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Abstract

Circulating (CTC) and disseminated tumor cells (DTC) are two different steps in the metastatic
process. Several recent techniques have allowed detection of these cells in patients, and have
generated many results using different isolation techniques in small cohorts. Herein, we review
the detection results and their clinical consequence in esophageal, gastric, pancreatic, colorectal,

and liver carcinomas, and discuss their possible applications as new biomarkers.



1. Introduction

Onset of metastasis is a complex yet poorly understood process, which is responsible for most of
cancer-related deaths. For several years, cellular dissemination from primary to secondary sites
has been a “black-box” of research for clinicians. In non-metastatic (MO) patients, clinical studies
have isolated strong prognostic factors associated with the risk of metastatic relapse, and these
factors are being used to make decisions on adjuvant treatments. Adjuvant chemotherapy targets
cancer cells that may have disseminated throughout the body, but is currently given blinded to the
real dissemination status of each patient. With continuous technical improvements, detection
methods have been recently set up and validated to isolate cancer cells in the blood (circulating
tumor cells (CTC)) and in the bone marrow (disseminated tumor cells (DTC)). The opening of
these two windows on the metastatic process in patients has raised three main critical issues: Are
detection methods accurate? Is quantitative analysis (i.e., counts) of CTCs/DTCs of clinical
relevance? Could qualitative analysis (i.e., molecular characterization) of CTCs/DTCs uncover
new cancer features/targets? This review focuses on results obtained by different CTC/DTC

detection methods in gastro-intestinal cancers.



2. Technical aspects

2.1 CTC and DTC detection sites

Metastasis is a complex multistep process, which emerged as a biological and clinical research
field more than a century ago. In one of the first studies to investigate the metastatic spread of
breast cancer, James Paget made the well-known “seed and soil” hypothesis to explain the
discrepancy between the blood supply of the different organs and the distribution of breast-cancer
metastases[1]. Since this seminal report, several steps in the hematogeneous metastatic process
have been described: local invasion, intravasation into blood vessels, interaction with blood-
formed elements, arrest on the vessel’s endothelium, extravasation, invasion of the host-organ
microenvironment, cellular dormancy, and establishment of a new growth.

Basically, CTC corresponds to the circulation step of cancer cells, after intravasation,
whereas DTC corresponds to the post-extravasation steps. Noteworthy, CTCs are generally
detected in the peripheral blood, which is supposed to have a homogeneous cancer-cell
concentration, but many gastrointestinal (Gl) studies have also looked for CTC in the efferent vein
of primary Gl tumors, i.e., the portal vein. As looking for DTCs in solid organs is technically
difficult, DTCs are almost exclusively detected in bone marrow (by a sternum or iliac-crest
puncture). These different detection sites have to be kept in mind, especially in Gl cancers, in
which the liver may act as a physical blood-filter for CTCs released by the primary tumor. Finally,
cancer cells are not definitely set into one of these “compartments”: cellular trafficking between
the primary tumor site, the blood, the bone-marrow, other target-organs, and metastases are very

likely, as has been reported in a few pre-clinical [2] or clinical [3] models.

2.2 CTC and DTC detection methods

In a few solid tumors that exhibit specific gene-fusion transcripts (e.g., EWS/FLI1 in Ewing’s
sarcoma), DTC/CTC detection has already been clinically implemented as a strong prognostic
marker for use in everyday clinics, either at diagnosis or after the primary treatment, and is often
called a “minimal residual disease”. However, since the first CTC description in the late 19"
century [4], as most carcinomas do not have specific transcripts, DTC and CTC have been
detected using different techniques, leading to successive results that can appear heterogeneous
[5,6]. These techniques generally consist of isolating cells with epithelial markers out of
mesenchymal-derived compartments (blood, bone marrow) [7]; two steps are generally used:
primary enrichment, followed by DTC/CTC detection.

Almost every isolation technique relies on an initial CTC/DTC-enrichment step, generally
based on positive immunoselection of cells expressing an epithelial membranous marker, such as
epithelial-cell adhesion (EpCAM, MUCL1...). Other enrichment techniques have been also
reported: size-based differential  filtering  (ISET), CD45-based leukocyte-negative

immunoselection... None of these techniques have a 100% yield for CTC/DTC purification, and



the use of multiple-antigen selection (by combining different antibodies) has not yet demonstrated
clear superiority over single-antigen selection. Moreover, high discrepancy rates can be observed
using different antibodies against the same membranous marker, as is shown in colorectal cancer
[8]. This preliminary step, which could be followed by either molecular or cytological detection
techniques, is highly heterogeneous among techniques, and is critical to understanding
discrepancies between published studies in the same setting.

Molecular detection of CTC/DTC relies on the detection of mMRNA (by RT-(q)PCR, mRNA
hybridization onto cDNA membrane...), which is related either to epithelial function or to specific
cancer hallmarks, such as telomerase activity. Target mMRNA (CEA, MUC1, cytokeratins...), and
primers used for the amplification step are heterogeneous among studies, which are generally
monocentric. For example, in the recent meta-analysis by Rahbari et al [6], on CTC/DTC
detection in colorectal cancer, more than 20 different targets were assessed, alone or in
combination, in 31 molecular studies conducted in more than 25 different single centers.
However, the specificity of these molecular techniques is questioned, as nonspecific expression
of epithelial markers has been reported in lymphoid cells activated by cancer-related systemic
inflammation [9].

Cytological detection of CTC/DTC, after the initial enrichment step, relies on
immunostaining of CTC/DTC, using epithelial antigens thought to be expressed by carcinoma
cells (e.g., epithelial cytokeratins). Multiple staining can be performed on isolated cells, generally
by immunocytofluorescence. The standardized CellSearch® system [10], which has become the
most commonly used CTC detection system over the past few years, enriches the sample (7.5 ml
of blood) cells that express the EpCAM molecule, with antibody-coated magnetic beads, and
labels the cells with a fluorescent nucleic acid dye (DAPI). Fluorescently labeled monoclonal
antibodies specific for leukocytes (CD45-allophycocyan) and epithelial cells (cytokeratin 8, 18, 19-
phycoerythrin) are used to distinguish epithelial cells from leukocytes. Beyond epithelial-staining,
cytological detection methods allow the optical control of stained cells [11], in order to distinguish
cancer cells from activated lymphoid cells. This final validation step of cell morphology is time-
consuming, hardly automatable, and relies on expert cytologists and/or technicians who should
use a standardized classification consensus [12] whenever available. Our review is mainly
focused on the clinical applications of cytology-based CTC/DTC-detection techniques, which are
more homogeneous and have, at least for the CellSearch® system, the advantage of

demonstrated reproducibility across centers and studies [13,14].



3 Esophageal cancers

3.1 DTCs

Although bone and bone marrow are not preferential sites for macrometastasis of esophageal
cancer, DTCs have been primarily found in 37% of 90 non-metastatic patients after an iliac-crest
puncture using a cytological technique based on cytokeratin detection [15]. DTCs were
associated, in this study, with poor survival in patients with completely excised tumors.
Interestingly, bone-marrow DTCs were more frequently detected (79%) when extracted from a rib
contiguous to the tumor than from the iliac crest (8%), but rib-derived DTCs had no clear
prognostic significance [16,17]. Biologically, whole-genome analysis of single DTCs isolated by
micropipetting in 107 patients showed that most genetic aberrations were different in primary
tumors and in bone marrow DTCs [18], supporting the parallel-evolution model, proposed for
metastatic processes, by CA Klein [19]. In this study, gain of the HER2 gene region on 17q was
the most common genomic alteration shared between DTCs, and was associated with shorter

overall survival.

3.2CTCs

CTC detection in esophageal cancers has been mainly reported by molecular technigues in
patients undergoing surgery with a curative intent. These studies have focused mainly on CEA
MRNA expression [20-24], but also on CK19, CK20 [25,26], SCC [27], deltaNp63 [28], and
survivin [29,30]. Detection rates are heterogeneous among studies, even when the same mRNA
has been quantified in the same clinical setting, e.g., 77% [29] vs. 47% [30] for survivin, 57% [21]
vs. 28% [22] for CEA. Almost all of these exploratory studies show a negative prognostic impact
of CTC detection on survival, although these reports are on small heterogeneous cohorts.
Reports based on CTC cytological detection are even more limited; a negative prognostic impact
and a correlation with pleural dissemination were found in 5 patients out of 23 metastatic
esophageal-cancer patients who had =22 CTCs/7.5 ml of blood, as assessed with the CellSearch®
system [31,32].



4. Gastric adenocarcinoma

4.1 DTCs

Bone marrow DTCs have been reported by several detection techniques in surgically resected
gastric cancers: CK18 [33]; CK2-immunostaining [34]; anti-human epithelial antigen (Ber-EP4)
[35]; CK20 RT-PCR [36], CK20/CK19/CEA RT-PCR [37], CK7/CK8 RT-PCR [38],
CEA/CK20/TFF1/MUC2 RT-PCR [39]. About half of these studies reported a significant negative
prognostic impact on metastases-free and/or overall survival. DTC detection has been associated
with increased tumor-microvessel density [40,41]; its association with VEGFR expression by the
primary tumor appears controversial [42]. As not every single DTC will later grow into a
macrometastase, a German group developed further investigations into DTCs isolated by a
cytological technique. They showed that immunostaining of proteins involved in the urokinase
plasminogen-activator (UPA) system may distinguish those that have a fully metastatic phenotype
and an independent clinical impact [43-45]. Recently, they also reported that the extracellular
matrix-metalloprotease inducer (EMMPRIN) may also play a role in DTCs’ evolution to later
macrometastases [46].

4.2 CTCs
CTCs in gastric cancer have been studied in several small studies, reported in Table 1. No clear
conclusion can be drawn from these heterogeneous studies, which are often underpowered.
Among the several molecular markers tested (CK18, 19, 20, CEA, hTERT (human telomerase
reverse transcriptase)), none has demonstrated a clear and confirmed superiority over the others
[47-51]. CTC-detection rate was related to the surgical maneuvers during the surgical removal of
excisable cancers, and was initially correlated with poor survival [52]. This CTC release was
confirmed in another study (n=59), though CTC-positivity after surgery was surprisingly
associated with an improved prognosis [53]. A few reports have also focused on the patient’s
blood stored for autologous transfusion during surgery, by testing CTSs using various techniques
after removal from blood by freezing, filtering, and irradiation [54,55]. Decreases in CTC have
been also reported in about half of patients receiving neoadjuvant chemotherapy [56]. Biological,
preclinical experiments suggest a strong role for CTC arrest in premetastatic niches of target
organs, characterized by VEGFR1-positive bone-marrow-derived non-tumoral cells [57]. To date,
gastric adenocarcinoma is the only cancer in which the impact of VEGFR1-positive non-tumoral
cells has been demonstrated in the presence of CTC, as was reported in 810 Japanese patients
[58].

Using the CellSearch® system, CTC detection rates were 14% and 55% in 14 non-
metastatic and 27 metastatic patients, respectively (22 CTCs/7.5ml) [32]. Recently a Japanese
group has reported an association between CTC detection and chemotherapy efficacy in 52

metastatic gastric-cancer patients treated with different chemotherapy regimens in advanced



metastatic disease [59]. As for other cancer types, high CTC count under treatment (here, 24
CTCs/7.5 ml at 2-4 weeks after the start of the treatment) was associated with a poorer outcome

(progression-free survival (PFS): 1.4 vs. 4.9 months; overall survival (OS): 3.5. 11.7 months).



5. Pancreatic cancer

In the metastatic setting, the CTC detection rate, using the CellSearch® system, has been
recently investigated in four small cohorts (n=16 [10]; n=23 [60]; n=14 [61]; n=40 [62]);: CTCs
were detected in ~50% of patients (=1 CTC/7.5 ml), but the mean count appears lower than in
colorectal cancers. Although underpowered, three of these studies addressed the prognostic
significance of CTC detection and reported contradictory results (two being rather positive, one
rather negative). Using a microfluidic device for CTC sorting (immunoselection and staining being
similar to CellSearch®), a group at Massachusetts General Hospital recently reported 100% CTC
detection in 15 metastatic pancreatic-cancer patients [63]. However, this detection rate may be
overestimated, similar to their prostate cancer results [64]. In 2001, a study from the same
hospital reported 105 patients with stage I-IV pancreatic cancer with 26% CTC and 28% DTC
detection rates (AE1/AE3 immunostaining)[65]. Both CTC and DTC detection rates were
correlated with disease stage and were not prognostic in multivariate analysis. Similarly, an older
cytological study (using a cocktail of six antibodies) [66] and two molecular-technique-based
studies (CK20 and CEA) [67,68] retrieved an association between DTC and/or CTC detection and
disease stage; multivariate analyses of survival were either not reported or were inconclusive

In locally advanced pancreatic cancers, which are unresectable but are still not
metastatic, CTC/DTC may indicate how far the dissemination process is advanced, and could
guide the physician’s choice towards a local (e.g., radiotherapy) or systemic (chemotherapy)
treatment. No significant data have been published yet in this setting, but a French companion
study of the LAPO7 trial (NCT00634725) is currently ongoing, using the CellSearch® system.

In early pancreatic cancer, detection rates are likely to be low with the current cytological
techniques. Bone-marrow DTC detection by multiple antibodies has been, however, associated
with a shorter time to tumor relapse in 15 patients who underwent complete surgical resection
[69]. For CTC detection, a single case report has been published using the CellSearch® system
for diagnostic purposes in a patient presenting with a pancreatic mass [70], which found 4
CTCs/7.5 ml, whereas the mass turned out to be a pancreatic carcinoma. However, in this
diagnostic setting, both sensitivity and specificity of this technique are too low to fulfill the
requirements of a diagnostic test. Molecular techniques have been also tested in this setting [71-
73], but their specificity have been discussed when they are used as a single marker, especially
for CK20 [74].

Finally, pancreatic and ileal neuroendocrine tumors (NET) strongly express EpCAM, and
CTC detection by the CellSearch® system was only reported in one study reported to date: 43%
of patients with metastatic ileal NET (n=26) and 21% of patients with metastatic pancreatic NET

(n=16) [75]. CTC detection was associated with tumor progression in this study.



6. Colorectal adenocarcinoma: the adjuvant setting
6.1 DTCs

The first large study to show an association between DTC detection and worse prognosis in non-
metastatic colorectal cancer patients (n=88) was reported almost 20 years ago [76]. Adjuvant
trials that tested the anti-EpCAM monoclonal antibody, edrecolomab, were launched on the
bases that most bone-marrow DTCs express EpCAM [77] and that tumor response or
stabilization has been observed in metastatic patients in Phase-2 studies [78]. However, adjuvant
Phase-3 trials with edrecolomab have shown no clinical benefit [79,80]. Other reports on DTC
detection were included in a large meta-analysis published recently (see after 6.2) [6]. Liver DTCs
were studied in liver biopsies using molecular techniques, but had no clear clinical impact on

resected colorectal cancers [81].

6.2 CTCs

Many studies have been conducted, by different surgical teams, at the time of resecting primary
colon tumors. Many have looked for CTCs during surgery in the portal flow, using molecular or
cytological [82] techniques, in order to measure circulating tumor load. The focus on portal flow is
based on the hypothesis that the portal vein represents a “post-intravasation highway” for CTCs
from the primary tumor to the liver, which is the main target organ for the metastatic process in
colon cancer. Some studies have also focused on the potential release of CTCs into the portal
vein during different surgical procedures using various vascular clamps or “no-touch” techniques
[83-85]. Also, in patients diagnosed with an occlusive colorectal cancer, a small study (n=58)
suggested that endoscopic insertion of a colonic stent resulted in increased levels of CK20
MRNA, compared to staging colonoscopy [86]. Clearance of CTC after surgery has been reported
to be a quick event in most patients, possibly associated with the prognosis [87]. A decrease in
CTC was also reported after neoadjuvant chemoradiation for rectal cancers [88]. Some other
studies have focused on the potential filter role of the liver on CTC dissemination, and compared
CTCs in synchronous samples obtained from the portal vein, sus-hepatic veins, and/or the
peripheral blood [89].

Globally, cytological techniques, including the CellSearch® technique, have reported very
low detection rates in stage Il and Ill colon cancers [90]. With molecular techniques, the different
published results were reported as heterogeneous, especially for CTC prognostic impact [91],
and no clear conclusion could be drawn. Therefore, a first meta-analysis was published in 2008
based of nine studies that used molecular detection (646 patients) [92]. Two interesting
conclusions were reported: (i) CTC detection in the portal flow is correlated with nodal invasion
(21% of pNO patients vs. 50% of pN+ patients); and (ii) CTC status at the time of surgery is

correlated with disease-free survival and to further liver metastatic relapse, independently of
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tumor stage (I, Il, or Ill). One of the largest studies in stage Il patients (n=194) was published
almost synchronously, and reported detection of CTCs in peripheral blood using four mRNAs
(CEA, hTERT, CK19, CK20) [93]. In this pilot study, the combination of tumor-invasion depth,
vascular invasion, and mRNA markers as predictors of relapse, showed that patients with any
one positive predictor had a hazard ratio, of about 27-fold, of developing a postoperative relapse
(p<0.001). This result has not been confirmed, but may be of critical importance when selecting
stage Il cancer patients who may benefit from adjuvant chemotherapy.

A larger meta-analysis has been published recently, which included 36 studies that
reported on the detection of DTCs in bone-marrow, on CTCs in the portal vein, and systemic
circulation of CTCs, using several molecular and cytological techniques in 3094 patients with non-
metastatic colorectal cancers [6]. When pooled together, cancer-cell detection studies were
significantly associated with shorter recurrence-free intervals and overall survival rates. When
they looked separately at different sampling sites, only peripheral blood CTCs had a prognostic
value, whereas bone-marrow DTCs or portal-vein CTCs were not significantly associated with

overall survival.
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7. Colorectal adenocarcinoma: the metastatic setting

7.1 DTCs

Bone-marrow DTC detection in the metastatic setting has been reported only in small studies
[94,95], and has no clear prognostic significance. This is consistent with similar findings for
metastatic breast cancer [96].

7.2 CTCs

CTCs have been also detected by cytological or molecular techniques in this setting. Several
small studies have been published on molecular techniques, using the same markers as already
discussed, alone or in combination with CEA, CK 8/18/19/20, hTERT, MUC1/2... Interestingly,
detection of K-RAS mutations has been also investigated [97-99], as have p53 mutations
[97,99,100]. Here, again, no molecular marker demonstrated superiority in these small studies.

In metastatic colorectal cancers, surgical teams have focused on patients with resectable
liver metastases. In this specific setting, detection of CTCs may reflect an active hematogeneous
dissemination process and, therefore, may help to distinguish patients who can experience a
short progression-free interval after surgery from those who can have longer complete remission
[67,101]. Similar concerns for gastric cancers have been raised regarding autologous blood-
transfusion safety during hepatic surgery [54]. CTC release during radiofrequency ablation of liver
metastases was also reported to be higher than during surgical resection [102]. A randomized
clinical trial has been proposed to compare two surgical procedures for CTC detection during
surgery as the primary endpoint [103].

For chemotherapy management, some reports with limited patient numbers, have
suggested that variations in CTC counts may be associated with treatment response [104]. For
this application, the cytological CellSearch® technique has achieved very strong evidence, with
several studies published on metastatic colorectal cancers (Table 2). Based on the study reported
by Cohen et al. [105], the CellSearch® system gained, in 2007, FDA approval as an aid to
monitor metastatic colorectal-cancer patients. This study reported the strong and independent
prognostic impact of CTC-positivity (23CTC/7.5ml) at baseline, but also of early CTC changes
after 3-5 weeks of treatment (chemotherapy with or without bevacizumab). In a large ancillary
study to the CAIRO?2 trial (chemotherapy + bevacizumab, with or without cetuximab), Tol et al
[106] reported similar findings at baseline, but a lower CTC-positivity rate after 3-5 weeks of
treatment (Table 2).

The correlation with outcome must, therefore, have been inconclusive, and the CTC count after
1-3 weeks of treatment was analyzed instead of its correlation with treatment outcome.

The discrepancy between these studies may be due to the systematic use of
bevacizumab in the second trial, which has been reported in breast cancer to lower the CTC-
detection rate [107]. Without further research, it is unclear when to perform a CTC count after the

start of treatment (i.e., weeks 1-2 vs. weeks 3-5) to detect the best correlation with outcome.
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Moreover, these observational studies have focused on patients with good health and have not
demonstrated that “managing treatment” according to CTC-count leads to a better outcome.
Interventional randomized trials are therefore needed to compare the standard
clinical/radiological vs. quantitative CTC-guided management of metastatic colorectal-cancer
patients. Moreover, CTC positivity under treatment corresponds to cancers that are
spontaneously resistant to a first-line regimen, and there is no evidence to support the idea that
introducing a second-line regimen, according to the CTC count under treatment or to radiological
evaluation, which occurs 1-2 months later, will help improve the survival of these refractory
patients.

Therefore, it is likely that the main management of chemotherapy according to
guantitative CTC changes will be the earlier discontinuation of expensive, harmful, and worthless
treatments for some patients, and a gain in the cost/effectiveness ratio, rather than an
improvement in survival. CTC may be also of interest to patients with potentially resectable liver
metastases, i.e., metastases that may be surgically removed if metastasis shrinkage is obtained.
These patients usually received intensive polychemotherapy combined with a targeted therapy,
and CTC might help to select those patients who will most benefit from this treatment strategy. As
an example, Figure 1 shows the design of the CTC companion-study in a recently started large

multicenter trial.
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8. Hepatocarcinoma (HCC)

Non-metastatic hepatocarcinomas are treated whenever possible by local treatments, which may
include liver resection, liver allograft, chemoembolization, and alcoholization. Beyond the issue of
a possible surgery-induced CTC release [108], any metastasis-associated biomarker could be
clinically relevant, as most patients relapse after treatment of the primary tumor. Following initial
studies, which have reported that AFP mRNA detection in blood was associated with disease
stage [109,110], several CTC molecular-detection studies have been published (Table 3):
heterogeneous clinical results were reported, whereas AFP mRNA specificity was discussed
[111,112]. DTC detection by the same marker has been also reported in small studies [113].
Albumin, human telomerase (hTERT), and melanoma antigen gene-1 (MAGE1) mRNAs detection
were also investigated, in blood, in a few small studies [114-117].

Cytological detection methods have also been used in HCC. The ISET technique, which
isolates CTC by size on a filter, has been primarily developed in HCC [118]. In 44 non-metastatic
HCC patients, CTC-detection rate was about 50% and was associated with shorter survival [119].
Similar detection rates (45%) were reported more recently with the CellSearch® system in 20
patients (=1 CTCs/7.5ml), but these patients either had metastatic or locally advanced HCC [120].
Finally, circulating CD457/CD90" cells, described as HCC “stem cells”, have been found by flow-
cytometry in 31 out of 34 (90%) non-metastatic HCC patients, but the correlation with clinical

outcome was not reported [121].
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9. Conclusion

Globally, molecular tools used for CTC and DTC detection, based on their epithelial phenotype,
are very heterogeneous, and it is hazardous to assess their importance based of them being a
small series. Most of the reports in the literature had positive results (i.e., association with
outcome), but publication bias may seriously distort any attempts, including those of the
published meta-analyses, to estimate the effect of CTC/DTC detection. One may hypothesize that
molecular techniques were mostly developed by isolated academic teams, without any strong
effort to standardize these techniques. Cytological-detection studies were initially academy-
driven, and gave interesting insights into the dissemination process and the genetic evolution
from the primary tumor, to DTCs, to overt macrometastasis. This technical heterogeneity among
these studies has paved the way for the development of the semi-automated and standardized
CellSearch® system, with its development also benefiting large industry-sponsored clinical
studies. This system became the 2011 gold standard for CTC detection, and is currently used in
exploratory studies for several Gl cancer types. The FDA-cleared quantitative approach to
manage the chemotherapy of metastatic colorectal cancers is, however, not fully validated, and
its clinical interest remains unknown. As recalled in a recent methodological review [122], the
validation of CTC changes, as a recognized surrogate end-point for PFS will require data that
demonstrate that CTC-changes are prognostic of PFS, but also that the effect of treatment on
CTC-changes correlate with that of PFS; this will require the accumulation of data into a large
meta-analysis.

The future of DTC and CTC in gastrointestinal cancers could be divided into two main
issues. First, the quantitative count obtained by cytological techniques, such as CellSearch®, will
be compared to several promising new blood-derived biomarkers, such as circulating tumor DNA
or circulating miRNA. However, the future of CTCs as a quantitative biomarker appears somehow
compromised by the detection of cancer-specific mutations (e.g., K-RAS mutations) in the blood.
The second issue is that CTC may represent, in the near future, a kind of “liquid biopsy”, and
provide new insights into tumor biology. The qualitative analysis of CTCs may guide treatment
choice at diagnosis, but may also be repeated under treatment to elucidate resistance pathways,
without an invasive tumor biopsy. CTCs may become a useful marker to assess many tumor

targets by multiple immunostaining, FISH, and/or single-cell RNA/DNA analysis.
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Table 1: CTC detection by molecular techniques in gastric adenocarcinoma
Studies with <20 patients or without an outcome analysis were not included. Impact on survival was not systematically assessed in multivariate

analysis. N/A: not available or not relevant (because MO and M1 patients were pooled). NS: not significant. DMFS: distant metastasis-free survival;

DFS: disease-free survival; OS: overall survival.

Reference Patients Amplified mRNA CTC detection rate Clinical significance
Soeth, 1997 [123] | N 30 CK20 17% N/A
’ Stages |-V
Yeh,1998 [48] N=34 CK19 21% 0S: NS
’ Stage IV 0 ’

N=35 M+ : 100%

Noh, 1999 [20] St_a s IV CEA All M- cancer : 33% N/A
9 Resectable cancer : 18%

Nishida[124] N=36 CEA 22% N/A

Resectable cancer
Majima, 2000 N=52 o
[125] Stages IV CK19 and CK20 10% N/A

N=57 —Cllflpg)ortal vein, superior vena cava, and - BZthion rate were similar at the different blood

. = h 0 - -
Miyazono, [52] Resectable cancer the peripheral artery . 3% puncture sites
- Before and after surgical removal ;
- Surgical maneuvers may cause CTC release.

N=25 CEA
Obayashi, 2001 Resectable liver metastasis - Made on patient blood drawn for 20% CEA mRNA is no longer detectable after being
[54] (include also colorectal cancer | autologous transfusion during liver frozen for 7 days

patients) surgery
Sumikura, 2003 N=106 CEA 40% DFS (non-hematogeneous metastases were

[126]

Resectable cancer

included)
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N=46

CEA

Changes after surgery and during follow-up are

Seo 2005 [127] Resectable cancer - at the time of surgery and then every 2 48% correlated with DFS
months

lllert 2005 [128] 2;79% -1l CK20 40% oS

N=52 MUC1 71%
Uen, 2006 [129] Stage |-V c-Met 62% N/A

N=64 gg\g 4 markers combined :
Wu,2006 [130] Stage I-IV MUCL Sensitivity: 89% N/A

9 hTERT Specificity: 91%
_ In operable patients

N=101 CK19
Koga, 2008 [131] 12% oS

Stage I-IV CK20 15%
Yie, 2008 [132] N=55 Survivin 44% DFS
Saad 2010 [133] resectable CK18 - association with E-cadherin expression in the

primary tumor
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Table 2: CTC detection in colorectal cancer using the CellSearch® system

CTC detection rate

Reference Patients (threshold) Clinical significance
Allard, 2004 N=196 Stage I1V: 30% N/A
[10] Stage IV Threshold 22CTC/7.5ml
Cohen, 2006 N=50 Stage 1V: 38% - CTC positivity was associated with disease
[134] Stage IV Threshold 22CTC/7.5ml status (progression vs. non-progression).
Sastre, 2008 Stage Il : 21%
[135] N= 94 Stage IIl: 24%
Maestro 2009 Stage I-IV Stage IV: 61%
[136] Threshold 22CTC/7.5ml
- CTC positivity at baseline was independently
Cohen 2008 Stage IV : associated with worse PFS (5 vs. 8 months) and
[105] N=430 33% before treatment OS (9 vs. 18 months).
Cohen 2009 Stage IV 12% at week 3-5 - Among initially CTC positive patients, those
[137] Threshold 23CTC/7.5ml who become CTC negative at weeks 3-5 had a
better PFS (6 vs. 2 months).
-1l 189

Hiraiwa 2008 _ Stage | ”,I' 18% - CTC positivity was not associated with outcome
[32] N=40 Stage IV: 41% in the 29 stage-IV patients

Threshold >2CTC/7.5ml ge-vp

N/A - Surgical resection immediately reduced the

N=29, with number of CTCs compared with radiofrequency

Jiao 2009 [102]

surgically resected
liver metastases

7.5ml of blood analyzed at
different sites (peripheral, portal

and hepatic veins)

ablation, which was associated with an
increased number of CTCs
- Liver and lungs act as filters for CTCs

- CTC positivity at baseline was associated with

Stage IV: worse PFS (8 vs. 10.5 months) and OS (14 vs.
_ 29% before treatment 22 months).

Tol 2010 [106] N=467 5% at week 3-5 - Among initially positive patients, those who

Threshold 23CTC/7.5ml became CTC negative at weeks 1-2 had a better
PFS (8 vs. 4 months)
- N=20. with Preoperat@ve :10% _ ‘ _
Papavasiliou surgi(;ally resected Peroperative: 50% Postoperative CTC detection was associated
2010 [138] Postoperative:5% with DMFS and OS.

liver metastases

Threshold 23CTC/30ml
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Table 3: Molecular detection of AFP mRNA in hepatocarcinoma (HCC)

Studies with <20 patients or without an outcome analysis were not included. Impact on survival was not

systematically assessed in multivariate analysis.

Periph. Cath: peripheral catheter; Centr. Cath: central catheter

N/A: not available

DMFS: distant metastasis-free survival; DFS: disease-free survival; OS: overall survival.

Number Blood-puncture location
Reference of HCC and tin?in CTC detection rate Clinical significance
patients 9
Periph. Cath.
I[‘f3u9qa M,1997 84 Before alcoholization?? | 33% DMFS
or embolization therapy
Matsumura Periph. Cath.
M, 1999 [140] 88 Before alcoholization or | 62% DMFS and OS
' embolization therapy
}/llfg]ngIHz,olOQ(?Q Periph. Cath.
[141] 62 Before, during, and after | 25% of samples DMFS
surgery
: Centr. Cath. .
Kienle P, 2000 - 29-45% of patients -
[113] 24 sBlcjerngr}?),/dunng, and after (time-dependent) No significance
Miyamoto A N/A
20361 [142] ' 23 Before, during, and after | 25% of samples DFS
surgery
Periph Cath
Witzigmann H, 85 Before, during, and after 28% No significance
2002 [143] surgical or palliative for surgery-treated patients
treatment
Gross-Goupil M, Before and after o -
2003 [144] 52 embolization therapy 24% No significance
Cillo U, 2004 Periph. Cath. o
[112] 40 Before surgery 40% DFS and OS
Jeng KS, 2004 Periph. Cath. 0
[145,146] 81 12 weeks after surgery 23% DFS
Morimoto O, Periph. Cath. o
2005 [147] 38 Before surgery 24% DMFS and DFS

19



References

10.

11.

Paget S. The distribution of secondary growths in cancer of the breast. 1889. Cancer
Metastasis Rev 1989;8(2):98-101.

Kim MY, Oskarsson T, Acharyya S, Nguyen DX, Zhang XH, Norton L, et al. Tumor
self-seeding by circulating cancer cells. Cell 2009;139(7):1315-26.

Bidard FC, Kirova YM, Vincent-Salomon A, Alran S, de Rycke Y, Sigal-Zafrani B, et
al. Disseminated tumor cells and the risk of locoregional recurrence in nonmetastatic
breast cancer. Ann Oncol 2009;20(11):1836-41.

Ashworth TR. A case of cancer in which cells similar to those in the tumours were seen
in blood after death. Aus Med J 1869;14:146-9.

Pantel K, Alix-Panabieres C, Riethdorf S. Cancer micrometastases. Nat Rev Clin Oncol
2009;6(6):339-51.

Rahbari NN, Aigner M, Thorlund K, Mollberg N, Motschall E, Jensen K, et al. Meta-
analysis shows that detection of circulating tumor cells indicates poor prognosis in
patients with colorectal cancer. Gastroenterology 2010;138(5):1714-26.

Muller V, Alix-Panabieres C, Pantel K. Insights into minimal residual disease in cancer
patients: implications for anti-cancer therapies. Eur J Cancer 2010;46(7):1189-97.

Antolovic D, Galindo L, Carstens A, Rahbari N, Buchler MW, Weitz Jet al.
Heterogeneous detection of circulating tumor cells in patients with colorectal cancer by
immunomagnetic enrichment using different EpCAM-specific antibodies. BMC
Biotechnol 2010;10:35.

Chechlinska M, Kowalewska M, Nowak R. Systemic inflammation as a confounding
factor in cancer biomarker discovery and validation. Nat Rev Cancer 2010;10(1):2-3.

Allard WJ, Matera J, Miller MC, Repollet M, Connelly MC, Rao C, et al. Tumor cells
circulate in the peripheral blood of all major carcinomas but not in healthy subjects or
patients with nonmalignant diseases. Clin Cancer Res 2004;10(20):6897-904.

Marrinucci D, Bethel K, Lazar D, Fisher J, Huynh E, Clark P, et al. Cytomorphology of
circulating colorectal tumor cells:a small case series. J Oncol 2010;2010:8613417.

20



12.

13.

14.

15.

16.

17.

18.

19.

20.

21,

Fehm T, Braun S, Muller V, Janni W, Gebauer G, Marth C, et al. A concept for the
standardized detection of disseminated tumor cells in bone marrow from patients with
primary breast cancer and its clinical implementation. Cancer 2006;107(5):885-92.

Riethdorf S, Fritsche H, Muller V, Rau T, Schindlbeck C, Rack B, et al. Detection of
circulating tumor cells in peripheral blood of patients with metastatic breast cancer: a
validation study of the CellSearch system. Clin Cancer Res 2007;13(3):920-8.

Kraan J, Sleijfer S, Strijbos MH, Ignatiadis M, Peeters D, Pierga JY, et al. External
quality assurance of circulating tumor cell enumeration using the CellSearch((R))
system: A feasibility study. Cytometry B Clin Cytom 2011;80(2):112-8.

Thorban S, Roder JD, Nekarda H, Funk A, Siewert JR, Pantel K. Immunocytochemical
detection of disseminated tumor cells in the bone marrow of patients with esophageal
carcinoma. J Natl Cancer Inst 1996;88(17):1222-7.

Bonavina L, Soligo D, Quirici N, Bossolasco P, Cesana B, Lembertenghi Deliliers G, et
al. Bone marrow-disseminated tumor cells in patients with carcinoma of the esophagus
or cardia. Surgery 2001;129(1):15-22.

Ryan P, McCarthy S, Kelly J, Collins JK, Dunne C, Grogan L, et al. Prevalence of bone
marrow micrometastases in esophagogastric cancer patients with and without
neoadjuvant chemoradiotherapy. J Surg Res 2004;117(1):121-6.

Stoecklein NH, Hosch SB, Bezler M, Stern F, Hartmann CH, Vay C, et al. Direct
genetic analysis of single disseminated cancer cells for prediction of outcome and
therapy selection in esophageal cancer. Cancer Cell 2008;13(5):441-53.

Klein CA. Parallel progression of primary tumours and metastases. Nat Rev Cancer
2009;9(4):302-12.

Noh YH, Im G, Ku JH, Lee YS, Ahn MJ. Detection of tumor cell contamination in
peripheral blood by RT-PCR in gastrointestinal cancer patients. J Korean Med Sci
1999;14(6):623-8.

Nakashima S, Natsugoe S, Matsumoto M, Miyazono F, Nakajo A, Uchikura K, et al.
Clinical significance of circulating tumor cells in blood by molecular detection and
tumor markers in esophageal cancer. Surgery 2003;133(2):162-9.

21



22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

Liu Z, Jiang M, Zhao J, Ju H. Circulating tumor cells in perioperative esophageal
cancer patients: quantitative assay system and potential clinical utility. Clin Cancer Res
2007;13(10):2992-7.

Setoyama T, Natsugoe S, Okumura H, Matsumoto M, Uchikado Y, Aikou T. Isolated
tumour cells in blood and E-cadherin expression in oesophageal squamous cell cancer.
Br J Surg 2007;94(8):984-91.

Hashimoto T, Kajiyama Y, Tsutsumi-Ishii Y, Nagaoka I, Tsurumaru M. Circulating
micrometastases of esophageal cancer detected by carcinoembryonic antigen mRNA
reverse transcriptase-polymerase chain reaction: clinical implications. Dis Esophagus
2008;21(8):690-6.

Huang P, Wang J, Guo Y, Xie W. Molecular detection of disseminated tumor cells in
the peripheral blood in patients with gastrointestinal cancer. J Cancer Res Clin Oncol
2003;129(3):192-8.

Ito H, Kanda T, Nishimaki T, Sato H, Nakagawa S, Hatakeyama K. Detection and
quantification of circulating tumor cells in patients with esophageal cancer by real-time
polymerase chain reaction. J Exp Clin Cancer Res 2004;23(3):455-64.

Kaganoi J, Shimada Y, Kano M, Okumura T, Watanabe G, Imamura M. Detection of
circulating oesophageal squamous cancer cells in peripheral blood and its impact on
prognosis. Br J Surg 2004;91(8):1055-60.

Koike M, Hibi K, Kasai Y, Ito K, Akiyama S, Nakao A. Molecular detection of
circulating esophageal squamous cell cancer cells in the peripheral blood. Clin Cancer
Res 2002;8(9):2879-82.

Hoffmann AC, Vallbohmer D, Grimminger P, Metzger R, Prenzel KL, Hoelscher AH,
et al. Preoperative survivin mRNA detection in peripheral blood is an independent
predictor of outcome in esophageal carcinoma. Pharmacogenomics 2010; 11(3):341-7.

Cao M, Yie SM, Wu SM, Chen S, Lou B, He X, et al. Detection of survivin-expressing
circulating cancer cells in the peripheral blood of patients with esophageal squamous
cell carcinoma and its clinical significance. Clin Exp Metastasis 2009;77:??.

Nakamura T, Yasumura T, Hayashi K, Eguchi R, Ide H, Takasaki K, et al.
Immunocytochemical detection of circulating esophageal carcinoma cells by
immunomagnetic separation. Anticancer Res 2000;20(6C):4739-44.

22



32.

33.

34.

35.

36.

37.

38.

39.

40.

Hiraiwa K, Takeuchi H, Hasegawa H, Saikawa Y, Suda K, Ando T, et al. Clinical
significance of circulating tumor cells in blood from patients with gastrointestinal
cancers. Ann Surg Oncol 2008;15(11):3092-100.

Schlimok G, Funke I, Pantel K, Strobel F, Lindemann F, Witte J, et al. Micrometastatic
tumour cells in bone marrow of patients with gastric cancer: methodological aspects of
detection and prognostic significance. Eur J Cancer 1991;27(11):1461-5.

Jauch KW, Heiss MM, Gruetzner U, Funke I, Pantel K, Babic R, et al. Prognostic
significance of bone marrow micrometastases in patients with gastric cancer. J Clin
Oncol 1996;14(6):1810-7.

Macadam R, Sarela A, Wilson J, MacLennan K, Guillou P. Bone marrow
micrometastases predict early post-operative recurrence following surgical resection of
oesophageal and gastric carcinoma. Eur J Surg Oncol 2003;29(5):450-4.

Oki E, Kakeji Y, Baba H, Nishida K, Koga T, Tokunaga E, et al. Clinical significance
of cytokeratin positive cells in bone marrow of gastric cancer patients. J Cancer Res
Clin Oncol 2007;??:?2.

Fujita Y, Terashima M, Hoshino Y, Ohtani S, Kashimura S, Kanzaki N, et al. Detection
of cancer cells disseminated in bone marrow using real-time quantitative RT-PCR of
CEA, CK19, and CK20 mRNA in patients with gastric cancer. Gastric Cancer
2006;9(4):308-14.

Wang GY, Li Y, Yu YM, Yu B, Zhang ZY, Liu Y, et al. Detection of disseminated
tumor cells in bone marrow of gastric cancer using magnetic activated cell sorting and
fluorescent activated cell sorting. J Gastroenterol Hepatol 2009;24(2):299-306.

Dardaei L, Shahsavani R, Ghavamzadeh A, Behmanesh M, Aslankoohi E,
Alimoghaddam K, et al. The detection of disseminated tumor cells in bone marrow and
peripheral blood of gastric cancer patients by multimarker (CEA, CK20, TFF1 and
MUC?2) quantitative real-time PCR. Clin Biochem 2011;44(4):325-30.

Maehara Y, Hasuda S, Abe T, Oki E, Kakeji Y, Ohno S, et al. Tumor angiogenesis and
micrometastasis in bone marrow of patients with early gastric cancer. Clin Cancer Res
1998;4(9):2129-34.

23



41.

42.

43.

44,

45.

46.

47.

48.

49.

Matsunami K, Nakamura T, Oguma H, Kitamura Y, Takasaki K. Detection of bone
marrow micrometastasis in gastric cancer patients by immunomagnetic separation. Ann
Surg Oncol 2003;10(2):171-5.

Kakeji Y, Maehara Y, Shibahara K, Hasuda S, Tokunaga E, Oki E, et al. Clinical
significance of micrometastasis in bone marrow of patients with gastric cancer and its
relation to angiogenesis. Gastric Cancer 1999;2(1):46-51.

Allgayer H, Heiss MM, Riesenberg R, Grutzner KU, Tarabichi A, Babic R, et al.
Urokinase plasminogen activator receptor (UPA-R): one potential characteristic of
metastatic phenotypes in minimal residual tumor disease. Cancer Res 1997;57(7):1394-
9.

Heiss MM, Allgayer H, Gruetzner KU, Babic R, Jauch KW, Schildberg FW. Clinical
value of extended biologic staging by bone marrow micrometastases and tumor-
associated proteases in gastric cancer. Ann Surg 1997;226(6):736-44; discussion 744-
35.

Heiss MM, Simon EH, Beyer BC, Gruetzner KU, Tarabichi A, Babic R, et al. Minimal
residual disease in gastric cancer: evidence of an independent prognostic relevance of
urokinase receptor expression by disseminated tumor cells in the bone marrow. J Clin
Oncol 2002;20(8):2005-16.

Buergy D, Fuchs T, Kambakamba P, Mudduluru G, Maurer G, Post S, et al. Prognostic
impact of extracellular matrix metalloprotease inducer: immunohistochemical analyses
of colorectal tumors and immunocytochemical screening of disseminated tumor cells in
bone marrow from patients with gastrointestinal cancer. Cancer 2009;115(20):4667-78.

Wu CH, Lin SR, Hsieh JS, Chen FM, Lu CY, Yu FJ, et al. Molecular detection of
disseminated tumor cells in the peripheral blood of patients with gastric cancer:
evaluation of their prognostic significance. Dis Markers 2006;22(3):103-9.

Yeh KH, Chen YC, Yeh SH, Chen CP, Lin JT, Cheng AL. Detection of circulating
cancer cells by nested reverse transcription- polymerase chain reaction of cytokeratin-
19 (K19): possible clinical significance in advanced gastric cancer. Anticancer Res
1998;18(2B):1283-6.

Shin JH, Chung J, Kim HO, Kim YH, Hur YM, Rhim JH, et al. Detection of cancer
cells in peripheral blood of stomach cancer patients using RT-PCR amplification of
tumour-specific mMRNAs. Aliment Pharmacol Ther 2002;16 Suppl 2:137-44.

24



50.

51.

52.

53.

54,

55.

56.

57.

58.

59.

Shimizu F, Nakayama J, Ishizone S, Zhang MX, Kawakubo M, Ota H, et al. Usefulness
of the real-time reverse transcription-polymerase chain reaction assay targeted to
alphal,4-N-acetylglucosaminyltransferase for the detection of gastric cancer. Lab
Invest 2003;83(2):187-97.

Szatanek R, Drabik G, Baran J, Kolodziejczyk P, Kulig J, Stachura J, et al. Detection of
isolated tumour cells in the blood and bone marrow of patients with gastric cancer by
combined sorting, isolation and determination of MAGE-1, -2 mRNA expression.
Oncol Rep 2008;19(4):1055-60.

Miyazono F, Natsugoe S, Takao S, Tokuda K, Kijima F, Aridome K, et al. Surgical
maneuvers enhance molecular detection of circulating tumor cells during gastric cancer
surgery. Ann Surg 2001;233(2):189-94.

Ikeguchi M, Kaibara N. Detection of circulating cancer cells after a gastrectomy for
gastric cancer. Surg Today 2005;35(6):436-41.

Obayashi T, Taniguchi H, Mugitani T, Koh T, Kitagawa K, Kunishima S, et al. Safety
and utility of autologous blood transfusion for resection of metastatic liver tumor.
Hepatogastroenterology 2001;48(39):812-7.

Futamura N, Nakanishi H, Hirose H, Nakamura S, Tatematsu M. The effect of storage
on the survival of cancer cells in blood and efficient elimination of contaminating
cancer cells by a leukocyte depletion filter. Am Surg 2005;71(7):585-90.

Kolodziejczyk P, Pituch-Noworolska A, Drabik G, Kulig J, Szczepanik A, Sierzega M,
et al. The effects of preoperative chemotherapy on isolated tumour cells in the blood
and bone marrow of gastric cancer patients. Br J Cancer 2007;97(5):589-92.

Kaplan RN, Riba RD, Zacharoulis S, Bramley AH, Vincent L, Costa C, et al. VEGFR1-
positive haematopoietic bone marrow progenitors initiate the pre-metastatic niche.
Nature 2005;438(7069):820-7.

Mimori K, Fukagawa T, Kosaka Y, Kita Y, Ishikawa K, Etoh T, et al. Hematogenous
metastasis in gastric cancer requires isolated tumor cells and expression of vascular
endothelial growth factor receptor-1. Clin Cancer Res 2008;14(9):2609-16.

Matsusaka S, Chin K, Ogura M, Suenaga M, Shinozaki E, Mishima Y, et al. Circulating
tumor cells as a surrogate marker for determining response to chemotherapy in patients
with advanced gastric cancer. Cancer Sci 2010;101(4):1067-71.

25



60.

61.

62.

63.

64.

65.

66.

67.

68.

Ko AH, Scott J, Tempero MA, Park JW. Detection and significance of circulating
tumor cells (CTC) in patients with metastatic pancreatic cancer (PC) receiving systemic
therapy. J Clin Oncol 2007;25:459677.

Kurihara T, Itoi T, Sofuni A, Itokawa F, Tsuchiya T, Tsuji S, et al. Detection of
circulating tumor cells in patients with pancreatic cancer: a preliminary result. J
Hepatobiliary Pancreat Surg 2008;15(2):189-95.

Negin BP, Meropol NJ, Alpaugh RK, Ruth K, McAleer C, Halbherr T, et al.
Characterization and prognostic significance of circulating tumor cells in the peripheral
blood of patients with metastatic pancreatic cancer. J Clin Oncol 2010;28(15s):abstr
4127.

Nagrath S, Sequist LV, Maheswaran S, Bell DW, Irimia D, Ulkus L, et al. Isolation of
rare circulating tumour cells in cancer patients by microchip technology. Nature
2007;450(7173):1235-9.

Stott SL, Lee RJ, Nagrath S, Yu M, Miyamoto DT, Ulkus L, et al. Isolation and
characterization of circulating tumor cells from patients with localized and metastatic
prostate cancer. Sci Transl Med 2010;2(25):25-23.

Z'Graggen K, Centeno BA, Fernandez-del Castillo C, Jimenez RE, Werner J, et al.
Biological implications of tumor cells in blood and bone marrow of pancreatic cancer
patients. Surgery 2001;129(5):537-46.

Vogel I, Kruger U, Marxsen J, Soeth E, Kalthoff H, Henne-Bruns D, et al.
Disseminated tumor cells in pancreatic cancer patients detected by immunocytology: a
new prognostic factor. Clin Cancer Res 1999;5(3):593-9.

Uchikura K, Takao S, Nakajo A, Miyazono F, Nakashima S, Tokuda K, et al.
Intraoperative molecular detection of circulating tumor cells by reverse transcription-
polymerase chain reaction in patients with biliary-pancreatic cancer is associated with
hematogenous metastasis. Ann Surg Oncol 2002;9(4):364-70.

Soeth E, Grigoleit U, Moellmann B, Roder C, Schniewind B, Kremer B, et al.
Detection of tumor cell dissemination in pancreatic ductal carcinoma patients by CK 20
RT-PCR indicates poor survival. J Cancer Res Clin Oncol 2005;131(10):669-76.

26



69.

70.

71.

72.

73.

74.

75.

76.

7.

78.

Thorban S, Roder JD, Siewert JR. Detection of micrometastasis in bone marrow of
pancreatic cancer patients. Ann Oncol 1999;10(Suppl 4):111-3.

Mudan S, Giakoustidis A, Thillainayagam AV, Jacob J, Stebbing J. Clinical utility of
circulating tumor cell measurement in the diagnosis of indeterminate lesions of the
pancreas. Future Oncol 2010;6(1):177-9.

Hoffmann K, Kerner C, Wilfert W, Mueller M, Thiery J, Hauss J, et al. Detection of
disseminated pancreatic cells by amplification of cytokeratin-19 with quantitative RT-
PCR in blood, bone marrow and peritoneal lavage of pancreatic carcinoma patients.
World J Gastroenterol 2007;13(2):257-63.

Ishizone S, Yamauchi K, Kawa S, Suzuki T, Shimizu F, Harada O, et al. Clinical utility
of guantitative RT-PCR targeted to alphal,4-N-acetylglucosaminyltransferase mRNA
for detection of pancreatic cancer. Cancer Sci 2006;97(2):119-26.

Zhang YL, Feng JG, Gou JM, Zhou LX, Wang P Detection of CK20mRNA in
peripheral blood of pancreatic cancer and its clinical significance. World J
Gastroenterol 2005;11(7):1023-7.

Zhou J, Hu L, Yu Z, Zheng J, Yang D, Bouvet M, Hoffman RM. Marker expression in
circulating cancer cells of pancreatic cancer patients. J Surg Res 2010;7?7:7?.

Khan MS, Tsigani T, Rashid M, Rabouhans JS, Yu D, Luong TV, et al. Circulating
tumor cells and EpCAM expression in neuroendocrine tumors. Clin Cancer Res
2011;17(2):337-45.

Lindemann F, Schlimok G, Dirschedl P, Witte J, Riethmiller G. Prognostic
significance of micrometastatic tumour cells in bone marrow of colorectal cancer
patients. Lancet 1992;340(8821):685-9.

Braun S, Hepp F, Kentenich CR, Janni W, Pantel K, Riethmuller G, et al. Monoclonal
antibody therapy with edrecolomab in breast cancer patients: monitoring of elimination
of disseminated cytokeratin-positive tumor cells in bone marrow. Clin Cancer Res
1999;5(12):3999-4004.

Hjelm Skog A, Ragnhammar P, Fagerberg J, Frodin J, Goldinger M, Koldestam H, et
al.  Clinical effects of monoclonal antibody 17-1A combined with
granulocyte/macrophage-colony-stimulating factor and interleukin-2 for treatment of

27



79.

80.

81.

82.

83.

84.

85.

86.

87.

patients with advanced colorectal carcinoma. Cancer Immunol Immunother
1999;48(8):463-70.

Punt CJ, Nagy A, Douillard JY, Figer A, Skovsgaard T, Monson J, et al. Edrecolomab
alone or in combination with fluorouracil and folinic acid in the adjuvant treatment of
stage 111 colon cancer: a randomised study. Lancet 2002;360(9334):671-7.

Fields AL, Keller A, Schwartzberg L, Bernard S, Kardinal C, Cohen A, et al. Adjuvant
therapy with the monoclonal antibody Edrecolomab plus fluorouracil-based therapy
does not improve overall survival of patients with stage Il colon cancer. J Clin Oncol
2009;27(12):1941-7.

Koch M, Kienle P, Logan E, Antolovic D, Galindo L, Schmitz-Winnenthal FH, et al.
Detection of disseminated tumor cells in liver biopsies of colorectal cancer patients is
not associated with a worse prognosis. Ann Surg Oncol 2007;14(2):810-7.

Leather AJ, Gallegos NC, Kocjan G, Savage F, Smales CS, Hu W, et al. Detection and
enumeration of circulating tumour cells in colorectal cancer [see comments]. Br J Surg
1993;80(6):777-80.

Hayashi N, Egami H, Kai M, Kurusu Y, Takano S, Ogawa M. No-touch isolation
technique reduces intraoperative shedding of tumor cells into the portal vein during
resection of colorectal cancer. Surgery 1999;125(4):369-74.

Sales JP, Wind P, Douard R, Cugnenc PH, Loric S. Blood dissemination of colonic
epithelial cells during no-touch surgery for rectosigmoid cancer [letter]. Lancet
1999;354(9176):392.

Yamaguchi K, Takagi Y, Aoki S, Futamura M, Saji S. Significant detection of
circulating cancer cells in the blood by reverse transcriptase-polymerase chain reaction
during colorectal cancer resection. Ann Surg 2000;232(1):58-65.

Maruthachalam K, Lash GE, Shenton BK, Horgan AF. Tumour cell dissemination
following endoscopic stent insertion. Br J Surg 2007;94(9):1151-4.

Patel H, Le Marer N, Wharton RQ, Khan ZA, Araia R, Glover C, et al. Clearance of
circulating tumor cells after excision of primary colorectal cancer. Ann Surg
2002;235(2):226-31.

28



88.

89.

90.

91.

92.

93.

94.

95.

96.

Kienle P, Koch M, Autschbach F, Benner A, Treiber M, Wannenmacher M, et al.
Decreased detection rate of disseminated tumor cells of rectal cancer patients after
preoperative chemoradiation: a first step towards a molecular surrogate marker for
neoadjuvant treatment in colorectal cancer. Ann Surg 2003;238(3):324-30; discussion
330-1.

Koch M, Weitz J, Kienle P, Benner A, Willeke F, Lehnert T, et al. Comparative
analysis of tumor cell dissemination in mesenteric, central, and peripheral venous blood
in patients with colorectal cancer. Arch Surg 2001;136(1):85-9.

Thorsteinsson M, Soletormos G, Jess P Low number of detectable circulating tumor
cells in non-metastatic colon cancer. Anticancer Res 2011;31(2):613-7.

Bessa X, Elizalde JI, Boix L, Pinol V, Lacy AM, Salo J, et al. Lack of prognostic
influence of circulating tumor cells in peripheral blood of patients with colorectal
cancer. Gastroenterology 2001;120(5):1084-92.

Katsuno H, Zacharakis E, Aziz O, Rao C, Deeba S, Paraskeva P, et al. Does the
presence of circulating tumor cells in the venous drainage of curative colorectal cancer
resections determine prognosis? A meta-analysis. Ann Surg Oncol 2008;15(11):3083-
91.

Uen YH, Lin SR, Wu DC, Su YC, Wu JY, Cheng TL, et al. Prognostic significance of
multiple molecular markers for patients with stage Il colorectal cancer undergoing
curative resection. Ann Surg 2007;246(6):1040-6.

Vlems FA, Diepstra JH, Punt CJ, Ligtenberg MJ, Cornelissen IM, van Krieken JH, et
al. Detection of disseminated tumour cells in blood and bone marrow samples of
patients undergoing hepatic resection for metastasis of colorectal cancer. Br J Surg
2003;90(8):989-95.

Vogelaar FJ, Mesker WE, Rijken AM, van Pelt GW, van Leeuwen AM, Tanke HJ, et
al. Clinical impact of different detection methods for disseminated tumor cells in bone
marrow of patients undergoing surgical resection of colorectal liver metastases: a
prospective follow-up study. BMC Cancer 2010;10:153.

Bidard FC, Vincent-Salomon A, Sigal-Zafrani B, Dieras V, Mathiot C, Mignot L, et al.
Prognosis of women with stage IV breast cancer depends on detection of circulating
tumor cells rather than disseminated tumor cells. Ann Oncol 2008;19:496-500.

29



97.

98.

99.

100.

101.

102.

103.

104.

105.

Nakamori S, Kameyama M, Furukawa H, Takeda O, Sugai S, Imaoka S, et al. Genetic
detection of colorectal cancer cells in circulation and lymph nodes. Dis Colon Rectum
1997;40(10 Suppl):S29-36.

Thebo JS, Senagore AJ, Krygier S, Luchtefeld MA. K-ras mutational analysis of
polyclonal colorectal cancers identifies uniclonal circulating tumor cells. Am Surg
2001;67(8):802-5.

linuma H, Okinaga K, Adachi M, Suda K, Sekine T, Sakagawa K, et al. Detection of
tumor cells in blood using CD45 magnetic cell separation followed by nested mutant
allele-specific amplification of p53 and K-ras genes in patients with colorectal cancer.
Int J Cancer 2000;89(4):337-44.

Khan ZA, Jonas SK, Le-Marer N, Patel H, Wharton RQ, Tarragona A, et al. P53
mutations in primary and metastatic tumors and circulating tumor cells from colorectal
carcinoma patients. Clin Cancer Res 2000;6(9):3499-3504.

Topal B, Aerts JL, Roskams T, Fieuws S, Van Pelt J, Vandekerckhove P, et al. Cancer
cell dissemination during curative surgery for colorectal liver metastases. Eur J Surg
Oncol 2005;31(5):506-11.

Jiao LR, Apostolopoulos C, Jacob J, Szydlo R, Johnson N, Tsim N, et al. Unique
localization of circulating tumor cells in patients with hepatic metastases. J Clin Oncol
2009;7?7:?77.

Schmidt T, Koch M, Antolovic D, Reissfelder C, Schmitz-Winnenthal FH, Rahbari
NN, et al. Influence of two different resection techniques (conventional liver resection
versus anterior approach) of liver metastases from colorectal cancer on hematogenous
tumor cell dissemination - prospective randomized multicenter trial. BMC Surg
2008;8:6.

Aquino A, Prete SP, Balduzzi A, Fossile E, Formica V, Torino F, et al. A novel method
for monitoring response to chemotherapy based on the detection of circulating cancer
cells: a case report. J Chemother 2002;14(4):412-6.

Cohen SJ, Punt CJ, lannotti N, Saidman BH, Sabbath KD, Gabrail NY, et al.
Relationship of circulating tumor cells to tumor response, progression-free survival,
and overall survival in patients with metastatic colorectal cancer. J Clin Oncol
2008;26(19):3213-21.

30



106.

107.

108.

109.

110.

111

112,

113.

114.

Tol J, Koopman M, Miller MC, Tibbe A, Cats A, Creemers GJ, et al. Circulating
tumour cells early predict progression-free and overall survival in advanced colorectal
cancer patients treated with chemotherapy and targeted agents. Ann Oncol
2010;21(5):1006-12.

Bidard FC, Mathiot C, Degeorges A, Etienne-Grimaldi MC, Delva R, Pivot X, et al.
Clinical value of circulating endothelial cells and circulating tumor cells in metastatic
breast cancer patients treated first line with bevacizumab and chemotherapy. Ann
Oncol 2010;21(9):1765-71.

Yamanaka N, Okamoto E, Fujihara S, Kato T, Fujimoto J, Oriyama T, et al. Do the
tumor cells of hepatocellular carcinomas dislodge into the portal venous stream during
hepatic resection? Cancer 1992:70(9):2263-7.

Komeda T, Fukuda Y, Sando T, Kita R, Furukawa M, Nishida N, et al. Sensitive
detection of circulating hepatocellular carcinoma cells in peripheral venous blood.
Cancer 1995;75(9):2214-9.

Matsumura M, Niwa Y, Kato N, Komatsu Y, Shiina S, Kawabe T, et al. Detection of
alpha-fetoprotein mRNA, an indicator of hematogenous spreading hepatocellular
carcinoma, in the circulation: a possible predictor of metastatic hepatocellular
carcinoma. Hepatology 1994;20(6):1418-25.

Aselmann H, Wolfes H, Rohde F, Frerker M, Deiwick A, Jager MD, et al.
Quantification of alpha 1-fetoprotein mRNA in peripheral blood and bone marrow: a
tool for perioperative evaluation of patients with hepatocellular carcinoma.
Langenbecks Arch Surg 2001;386(2):118-23.

Cillo U, Navaglia F, Vitale A, Molari A, Basso D, Bassanello M, et al. Clinical
significance of alpha-fetoprotein mRNA in blood of patients with hepatocellular
carcinoma. Clin Chim Acta 2004;347(1-2):129-38.

Kienle P, Weitz J, Klaes R, Koch M, Benner A, Lehnert T, et al. Detection of isolated
disseminated tumor cells in bone marrow and blood samples of patients with
hepatocellular carcinoma. Arch Surg 2000;135(2):213-8.

Leonhardt U, Ritzel U, Ottleben M, Vignoli A, Ramadori G Detection of circulating
albumin-mRNA by RT-PCR does not indicate metastasizing hepatocellular carcinoma.
Langenbecks Arch Chir 1997;382(2):83-6.

31



115.

116.

117.

118.

119.

120.

121.

122.

123.

124,

Wong IH, Lau WY, Leung T, Yeo W, Johnson PJ Hematogenous dissemination of
hepatocytes and tumor cells after surgical resection of hepatocellular carcinoma: a
quantitative analysis. Clin Cancer Res 1999;5(12):4021-7.

Waguri N, Suda T, Nomoto M, Kawai H, Mita Y, Kuroiwa T, et al. Sensitive and
specific detection of circulating cancer cells in patients with hepatocellular carcinoma;
detection of human telomerase reverse transcriptase messenger RNA after
immunomagnetic separation. Clin Cancer Res 2003;9(8):3004-11.

Yang SZ, Dong JH, Li K, Zhang Y, Zhu J. Detection of AFPmMRNA and melanoma
antigen gene-ImRNA as markers of disseminated hepatocellular carcinoma cells in
blood. Hepatobiliary Pancreat Dis Int 2005;4(2):227-33.

Vona G, Sabile A, Louha M, Sitruk V, Romana S, Schutze K, et al. Isolation by size of
epithelial tumor cells : a new method for the immunomorphological and molecular
characterization of circulating tumor cells. Am J Pathol 2000;156(1):57-63.

Vona G, Estepa L, Beroud C, Damotte D, Capron F, Nalpas B, et al. Impact of
cytomorphological detection of circulating tumor cells in patients with liver cancer.
Hepatology 2004;39(3):792-7.

Zee BC, Wong, Kuhn T, Howard R, Yeo W, Koh J, et al. Detection of circulating
tumor cells (CTCs) in patients with hepatocellular carcinoma (HCC). J Clin Oncol
2007;25:15037

Yang ZF, Ngai P, Ho DW, Yu WC, Ng MN, Lau CK, et al. Identification of local and
circulating cancer stem cells in human liver cancer. Hepatology 2008;47(3):919-28.

Buyse M, Sargent DJ, Grothey A, Matheson A, de Gramont A. Biomarkers and
surrogate end points--the challenge of statistical validation. Nat Rev Clin Oncol
2010;7(6):309-17.

Soeth E, Vogel I, C Rd, Juhl H, Marxsen J, Kruger U, et al. Comparative analysis of
bone marrow and venous blood isolates from gastrointestinal cancer patients for the
detection of disseminated tumor cells using reverse transcription PCR. Cancer Res
1997;57(15):3106-10.

Nishida S, Kitamura K, Ichikawa D, Koike H, Tani N, Yamagishi H. Molecular
detection of disseminated cancer cells in the peripheral blood of patients with gastric
cancer. Anticancer Res 2000;20(3B):2155-9.

32



125.

126.

127.

128.

129.

130.

131.

132.

133.

Majima T, Ichikura T, Takayama E, Chochi K, Mochizuki H. Detecting circulating
cancer cells using reverse transcriptase-polymerase chain reaction for cytokeratin
MRNA in peripheral blood from patients with gastric cancer. Jpn J Clin Oncol
2000;30(11):499-503.

Sumikura S, Ishigami S, Natsugoe S, Miyazono F, Tokuda K, Nakajo A, et al.
Disseminated cancer cells in the blood and expression of sialylated antigen in gastric
cancer. Cancer Lett 2003;200(1):77-83.

Seo JH, Choi CW, Kim BS, Shin SW, Kim YH, Kim JS, et al. Follow-up study of
peripheral blood carcinoembryonic antigen mRNA using reverse transcription-
polymerase chain reaction as an early marker of clinical recurrence in patients with
curatively resected gastric cancer. Am J Clin Oncol 2005;28(1):24-9.

lllert B, Fein M, Otto C, Cording F, Stehle D, Thiede A, et al. Disseminated tumor cells
in the blood of patients with gastric cancer are an independent predictive marker of
poor prognosis. Scand J Gastroenterol 2005;40(7):843-9.

Uen YH, Lin SR, Wu CH, Hsieh JS, Lu CY, Yu FJ, et al. Clinical significance of
MUC1 and c-Met RT-PCR detection of circulating tumor cells in patients with gastric
carcinoma. Clin Chim Acta 2006;367(1-2):55-61.

Wu CH, Lin SR, Yu FJ, Wu DC, Pan YS, Hsieh JS, et al. Development of a high-
throughput membrane-array method for molecular diagnosis of circulating tumor cells
in patients with gastric cancers. Int J Cancer 2006;119(2):373-9.

Koga T, Tokunaga E, Sumiyoshi Y, Oki E, Oda S, Takahashi I, et al. Detection of
circulating gastric cancer cells in peripheral blood using real time quantitative RT-PCR.
Hepatogastroenterology 2008;55(84):1131-5.

Yie SM, Lou B, Ye SR, Cao M, He X, Li P, et al. Detection of survivin-expressing
circulating cancer cells (CCCs) in peripheral blood of patients with gastric and
colorectal cancer reveals high risks of relapse. Ann Surg Oncol 2008;15(11):3073-82.

Saad AA, Awed NM, Abd Elkerim NN, El-Shennawy D, Alfons MA, Elserafy ME, et
al. Prognostic significance of E-cadherin expression and peripheral blood
micrometastasis in gastric carcinoma patients. Ann Surg Oncol 2010;17(11):3059-67.

33



134.

135.

136.

137.

138.

139.

140.

141.

142,

143.

Cohen SJ, Alpaugh RK, Gross S, O'Hara SM, Smirnov DA, Terstappen LW, et al.
Isolation and characterization of circulating tumor cells in patients with metastatic
colorectal cancer. Clin Colorectal Cancer 2006;6(2):125-32.

Sastre J, Maestro ML, Puente J, Veganzones S, Alfonso R, Rafael S, et al. Circulating
tumor cells in colorectal cancer: correlation with clinical and pathological variables.
Ann Oncol 2008;19(5):935-8.

Maestro LM, Sastre J, Rafael SB, Veganzones SB, Vidaurreta M, Martin M, et al.
Circulating tumor cells in solid tumor in metastatic and localized stages. Anticancer
Res 2009;29(11):4839-43.

Cohen SJ, Punt CJ, lannotti N, Saidman BH, Sabbath KD, Gabrail NY, et al. Prognostic
significance of circulating tumor cells in patients with metastatic colorectal cancer. Ann
Oncol 2009;20(7):1223-9.

Papavasiliou P, Fisher T, Kuhn J, Nemunaitis J, Lamont J. Circulating tumor cells in
patients undergoing surgery for hepatic metastases from colorectal cancer. Proc (Bayl
Univ Med Cent) 2010;23(1):11-4.

Louha M, Poussin K, Ganne N, Zylberberg H, Nalpas B, Nicolet J, et al. Spontaneous
and iatrogenic spreading of liver-derived cells into peripheral blood of patients with
primary liver cancer. Hepatology 1997;26(4):998-1005.

Matsumura M, Shiratori Y, Niwa Y, Tanaka T, Ogura K, Okudaira T, et al. Presence of
alpha-fetoprotein  mRNA in blood correlates with outcome in patients with
hepatocellular carcinoma. J Hepatol 1999;31(2):332-9.

Wong IH, Lau WY, Leung T, Johnson PJ. Quantitative comparison of alpha-fetoprotein
and albumin mRNA levels in hepatocellular carcinoma/adenoma, non-tumor liver and
blood: implications in cancer detection and monitoring. Cancer Lett 2000;156(2):141-9.

Miyamoto A, Nagano H, Sakon M, Fujiwara Y, Sugita Y, Eguchi H, et al. Clinical
application of quantitative analysis for detection of hematogenous spread of
hepatocellular carcinoma by real-time PCR. Int J Oncol 2001;18(3):527-32.

Witzigmann H, Geissler F, Benedix F, Thiery J, Uhlmann D, Tannapfel A, et al.
Prospective evaluation of circulating hepatocytes by alpha-fetoprotein messenger RNA
in patients with hepatocellular carcinoma. Surgery 2002;131(1):34-43.

34



144,

145.

146.

147.

Gross-Goupil M, Saffroy R, Azoulay D, Precetti S, Emile JF, Delvart V, et al. Real-
time quantification of AFP mRNA to assess hematogenous dissemination after
transarterial  chemoembolization of hepatocellular carcinoma. Ann  Surg
2003;238(2):241-8.

Jeng KS, Sheen IS, Tsai YC. Circulating messenger RNA of alpha-fetoprotein: a
possible risk factor of recurrence after resection of hepatocellular carcinoma. Arch Surg
2004;139(10):1055-60.

Jeng KS, Sheen IS, Tsai YC. Does the presence of circulating hepatocellular carcinoma
cells indicate a risk of recurrence after resection? Am J Gastroenterol 2004;99(8):1503-
9.

Morimoto O, Nagano H, Miyamoto A, Fujiwara Y, Kondo M, Yamamoto T, et al.
Association between recurrence of hepatocellular carcinoma and alpha-fetoprotein
messenger RNA levels in peripheral blood. Surg Today 2005;35(12):1033-41.

35



Figure 1: CirCe 03, an ancillary study to the Prodige14-METHEPII-ACCORD?21 trial

PRODIGE 14
METHEP Il
ACCORD 21 trial

potentially
resectable liver
metastases

25% I

-

Folfox + bevacizumab

5 I Folfiri-1+bevacizumab

T |

\
—-—

50%

zo0o0z>»=

I Folfirinox + bevacizumab

| | Folfox # cetuximab

Folfiri-1#+ cetuximab

zoo0z>»=

Folfirinox + cetuximab

-

-

Assesment of

tumor R
~ - Resectable ?
response every
4 cycles
(RECIST)
AN
= Y
- . / \ i
~
keep chemo
(max. 12 S urgical resection I
CVCIeS) Main objective

Resume chemo
after surgery
(up to 12
cycles)

|'
'| V
'\_

CirCe 03 study

EGFR expression & variations
under treatment

Prognostic value at

baseline

K-RAS & B-RAF
mutation

$~.cTC #1

Value of CTC changes as
a predictive test of

\
®cTC #3

(before surgery)

resectability

» -}

(baseline)

CTC response by treatment
group : Higher CTC

clearance
with bev. vs cetux. ?

Main objective ¢

Prognostic
value before

surgery

36



