
Research Article Open Access

Ried et al., Adv Cancer Prev 2017, 2:2
DOI: 10.4172/2472-0429.1000123

Research Article OMICS International

Advances in Cancer PreventionAd
va

nc
es 

in Cancer Prevention

ISSN: 2472-0429

Keywords: Circulating tumour cells (CTC); Cancer screening; Early
detection; Treatment effectiveness; Prostate cancer; Breast cancer; 
Integrative nutritional therapy

List of Abbreviations: CTC: Circulating Tumour Cells; EDTA:
Ethylene-Diamine-Tetra-Acetic-acid, EpCAM: Epithelial Cell Adhesion 
Molecule; ISET: Isolation by Size of Epithelial Tumours; PET: Positron 
Emission Tomography; PSA: Prostate Specific Antigen; PSMA: Prostate 
Specific Membrane Antigen

Introduction
Circulating Tumour Cells (CTC) provide a biomarker for cancer 

prognosis and treatment effectiveness, whereby an increase in CTC 
count is associated with cancer progression, shorter progression free 
survival, and shorter overall survival compared to a decrease in CTC 
count [1,2]. In a group of 177 women with metastatic breast cancer, 
CTC count was directly related to disease progression and survival, 
whereby a CTC count of less than 0.7 CTC/ml (5 CTC in 7.5 ml of 
whole blood) had a longer progression free survival and overall 
survival compared to a CTC count of more than 0.7 CTC/ml (median 
progression-free survival 2.7 months versus 7.0 months, p<0.001), and 
median overall survival (10.1 months versus >18 months, p<0.001) [1]. 
Furthermore, the type of CTC cells, either single cells or CTC clusters, 
are a prognostic predictor of metastasizing potential and overall survival, 
with a hazard ratio of 14.5 (p<0.001) for ≥ 3-cell CTC clusters compared 
to no CTC [3]. 

Presence of CTC has also been associated with early carcinogenesis 
and risk of cancer [4]. In a study of cancer-free patients with chronic 
obstructive pulmonary disease (COPD), CTC were detected in 3% of 
the patients, who developed lung cancer within 1-4 years after CTC 
screening. 

Several technologies have been developed to identify CTC, 
including the Isolation-by-Size-of-Epithelial-Tumour (ISET) technique 
(Rarecells, France) [5], which involves blood filtration, and analysis by 
microscopy using standard histo-pathological/ cyto-morphological 
criteria [6,7]. Blood is treated to lyse red blood cells, and remaining 
rare cells, including CTC and inflammatory (white blood) cells, are 
then enriched on a filter, stained and analysed by standard cytological 
microscopy. The ISET technology allows direct identification of CTC, 
independent of the presence of tumour markers [7].
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component of the study. Simple comparative analyses were conducted 
for the subgroups of patients who undertook a repeat CTC test after a 
variety of treatments as intervention.

Results

Between Sept-2014 and Dec-2016 we undertook 600 CTC tests in 

542 patients, including 50% screening requests (n=286 tests) of patients 
without cancer diagnosis but with risk factors. CTC were detected in all 
cancer patients (n=277, 100%), and in half of the asymptomatic patients 
screened (50%, n=132 out of 265 patients). A subgroup of patients with 
detected CTC underwent interventions (n=161). CTC repeat tests were 
done for 10% of patients with detected CTC (40 out of 409 patients, 
n=98 CTC tests). Figure 1 summarises the trial flow. 
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Cancer Patients (group 1)

All patients with diagnosed cancer (group 1, Table 1) had a positive 
CTC count, detected with the ISET technology in patients with solid 
tumours and blood type tumours (e.g. non-Hodgkin’s lymphoma, 
multiple myeloma). The CTC count ranged from 0.2 CTC/ml to 65.4 
CTC/ml including single CTC and CTC clusters. CTC baseline count 
usually correlated to patient’s cancer status and symptoms, with higher 
CTC counts presented in more advanced cases. Our data suggests a 
count of less than 0.3 CTC/ml to be usually associated with mild risk 
of malignancy, a count of 0.3-20 CTC/ml with moderate risk, and >20 
CTC/ml with high risk of malignancy including metastasis, recurrence, 
and cancer progression. CTC count profile was similar in patients with 
other types of cancer. Follow-up is ongoing.

Figure 2 illustrates examples of CTC detected with the ISET method 
using cyto-morphological criteria.

To monitor treatment effectiveness, CTC testing was repeated 3-4 
weeks after conclusion of a treatment cycle around 3 months in 10% of 
cancer patients (n=26). Treatment could include surgery, chemotherapy, 
radiotherapy, hyperthermia, and nutritional therapies. CTC count 
correlated to patient’s cancer status (Table 1), with an increase in CTC 

count over time indicating cancer progression or metastases, and a 
decrease in CTC count over time indicating cancer remission (Table 2).

Table 2 summarises the CTC count over time in cancer patients 
who underwent treatment other than nutritional therapies. In this 
group of patients, surgery treatment generally resulted in a decrease of 
CTC, standard chemo- and radiotherapy treatment did not. 

Early Detection Screening (groups 2 + 3)
CTC screening tests were undertaken in mostly asymptomatic 

patients without diagnosed cancer but with increased cancer risk, 
including family history of cancer or advanced age (>50 years). In CTC 
screening patients, baseline CTC count ranged from 0.2-50 CTC/ml 
(mean=16 CTC/ml). For those patients with detected CTC (group 2), 
follow-up tests including scans and repeat CTC tests were scheduled 
within 0.5-10 months (mean=3.5 months). Follow-up scans taken 
within 1-6 months revealed early cancerous lesions in about 20% of 
patients with detected CTC (Table 3). 

In up to 50% of male patients with normal PSA (prostate specific 
antigen) levels but with detected CTC, PET scans using PSMA (Ga-68 
prostate-specific-membrane-antigens) revealed increased uptake in the 

CTC are stained blue, filter holes of 8 microns appear black. 

Panel A: breast cancer, B: prostate cancer, C: colorectal cancer, D: renal/ bladder cancer 

Figure 2: Histo-pathological/ cyto-morphological detection of CTC using the ISET method. 
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CTC count 1

Type of cancer Number of patients Stage 1 Stage 2-3 Stage 4
<3 CTC/ml 3-20 CTC/ml >20 CTC/ml

N (% of type) N (% of type) N (% of type)
All 277

Breast 81 52 (64) 20 (25) 9 (11)
Prostate 69 54 (78) 11(14) 4 (5)
Colorectal, gastric 37 26 (70) 7 (19) 4 (11)
Kidney, bladder 19 11 6 2
Blood type cancers: Lymphoma, NHL, HL, MCL, MM 17 10 2 5
Ovarian, endometrial, uterine, cervical 15 10 4 1
Lung 6 2 1 3
Melanoma 9 9 -
Pancreatic 3 2 - 1
Thyroid 5 5 - -
Other, e.g. tongue, brain, SCC 16 9 6 1

1 CTC baseline count, CTC repeat tests of same patient not included in this table.
Abbreviations:  HL, Hodgkin’s lymphoma; MCL, mantle cell lymphoma; MM, multiple myeloma; NHL, Non-Hodgkin’s lymphoma; SCC, squamous cell carcinoma

Table 1: CTC count by type of cancer (Group 1: Cancer patients).

Patient ID, age Cancer type Test ID CTC test time 
points (A-D)

CTC count/
ml

N months between 
CTC tests
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M22a, 76 yrs ISET; Feb-16; 

0.7 atypical 
inflammatory 

cells; normal May-16 3 Prostatitis

PSMA=PET CT: mild prostatitis;  
ISET-CTC identified inflammatory condition, 
no CTC detected; Maintrac-CTC does 
not distinguish between CTC and atypical 
inflammatory cells

M22b Maintrac Apr-16 2 PSA=79; 
AR=88.6 normal

M23, 49 yrs ISET; May-16 65.4; normal April-16 1 Prostate PSMA-PET: moderate uptake

Maintrac May-16 13 AR=62;
PSA=0

M24, 66 yrs ISET; May-16 10.7; high 
normal Jun-16 1 Prostate PSMA-PET: low to moderate uptake

Maintrac 11 PSA=79; 
AR=73;

ISET, ISET technology (Rarecells, France, www.rarecells.com)
Maintrac technology (Germany, www.maintrac.com): Receptor expression and EpCAM marker based CTC testing. In our experience, the CTC count by Maintrac 
correlates to the ISET CTC count by a factor of 100. For comparison to ISET CTC counts Maintrac CTC counts have been divided by 100.
F, female; M, male, AR, androgen receptor; Ki67, the Ki-67 protein is a cellular marker for cell proliferation; PSA, prostate specific antigen; PSMA, prostate specific 
membrane antigen; PET scan, positron emission tomography scan; n/a, not applicable

Table 3: Early detection CTC screening and follow-up scans of asymptomatic patients without detected tumour at time of CTC testing (group 2).

prostate, which is indicative of early prostate cancer. In addition, early 
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Figure 3: CTC monitoring of a) cancer patients (group1) and b) asymptomatic patients without detectable tumour (group3) before and after integrative nutritional 
immune-stimulating therapy.
Cancer patients (group 1) did not undergo surgery, chemo- or radiotherapy.

thymoquinone, has shown promise in inducing tumour cell death, and  
inhibiting proliferation, angiogenesis, invasion and metastasis [44]. 
Artemisinin triggers apoptosis in human cancer cells [45].

Modified citrus pectin, containing the main active ingredient 
galectin-3, has numerous anti-metastatic properties through anti-
adhesion and apoptosis-promotion, and has shown promise in several 
clinical studies by halting cancer progression [46,47].

Medicinal mushroom extracts, including species of Auricularia, 
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