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INSTRUCTIONS FOR USE 
The following Coverage Policy applies to health benefit plans administered by Cigna companies. Coverage Policies are intended to provide 
guidance in interpreting certain standard Cigna benefit plans. Please note, the terms of a customer’s particular benefit plan document 
[Group Service Agreement, Evidence of Coverage, Certificate of Coverage, Summary Plan Description (SPD) or similar plan document] may 
differ significantly from the standard benefit plans upon which these Coverage Policies are based. For example, a customer’s benefit plan 
document may contain a specific exclusion related to a topic addressed in a Coverage Policy. In the event of a conflict, a customer’s benefit 
plan document always supersedes the information in the Coverage Policies. In the absence of a controlling federal or state coverage 
mandate, benefits are ultimately determined by the terms of the applicable benefit plan document. Coverage determinations in each specific 
instance require consideration of 1) the terms of the applicable benefit plan document in effect on the date of service; 2) any applicable 
laws/regulations; 3) any relevant collateral source materials including Coverage Policies and; 4) the specific facts of the particular 
situation. Coverage Policies relate exclusively to the administration of health benefit plans. Coverage Policies are not recommendations for 
treatment and should never be used as treatment guidelines. In certain markets, delegated vendor guidelines may be used to support 
medical necessity and other coverage determinations. Proprietary information of Cigna. Copyright ©2014 Cigna 
 
 
Coverage Policy 
 
Cigna does not cover testing for detection of circulating tumor cells for any indication because it is 
considered experimental, investigational or unproven. 
 
 
General Background 
 
Circulating tumor cells (CTCs) have been found in the circulation of patients with various forms of metastatic 
carcinomas. The detection of circulating tumor cells has been proposed as a method to monitor progression and 
assess response to treatment. The detection of tumor cells may have clinical utility in risk stratification in early 
breast cancer, in early detection of relapse and in monitoring the response to treatment (Ring, et al., 2005). The 
circulating cells appear to have characteristics of tumor cells and may be identified in the peripheral blood of 
patients with cancer.  
 
The techniques that have been used to detect CTCs include cytometric and nucleic acid based approaches. The 
cytometric approaches use immunocytochemical methods to identify and characterize the individual tumor cells. 
Nucleic acid based approaches detect the DNA and RNA sequences that are differentially expressed in tumor 
cells and normal blood components (Ring, et al., 2004). The first studies of circulating tumor cells involved 
cases of breast cancer. Since that time, research is also being conducted that examines the detection of CTC in 
different cancers of epithelial origin, including colon and prostrate cancers.     
 
It has been noted in the literature that, while pilot studies suggest that the identification of circulating cells may 
have a role in risk stratification and monitoring responses to treatment, larger longitudinal studies with standard 
techniques in clearly-defined populations of patients are needed to establish the clinical significance of 
circulating breast cancer cells (Ring, et al., 2004).   

https://cignaforhcp.cigna.com/public/content/pdf/coveragePolicies/medical/mm_0172_coveragepositioncriteria_tumor_markers_for_diagnosis_mgmt_cancer.pdf
https://cignaforhcp.cigna.com/public/content/pdf/coveragePolicies/medical/mm_0172_coveragepositioncriteria_tumor_markers_for_diagnosis_mgmt_cancer.pdf
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Currently effectiveness of treatment and disease progression is monitored by various tests which may include 
imaging tests (e.g., bone scan, radiograph, magnetic resonance imaging [MRI] and computed tomography [CT]) 
and/or tumor markers. Tumor markers are a less complicated means of monitoring response to treatment than 
imaging tests (American Cancer Society [ACS], 2009). If a tumor marker level in the blood goes down, that is 
almost always a sign that treatment is effective. Increasing levels of markers may indicate a need for more 
aggressive therapy. One exception is if the cancer is very sensitive to a particular chemotherapy treatment. The 
chemotherapy can cause many cancer cells to die rapidly and release large amounts of the marker, which will 
cause the level of the marker in the blood to rise temporarily. Other methods of monitoring treatment progress 
and metastatic disease progression are currently being developed and researched.  
 
There are several methods of detecting circulating tumor cells which are in various stages of research and 
development. The low level of concentration of malignant epithelial cells in blood samples, approximately one in 
106 to 107 total nucleated cells makes them difficult to detect (Ross, et al., 2009). Detection and enumeration of 
CTCs has been attempted with several methods including: polymerase chain reaction (PCR), flow cytometry, 
image-based immumologic approaches, immunomagnetic techniques and microchip technology (Allan, et al., 
2010).   
 
The CellSearch System™ (Veridex LLC, Warren, NJ) was developed for the purpose of detecting circulating 
tumor cells (CTCs) in whole blood. The CellSearch system involves a technique of mixing a blood sample with 
iron particles coated with an antibody that attaches to epithelial cells. The epithelial cells are then distinguished 
from leukocytes by antibodies that have been tagged with a fluorescent dye so that the cancer cells can be 
easily distinguished and counted. Since epithelial cells are not usually found in the blood, these cells are likely 
cancerous cells from the tumor.  
 
AdnaTest BreastCancer® (AdnaGen AG, Hanover, Germany; OncoVista, Inc., San Antonio, TX) was developed 
for the detection and molecular analysis of circulating tumor cells.  According to the vendor website, the test is 
currently marketed in Europe and plans are underway to obtain FDA approval. This system utilizes reverse 
transcriptase-polymerase chain reaction (RT-PCR) to detect circulating tumor cells. The test features a CTC-
enrichment procedure that utilizes a proprietary mixture of immunomagnetic bead coated with one of three 
antibodies to epithelial surface antigens. The number of CTCs is then indirectly determined by a 
semiquantitative RT-PCR method using probes for three epithelial cell-associated mRNAs: MUCI, HER2, and 
the surface glycoprotein GA 733-2 (Ross, et al., 2009).  
 
The OncoQuick™ (Greiner Bio-One, Inc., Longwood, FL) is another testing system that has been developed to 
detect circulating tumor cells. This system is an enhanced density gradient system that combines density 
gradient centrifugation and the immuno-based techniques. This system is not approved by the U.S. Food and 
Drug Administration's (FDA) and is available only for research purposes.  
 
U.S. Food and Drug Administration (FDA) 
In January 2004, the CellSearch Epithelial Cell Kit/CellSpotter Analyzer was cleared for marketing through the 
FDA's 510(k) process as a class II device (FDA, 2004). The intended use is for the enumeration of CTCs of 
epithelial origin in whole blood. In June 2004, the CellSearch Epithelial Control Kit was approved for use as an 
assayed control. In March 2005, the CellSearch Circulating Tumor Cell Kit, which incorporated modifications 
made to the prior device, was approved. In October 2005, a modification to the CellSearch Circulating Tumor 
Cell Kit was made by the FDA with no change in the intended use of the test.  
 
In December 2006, a modification was approved by the FDA for the test to be used as an aid in the monitoring 
of patients with metastatic breast cancer. The FDA documentation notes that there is no direct risk to the patient 
from the use of this device. However, a false-negative test could lead to undetected progressive disease and 
failure to treat the patient accordingly, while a false-positive test could lead to unnecessary treatment.  
 
In 2007, the FDA cleared the device for expanded the indications for use to include metastatic colon cancer 
(FDA, 2007). In 2008, the FDA granted clearance for an expanded indication of the device to include use in 
metastatic prostate cancer (FDA, 2008).    
 
Literature Review for Circulating Tumor Cells in Breast Cancer 
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Lucci et al. (2012) conducted a prospective study to establish if CTCs predicted worse outcome in patients with 
non-metastatic breast cancer. Data was collected for CTCs at the time of definitive surgery from chemo-naive 
patients with stage 1–3 breast cancer (n=302). CellSearch System was used to measure CTCs. Findings of 
CTC were correlated with standard tumor characteristics, including tumor size and grade; estrogen and 
progesterone receptor and human epidural growth factor receptor 2 (HER2) status; and axillary lymph node 
status. Outcomes assessed at a median follow-up of 35 months. Circulating tumor cells were identified in 73 
(24%) patients. Detection of one or more circulating tumor cells predicted both decreased progression-free 
survival (log-rank p=0.005; hazard ratio [HR] 4.62; 95% CI 1.79–11.9) and overall survival (log-rank p=0.01; HR 
4.04, 1.28–12.8). The authors interpreted the results to indicate that the presence of one or more circulating 
tumor cells predicted early recurrence and decreased overall survival in chemo-naive patients with non-
metastatic breast cancer. Further studies are needed to demonstrate the clinical utility of CTC in patients with 
non-metastatic breast cancer.  
 
Zhang et al. (2012) reported on a meta-analysis of published literature on the prognostic relevance of CTC, 
including patients with early and advanced disease. Forty-nine eligible studies with 6,825 patients were 
identified. The main outcomes analyzed were overall survival (OS) and disease-free survival (DFS) in early-
stage breast cancer patients, as well as progression-free survival (PFS) and OS in metastatic breast cancer 
patients. Pooled hazard ratio (HR) and 95% confidence intervals (CIs) were calculated using the random and 
the fixed-effects models. The presence of CTC was significantly associated with shorter survival in the total 
population. The prognostic value of CTC was significant in both early (DFS: HR, 2.86; 95% CI, 2.19–3.75; OS: 
HR, 2.78; 95% CI, 2.22–3.48) and metastatic breast cancer (PFS: HR, 1.78; 95% CI, 1.52–2.09; OS: HR, 2.33; 
95% CI, 2.09–2.60).  Subgroup analyses showed that our results were stable irrespective of the CTC detection 
method and time point of blood withdrawal. The authors conclude that the meta-analysis indicates that the 
detection of CTC is a stable prognosticator in patients with early-stage and metastatic breast cancer; however 
further studies are required to explore the clinical utility of CTC in breast cancer.  
 
A prospective observational study that compared serum marker levels with CTC in 267 metastatic breast cancer 
patients (Bidard, et al., 2012). The secondary pre-planned endpoint a study that previously reported on CTC as 
prognostic factor (Pierga, et al., 2011), compared prospectively the positivity rates and the value of CTC 
(CellSearch), of serum tumor markers (carcinoembryonic antigen (CEA), cancer antigen 15.3 (CA 15-3), CYFRA 
21-1), and of serum non-tumor markers (lactate deshydrogenase (LDH), alkaline phosphatase (ALP)) at 
baseline and under treatment for PFS prediction, independently from the other known prognostic factors, using 
univariate analyses and concordance indexes. The study reported that a total of 90% of the patients had at least 
one elevated blood marker. The blood markers were correlated with poor performance status, high number of 
metastatic sites and with each other. CYFRA 21-1, a marker usually used in lung cancer, was elevated in 65% 
of patients. A total of 86% of patients had either CA 15-3 and/or CYFRA 21-1 elevated at baseline. Each serum 
marker was associated, when elevated at baseline, with a significantly shorter PFS. Serum marker changes 
during treatment, assessed either between baseline and the third week or between baseline and weeks six-nine, 
were significantly associated with PFS, as reported for CTC. Concordance indexes comparison showed no clear 
superiority of any of the serum marker or CTC for PFS prediction. The authors concluded that for the purpose of 
PFS prediction by measuring blood marker changes during treatment, currently available blood-derived markers 
(CTC and serum markers) had globally similar performances. There was no clear superiority found of CTC over 
the other serum markers.  
 
Pierga et al (2011) conducted a prospective observational study that examined the correlation with tumor 
markers (CA 15-3, carcinoembryonic antigen and lactate dehydrogenase). CTCs were counted with CellSearch 
at baseline, prior to cycle 2 (C2) and cycle 3 or 4 (C3 or C4) in 267 metastatic breast cancer patients on first-line 
chemotherapy with and without targeted therapy. The baseline CTC detection rate was 65% with ≥1 CTC/7.5 ml 
threshold and 44% with ≥5 CTC/7.5 ml and was independent of subtypes (luminal, triple negative, human 
epithelial growth factor receptor 2 (HER2) positive).  CTCs were found to correlate with tumor markers, bone 
and liver involvement, tumor burden and performance status. CTC detection ≥1 CTC/7.5 ml was a strong 
prognostic factor for progression-free survival (PFS) (p<0.0001). Threshold of CTC ≥5 was statistically 
significant for PFS and overall survival (OS) (p=0.03 on multivariate analysis). Among patients with ≥5 CTC/7.5 
ml at baseline, 50% had <5 CTC/7.5 ml when measured at C2. The changes were associated with both PFS 
and OS (p<0.0001). All patients that received anti-HER2 therapy had <5 CTC/7.5 ml after three cycles of 
treatment. While there appears to be a correlation with tumor markers regarding OS and PFS the study does not 
demonstrate clinical utility of CTC testing.  
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Guiliano et al. (2011) retrospectively assessed the prognostic impact of CTCs according to different first-line 
systemic treatments, and the potential predictive value of CTCs in 235 metastatic breast cancer (MBC) patients. 
Progression-free survival and overall survival were compared with the log-rank test between groups, according 
to CTC count (<5 vs ≥5) and the type of systemic therapy. Further exploration was performed of the predictive 
value of baseline CTCs in patients receiving different treatments. At a median follow-up of 18 months, the CTC 
count was confirmed to be a strong prognostic marker in the overall population (median progression-free 
survival 12.0 and 7.0 months for patients with CTC< 5 and ≥5, respectively; p<0.001). In contrast, in patients 
with human epidermal growth factor receptor-2-overexpressed/amplified tumors receiving trastuzumab or 
lapatinib, the baseline CTC count was not prognostic (median progression-free survival 14.5 months for patients 
with CTC<5 and 16.1 months for those with CTC≥5; p=0.947). In addition, in patients with human epidermal 
growth factor receptor-2 normal tumors, a baseline CTC count ≥ 5 identified individuals who derived benefit from 
more aggressive treatments, including combination chemotherapy and chemotherapy plus bevacizumab. This 
study provides preliminary indication that type of therapy may have an effect on CTC levels. Limitations of the 
study included lack of randomized comparisons, and the limited number of patients. Further prospective 
randomized studies are needed to confirm these results and demonstrate clinical utility.  
 
Bidard et al. (2010b) reported on a prospective, observational study that investigated whether CTCs and 
circulating endothelial cells (CECs) can predict clinical outcome of first-line chemotherapy combined with 
bevacizumab in 67 metastatic breast cancer patients. CTC and CEC counts (with CellSearch system) at 
baseline and changes after two cycles of treatment were correlated with time to progression (TtP). Findings 
indicated that CTC and CEC levels were not correlated. At baseline, the CTC positivity was a significant 
prognostic marker for TtP at a threshold of 3 CTC/7.5 ml (p<0.05) but not at 5 CTC/7.5 ml (p=0.09). The 
baseline CEC levels (median 17 CEC/4 ml, range 1–769) were associated with age ±45 years (p=0.01), 
elevated lactate dehydrogenase (p<0.01) and not with TtP at any threshold. The changes of CTC count during 
treatment were not found to be a surrogate of TtP, with any of the model tested (threshold based or relative 
decrease in percent). Although, an increase in CEC count was found to be associated with improved TtP, at the 
threshold of 20 CEC/4 ml (p<0.01). The authors concluded that Bevacizumab combined with first-line 
chemotherapy may modify the predictive value of CTC during treatment possibly due to impaired tumor cells 
intravasation through vessels endothelium. This study indicates that the prognostic value of CTC may be 
affected by the treatment provided. The findings need to be confirmed in larger randomized study.  
 
Bidard et al. (2010a) reported on clinical outcomes of 115 nonmetatstatic breast cancer patients according to 
CTC detection. At baseline, 23% of patients were CTC positive, but only 10% had >1 CTC/7.5 ml of blood. After 
a median follow-up of 36 months, CTC detection before chemotherapy was an independent prognostic factor for 
both distant metastasis-free survival (DMFS) (p=0.01, relative risk [RR]=5.0, 95% confidence interval [CI]) 1.4–
17) and overall survival (OS) (p=0.007, RR=9, 95% CI 1.8–45). The detection of CTC after chemotherapy was 
found to be of less significance (p=0.07 and 0.09, respectively). The authors conclude that detection of ≥ 1 
CTC/7.5 ml before neoadjuvant chemotherapy can accurately predict OS. Further trials are needed to confirm 
the results.  
 
Sieuwerts et al. (2009) examined whether the five subtypes of breast cancer cells that have been defined by 
global gene expression profiling—normal-like, basal, HER2-positive, and luminal A and B—were identified with 
CellSearch test. Global gene expression profiling was used to determine the subtypes of a well-defined panel of 
34 human breast cancer cell lines (15 luminal, nine normal-like, five basal-like, and five Her2-positive). Cells 
from each of these cell lines were mixed with 7.5 ml of blood from a single healthy human donor, and the 
mixtures were subjected to the CellSearch test to isolate the breast cancer cells. It was found that the 
CellSearch isolation method, which uses EpCAM on the surface of circulating tumor cells for cell isolation, did 
not recognize normal-like breast cancer cells, which in general have aggressive features.  
 
Liu et al. (2009) conducted on a prospective study that examined the correlation of CTCs with radiographic 
findings for disease progression. Serial CTC levels were obtained in patients (n=68) that were starting a new 
treatment regimen for progressive, radiographically measurable metastatic breast cancer. Blood was collected 
at baseline and three to four week intervals and radiographic studies were performed in nine to twelve week 
intervals. Median follow-up was 13.3 months.  Patients who had five or more CTCs had 6.3 times the odds of 
radiographic disease progression when compared with patients who had less than five CTCs. Shorter 
progression-fee survival was observed for patients with five or more CTCs at three to five weeks and at seven to 
nine weeks after the start of treatment. The CTC result was statistically significantly associated with disease 
progression for all patients (p<.001). The association was noted to remain strong in patients treated with either 
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chemotherapy or endocrine therapy. Potential limitations of the study include that the study included patients 
receiving various lines and types of therapy. The subgroup analysis for CTC-imaging correlation was performed 
by including biologic agents with either chemotherapy or endocrine therapy—it was noted that each group was 
too small to be analyzed alone.  
 
Dawood et al. (2008) reported on a study with the purpose of assessing the prognostic value of baseline CTCs 
in a cohort of patients with newly diagnosed metastatic breast cancer. The retrospective study included 185 
patients with newly diagnosed metastatic breast cancer evaluated between 2001 and 2007. Circulating tumor 
cells (CTCs) were isolated and enumerated with the CellSearch system before the patients started first-line 
treatment. Overall survival was calculated from the date of CTC measurement, estimated by the Kaplan-Meier 
product limit method, and compared between groups with the log-rank test. The association between CTC levels 
and overall survival were determined after controlling for other prognostic factors with Cox proportional hazards 
models. Fifty-six (30.3%) of the patients presented with de novo metastatic disease, and 129 (69.7%) patients 
presented with newly recurrent breast cancer. A total of 114 patients (61.6%) had CTC < 5, and 71 (38.4%) had 
CTC ≥ 5. The median overall survival was 28.3 months and 15 months (p<.0001) for patients with CTC <5 and 
CTC ≥ 5, respectively. Superior survival among patients with CTC < 5 was observed regardless of hormone 
receptor and HER-2/neu status, site of first metastases, or whether the patient had recurrent or de novo 
metastatic disease. In the multivariate model, patients with CTC ≥ 5 had a hazards ratio of death of 3.64 (95% 
CI, 2.11-6.30) as compared with patients with CTC < 5.  
 
Slade et al. (2008) conducted a study to determine whether primary breast cancer patients demonstrated 
evidence of CTCs during follow-up as an alternative to monitoring disseminated bone marrow tumor cells 
(DTCs) by immunocytochemistry and reverse transcriptase (RT)-PCR for the detection of micrometastases. The 
study involved two cohorts of primary breast cancer patients who were at low (group II; n=18) risk or high (group 
III; n=33) risk of relapse and who were being followed-up after primary treatment. Each cohort was tested for 
CTCs using the CellSearch system on one to seven occasions and for DTCs by immunocytochemistry and RT–
PCR on one to two occasions over a period of two years. Patients with confirmed metastatic disease (group IV; 
n=12) and 21 control healthy volunteers for CTCs (group I) were also examined. All group I samples were 
negative for CTCs. Seven out of 18 (39%) in group II patients and 23 out of 33 (70%) of group III patients were 
positive for CTCs (p=0.042). When considering samples with greater than one cell as positive, then two out of 
18 (11%) of group II patients were positive as compared with 10 out of 33 (30%) in group III (p=0.174). In the 
case of DTCs, one of 13 (8%) in group II patients were positive as compared with 19 out of 27 (70%) in group III 
(p<0.001). Ten out of 33 (30%) patients in group III demonstrated no evidence of CTCs in all tests over the 
period of testing as compared with 11 out of 18 (61%) in group II (p=0.033). It appears that a significant 
proportion of poor prognosis primary breast cancer patients (group III) have evidence of CTCs on follow-up. 
Many of these patients also have evidence of DTCs, which are more often found in patients who were lymph 
node positive. As repeat sampling of peripheral blood is more acceptable to patients, the measurement of CTCs 
appears to warrant further investigation since it enables blood samples to be taken more frequently.  
 
Nole et al. (2007) conducted a prospective study to evaluate the prognostic significance of CTCs detection in 
advanced breast cancer patients. The study included 80 patients with inclusion criteria: women with histological 
diagnosis of breast cancer, evidence of metastatic disease from imaging studies, starting a new line of therapy 
and/or treated for the advanced disease with a maximum two lines of therapy. The CellSearch system was used 
to test for circulating tumor cell levels before starting a new treatment and after four, eight weeks and the first 
clinical evaluation and every two months thereafter. At baseline, 49 patients were found to have ≥ 5 CTCs. The 
baseline number of CTCs were associated with progression-free survival (hazard ratio [HR] 2.5; 95% confidence 
interval [CI] 1.2–5.4). The risk of progression for patients with CTCs ≥ 5 at the last available blood draw was five 
times the risk of patients with 0–4 CTCs at the same time point (HR 5.3; 95% CI 2.8–10.4). At the last available 
blood draw, patients with rising or persistent CTCs ≥ 5 demonstrated a statistically significant higher risk of 
progression with respect to patients with CTCs < 5 at both blood draws (HR 6.4; 95% CI 2.8–14.6). The authors 
noted that these results indicate that elevated CTCs levels measured at any time in the clinical course of a 
patient with metastatic breast cancer predict an imminent progression and that this analysis represents an 
additional step in the process of validating this method. There are still unanswered questions regarding the 
treatment of a patient with low or high levels of CTCs in breast cancer.  
 
Cristofanilli et al. (2007) reported on a retrospective analysis of 151 patients with metastatic breast cancer to 
compare the prognostic significance of CTCs with clinical and laboratory measures of tumor burden and 
phenotypic subtype of disease. Of the 151 patients, 32 were registered in the 2004 Cristofanilli study 
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(Cristofanilli, et al., 2004). The remaining 119 were a new cohort of patients who had CTCs measured as part of 
the laboratory evaluation at the time of staging of their metastatic disease and before starting a new treatment. 
The CTCs were isolated and enumerated in whole blood using the CellSearch System. The overall survival was 
evaluated according to the level of CTCs (negative: < 5 CTCs per 7.5 ml of blood; positive: ≥ 5 CTCs per 7.5 ml 
of blood), Swenerton score, CA 27.29 level, age (< 50 years vs. ≥ 50 years), hormone receptor status, and 
HER2 status, metastatic site, and type and line of therapy. The median age of patients was 53 (range of 24–88 
years) and 44% of the patients had > 5 CTCs. The median overall survival for negative versus positive CTCs 
were 29.3 months and 13.5 months, respectively (p<0.0001). Ninety patients (60%) had HR-positive disease, 
and 35 patients (23%) had HER2 amplification. Eighty-four patients (56%) had < 5 CTCs and were classified as 
negative for CTCs. Sixty-two (44%) patients had > 5 CTCs and were considered positive. The abnormal CA 
27.29 levels were detectable in 98 patients (66%), and 47 patients (31%) had Swenerton scores > 20. When 
patients negative for CTCs were compared to patients who were positive, they tended to have abnormal CA 
27.29 serum values more frequently. In addition, it was noted that there were trends of patients positive for 
CTCs having higher Swenerton scores and HER2 –negative disease with increased frequency. The median 
follow-up was 12.7 months (range of 0.2–66.3 months). With the multivariable Cox model, the detection of ≥ 5 
CTCs demonstrated the highest hazard ration with 2.2 times the risk of death (p=0.003). The results indicated 
that the prognostic value was independent of measure of tumor burden and type and line of therapy and 
phenotypic subtype of the disease. 
 
Budd et al. (2006) published a report that compared the testing of circulating tumor cells (CTCs) to radiology for 
prediction of overall survival in patients with metastatic breast cancer. This report involved a subset of the 
Cristofanilli study (Cristofanilli, et al., 2004). One hundred and thirty-eight of the 177 patients enrolled in the trial 
had imaging studies performed at baseline and at a median of 10 weeks after the initiation of therapy. All scans 
were reviewed by two independent radiologists to determine radiologic response. Circulating tumor cell counts 
were determined at approximately four weeks after initiation of therapy. Specimens were analyzed at one of 
seven laboratories and then reviewed by a central laboratory. The inter-reader reliability for the radiologic 
responses were 15.2% and 0.7% for circulating tumor cell counts. The median overall survival of 13 (9%) 
patients with radiologic nonprogression and greater than five CTCs were significantly shorter than that of the 83 
(60%) of patients with radiologic nonprogression and less than five circulating tumor cells. The median overall 
survival of the 20 (14%) patients with radiologic progression and less than five CTCs was significantly longer 
than the 22 (16%) patients with greater than five CTCs who showed progression by radiology (19.9 as 
compared to 6.4 months).  
 
Hayes et al. (2006) published additional follow-up data and evaluation of circulating tumor cell levels at 
subsequent visits for the 177 patients involved in the initial 2004 Cristofanilli study (Cristofanilli, et al., 2004). 
Serial blood specimens were collected monthly for a period of up to six months. Reassessment of disease 
status was conducted every nine to 14 weeks. Nine patients died and five patients withdrew from the study after 
the baseline blood sample. Of the remaining 163 patients with follow-up disease assessment, 26 patients had 
partial response to therapy, 82 had stable disease, and 55 had progressive disease at the time of first follow-up. 
None of the patients had a complete response to therapy at any time during the study. Progression-free survival 
and overall survival times were calculated from the dates of each follow-up blood draw. The median 
progression-free survival times for patients with less than five CTCs from each of the five blood draw time points 
were 7.0, 6.1, 5.6, 7.0, and 6.0 months, respectively. For patients with five or greater circulating tumor cells, the 
median progression-free survival from these same time points was significantly shorter: 2.7, 1.3, 1.4, 3.0, and 
3.6 months, respectively. Median overall survival for patients with less than five CTCs from the five blood draw 
time points was all greater than 18.5 months. For patients with five or greater circulating tumor cells, median 
overall survival from these same time points was significantly shorter: 10.9, 6.3, 6.3, 6.6, and 6.7 months, 
respectively. Median progression-free survival and overall survival times at baseline and up to nine to 14 weeks 
after the initiation of therapy were noted to be statistically significantly different.  
 
In 2005, Cristofanilli et al. published an analysis of a subset of the 2004 Cristofanilli study (Cristofanilli, et al., 
2004; Cristofanilli, et al., 2005). This analysis focused on 83 patients with newly diagnosed measurable 
metastatic breast cancer who were about to start their first line of systemic therapy. The purpose of this analysis 
was to investigate whether the presence of CTCs predicts treatment efficacy, progression-free survival, and in 
patients with newly diagnosed metastatic breast cancer who were about to start first-line therapy. The mean 
follow-up time was a median of 12.2 months. Forty-three patients (52%) had greater than five circulating tumor 
cells (CTCs) at baseline. The median progression-free survival was 7.2 months, and the median overall survival 
was more than 18 months. Patients with five CTCs were noted to have a worse prognosis than patients with 
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less than five CTCs at baseline. It is noted that the subset analysis is not statistically significant because of the 
small number of patients, and the need for future investigations using CTCs may be indicated.  
 
Allard et al. (2004) conducted a study to determine the accuracy of the CellSearch system and evaluate the 
number of CTCs in samples of blood from healthy subjects, patients with nonmalignant disease, and a variety of 
metastatic carcinomas. Samples from normal subjects were spiked with tumor cells, and the samples were 
tested with the CellSearch system. The average percentage of cells recovered was greater than 85%, with 
greater variation as the number of cells per sample decreased. The test was found to have 99.7% specificity. 
This was determined by comparing blood samples from women with and without breast disease for detection of 
cells. None of the healthy women, and only one woman with a nonmalignant disease, were found to have 
elevated circulating tumor cells. Circulating tumor cell counts were conducted on a total of 2183 blood samples 
from 964 patients with various metastatic carcinomas; however, the sensitivity and specificity of the test in 
cancers other than breast cancer were not documented.  
 
Kahn et al. (2004) reported on a study that utilized a direct visualization assay to correlate the number of CTCs 
with disease stage and progression. The CTCs were enriched from the nucleated cell fraction by filtration and 
enumerated visually following immunostaining with anti-cytokeratin 8 (CK8) antibody CAM 5.2. No CTCs were 
detected in the control subjects (n=20). In 131 breast cancer patients, a higher incidence of CTCs occurred in 
patients with distant metastases (36/51 or 71%) than those with node-positive (17/36 or 47%) or node-negative 
(17/44 or 39%). The authors concluded that the results support the concept that CTCs can be detected and 
enumerated in peripheral blood and that this minimally invasive assay merits further evaluation as a potential 
prognostic indicator and marker of disease progression. Wong et al. (2006) reported follow-up data on the group 
from the Kahn study. In this report, the time to progression and overall survival were defined as interval from the 
first blood sampling to first documented disease progression or death. The follow-up data is available for 123 
patients. In early disease, median CTCs distinguished patients with shorter time to progression. In metastatic 
disease, median CTCs optimally identified patients with shorter time to progression. It was noted that there was 
no relationship between circulating tumor cell level, and overall survival was found in this subgroup. The authors 
concluded that median circulating tumor cell level determined in the course of treatment predicts time to 
progression in metastatic breast cancer. In early breast cancer, an association was found between circulating 
tumor cell level and time to progression, although this did not reach statistical significance. It is also noted that 
further studies with predetermined timing and interval of blood sampling in relation to treatment are warranted 
and will better define the prognostic value of this method of circulating tumor cell enumeration and allow 
comparisons between different schedules of blood sampling. In addition, further research is needed regarding 
the potential ability to determine prognosis in early breast cancer based on circulating tumor cell level at the end 
of adjuvant therapy.  
 
Cristofanilli et al. (2004) conducted a prospective study of 177 women with metastatic breast cancer compared 
to 345 women without breast cancer to confirm the correlation between the level of detection of peripheral-blood 
tumor cells and presence of metastatic breast disease. The breast cancer patients were tested prior to receiving 
breast cancer treatment and at the first follow-up after commencing treatment. The first 102 women with breast 
cancer were used as a training set to determine the number of circulating tumor cells (CTCs) that correlate with 
poor prognosis; the characteristics of the patients in the training set and the validation set were similar. The 
researchers found that five or more cells per 7.5 ml of blood were associated with poor prognosis. The data from 
the remaining 75 patients were used to validate that finding. At the initial sampling, 50% of the women with 
metastatic breast cancer had more than five CTCs per sample, with an average progression-free survival of less 
than three months and overall survival of 10 months. Women who had less than five CTCs per sample had a 
progression-free survival of seven months and an overall survival of 18 months. Treatment was initiated in the 
remaining patients, and samples were taken three to four weeks later. Only 30% of the women with metastatic 
breast cancer had five or more cells per sample, with an average progression-free survival of 2.1 months and 
overall survival of 8.2 months, compared to women who had less than five CTCs per sample, who had a 
progression-free survival of seven months and an overall survival of greater than 18 months. The number of 
cells per sample at follow-up was indicative of prognosis. Multivariate analysis of clinical factors demonstrated 
that while clinical factors (including time to metastasis, HER2/neu status and type of therapy) still correlated to 
outcomes; the strongest predictors of progression-free and overall survival were the levels of CTCs at baseline 
and at the first follow-up visit. This study suggests that levels of CTCs may be predictive of outcome in patients 
with malignant breast cancer.  
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Early experience with this technology was documented when researchers were able to distinguish carcinoma 
cells from other blood cells, and recovery of the breast carcinoma cells was 75–100% by (Racila, et al., 1998). 
Peripheral blood samples from 13 controls were compared to samples from 30 patients with breast cancer. In 
control specimens, the number of epithelial cells ranged from 0–5. Patients with localized breast cancer had an 
average of 15.9–17.4 epithelial cells per sample. In patients with spread to local lymph nodes only, the average 
number of cells was 47.4–52.3, and in patients with distant metastasis, the average number of cells was 122–
140 per sample. The identification of cancer cells was confirmed by blinded evaluation of the cells by one of the 
researchers.  
 
Literature Review for Circulating Tumor Cells in Prostate Cancer 
Folkersma et al. (2012) reported on a prospective study that analyzed the correlation between circulating tumor 
cell (CTC) levels and clinicopathologic parameters (prostate-specific antigen [PSA] level, Gleason score, and 
TNM stage) in patients with metastatic hormone-sensitive prostate cancer (PCa) and to establish its prognostic 
value in overall survival (OS) and progression-free survival (PFS). The study included three arms: 30 patients 
with localized PCa; 30 patients with metastatic PCa; and, 30 healthy volunteers. The median follow-up was 42.9 
months. A significant positive correlation was demonstrated between the CTC level and all tumor burden 
markers (PSA and T, N, and M stage; P<.001), except for Gleason score (tau=0.16).  A cutoff of ≥4 CTCs/7.5 
mL was chosen to distinguish patients with a poor prognosis. These patients had a significantly shorter median 
OS and PFS (24 compared to 45 months and 7 compared to 44 months, respectively; P<.001). As the CTC level 
increased, the OS and PFS were noted to decrease. The risk of mortality and progression for the patients with 
≥4 CTCs was 4.1 (P=.029) and 8.5 (P<.001) times greater. Multivariate analyses indicated that a CTC of ≥4 was 
an independent prognostic factor for PFS (hazard ratio 5.9, P<.005). The study is preliminary and needs to be 
confirmed in larger studies. Further studies need to be conducted to demonstrate the clinical utility of detection 
of CTC in prostate cancer.  
 
Several observational studies have been published that correlate CTC with disease status and progression in 
prostate cancer (Goodman, et al. 2009; Okegawa, et al., 2009; Okegawa, et al., 2008; Scher, et al., 2009; 
Olmos, et al., 2009; Danila, et al., 2007; and Shaffer, et al., 2007; Moreno, et al., 2005). Prospective, large-scale 
studies will need to be conducted to determine the role of these findings in clinical outcomes.   
 
Ali et al. (2010) reported on a study that assess the incidence of CTCs in 64 prostate cancer patients with low-
volume tumors (less than 0.5 cc) after radical prostectomy. Clinicopathological data and follow-up PSA data 
were compared to CTC status. Nine patients had ‘low-volume prostate cancer’ with seven of these patients with 
detectable levels of CTCs. PSA elevation was noted in two of the seven patients with detectable CTCs. CTCs 
may be associated with the presence of detectable PSA levels in the setting of low-volume prostate cancer.  
 
Davis et al. (2008) reported on a study that evaluated the hypothesis that CTCs would correlate with tumor 
volume, pathological stage and Gleason score in men with localized prostate cancer. Blood was obtained from 
97 men with localized prostate cancer before radical prostatectomy, and then on postoperative days two to three 
and at six weeks. Twenty-five men with an increased prostate specific antigen and no tumor detected on 
extended prostate biopsy served as a control group. Blood samples were analyzed for CTC with the CellSearch 
System. CTCs were detected in 21% of patients with cancer and 20% of controls (p= 0.946). At six weeks after 
prostatectomy, CTCs were detected in 16% and 11% (p= 0.51) of the men positive and negative for CTCs at 
baseline, respectively. Of the 20 patients with cancer who had CTCs at baseline, 18 did not have CTCs after 
surgery. CTC values did not correlate with tumor volume, pathological stage or Gleason score. Only 3.1% of the 
men with cancer and 8% of the control group had 3 or more CTCs per 22.5 ml blood at baseline. In metastatic 
breast, prostate and other cancers it appears that CTCs may correlate with prognosis. The authors note that in 
the setting of localized prostate cancer the number of detectable circulating tumor cells was low, with findings 
comparable to those in men who were biopsy negative for cancer. They note that the findings indicate no 
correlation between the number of circulating tumor cells and known prognostic factors in this population.  
 
deBono et al. (2008) conducted a prospective study to evaluate the relationship between post-treatment CTC 
count and overall survival in castration-resistant prostate cancer (CRPC). Objectives also included determining 
the prognostic utility of CTC measurement before initiating therapy, and relationship of CTC to prostate-specific 
antigen (PSA) changes and overall survival at different end-points. The study involved 231 men with progressive 
disease. A blood sample was obtained when they were starting a new line of chemotherapy before treatment 
and monthly thereafter. Patients were divided into predetermined one of two groups: favorable or unfavorable 
(<5 and ≥5 CTC/7.5ml). Patients in unfavorable pretreatment CTC (57%) had shorter overall survival (median 



 
Page 9 of 18 
Coverage Policy Number: 0262 

overall survival, 11.5 versus 21.7 months; Cox hazard ratio, 3.3; p<0.0001). Unfavorable post-treatment CTC 
counts also predicted shorter overall survival at two to five, six to eight, nine to twelve, and 13 to 20 weeks 
(median overall survival, 6.7-9.5 versus 19.6-20.7 months; Cox hazard ratio, 3.6-6.5; p<0.0001). overall survival 
was predicted with CTC counts better than with PSA decrement algorithms at all time points; area under the 
receiver operator curve for CTC was 81% to 87% and 58% to 68% for 30% PSA reduction (p=0.0218). The 
prognosis for patients with (a) unfavorable baseline CTC who converted to favorable CTC improved (6.8 to 
1.3months); (b) favorable baseline CTC who converted to unfavorable worsened (>26 to 9.3 months).  
 
Literature Review for Circulating Tumor Cells in Colon Cancer 
Groot Koerkamp et al. (2013) reported on systematic review of studies that investigated the prognostic value of 
tumor cells in blood (CTCs) or bone marrow (BM) (disseminated tumor cells [DTC]) of patients with resectable 
colorectal liver metastases or widespread metastatic colorectal cancer (CRC). A total of 16 studies with 1,491 
patients were included in the review and the results of 12 studies (1,329 patients) included in the meta-analysis. 
Eight studies used RT-PCR methodology to detect tumor cells, nine studies applied immunocytochemistry (five 
with CellSearch) and one study applied both methods. The overall survival (hazard ratio [HR], 2.47; 95 % CI 
1.74–3.51) and progression-free survival (PFS) (HR, 2.07; 95 % CI 1.44–2.98) were worse in patients with 
CTCs. The subgroup of studies with more than 35% CTC-positive patients was the only subgroup with a 
statistically significant worse PFS. The eight studies that had multivariable analysis identified the detection of 
CTCs as an independent prognostic factor for survival. Limitations of the study included a considerable degree 
of interstudy heterogeneity. The study does not demonstrate the clinical utility of CTC detection, or that the 
detection of CTCs is a predictive factor, or identify patients that may benefit from a specific treatment. Further 
studies are needed to investigate the clinical utility of detection of CTCs in metastatic colorectal cancer.   
 
Sastre et al. (2012) reported on an ancillary study of 180 patients that was a subset of a phase III study (The 
Maintenance in Colorectal Cancer trial) that assessed maintenance therapy with single-agent bevacizumab 
versus bevacizumab plus chemotherapy in patients with metastatic colorectal cancer. The ancillary study was 
conducted to evaluate CTC count as a prognostic and/or predictive marker for efficacy endpoints. Blood 
samples were obtained at baseline and after three cycles. CTC enumeration was performed with CellSearch 
System. The study found that the  median progression-free survival (PFS) interval for patients with a CTC count 
≥3 at baseline was 7.8 months, as compared to 12.0 months found in patients with a CTC count <3 (p=.0002). 
The median overall survival (OS) time was 17.7 months for patients with a CTC count >3, compared with 25.1 
months for patients with a lower count (p=.0059). After three cycles, the median PFS interval for patients with a 
low CTC count was 10.8 months, which was noted to be longer than the 7.5 months for patients with a high CTC 
count (p=.005). The median OS time for patients with a CTC count <3 was significantly longer than for patients 
with a CTC count ≥3, 25.1 months compared to 16.2 months, respectively (p=.0095). Further studies are 
needed to identify the role of CTC in treatment of metastatic colorectal cancer. 
 
Thorsteinsson et al. (2011) conducted a review of studies of CTCs in colorectal cancer (CRC). Nine studies 
were included in the review. Detection rates of CTC in peripheral blood of patients with non-metastatic CRC 
varied from 4% to 57%. Inclusion criteria included: patients diagnosed with non-metastatic colorectal cancer; 
CTC detected in peripheral blood samples; pre- and/or post-operative blood samples; and, samples size of 
more than 99 patients. Seven studies applied RT-PCR and two studies used immunocytochemical methods. 
Seven studies found the presence of CTC to be a prognostic marker of poor disease-free survival. The authors 
concluded that the presence of CTC in peripheral blood is a potential marker of poor disease-free survival in 
patients with non-metastatic CRC and that the low abundance of CTC in non-metastatic CRC needs very 
sensitive and specific detection methods. They also noted that an international consensus on choice of 
detection method and markers is warranted before incorporating CTC into risk stratification in the clinical setting. 
 
Rahbari et al. (2010) reported on a meta-analysis of studies to assess whether the detection of tumor cells in 
blood and bone marrow of patients diagnosed with colorectal cancer (CRC) can be used as a prognostic factor. 
Thirty-six studies were included in the review which included studies that examined the detection of free 
hematogenous (blood or bone marrow) tumor cells with patients prognosis and included various methods of 
techniques (e.g., reverse transcriptase-PCR [RT-PCR]) and immunologic). The review indicated that the 
presence of CTCs detected in peripheral blood is of strong prognostic significance in patients with CRC. There 
was considerable interstudy heterogeneity noted in regards to differences in the detection methods, types and 
numbers of target genets or antigens, sampling site and time, and in demographic or clinico-pathologic status of 
patients.  
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Cohen et al. (2008; 2009) reported on prospective study that examined the role of CTC in predicting clinical 
outcomes in patients with metastatic colorectal cancer (mCRC). CTCs were counted in 430 patients with mCRC. 
Patients with unfavorable compared with favorable baseline CTCs had shorter median progression-free survival 
and overall survival. The differences persisted up to 20 weeks after therapy. The baseline and follow-up CTC 
levels remained strong predictors of progression-free survival and overall survival after adjustment for clinically 
significant factors. The study did not assess whether a change in therapy based on unfavorable CTCs is 
beneficial and further trials to explore this are warranted.  
 
Sastre et al. (2008) examined the correlation of the presence of circulating tumor cells (CTCs) with the 
commonest clinical and morphological variables in patients with colon cancer. The study included 97 patients 
and 30 healthy volunteers. Blood was obtained and quantification of CTCs was performed with CellSearch 
System. Results of the testing were expressed in number of CTCs/7.5 ml and the cut-off of ≥2 CTCs was used 
to define the test as positive. Positive CTCs were detected in 34 of 94patients (36.2%. a correlation was not 
found among positive CTCs and location of primary tumor, increased carcinoembryonic antigen level, increased 
lactate dehydrogenase level of grade of differentiation. Stage correlated with positive CTCs (20.7% in stage II; 
24.1% in stage III; 60.7% in stage IV; p=0.005).detection of CTCs correlated with stage but not with the other 
linical and morphological variables.  
 
Professional Societies/Organizations 
American Society of Clinical Oncology (ASCO) 2007 Update of Recommendations for the Use of Tumor 
Markers in Breast Cancer: In their 2007 update, ASCO made the following recommendations  regarding 
testing for circulating tumor cells (CTCs) in breast cancer (Harris, et al., 2007):  
 

• The measurement of CTCs should not be used to make the diagnosis of breast cancer or to influence 
any treatment decisions in patients with breast cancer.  

• The use of CellSearch Assay in patients with metastatic breast cancer cannot be recommended until 
additional validation confirms the clinical value of this test. 

• There are no data yet generated to prove that the use of CTCs testing will lead to a longer survival time 
or improved quality of life for the patient with metastatic breast cancer.  

• While studies of CTCs testing of patients with early-stage breast cancer suggest their potential utility, 
additional studies are necessary to determine the utility of CTCs in early breast cancer. 

 
The National Academy of Clinical Biochemistry (NACB): the NACB published Laboratory Medicine Practice 
Guidelines for Use of Tumor Markers in Testicular, Prostate, Colorectal, Breast, and Ovarian Cancers (NACB, 
2009). The guideline includes the following recommendations: 
 

• Regarding measurement of circulating prostate cancer cells in peripheral blood, it is noted, “While initial 
results are encouraging, these techniques are not yet sufficiently validated to warrant recommendations 
their application in routine clinical practice.” 

• Regarding detection of tumor cells in circulation in breast cancer, it is noted that, this testing is 
undergoing evaluation; it is available but not widely used in clinical practice; and prospective 
randomized trial are underway. 

 
Use Outside of the US  
The European Society for Medical Oncology (ESMO) published clinical practice guidelines for diagnosis, 
treatment and follow-up of locally recurrent or metastatic breast cancer (Cardosa, et al., 2012). Regarding 
circulating tumor cell testing, the guidelines note, “Circulating tumor cells are still an experimental technique and 
should not be used outside a clinical trial.” 
 
Summary 
The use of circulating tumor cell testing has not been proven to impact meaningful health outcomes in patients 
with metastatic cancer. There are no conclusive data in the published in the peer-reviewed medical literature to 
date to indicate that knowledge of this prognostic factor can be used to alter the therapy that is offered to 
patients and improve outcomes. While this testing may have potential for use in patient monitoring, there is 
currently insufficient evidence to determine the effectiveness of this technology as a marker of disease 
progression. Additionally, no head-to-head trials have demonstrated that this technology is equal to or better 
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than any existing tumor markers in its efficacy and clinical utility. The role of this testing in patient management 
is not yet known.  
 
 
Coding/Billing Information 
 
Note: 1) This list of codes may not be all-inclusive. 
          2) Deleted codes and codes which are not effective at the time the service is rendered may not be eligible 
              for reimbursement 
 
Experimental/Investigational/Unproven/Not Covered: 
 
CPT* Codes Description 
86152 Cell enumeration using immunologic selection and identification in fluid 

specimen (eg, circulating tumor cells in blood) 
86153 Cell enumeration using immunologic selection and identification in fluid 

specimen (eg, circulating tumor cells in blood); physician interpretation and 
report, when required  

 

 *Current Procedural Terminology (CPT®) ©2013 American Medical Association: Chicago, IL. 
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