cancer cells which have undergone epithelial
mesenchymal transition (EMT). Epithelial mesenchymal transition results from genetic and
epigenetic changes of cancer cells induced by transformation signals released from their
microenvironment and from stroma cells [35]. Conventionally, EMT is recognized as a
pathological mechanism during the progression of various diseases including inflammation,
fibrosis and cancer [36]. During the EMT process, epithelial cells undergo multiple
biochemical changes involving down-regulation of epithelial markers, which confer cell-to-
cell and cell-to-extracellular matrix (ECM) adhesion. There is also up-regulation of
mesenchymal markers in epithelial cells during the EMT process, conferring increased
production of ECM components, enhanced migratory and invasive capacity, and increased
resistance to apoptosis [37, 38]. New tumor initiation at the metastatic site is now believed
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to originate from cells which were first transformed from an epithelial to a mesenchymal
state and then migrated to the site of the metastasis. Once that cell has moved to a hew
location, it can undergo mesenchymal to epithelial transition (MET), the reverse procedure
[39]. A recent study conducted on the CTCs from metastatic breast cancer patients showed
that a major proportion of CTCs were positive for both EMT markers and stem cell
characteristics, thus providing further evidence of the link between cancer stem cells and
CTCs [40].

The ability of CTCs and cancer stem cells to survive and form metastasis is determined by
not only their intrinsic abilities with the self-propagating potential, but also the interaction
with the pre-metastatic niche, which plays a critical role in determining the cell fate and
metastasis [41]. The fine balance between quiescence and proliferation/differentiation of the
CTCs is controlled by the niche through both intrinsic and extrinsic signals from the
environment. In this modified “seed and soil” context, the seeds are the subpopulation of
CTCs which have the tumor initiating potential, and the soil is the niche microenvironment
composed of many cell types which interact with the tumor cells through growth factor and
cytokine networks [42—44]. This complex signaling network and the niche
microenvironment regulate CTCs and their progeny and modulate CTCs phenotype [45-47].
It is critical to elucidate the interaction between CTCs and the pre-metastatic niche for
pancreatic cancer prevention and treatment.

Yachida et al. sequenced the genome of primary and metastatic pancreatic cancer and
reported that different metastatic sites could have or select for different clones. In addition,
the clonal populations that gave rise to distant metastases could be found within the primary
carcinoma. Calculating the time required for the accumulation of the mutations identified,
they concluded that up to seven years are required for the development of metastatic
subclones within a primary carcinoma after it has formed, and an additional 2-3 years for
these clones to disseminate and cause the patient death [48]. These studies suggest there is a
window opportunity for diagnosis and treatment of early stage pancreatic cancer before it
spreads. On the other hand, the finding from Stanger et al. supports the notion that early
spread occurred even before the primary tumor formation. Those authors reported that
tagged pancreatic intraepithelial neoplasia (PanINs) cells harboring only oncogenic Kras
mutations migrated away from the glandular preneoplasm into the surrounding stroma
tissue, invaded and entered the bloodstream, and seeded in the liver unexpectedly early,
before frank malignancy could be detected by rigorous histologic analysis. The 2.7% and
6.8% of all PanIN 2 and 3 lesions contained mesenchymal markers coexpressed proteins
characteristically associated with EMT, including Zeb1, Slug, and Snail, whereas EMT was
never observed in PanIN 1 lesions. The circulating PanIN cells also expressed the “cancer-
initiating cell” surface proteins CD24 and CD44. Inflammation also increased the number of
circulating pancreatic preneoplastic cells [49]. If EMT does play a crucial role in cancer cell
spread in vivo, then detection methods that rely on cellular expression of epithelial markers
alone are likely to provide an incomplete picture of metastasis.

Further CTCs characterization will hopefully reveal which subgroups of CTC bearing tumor
initiating cells marker are capable of seeding metastasis and are resistant to chemotherapy;
and which subgroups of CTC are “helpers” but are not initiating cells as well as which
subgroups of CTC are innocent bystanders (Fig. 1).

self-seeding

In 2006, Norton and his colleagues proposed a self-seeding theory to explain the increased
cell density, high mitotic rate and large tumor sizes in cancer [50]. In this process, CTCs can
also colonize their origin tumor in a process called “self-seeding’. In mice, “self-seeding” of
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breast cancer, colon cancer, and melanoma has since been confirmed to be preferentially
mediated by aggressive CTCs, including CTCs with bone, lung or brain metastatic tropisms.
They also showed that the tumor-derived cytokines interleukin-6 (IL-6) and IL-8 acted as
CTC chemoattractants, whereas poor-prognosis markers such as matrix metalloproteinase
(MMP1)/collagenase-1 and actin cytoskeleton component fascin-1 acted as mediators for
CTCs infiltration into mammary tumors [51]. Overall “self-seeding” results in altering the
tumors microenvironment making it more supportive of tumor growth including acceleration
of tumor growth, induction of angiogenesis, and activation of stroma recruitment [52].

Changes in “self-seeding” could potentially affect response to therapy and prognosis. For
example, in locally advanced pancreatic cancer, randomized clinical trials have shown that
adding local radiation to chemotherapy may improve patients survival in comparison to
chemotherapy alone [53]. One explanation for the beneficial effect of irradiation to the
tumor bed could be that it results in changes of the local tumor environment resulting in a
reduction of CTCs seeding back to the primary tumor site.

Use of CTCs in clinical management of pancreatic cancer

CTCs have the potential to provide a surrogate for ‘real-time biopsy’ thus allowing
assessment of the tumor biological activity. As such, enumeration and characterization of
CTCs in pancreatic cancer could have important role in the diagnosis, predicting risk for
post-surgical recurrence, examining pharmacodynamic biomarkers, detecting treatment-
resistant profiles, assisting in response measurements to therapies, and identifying
prognostic and predictive molecular features (Table 2). Some potential applications of CTCs
in different stages of pancreatic cancer management are discussed below.

Assistance in diagnosis

Disseminated cancer cells have been reported in patients with ductal breast carcinoma in
situ, a preinvasive cancer lesion [54]. Similar finding was reported in pancreatic
intraepithelial neoplasia (PanIN) in a mouse model [49]. Cystic lesions of pancreas often
present as a clinical dilemma as they can be adenocarcinoma, neuroendocrine tumor, pre-
malignant (PanIN) or benign. Biopsy from these pancreatic lesions is associated with a high
false negative rate as well as a risk of tumor seeding and many cases requires repeated
biopsies over several months, or exploratory laparotomy for an accurate diagnosis. For
suspicious lesion undergoing pancreatectomy, even though biopsy is not required
beforehand, biopsies are required for borderline resectable lesions in order to differentiate
between neuroendocrine tumor of pancreas and adenocarcinoma of the pancreas before
offering pre-operative chemotherapy. In other scenarios, CTC could potentially help in the
diagnosis of metastatic pancreatic cancer, especially in cases where the primary tumor was
small possibly not even apparent on scans, or in cases where neither the metastatic nor the
primary lesion is accessible for biopsy.

Preoperative (neoadjuvant) and postoperative (adjuvant) management in localized
pancreatic cancer

CTCs can be used to identify the specific molecules driving metastasis and chemoresistance,
and thus allow targeted interventions in neoadjuvant and adjuvant therapy. Many post-
operative patients exhibit distant metastasis after surgery. Neoadjuvant therapy not only
could potentially downstage the primary tumor to improve resectability, but also could
reveal differences in cancer biology from a preoperative “window of observation” and thus
potentially avoid the morbidity due to pancreaticoduodenectomy in patients who have occult
micrometastatic disease which are destined to become clinically evident during preoperative
therapy. Study of CTCs allows the oncology team to potentially identify the metastatic

Biochim Biophys Acta. Author manuscript; available in PMC 2013 December 01.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Cenetal.

Page 7

potential of the patient as CTCs likely vary in risk from innocent bystanders to those seed
metastasis thus allowing identifying and targeting high risk patients as well as targeting
CTCs by using the most sensitive chemotherapy agents. The tumor response to preoperative
treatment might be predictable prior to surgery by noting a drop in CTC count and this
allows improved choice of the best timing of surgery. After surgery, CTCs can be examined
in terms of pharmacodynamic biomarkers to choose (or change to) the most sensitive
chemotherapy agents and assist in deciding the duration of adjuvant therapy. Subgroup of
CTCs with “organ tropism” could be potentially identified, and subsequently the susceptible
organ can be targeted before overt metastasis occurs. For example, if CTCs with metastatic
tropism to bone were found, bone-modulating agents can be applied to change the
microenvironment of bone to make it harder for CTCs to survive in its “soil” after seeding.

Chemotherapy in recurrent or metastatic disease

CTCs can be used to identify “druggable targets” as part of personalized therapy, which has
been reported mostly in breast cancer and lung cancer. Studies in pancreatic cancer CTCs
have not been successful in identifying susceptible targets. We expect that like lung and
breast cancer, once effective drugs are discovered for the treatment of pancreatic cancer, the
ability of obtain CTCs before and after the treatment will provide more information to sub-
classify patients and select the best drugs for individual cases. CTCs are of particular use for
pancreatic cancer researchers by assisting in identifying potentially useful novel targeted
therapies that are currently in pre-clinical phase such as gene therapy and immunotherapy.
CTCs, as a bridge, can help to discover discrepancies in phenotype or genotype between
metastatic tumors and the primary tumors. Possible explanations for this discrepancy include
clonal heterogeneity of the primary tumor with subpopulations of cells becoming
disseminated, and transformation of the genotype and phenotype of tumor cells over time.
The presence of different expression profiles between CTCs and the primary tumor may
well require alternations in the strategy for treatment. For example, a case report of a
HER-2-positive metastatic breast cancer that recurred six years after diagnosis of Her-2
negative primary tumor demonstrated a significant response to anti-Her2 antibody,
trastuzumab-containing chemotherapy [55]. Haber et al. analyzed the quantity and genotype
of CTCs after the initiation of gefitinib, an epithelial growth factor receptor (EGFR)
inhibitor, in four patients with lung cancer who harbored EGFR mutations [12]. The
prevalence of the resistance allele T790M increased among CTCs over time thus predicting
the acquisition of clinical drug resistance. One can envision the use of CTCs genotyping and
phenotyping to be repeated at therapeutic decision-making points during a patient’s course
of therapy in the management of pancreatic cancer to ensure that resistance has not
developed and to guide changes in chemotherapy agents when resistant clone is found.

Novel targets and immunotherapy

Research in pancreatic CTCs has not yet been able to identify “druggable targets” in
patients, partially due to lack of effective treatments for pancreatic cancer. In preclinical
research and early phase clinical research, CTCs could potentially help to identify the
susceptible gene in the individual patient and hence deliver gene therapy and
immunotherapy to the susceptible patients. Molecular profiling identified multiple genes
differentially regulated in human pancreatic cancer. Studies from our group found that zinc
transporter ZIP4 mRNA was over-expressed in pancreatic cancer leading to tumor
progression and drug resistance [56]. Silencing of ZIP4 by shRNA inhibited pancreatic
cancer progression in a mouse model [57]. Recent microRNA profiling studies also indicate
that pancreatic cancer has a specific microRNA signature which could be used as diagnosis
and therapeutic markers. In the aggressive form of pancreatic cancer and its chemo-resistant
clone, miRNA-34, miRNA-200 are down regulated (as suppressor) versus miRNA-21 and
miRNA-155 which are up regulated. The detailed molecular analysis on the gene profiling
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and microRNA profiling of CTCs may lead to new insights and novel therapeutic strategies
for pancreatic cancer.

Pancreatic cancer cells express tumor associated antigens (TAAS) such as Wilms’ tumor
gene 1 (WT1) (75%), mucin 1 (MUC1) (over 85%), human telomerase reverse transcriptase
(hTERT) (88%), mutated K-RAS (73%), survivin (77%), carcinoembryonic antigen (CEA)
(over 90%), HER-2/neu (61.2%), or p53 (67%) as potential targets for immunotherapy.
Immunotherapies aim to recruit and activate T cells that recognize tumor associated antigens
(TAAS). The specific tumor associated antigens can be potentially detected in CTC, so that
investigators can identify the susceptible patients bear the specific antigen and delivery
specific immunotherapy to the targeted population.

Conclusions

Research on CTCs is especially promising in terms of providing new insights in the complex
biology of micro-metastasis with important implications, as early identification and control
of metastasis is vital to successful management of pancreatic cancer. Traditional tumor
biopsy sampling can only capture part of the tumor and is unable to represent the entire
tumor cell population or identify changes that occur over time. Ongoing analysis of CTCs
not only has the potential to represent all cells shed from primary pancreatic tumor and each
metastatic site, but allows sampling to be repeated at multiple time points (dynamic
sampling) during the clinical course thus allowing early identification and characterization
of newly emerging sub-clonal populations. Unlike lung cancer and other malignancies, there
has not been any pivotal study using CTC to guide clinical treatment, due to delayed
diagnosis and lack of effective therapeutic agent in pancreatic cancer. Pancreatic CTCs
could potentially help to apply innovative technology to profile cancer cell genome, study
microRNA and protein expression, detect drug resistant clone, and discover new pathways
and therapeutic targets in CTCs. Moreover, pancreatic CTCs may provide biomarker target
for predicting therapeutic efficacy in this malignancy which allows improved stratification
of patients in the study of novel therapies. The potential role of CTCs in the diagnosis and
management pancreatic cancer and understanding the biology of metastatic disease is
significant.
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Figure 1.

Two cancer stem cell pools were found within a primary tumor of pancreas: intrinsic cancer
stem cells, and induced cancer stem cells which had undergone epithelial mesenchymal
transition (EMT) induced by transformation signals released from the microenvironment and
from stroma cells. Circulating tumor cells (CTCs) comprise of cancer stem cells and
differentiated tumor cells circulate through normal vessels and capillaries, and neovessles
formed by tumor-induced angiogenesis, migrate to distant organs, extravasate, colonize and
form distant metastasis clones. CTCs could also colonize their origin tumor in a process
called ‘self-seeding’, and result in altering the tumors microenvironment, making it more
supportive of tumor growth. CTCs profiling assays allow dynamic sampling during the
clinical course to identify the subpopulations of CTCs and their specific molecules driving
metastasis and chemoresistance for discovering novel targeted interventions.
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Current methods for CTC isolation in pancreatic cancer
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CTCsisolation methods

Pros

Cons

Antibodies directed against cell CellSearch® [4] [22]
surface antigen

FDA-approved method

Low sensitivity; EpCAM antibody
dependent

microfluidi platform (CTC-
chip) [24] herringbone-chip
(HB-Chip) [25]

Capable of isolating viable
CTCs; more sensitive than
CellSearch®

EpCAM antibody dependent

PCR-based molecular assays for tumor-derived DNA or RNA [26-30]

Sensitive for the studied
nucleic acids

Non-specific; the origin of the
nucleic acids may not be derived
from CTCs

CTCs isolation based on cells physical and biological properties:
Dielectrophoretic Field-Flow Fractionation [31]; fiber-optic array—
scanning technology and laser-scanning cytometry scan [32]

Antibody independent;
Capable of isolating viable
CTCs.

Not yet widely tested in blood from
patients with pancreatic cancer
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Table 2

Potential Use of CTCs in clinical management of pancreatic cancer

Clinical Setting

Clinical situation

Application of CTC

Assistance in Diagnosis

Pancreatic cystic lesion;
Borderline resectable lesion
before offering neoadjuvant
chemotherapy

Detected CTCs to differentiate among pre-malignancy (PanIN), benign
lesion, adenocarcinoma, neuroendocrine tumor

Metastatic cancer of unknown
primary

Gene profiling of CTC to identify cell of origin

Localized Stage

Preoperative setting

Patient risk stratified by identifying CTC with metastatic potential; target
CTC by using the most sensitive chemotherapy agent, monitor CTC count to
drop that allow improved choice of the best timing of surgery

Post-operative setting

Examine pharmacodynamic biomarkers on CTCs to choose the most
sensitive chemotherapy agents and assist in deciding the duration of adjuvant
therapy

Recurrent or metastatic
disease

CTCs genotyping and phenotyping to be repeated at therapeutic decision-
making points, Identify drug resistant clone, guide changes in chemotherapy
agents when resistant clone is found.
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