Circulating Tumor Cells in Colorectal Cancer | Encyclopedia.pub

Circulating Tumor Cells in Colorectal Cancer

Subjects: Gastroenterology & Hepatology | Health Care Sciences & Services | Oncology
Contributor: Jozsef Petrik , Donatella Verbanac , Marija Fabijanec , Andrea Hulina-Tomaskovi¢ , Andrea Ceri , Anita
Somborac-Badura , Roberta Petlevski , Marija Grdi¢ Rajkovi¢ , Lada Rumora , BoZzo Krulin , Mario Stefanovi¢ ,

Neven Ljubici¢ , Neven Barsi¢ , Antonija HanZek , Luka Bockor , lvana Celap , Aima Demirovi¢ , Karmela Barisi¢

Circulating tumor cells (CTCs) are intact cells separated from the primary tumor or metastases and released into
the peripheral circulation. They were observed and discovered for the first time in 1869 in the blood of a patient
with breast cancer. CTCs mainly originate from solid tumors of epithelial origin (breast, prostate, colon, and lung).
CTCs are nucleated and express epithelial cell adhesion molecules (EpCAM) and/or cytokeratins (CK) in the
cytoplasm without coexpressing the common leukocyte antigen CD45. It is known today that there is significant
heterogeneity in cell species and surface markers, which represents a challenge in isolating all clinically relevant

subpopulations of CTCs.
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| 1. Circulating Tumor Cells

The presence of circulating tumor cells (CTCs) is associated with a worse prognosis and a high probability of the
occurrence of a metastatic process. However, adequate detection and characterization of CTCs can significantly
contribute not only to the diagnosis of cancer, but also to the prediction of the outcome of the disease, the selection

of the optimal therapy, and the monitoring of the therapeutic treatment (Figure 1).
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Figure 1. Clinical significance of CTCs and CTC clusters in diagnosis, monitoring, and optimization of therapy in
cancer patients. Circulating tumour cells (CTCs) are proven to be prognostically relevant in cancer treatment in
colorectal cancer (CRC). Adequate detection and characterization of CTCs can significantly contribute to cancer
diagnosis, disease course prediction, therapy selection, and treatment monitoring. (1) Screening—detection of
cancer patients by determining the number of CTCs and/or CTC clusters from peripheral blood; (2) stage and
prognosis—detection of patients with an increased risk for the development of metastases by determining the
number of CTCs and/or CTC clusters from peripheral blood; (3) identification of gene aberrations in CTCs
important for therapy, such as mutations in KRAS, APC, EFGR, etc.; (4) selection of therapy—CTC cultivation and
selection of effective pharmacotherapy; (5) monitoring—determining the number of CTCs and genome analysis to
detect transcriptional changes; (6) optimization of therapy—monitoring the effectiveness of pharmacotherapy and

early detection of disease remission by determining the number of CTCs and genome analysis.

The analysis of CTCs from blood can be used for the early detection of invasive cancer. Moreover, they have a
prognostic significance in the monitoring of malignant disease or the response to chemotherapy. CTCs are
sporadic cells with a frequency of one tumor cell per 5 x 106 leukocytes and 5 x 109 erythrocytes per mL of blood
in patients with advanced cancer . Numerous isolation technologies have been developed that enable the
isolation and differentiation of CTCs from normal blood cells. Compared to blood cells, CTCs are more rigid, with a
density of >1.077 g/mL, and larger in diameter than leukocytes, which have an average range of 811 pm. CTCs

are relatively large cells, with an example of 30 pm in size in breast cancer patients [,

With the degradation of the tumor mass in the first stages of the metastatic cascade, the tumor cells are released
and migrate to the distal parts of the body by lymphohematogenous dissemination. During circulation and
colonization, various interactions with other cells can lead to changes in CTC phenotypes 2. The majority of CTCs
die, but 0.01% stay viable and have the potential to form metastases. They may be present as single cells or
clusters of cells. Once localized in organs (bone marrow, liver, lung, or brain), they are called disseminated tumor
cells (DTCs) 2. DTCs and micrometastases can be in a dormant phase for years after the primary tumor resection.
At some point, DTCs can proliferate under the influence of the tumor microenvironment, and the formation of
metastases occurs. DTCs originating from metastases can recirculate through the blood, colonizing other organs
and creating secondary metastases. Research suggests that DTCs can transform into CTCs and return to the

primary tumor site, resulting in the formation of more aggressive variants of tumor metastases 4!,

Noninvasive liquid biopsy opens up detection possibilities for very rare circulating cancer stem cells (CSCs). CSCs
and CTCs are particularly interesting targets in basic research, but also in clinical studies, due to their multiple
roles and involvement in tumorigenesis, cancer progression, and resistance to therapy BB However, it is
currently difficult to use these cells in the clinical setting: firstly, due to the lack of fully validated biomarkers, and
secondly, due to the nonunique method for their identification. In fact, there is still no specific single marker or
combination of markers that represent these cell subpopulations and clearly distinguishes them from conventional
cancer cells. Indeed, CSCs are known to constitute only a small percentage (0.05-1%) [EI& of tumor cells. The
difficulty of CTC analysis is cellular plasticity, especially the phenomenon of the epithelial-mesenchymal transition

(EMT). The process of the epithelial-mesenchymal transition is the change from the epithelial to mesenchymal
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phenotype. The EMT is a complex process of cell dedifferentiation and increased cell mobility due to the
reorganization of contact bonds and the loss of adhesion molecules. Although this mechanism primarily occurs in
organogenesis and wound healing, it is associated with tumor dissemination and correlates with aggressiveness
due to increased tumor cell migration. The opposite process is also possible (mesenchymal—epithelial transition),
which is proposed to play a role in the transformation of dormant DTCs in organs to metastases. This can lead to
the nondetection of the population of potentially aggressive tumor cells in the standard CTC diagnostic process, as
it relies on epithelial markers 4. New technologies that could separate different CTC phenotypes are needed,

highly relevant, and essential (29,

| 2. Diagnostic Significance of Circulating Tumor Cells

Developing new methods that enable the early diagnosis and follow-up for patients in all stages of the disease is
crucial for reducing mortality and improving the outcome of CRC. The main objectives of research on CTCs as
multifunctional biomarkers include: (1) identification of therapeutic targets, (2) stratification of oncological patients
and monitoring of therapy in real-time (predictive significance), (3) a risk assessment for metastatic relapse or
disease progression (prognostic significance), and (4) understanding the tumor biology and mechanisms of

resistance to therapy [4I11],

Molecular characterization of CTCs provides a noninvasive approach to tumor genotypic and phenotypic
characteristics. Treatment decisions are empirically defined by tumor histology after biopsy, which is sometimes
performed after the initial treatment decision. Characterizing tumors from CTCs using a simple blood test could
enable more effective treatment choices and reduce the incidence of unnecessary toxicity and side effects in
patients receiving chemotherapy and immunotherapy 2. Detection of mutations based on CTCs in the blood
provides information that could significantly accelerate the discovery of a therapeutic target. Compared to tissue
biopsy, a shorter turnaround time (TAT) of molecular analysis leads to faster therapeutic intervention and better
disease outcomes. Since the tumor mutational profile affects the choice of therapy, research has been performed
on colorectal cancer 13l lung cancer 4l breast cancer, and melanoma 15181 Table 1 shows the clinical
significance of CTC determination in patients with CRC. The table also shows values such as the proportion of

patients with positive CTC findings and the clinical usefulness of the determination LZI[18][19][20][21][22][23][24][25][26][27]
[28][29][30][31][32][33][34]

Table 1. Clinical significance of CTCs in colorectal cancers.

Number
of Detection Method CTC No. (%) Clinical Significance Ref.
Patients
Therapy alignment and monitoring; CTCs
could predict chemotherapy response;
34 Multiplex PCR 20 (59) moreover, EGFR status of CTCs could [L7]
predict the likelihood of targeted therapy
response.
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Number
of Detection Method
Patients
Density gradient
30 centrifugation, CK20 gRT-
PCR and immunomagnetic
CTC number determination
40 CELLection
Dynabeads®
467 CellSearch
141 RT-PCR
14 CellSearch
42 CellSearch
61 CellSearch
66 CanPatrol Multiplex mRNA-
ISH
138 ISET device-CTCBIOPSY
91 CanPatrol
MRNA-ISH

CTC No. (%)

30 (100)

27 (68)

467 (100)

141 (100)

14; 4 (29) after
chemotherapy

22 (52.3)

27 (44.3)

57 (86.4)

63 (45.7)

51 CTC (56.0);
46 mCTC
(50.5)

Clinical Significance

CTC number reflects the
chemotherapeutic sensitivity of CRC
patients. Microscopic CTC single-cell,
doublet, and cluster numbers were found
in correlation with CK20 qRT-PCR results.

Therapy alignment and monitoring.
Significant shorter progression-free
survival (PFS) was found in patients with
CTCs positive for the expression of
ALDH1, survivin and MRP5.

Therapy alignment and monitoring; CTC
count provides additional information to
CT imaging for early recurrence
monitoring.

Therapy alignment and monitoring; CTC
persistence after surgical resection was a
significant marker for early recurrence.

Therapy alignment and monitoring; CTC-
negative patients after chemotherapy had
significantly better treatment response.

Patients with CTCs =3/7.5 mL may benefit
from the intensive 4-drug regimen
(irinotecan, oxaliplatin, and tegafur-uracil
with leucovorin and cetuximab).

CTC heterozygosity and heterogeneity
exist in KRAS status among CTCs within
all patients and between CTCs and tumor

tissues.

CTC count =26/5 mL was associated with
decreased PFS and OS. LGR5
expression in CTCs may serve as a
marker for CRC metastasis.

Postcurative resection CTC count > 1/2.5
mL was associated with shorter 3-year
RFS rate.

Mesenchymal CTC count =1/5 mL and
COX-2 expression in mCTCs were
associated with distance metastasis.

Ref.

(18]

[26]

[27]
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Number
of Detection Method CTC No. (%) Clinical Significance Ref.
Patients
Therapy alignment and monitoring;
34 Microfiuidic chips 34 (100) comparison of mutational status of CTCs,  [2g]

ctDNA, and primary tumor tissue revealed
great heterogeneity.

Postoperative CTC count >2/3.2mL in
130 MACS 67 (51.54) non-mCRC was associated with [29]
decreased RFS.

HAl/target therapy with drugs selected by
liquid biopsy precision oncotherapy is a
106 MACS 100 (94) safe and efficacious alternative 201
therapeutic strategy for unresectable
colorectal liver metastases patients.

Isolation of CTCs by size (as a label-free
technique with subsequent 31

21 ScreenCell® 21 (100) . : .
immunofluorescence labeling) gives a
very high detection rate.
21 CK20 RT-gPCR 15 (71.4) The CK?O RT-gPCR merhod gives a 31]
relatively high detection rate.
Application of a semiautomated
21 NYONE® 11 (52.4) mlcrescoprc approach with NYONE™, an 3]
examiner-independent procedure for CTC
detection.
CTC counts =3/7.5 mL at baseline and
day 21 after initiation of regorafenib were
50 CellSearch 46 (92) assocrated with d'ecr.e.ased EFS and OS. [z
Patients had significantly increased
EGFR expression at day 21 and/or PD
compared to baseline. S
ientifica
Baseline CTC counts =3/7.5 mL were
589 CellSearch 241 (41) associated with clinical or pathologic 53]
features associated with poor prognosis. ck. Am.
ScreencCell®, Promising test for the future isolation and
7 Immunofluorescence 7 (100) characterization of different CTC [34] _
Staining subtypes, including clusters. antial of

circulating rumor cells. Kadiol. UNcol. ZUlY, 53, L31—14/.
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