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Abstract
With the advent of technology that can reliably detect them, interest in circulating tumor cells have escalated with over 18,000 publications and its involvement in 911 
trials. Its presence in the blood stream connotes more aggressive and serious disease. This has led to a revision in the American Joint Commission on Cancer TNM 
classification for breast cancer. Presence of circulating tumor cells upcodes presumed non-metastatic breast cancer (M0) to an intermediate stage M0(i+). This review 
will describe the methods to capture and detect circulating tumor cells with a focus on the most analytically valid system – CellSearch. The studies underpinning the 
established uses of CTC enumeration in prognosis of metastatic cancers (breast, prostate and colon) will be highlighted as well as the imminent deployment in early 
breast cancer. Emerging applications in monitoring cancer treatment and promising indications in other cancers will also be examined.
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Introduction
Most cancer morbidity and mortality can be ascribed to metastatic 

disease. Consequently, cancer patients are monitored for metastatic 
disease by periodic surveillance using clinical findings, biomarkers, and 
imaging. Biomarkers are indicators of normal or pathologic biological 
processes. They also reflect response to therapy. The major route to 
distant metastasis is when cancer cells traverse the blood stream. These 
cells have been named circulating tumor cells (CTCs). Like other cancer 
biomarkers, CTCs provide a measure of disease burden as well as 
cancer progression or improvement. However, the miniscule quantity 
of CTC in the bloodstream amidst a sea of blood cells (white, red 
and platelets) renders their detection challenging. CTCs have gained 
prominence and interest in recent years with the advent of technology 
that can reliably detect them. Additional developments have allowed 
CTCs to be characterised. The great interest in CTCs is reflected by the 
volume of recent published literature. A search of PubMed (accessed 
December 2016) using the keywords “circulating tumor cells” revealed 
over 18,000 publications (Figure 1). A corresponding search for 
“circulating tumor cells” in the NIH clinical trials database (accessed 

December 2016) uncovered 911 studies; the distribution by cancer type 
is provided in Figure 2.  
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Figure 1. Annual number of CTC publications in PubMed from 2001-2015.
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Figure 2. Clinical trials involving CTCs in the last 15 years by type at clinicaltrials.gov.

In the 2007 American Society of Clinical Oncology (ASCO) 
recommendations on the use of on tumor markers for breast cancer 
(BC), CTCs were cited [1]. A new M0(i+) category was introduced for 
the TNM (tumor, node, metastasis) staging of BC [2]. This category, 
in a patient without symptoms or signs (clinical or radiographic) of 
metastases, manifests as deposits of molecularly or microscopically 
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detected tumor cells (no larger than 0.2 mm) in blood, bone marrow, 
or other non-regional nodal tissue. Thus, in patients with presumed 
non-metastatic breast cancer (M0), presence of CTCs in the blood 
renders them in a higher stage – intermediate between M0 & M1. This 
development has yet to diffuse into the practice of oncopathology and 
its clinical and therapeutic implications are awaited. 

As a newer biomarker, CTCs are gaining greater utility. This 
review will briefly describe the methods used to isolate and detect 
CTCs in section 2. Section 3 will highlight the established uses of CTC 
enumeration in prognosis of metastatic cancers (breast, prostate and 
colon), imminent deployment in prognosis of early/non-metastatic 
tumors, emerging applications in monitoring cancer treatment, and 
promising indications in other cancers. Potential and future use of 
CTCs will be elaborated in Section 4. 

Methods for CTC Capture and Detection
An early publication demonstrated that when blood from cancer 

patients are immuno-magnetically enriched, CTCs can be detected by 
immunofluorescence and flow cytometry [3]. In the recent literature 
from 2010-2015, over 35 different CTC methods were identified [4]. 
More new devices have been recently described [5-9]. CTC detection 
modalities have been well documented [10-12] and will not be covered 
in this review. 

Among the many CTC technologies only CellSearch (Janssen 
Diagnostics, Raritan, NJ, USA) is FDA-approved. As the most studied 
technique it merits some attention. The assay allows the capture 
and enumeration of tumor cells circulating in peripheral blood in a 
standardized and almost fully automated format [13-15]. The CellSearch 
system comprises an automated CellTracks AutoPrep instrument to 
capture and label the CTCs and a semi-automated immuno-fluorescent 
microscope (CellTracks Analyzer) for cell detection. Blood, collected in 
proprietary tubes, are stable for up to 96 hours prior to analysis. Buffer 
containing ferrofluid (nanoparticles with a magnetic core and an outer 
layer coated with antibodies to Epithelial Cell Adhesion Molecules 
(EpCAM-Ab) is added to the sample. Following immuno-magnetic 
capture and enrichment, CTCs are permeabilized before exposure to 
fluorescent antibodies directed against the cytoplasm (anti-CK-8,18,19), 
nucleus (DAPI) and leucocytes (anti-CD45). Thereafter the mixture is 
transferred into a plastic cartridge surrounded by a magnetic sheath. 
The magnet attracts the CTCs to the surface of the cartridge forming 
a thin layer of cells that are amenable to imaging. The analyzer can 
accommodate up to 8 samples in each run of 2-3 hours. Each assay 
utilizes a control sample comprising SK-BR3 breast cancer cell lines 
tagged with 2 different fluorescent labels one each for a population of 
low CTC count (approximately 40-50 cells) and another for high CTC 
count (approximately 1000 cells). Following cell capture, the samples 
are transferred singly to the Analyzer which scans the surface of the 
cartridge. Fluorescent objects are imaged and displayed in a gallery 
for classification. CTCs are defined as CK+, DAPI+,CD45- fluorescent 
objects of at least 4 microns and with co-location of cytoplasmic and 
nuclear images. The number of cells present is expressed as CTCs 
per 7.5 mL of blood analyzed. The 96-hour limit from sample draw 
to analysis is a major hurdle for multi-center studies requiring sample 
transport. This setback may now be overcome by using a recently 
described cell transport solution that renders CTCs stable for up to 
a week [16]. Almost all healthy subjects have no CTCs by CellSearch 
while 36% of 964 patients with metastatic cancers had > 2 CTCs [13]. 
This was also established in a local study of 101 healthy multi-ethnic 
Asian men and women [17]. The performance of the CellSearch system 

has been verified [17-21] and includes an external quality assurance 
scheme [22] that is now available through the American Association of 
Bioanalysts. The analytical validity of the CellSearch system is secure.

Various technologies employing different enrichment and 
detection methods may not always detect the same CTC populations. In 
metastatic BC the concordance for CTC detection using the CellSearch 
and AdnaTest CTC assays was 64% in one study [23] but other studies 
have found that they were equivalent [24], CellSearch superior [25], 
or complementary and best used in combination [26]. AdnaTest 
(AdnaGen) employs antibody-coated magnetic beads against EpCAM 
and MUC1 (a breast cancer antigen) for CTC capture followed by RT-
PCR for detection of the tumor transcripts. There are few head to head 
comparisons of different CTC platforms. Reports of EpCAM-negative 
CTCs [27-28] raised the spectre of CTC underestimation by CellSearch 
[29]. However, EpCAM-negative CTCs have since been shown to be 
unrelated to poor outcomes in metastatic lung cancer [30]. This issue 
merits more extensive study.

The CellSearch system is found in all major reference laboratories 
in the US including Quest Diagnostics, LabCorp and ARUP.  Sixteen 
of the top 20 US academic medical centers including Mayo have the 
CellSearch System for the management of metastatic breast, colon, and 
prostate cancer. In the US, the CellSearch CTC test has been assigned 
an American Medical Association Category 1 Current Procedural 
Terminology (CPT) Code 86152 (CTC testing) and 86153 (CTC 
interpretation) for re-imbursement from the Center for Medicare and 
Medicaid Services (CMS) and healthcare insurers. Category 1 codes 
are only assigned to services and procedures whose clinical efficacy has 
been well established and documented in peer-reviewed literature.

Utility of CTCs
Clinical trials have shown that CTC testing offers useful 

information for the physician to monitor progression of disease or 
response to treatment. Studies have also demonstrated that detection 
and quantitation of CTC at any time during the course of disease is an 
independent predictor of progression-free survival (PFS) and overall 
survival (OS) in patients with metastatic cancers (breast, prostate, 
and colon) and provides valuable prognostic information sooner to 
support patient care decisions. In this review, publications supporting 
the clinical validity of CTCs especially with the CellSearch system will 
be highlighted since it has the best analytical validity. 

Seminal studies formed the basis for approval of CellSearch CTC 
in patients with metastatic cancers (breast, prostate, and colon) [31-
33] from the US FDA. Cristofanilli found that in 49% of 177 patients 
with metastatic breast cancer (BC) had 5 or more CTCs per 7.5 ml of 
blood prior to commencing treatment [31]. This CTC cut-off was an 
independent predictor of PFS (7.0 versus 2.7 months) and OS (> 18.0 
versus 10.1 months). Information arising from this trial led to FDA 
clearance of the CellSearch assay for metastatic BC patients in 2004.

A multicenter, prospective clinical trial (n = 231) conducted 
between 2004 to 2006 revealed that the number of CTCs predicted 
disease progression and OS [32] in patients with hormone-resistant, 
androgen-independent, or castration-resistant prostate cancer (PC). 
CTC counts and PSA were assessed every 4-6 weeks. The favorable 
group (n = 94) consisted of patients with baseline CTCs below 5 per 
7.5 mL while those with ≥ 5 CTCs formed the unfavorable group (n = 
125). While median PFS was slightly longer for the favourable group 
compared to the unfavorable group (5.8 versus 4.3 months), median 
OS was significantly longer (21.7 versus 11.5 months). The median OS 
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in patients whose baseline CTCs improved with treatment were far 
greater than those whose CTCs progressed (21.3 versus 9.3 months). 
This trial results formed the basis for FDA’s approval of the CellSearch 
assay for metastatic PC patients in 2008.

Between 2004 and 2006 another multicenter, prospective clinical 
trial (n = 430) in metastatic colorectal cancer (CRC) demonstrated 
that CTCs could predict CRC disease progression and survival 
[33,34]. Imaging (CT or MRI of the chest, abdomen, and pelvis) and 
CTC counts (baseline and every 3-4 weeks) were determined for each 
patient. Patients with baseline CTC count below 3 constituted the 
favourable group (n = 305) while those with a cell count ≥ 3 formed 
the unfavourable group (n = 108). PFS for the favourable group were 
significantly higher compared to the unfavourable group (7.9 versus 
4.5 months) while median OS was longer (18.5 versus 9.4 months). 
This data supported the FDA clearance of the CellSearch assay for 
metastatic CRC patients in 2007. 

Established uses of CTCs as a Prognostic Biomarker

The prognostic utility of CTCs for metastatic breast, prostate and 
colorectal cancers is firmly established and continues to be confirmed 
in several recent studies. In the aggregate, they constitute clinical 
validity.

Metastatic Breast Cancer: CTC counts ≥ 5 cells and rising in 
patients with metastatic BC have superior and independent prognostic 
value compared to standard determinations (clinical and imaging) 
[35-39]. During therapy, CTC counts associates with progression 
and mortality [35]. Notably patients whose baseline CTCs improved 
at follow-up fared better (median OS 19.8 months) than those whose 
CTCs progressed (median OS 10.6 months). 

In a landmark study [39] CellSearch CTCs strongly correlated with 
radiographic disease progression in metastatic BC patients (n=68) 
receiving endocrine or chemotherapy. Patients with ≥ 5 CTCs had 6.3 
times the odds of radiographic disease progression compared to those 
with < 5 CTCs. The study supports the use of CTC as an adjunct to 
standard clinical and imaging assessments. The authors also suggest 
that as CTCs are subject to less observer variability than imaging, its 
use may also reduce the number of follow-up radiologic studies needed. 

The first comprehensive meta-analysis of CTCs in metastatic 
BC (n=3069) in 2012 concluded that CTCs are reliable prognostic 
factors [40] for PFS (12 studies, hazard ratio 1.78) and OS (19 studies, 
hazard ratio 2.33). Multiple trials have since supported the prognostic 
significance of CTCs for PFS and OS [25,41-45]. 

In a pooled analysis of MBC (n = 1944) in 2014, elevated CTC 
counts at baseline and 1 month after treatment associates with a 2-fold 
decrease in PFS and OS [46]. Tumor markers (CEA and CA15-3) 
did not add to prognostic significance. CTC’s prognostic value was 
consistent across all subtypes of disease, irrespective of receptor status 
(hormone or Her-2), number or nature of metastases, and type or line 
of therapy. In multi-variate analysis, CTC count was the strongest 
prognosticator for PFS and OS. This study provides level-one evidence 
for clinical validity of CTC as adverse prognostic markers in metastatic 
BC [4]. 

The recent SWOG S0500 trial (n = 595), strongly validates CTC’s 
prognostic utility both at baseline and at 1 month after treatment 
[47]. Those with no CTCs at baseline (n = 276) fared the best (median 
OS 35 months) while those whose CTCs improved after 1 month of 
chemotherapy (n = 165) had better OS (23 months) than those with 

elevated CTCs (n = 123, median OS 13 months). Similar results 
were reported in another study (n = 393) [45]. In 300 Chinese MBC 
patients [48], CTCs provided substantial prognostic information and is 
independently associated with PFS and OS. 

The cut-off of > 5 CTC employed in many previous studies has been 
verified [49]. Additionally, early changes of CTC counts correlated with 
treatment outcomes. A distinct aggressive subtype of BC (10-20% of all 
cases) is the triple-negative breast cancer (TNBC). In a meta-analysis 
(n = 642) CTCs predicted TNBC progression [50]. 

The data on the adverse prognostic value of CTC in metastatic BC 
is well established.  

Metastatic Prostate Cancer: CTCs are now included among 
prostate biomarkers beyond prostate-specific antigen (PSA) [51,52]. 

The CellSearch CTC cut-off of 5/7.5 mL blood has been verified as 
a prognostic marker for metastatic PC [53,54]. CTC counts correlate 
with disease outcome [55,56]. In patients receiving docetaxel [32,57] 
or abiraterone [58] baseline CTCs were prognostic for OS and poorer 
standard assessments (PSA and imaging). Moreover, OS is reduced 
when CTCs increase during treatment [56]. CTC levels are also more 
prognostic for OS than PSA reductions [32,57]. CTC reductions during 
treatment are also prognostic [59]. The relation between outcomes and 
CTCs is stronger when CTCs are used as a continuous variable rather 
than a fixed cut-point [56].

The correlation between CTC, PSA, Gleason score, and TNM 
stage in patients with metastatic castration-resistant prostate cancer 
(mCRPC) was examined; CTCs correctly staged prostate cancer and 
assessed prognosis of mCRPC [60]. Patients with ≥ 4 CTCs/7.5 mL 
had a significantly shorter median OS and PFS (24 versus 45 months 
and 7.0 versus 44 months, respectively). The risk of mortality and 
progression for patients with ≥ 4 CTCs was 4.1 and 8.5 times greater 
respectively. CTC of ≥ 4 was an independent prognostic factor for PFS 
(hazard ratio 5.9).

CTCs were prognostic in a phase III abiraterone trial (n = 711) 
in mCRPC previously treated with docetaxel [61]. A biomarker panel 
containing CTC and LDH was a surrogate for overall 2-year survival. 
The OS in low-risk patients (CTCs < 5) versus high-risk subjects (CTCs 
≥ 5 and LDH > 250 U/L) at 12 weeks was 46% and 2%, respectively.

CTC counts appear earlier and better predict survival/treatment 
response in mCRPC than current approaches [62]. Using the CellSearch 
system (n = 122) baseline CTC counts (≥ 5) predicted OS after 1, 4, or 
10 cycles of therapy. Early CTC counts after cycle 1 was comparable to 
standard assessment methods after cycle 4 of treatment.  

CTCs (>5) also identify a more aggressive phenotype than standard 
methods (PSA, LDH, alkaline phosphatase, Hb) in mCRPC [63]. The 
hazard ratio for death in those with normal versus elevated CTCs was 0.43. 

The studies on the prognostic value of CTC in metastatic PC are 
firmly grounded. 

Metastatic Colorectal Cancer (CRC): The use of CTCs in 
metastatic CRC has been reviewed [64-66]. In a 2015 meta-analysis, 
the prognostic utility of CTC (> 3) for metastatic and non-metastatic 
CRC (n = 1847; 11 studies) has been affirmed [67]. Patients with high 
CTCs had poorer PFS and OS. Patients who converted from low to 
high CTC or had persistently high CTC experienced worse outcomes 
than those whose CTC counts improved. CTC counts were also higher 
in CRC with hepatic metastasis.
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In metastatic CRC (n=217), subjects with high CEA (> 25 ng/mL) 
and high CTC had lower survival (11.7 versus 20.8 months) [68]. CTCs 
provided added prognostic information at 3-5 weeks and 6-12week 
time points regardless of CEA levels.  

	 CTCs before and during treatment showed a strong prognostic 
correlation (odds ratio 5.5 to 14.0) with radiographic disease progression 
at 6 months in patients (n = 60) receiving chemotherapy for CRC [69]. 
Patients with baseline CTC positivity had shorter PFS (181 versus 329 
days). Thus, CTCs are complementary tools for outcomes prediction.

In another meta-analysis (12 studies, n = 1329), CTCs were 
prognostic in resectable colorectal cancer with liver metastases or 
widespread metastases [70]. OS and PFS were worse in those with 
CTC positivity (hazard ratio 2.47 and 2.07 respectively). In the studies 
with multivariate analysis (n = 8) CTC was an independent prognostic 
factor for survival. Presence of CTCs after surgical resection are adverse 
prognostic factors for stage I-III CRC [71] and stage II/III CRC [72]. In 
mCRC subjects without any increase in CEA or other markers, CTCs 
may allow more efficient disease monitoring [73].

Investigations on the prognostic value of CTC in metastatic CRC 
are secure.

Imminent Use of CTCs

CTCs are prognostic in early or non-metastatic breast cancer 
(nMBC).  

Early Breast Cancer (BC) Prognosis: In presumed early BC or 
nMBC patients, tumor cells had been detected in the bone marrow 
using laborious in-house methods. Evaluation of early BC patients 
often did not include assessment for such micro-metastasis or 
disseminated tumor cells (DTC) because of analytical tedium and 
invasive sample collection. Nonetheless, concordance between CTCs 
and presence of DTCs in bone marrow is between 66-94% and their 
adverse prognostic impact has been reviewed [74]. Besides, the 2010 
TNM classification [2] tacitly accorded the prognostic impact of DTC 
and CTC a level 1 evidence when it introduced the cM0(i+) category 
for BC patients without clinical or imaging evidence of metastasis but 
with micrometastasis (< 0.2 mm size or molecularly detected). The 
trial of trastuzumab and CTC detection in M0(i+) nmBC is currently 
underway in Europe [74].

In a 2012 meta-analysis of the 1990-2012 literature, CTCs were 
prognostic for PFS (19 studies, hazard ratio 2.86) and OS (13 studies, 
hazard ratio 2.78) in nMBC [40]. 

The prognostic significance of CTCs in newly diagnosed breast 
cancer was affirmed in a prospective evaluation of women with stage 
I-III breast cancer (n = 302) followed up to 35 months [75]. CTCs were 
tested prior to surgery and adjuvant chemotherapy. In 24% of patients 
(n=73) presence of CTCs was associated with a greater risk of disease 
progression (hazard ratio 4.62) and mortality (hazard ratio 4.04). This 
was not predicted by primary tumor characteristics. Besides CTCs did 
not correlate with axillary nodal status or other clinical or pathologic 
factors. CTCs before and 1-2 years after surgery was also reported to 
predict shorter PFS and OS for stage I-III breast cancer (n = 403) [76]. 

In a 2014 study of early average-to-high risk BC before (n = 2000) 
and after (n = 1500) chemotherapy, pre-treatment CTCs associates 
with shorter PFS (hazard ratio 2.11) and OS (hazard ratio 2.18) [77]. At 
all cut-off levels, CTCs exerted a significant impact on outcomes. CTC  
≥ 5 connotes the highest risk for relapse.  

In the largest pooled analysis of early BC (n = 3173), CTC was an 
independent predictor of poor PFS (hazard ratio 1.89) and OS (hazard 
ratio 1.97) [78]. CTCs were detected in 20.2% of cases and these tumors 
tended to be larger, with higher histologic grade and greater nodal 
involvement. The prognostic relevance of CTCs in early BC has been 
affirmed in very recent reviews [74,79].

	 Nearly all trials have reported a strong correlation between CTCs 
and survival. The data on the prognostic value of CTCs in early nmBC 
is solid and clinically valid. 

Emerging Applications for CTCs – Therapy Monitoring

CTCs may be used to stratify patients and treatment response. 
Based on CTC counts during treatment patients may be assigned to 
different prognostic groupings:

•	 Low or undetectable CTCs – longest PFS and OS

•	 High baseline CTCs which decline with therapy – 
intermediate PFS and OS

•	 Persistently elevated CTCs – shortest PFS and OS

CTC persistence affects survival [74]. CTC clearance can be used as 
a ‘‘surrogate’’ for improved survival. In fact, some oncologists consider 
presence of CTCs after the first cycles of therapy as therapeutic futility 
[80]. 

Breast Cancer: Elevated CTC counts (> 5) are associated with 
adverse survival. In a 2006 MBC study [35] (n = 177), four measurements 
of CTC at monthly intervals after commencing therapy showed that 
elevated CTCs at any time during treatment indicates subsequent rapid 
disease progression and mortality. The same group compared imaging 
studies in 138 subjects before and 10 weeks after starting therapy versus 
monthly CTC counts [36]. In patients with radiologic progression (n 
= 44), OS was significantly shorter in those with elevated CTCs (6.4 
versus 19.6 months). Even in patients with radiologic nonprogression 
(n=96), OS was significantly shorter in those with elevated CTCs 
(15.3 versus 26.9 months). Thus, CTC is an earlier, more reproducible 
indication of disease status than current imaging methods and may be 
a superior surrogate end point. 

In an MBC trial (n = 393), CTCs were tested at baseline (BL) and 
after 1 cycle of a new line of treatment (1c). Unfavorable BL and 1c CTC 
profiles were associated with progressive disease and lower survival 
[44]; where BL CTC improved outcomes were favourable.

In the SWOG S0500 phase III MBC study [47], CTC-positive 
patients (n = 123) despite chemotherapy (group C) showed shorter 
median OS (13 months) compared to those with low initial CTC 
counts (group A, n = 76) and those with decreased CTCs after the 
first treatment cycle (group B, n = 165). Early chemotherapy change 
in Group C after one treatment cycle did not improve survival, 
implying that more effective treatment is needed in this high-risk 
cohort. Persistence of CTCs identifies a higher risk group who are not 
responding to therapy and may require consideration of alternative 
treatment strategies. 

In average to high-risk nMBC, CTCs were found to have 
independent prognostic relevance both before and after adjuvant 
chemotherapy (n = 2026) [77]. The hazard ratios for survival were 2.11 
(PFS) and 2.18 (OS) respectively. The prognosis was worst in patients 
with at least five CTCs per 30 mL blood. Persistence of CTCs after 
chemotherapy showed a negative influence on PFS and OS (hazard 
ratio 1.12 and 1.16 respectively). In a smaller study (n = 57) of non-
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metastatic TNBC, CTC were assessed after completion of neoadjuvant 
chemotherapy. Persistence of CTCs was an independent predictor of 
relapse and survival; hazard ratios for PFS and OS were 5.25 and 7.04 
respectively [81].

In another nMBC trial [82] (n = 237), taxane-based chemotherapy 
resulted in a higher incidence of CTCs’ elimination than taxane-free 
regimens (49.7% versus 33.0%) in those with detectable CTCs before 
chemotherapy. Taxane-based adjuvant treatment in these CTC-
positive patients had more favourable PFS than the taxane-free group 
after a median follow-up of 71 months and is reflected in the shift 
towards CTC-negative status.

Prostate Cancer: CTC-counts provide early prediction of 
treatment efficacy and optimized sequential treatment [62]. In the 
COU-301 abiraterone trial [61], post-treatment CTC was a surrogate 
for OS. A composite biomarker panel, comprising CTC (favorable vs. 
unfavorable) and lactate dehydrogenase (LDH: > 250 IU/L vs. < 250 
IU/L) 12 weeks after treatment initiation, stratified patients into good 
(CTC < 5 and LDH < 250), intermediate (CTC < 5 and LDH > 250), 
and poor (CTC > 5) risk groups. CTCs combined with PSA velocity 
may also offer insights into the prognosis and management of advanced 
prostate cancer [83].

Currently we cannot easily differentiate local from distant recurrent 
prostate cancer. CTCs may be a surrogate indicator for whether or not 
to offer systemic or local treatment [84]. 

CTCs can be detected in early-stage prostate cancer patients 
receiving salvage radiotherapy and post-treatment reduction in CTC 
may indicate response to radiation therapy [85]. 

Recent CRPC trials have incorporated CTC detection, besides 
imaging and patient-reported outcomes, in order to improve drug 
development [86].

In CRPC with bone metastases, CTC counts helped assess response 
and predicted outcomes in docetaxel therapy [87]. CTC guidance for 
prostate cancer treatment has been elegantly summarised [88,89].

Colorectal Cancer: CTCs in mesenteric veins of patients with 
mCRC [90] signify locally advanced disease. In resectable colorectal 
liver metastases or widespread metastatic CRC, CTCs are associated 
with disease progression and poor survival [70]. CTCs may predict 
CRC recurrence/progression [91] and help select high-risk stage II 
patients for adjuvant chemotherapy [92]. CTCs have also been used as 
an outcome marker after chemotherapy [93].

Promising Uses for CTCs in Oncology

New research has revealed CTC’s potential in other cancers 
such as ovary, liver, pancreas, head and neck, melanoma, esophagus, 
gastric, lung, bladder, CNS, and cancers of unknown origin [94-128]. 
Developments in lung and renal cancers will be briefly surveyed here.

Lung Cancer: Lung cancer, comprising small cell lung cancer 
(SCLC, 13%) and non-small cell lung cancer (NSCLC 85%), are major 
causes of death. They often present with extensive local disease or 
distant spread. CTCS have been used to evaluate recurrence detection, 
prognosis, and treatment response in both SCLC and NSCLC. In 
diagnosed or suspected lung cancer (n = 150), a correlation between 
CTC count and extent of disease as patients’ condition progressed 
was found consistent with results seen in other cancer subtypes [129]; 
30.6% of lung cancer patients had identifiable CTCs. Most of the 

patients in this study were early stage cancer, with 110 patients out of 
150 Stage I–IIIA. 

CTCs are often detected in very large numbers (86%) in SCLC [130] 
(n=50). The median CTC count was 28 per 7.5 ml of blood, with a range 
from 0 to 44,896 cells per 7.5 ml. High numbers of CTCs correlated 
with poor survival. CTC count > 300 and CTC count < 2 had median 
survivals of 4.5 months and 14.8 months respectively. In addition, a 
persistently elevated CTC count after one cycle of chemotherapy was a 
strong indicator of adverse prognosis. 

The same group reported on CTCs in Stage III and IV NSCLC [131], 
both before and after administration of one cycle of chemotherapy. 
CTC numbers correlated with stage, with more CTCs detected in Stage 
IV patients than in Stage III; 32% of Stage IV patients, 7% of Stage IIIb 
patients and 0% of Stage IIIa patients had ≥ 2 CTCs. Both PFS and 
OS correlated with CTC numbers. A CTC count ≥ 5 was found to be 
a negative prognostic indicator. PFS of 6.8 vs. 2.4 months, and OS of 
8.1 vs. 4.3 months were observed in patients with less than 5 CTCs 
compared to those with 5 or more CTCs. In addition, an exploratory 
analysis of the change in CTC count observed after one cycle of 
chemotherapy was predictive for PFS and OS, with PFS of 5.4 vs. 1.9 
months and OS of 8.3 vs. 3.3 months for patients who experienced a 
decrease in CTC number compared to those with CTC increase. Of 
interest is the marked difference in CTC levels detected in NSCLC and 
SCLC, as compared using the same technique by the same group; much 
larger numbers of CTCs are seen in SCLC than in NSCLC. In advanced 
NSCLC [132] CTCs (> 1) were detected in 78% of 41 patients. Decreases 
in CTC counts was associated with radiographic response by FDG-PET 
and longer PFS. 

The utility of circulating tumor cells in lung cancer has been 
recently reviewed [133,134].

Renal Cancer: Studies of CTCs in RCC are limited but slowly 
increasing. Presence of CTCs were first reported in RCC in the 1990s 
[135]. In small studies, CTCs were found in 25-92% of patients 
[13,136,137]. In the largest RCC study [138] (n = 154) CTCs were 
present in 52.6% (81/154) of subjects. CTC was an independent 
prognostic factor and also correlated with involvement of lymph nodes. 
More and larger studies of CTCs in RCC are needed. 

Conclusion
After 20 years of research and over 18,000 publications, CTCs have 

emerged as an integral part of the clinical armamentarium in oncology. 
CTCs play a significant part in the metastatic disease process and our 
understanding of their relevance is growing. The ability to capture and 
enumerate CTCs constitutes an increasing role in the management 
of patients with metastatic breast, colorectal, and prostate cancer. 
It can assist in clinical decision-making and constitutes additional 
complementary information to guide prognosis and treatment. 
Before commencing treatment, the presence and number of CTCs 
should be used to assess prognosis. After the first cycle of therapy, 
CTCs should be used to assess treatment efficacy [139]. The analytical 
and clinical validity of CTCs is beyond reproach. Data on its clinical 
utility is accumulating. CTCs outperform current standard tools like 
serum tumor markers and imaging. Just like these diagnostic markers, 
persistently elevated  CTCs can only indicate that the current treatment 
is no longer effective but not provide an alternate therapeutic strategy. 
Certainly, CTCs will gain insights from molecular biology and genetics 
to improve and refine its utility. While genomic and molecular profiling 
of CTCs is an active area of current research [4] its clinical application 
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is awaited. All clinicians and scientists need to be mindful of the 
complementarity of information provided by different investigative 
modalities and all of them should be used for maximum patient benefit. 
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