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Many different therapies are applied to fight tumor disease. Blood-based biosources, like circulating tumor cells

(CTCs), offer the opportunity to monitor the healing progression and the real-time response to the therapy. 

Circulating Tumor Cells,Prostate Cancer,Breast Cancer

1. Introduction

Cancer is caused by multiple molecular alterations in normal host cells that act together to drive uncontrolled cell

self-renewal, growth and invasion, and lead to malignant transformation and progression. The majority of cancer-

associated deaths (approximately 90%) are induced by metastatic disease rather than the primary cancer . The

early detection of cancer and subsequent noninvasive tumor profiling and monitoring should be enabled in every

cancer patient. Thus, there is an unmet clinical need for biomarkers to fulfill the claim in precision oncology.

Blood-based biosources such as circulating tumor cells (CTCs), cell-free DNA (cfDNA), tumor-educated platelets

and cell-free nucleic acids (circulating tumor DNA, long non-coding RNA, messenger RNA and microRNA) offer

this opportunity. These biomarkers, summarized as liquid biopsy (LB), could provide information on urgent cancer

characteristics . CTCs detach from primary or metastatic tumors to enter the bloodstream, from which a small

CTC population has the ability to metastasize to multiple organs . In addition, CTCs are genetically unstable,

evading immune defenses and modification metabolism . These characteristics reflect the dynamic and

heterogeneous phenotype of CTCs. Furthermore, at present, we know that cancer cells survive after infiltrating

distant organs and can be present for years in the bone marrow as disseminated tumor cells (DTCs), which are

correlated with an increased risk of eventual clinical recurrence .

The concentration of CTCs in the blood is very low, and a single CTC is in the background of millions of blood cells.

Nonetheless, CTCs could serve as a comprehensive window into metastatic disease for the real-time monitoring of

therapy responses.

LB in the form of CTCs received tremendous attention following approval of the automated CellSearch  system

(Menarini Silicon Biosystems Inc, Huntington Valley, USA) by the Food and Drug Administration (FDA). Thus, the

importance of CTC enumeration as a surrogate marker for survival benefits in breast and prostate cancer patients

was commenced .
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The clinical utility and reliable information of CTCs as useful biomarkers must still be demonstrated in the standard

care of cancer therapy. In the latest guidelines (version 3) the Prostate Cancer Clinical Trials Working Group

(PCWG) determined that for the outcome assessment of patients enrolled in clinical trials, the incorporation of CTC

enumeration (using CellSearch platform) must be the endpoint . This decision illustrates and emphasizes the

importance of the serial biological profiling of cancer. Moreover, it promotes CTCs in the field of personalized

cancer treatment, supplying unique information on individual cancer-associated variations in tumor burden.

2. Position of Circulating Tumor Cells in the Clinical Routine
in Prostate Cancer and Breast Cancer Patients

Cancer cells can enter and are motile in blood circulation long before the tumor diagnosed. They offer a possibility

for an early cancer diagnosis than standard diagnostics tools of imaging or biomarkers. The CTC analysis can

provide insight into personalized cancer characteristics.

CTCs are relatively rare cells with a heterogenetic phenotype and are difficult to capture. At present, there are

several platforms that can be used to capture or characterize CTCs. All of these platforms have advantages and

disadvantages. The user must be able to decide which is the best and most suitable method for individual cancer

patients. However, it is possible that in metastatic or late stage patients, no CTCs are detected. One reason for

such conditions, could be the necrotic changes, or reduced tumor vascularization or extreme heterogenic CTC

population. Another reason is the variation of the CTC frequency in a single blood sample, which also includes the

short half-life of CTC and possible circadian rhythms of CTCs. Furthermore, it must be considered that phenotypic

changes in CTC, in terms of epithelial-to-mesenchymal transition (EMT), reflects features of and results in

downregulation of cell surface marker EpCAM.

The EMT process is also implicated in the generation of cancer stem cells (CSC), which are cells with abilities to

self-renewal . Such changes increase aggressiveness of the tumor cells, provoke their dissemination from the

tumor and induce metastases. Detection of CSC as subpopulation CTCs and EMT-CTCs by patients would be

crucial information for the treatment and potential therapy resistance.

A more precise analysis of CTCs would be applying the markers like Vimentin (EMT) or CD44 (CSC) at any level

(DNA, RNA, protein) in regard to their clinical utility. The broader knowledge on intratumor heterogeneity and

dynamic genetic and physiological changes in CTCs undergoing EMT or stem cell CTCs enforces continuous

widening of the spectrum of specific markers to be analyzed.

The tumor-released cells can circulate cell-clusters composed of different CTC subpopulation. Only a few of the

reviewed trials analyzed CTC-clusters additional to CTCs. The presence of CTC-clusters supported the previous

diagnosis obtained with CTCs .

In our opinion, the crucial point of the efficient CTC analysis, enabling to include them into diagnostics, is their

isolation. The combination of the EpCAM-based CellSearch  system with antibody-independent CTC isolation
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platforms in one blood sample extends the best suitable CTC isolation method. This enables the isolation of all

subpopulation of CTCs including CTC, EMT-CTC, CSC and can provide a precise outcome. Approbation of such a

system or platform as an additional or supporting diagnostic tool would make the therapy more precise.

Such an analysis could be helpful to avoid the low response rate to therapy. A good example is the detection of the

HER2 status in circulating breast cancer cells, which could be opposite to that in the primary tumor . A combined

analysis of additional factors, as described by Paoletti et al.  (multiparameter CTC-Endocrine Therapy Index

(CTC-ETI)), supplies more information and may predict resistance to endocrine therapy. In preclinical studies,

researchers analyzed the combined results of the enumeration and expression of ER, HER2 and Ki-67 in MBC

patients and demonstrated strong analytical validity of the technique through intrapatient heterogeneity .

The molecular characterization of AR mRNA in CTCs and the detection of AR-V7 in CTCs can be used as a tool to

guide treatment decisions for men with advanced prostate cancer . The benefits for patients are that they are

protected against the unnecessary side effects of ineffective treatments.

During their investigations, Smerage et al.  revealed that in patients with high numbers of CTCs after treatment,

the number of cells did not change; thus, the number of apoptotic cells increased. High levels of M30-CTC

(apoptotic cells) correlate with a poor prognosis, whereas high levels of CTC-Bcl-2 (anti-apoptotic cells) are

associated with a good prognosis . This is a very important observation, as the initiation of apoptosis in cells as

a reaction to environmental stress leads to many morphological and biochemical changes, and probably to the

production and secretion of substances that can be spread via the bloodstream to other organs, causing damage

.

The signals from the tumor microenvironment (TME) and the microenvironment of CTC population can modify the

protein pattern of disseminated cells, preparing it to create metastasis. One of the proteins induced by TME but

also by chemotherapy is prostaglandin (PG)-endoperoxide synthase 2 (COX-2), which finally promotes the

carcinogenesis and the rate of cancer recurrence, reducing the survival rate. COX-2 is implicated in the

suppression of the apoptosis causing the resistance of tumor cells. The downstream signaling protein of the COX-2

is, among others, the Bcl-2, the anti-apoptotic marker increased in CTCs analyzed by Smerage et al.  (reviewed

in ). Since both the positive and the negative signals may be initiated by the therapy, the monitoring of the

treatment is crucial. LB, as the CTCs, is an excellent tool to analyze the changes during the long healing process.

Although this hypothesis needs further investigation, if it is correct, it could bear significant consequences. The

critical point of preanalytical variables on LB in prostate cancer was also discussed in the plenary session of the

ACTC 2019 meeting ; however, this issue is also applicable for other cancer types, such as breast cancer.

Howerd Scher pointed out, in this session, the importance of introducing robust quality controls in all steps, such as

pre-analytical procedures, and sample collection and processing, as well as analytical steps like molecular assay

specification and bioinformatics algorithm, and data reporting. This standardization is absolutely necessary for its

application into clinical routine. Alix-Panabieres  summarized in her research, the need for more intervention

studies on the implementation of CTCs in the clinic. All abstracts at the 4th ACTC meeting described diverse proofs

of concept in CTC isolation and characterization, and confirmed the heterogeneity in this field.
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Cabel et al.  summarized an analysis of the utility of CTCs in clinical trials. They noted three main concepts of

the studies: (1) CTCs serve as surrogate tumor material, (2) CTC enumeration can be used to monitor therapy, and

(3) specific biological features of CTCs and their relation to metastatic spread. This conclusion is still relevant. The

clinical validity of CTC enumeration by the CellSearch  system is very high; however, its utility is still not

standardized in the clinic and requires further investigations. Moreover, the clinical relevance of CTC

characterization indicates the current therapeutic target HER2/ER in breast cancer patients and AR-V targets

elucidates the resistance mechanism for prostate cancer patients. Even if there is a great need to identify

predictive markers for therapy, it remains a great challenge to implement CTCs as a robust standard tool in the

clinic.
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