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Abstract

Background—Circulating tumor cells (CTCs) can be identified in approximately 25% of non-

metastatic breast cancer patients (BC), and data are emerging regarding their prognostic 

significance. We hypothesized that CTCs identified prior to resection of the primary tumor would 

predict worse outcome in non-metastatic BC patients.

Study Design—We performed CTC enumerations on 509 patients with non-metastatic BC as 

part of an IRB approved study. CTCs (per 7.5 ml blood) were identified using the Cell Search® 

System (Janssen). The presence of ≥ 1 CTC meeting morphological criteria for malignancy was 

considered a positive result. Log-rank test and Cox regression analysis were applied to establish 

the association of CTCs with relapse-free and overall survival.

Results—Median follow-up was 48 months and mean age was 53 years. Fifty-nine percent of 

patients (299/509) had tumors >2cm, and 46% (234/509) had positive lymph nodes. One hundred 

sixty-six patients received neoadjuvant chemotherapy (NACT) prior to CTC assessment, and 343 

patients were chemonaïve. One or more CTC was identified in 43/166 (26%) of NACT treated 

patients, and in 81/343 (24%) of chemonaïve patients. CTCs were not associated with tumor size, 

grade, or lymph node status (P= NS). Detection of one or more CTCs predicted decreased relapse-

free (log-rank P<0.001, HR = 2.72, 95% CI, 1.57 to 4.72; P<0.001) and overall survival (log-rank 

P=0.02, HR = 2.29, 95% CI, 1.12 to 4.67; P = 0.03) at 48 months of follow-up.

Conclusions—One or more CTCs identified prior to resection of the primary breast tumor 

predicted worse relapse-free and overall survival, irrespective of primary tumor size, grade, or 

lymph node positivity.
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Introduction

Distant metastasis is the primary cause of death for breast cancer patients. Metastasis is a 

complex, multi-step process orchestrated by a subpopulation of cells within a heterogeneous 

tumor that acquire the ability to disseminate from the primary tumor and enter the 

bloodstream and/or lymph nodes. Currently, lymph node metastasis is considered to be the 

most powerful prognostic predictor for breast cancer, and forms the basis of the current pN 

category of the American Joint Commission on Cancer (AJCC) Tumor Node Metastasis 

(TNM) staging system.(1) However, even lower grade, lymph node negative patients have 

relapse rates of 20% over 10 years, and the relapse rate increases to 30% for node negative 

patients with high grade tumors.(2) Conversely, many patients with lymph node metastases 

will not relapse following treatment.(2–4) These data suggest that: 1) occult dissemination 

of cancer cells mediates disease progression in a significant number of operable breast 

cancer patients, irrespective of lymph node involvement and 2) current staging procedures 

are not sensitive enough to reliably detect and predict disease progression in all patients.

Circulating tumor cells (CTCs) are rare cells (≥1CTC/106 hematopoietic cells)(5) within the 

peripheral blood that usually remain undetected by high-resolution imaging technologies.(6) 

For more than a decade clinical researchers have demonstrated the prognostic significance of 

CTCs in metastatic breast cancer patients using the FDA-approved CellSearch® System 

(Janssen, Raritan, NJ). Circulating tumor cell counts of ≥5 CTCs/7.5mL blood prior to 

administration of systemic treatment independently predict shortened progression-free (2.7 

months versus 7.0 months in patients with less than 5 CTCs/7.5mL blood) and overall 

survival (10.1 months versus >18 months) in metastatic patients.(7) In addition, CTC 

monitoring throughout therapy predicted treatment response better than standard radiologic 

imaging in metastatic patients.(8, 9) Since metastatic patients account for only 5–8% of 

newly diagnosed breast cancer cases,(10) many clinical research groups have more recently 

focused on the prognostic significance of CTCs in non-metastatic patients. In 2010, our 

group published one of the first studies demonstrating that CTCs can be identified in early-

stage breast cancer patients. Thirty percent of the T1/T2 patients in our study had ≥1 CTC/

7.5mL blood, indicative of the early dissemination of these cells (11), and these data have 

been validated by several European studies.(12–16) However, despite the recent studies 

documenting that CTCs can be detected in a significant number (19–31%) of non-metastatic 

patients (11, 13–19), data regarding their prognostic significance in these patients has been 

lacking.

We hypothesized that CTC identification prior to removal of the primary tumor would 

predict worse progression-free and overall survival in non-metastatic breast cancer patients, 

irrespective of primary tumor characteristics, axillary lymph node status, or whether they 

had received neoadjuvant chemotherapy or not. If CTC presence were to contribute to the 

currently available prognostic information, it would be beneficial in identifying non-

metastatic patients at high risk for relapse who could benefit from additional adjuvant 

therapies or inclusion in clinical trials of novel agents.
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Methods

Patients

This study included 509 stage I-III BC patients undergoing surgery for their primary tumor 

between February 2005 and February 2014. All eligible patients with non-metastatic breast 

cancer were offered enrollment by the participating surgeons (from 2005–2010: Dr. Lucci, 

and from 2010 – 2014: Drs. Lucci, Kuerer, and DeSnyder) at The University of Texas MD 

Anderson Cancer Center. The institutional review board at The University at Texas MD 

Anderson Cancer Center approved this prospective study (04-0698; PI: A.L.), which 

included CTC assessment on samples taken prior to initial surgery for the primary breast 

cancer. We obtained informed written consent from all patients prior to collecting blood. 

Enrollment was strictly voluntary, and patient results were blinded from investigators by use 

of a random number system as the unique patient identifier. Patients with bilateral breast 

cancer, or any other malignancy within five years of diagnosis of the current cancer, were 

ineligible.

Staging and classification

The primary TNM staging [primary tumor (T), regional nodes (N), distant metastases (M)] 

and tumor grade was designated according to the criteria set by the American Joint 

Commission on Cancer (AJCC)(1) and Black’s nuclear grading system,(20) respectively. 

Clinical stage was defined as TNM stage determined at the time of first diagnostic procedure 

confirming the invasive component of the tumor. Tumor sections were immunostained for 

estrogen receptor (ER), progesterone receptor (PR), and human epidermal growth factor 

receptor 2 (HER2) using previously published procedures.(11) Immunostaining results for 

HER2 were scored as positive when >10% of the tumor cells had membranous staining, or 

when fluorescence in situ hybridization (FISH) for HER2 gene amplification using the 

Abbott PathVysion HER2 DNA probe kit (Abbott Laboratories, Abbott Park, Ill) HER2/

CEP17 ratio was >2.2. TNBC was defined by absence of primary tumor ER, PR expression 

and HER-2 immunostaining and/or gene amplification.

Isolation, staining, and enumeration of circulating tumor cells

Peripheral blood (7·5 mL) was collected at the time of primary tumor surgery (but prior to 

any surgical manipulation of the primary tumor). CTC status was determined using the 

CellSearch System® (Janssen Diagnostics, LLC) within 72 hours of blood collection. This 

semi-automated technology enriches blood samples for cells expressing the epithelial-cell-

adhesion molecule with antibody-coated magnetic beads, labels the nuclei of these enriched 

cells with fluorescent dye 4,2-diamidino-2-phenylindole dihydrochloride, and stains 

enriched cells using a combination of CK 8,18,19 and CD45 fluorescent antibodies. A semi-

automated fluorescence-based microscope system was used to identify CTCs: nucleated 

cells positive for CK and negative for CD45, as described previously.(7) A qualified 

laboratory technician blinded to patient data reviewed all results.
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Statistical Analyses

REMARK biomarker guidelines for reporting were utilized.(21) Chi-square or Fisher exact 

tests were employed to test associations between presence of CTCs and primary tumor 

characteristics. Fisher’s exact test was applied when expected value in one or more cells was 

less than 5. Endpoints were characterized using STEEP criteria with RFS and OS as the 

primary endpoints.(22) Relapse-free and overall survival were defined as time elapsed 

between date of diagnosis and either the date of clinical disease progression, death, or the 

last follow-up. Log-rank test was used to detect significant differences between groups. The 

Cox proportional hazards regression model was used to determine hazard ratios for RFS and 

OS. P values were two-tailed, and values < 0.05 were considered statistically significant. 

Kaplan-Meier curves were derived using STATA/IC 11.2 (StataCorp, College Station, TX) 

for comparison of groups defined by different counts of CTCs.

Results

Patient Characteristics

A total of 509 patients were enrolled for this study, and their demographic data are reported 

in Table 1. The mean age was 53 years, and median follow-up was 48 months. Two hundred 

eight of 509 (41%) patients had tumors <2cm, 227 patients (45%) were T2/T3, and 72 

patients (14%) had T4 tumors. Two hundred seventy-three patients (54%) had node negative 

disease, 152 patients (30%) had 1–3 positive lymph nodes, and 82 patients (16%) had more 

than 3 positive lymph nodes on surgical pathologic assessment. Fifty-six of 509 (11%) had 

grade 1 tumors, 232 patients (46%) had grade 2 tumors, and 202 patients (40%) had grade 3 

tumors. Three hundred fifty-eight of 509 (71%) patients had estrogen receptor positive 

tumors, 295 of (58%) had progesterone receptor positive tumors, 72 (14%) had tumors with 

Her2/neu amplification, and 93 (19%) had triple negative tumors.

Circulating Tumor Cell Identification

One or more CTCs were identified in 124 (24%) of patients, two or more CTCs were 

identified in 39 patients (8%), and 24 patients (5%) had three or more CTCs (Table 1).

Circulating tumor cells and primary tumor characteristics

We identified no significant correlation between CTC presence and tumor size (≥2 cm vs <2 

cm) (P=0.47), primary tumor grade (grade 3 vs grade 1/2) (P=0.27), estrogen receptor status 

(P=0.95), progesterone receptor status (P=0.72), HER2/neu status (P=0.34), or triple 

negative status (P=0.37) (Table 1).

Circulating tumor cells and axillary lymph node status

We identified no significant correlation between CTC presence and pathologic axillary 

lymph node status (LN negative versus positive P=0.57). This lack of significant association 

persisted after stratifying lymph node positive patients into one to three, or more than three 

positive lymph nodes (P=0.24) (Table 1).
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Circulating tumor cells and neoadjuvant therapy

One hundred sixty-six patients (33%) received neoadjuvant chemotherapy (NACT) prior to 

CTC assessment, and 343 patients (67%) were chemonaïve. One or more CTC was 

identified in 43 of 166 (26%) of NACT treated patients, and in 81 of 343 (24%) of 

chemonaïve patients (P=0.53) (Table 1).

Circulating tumor cells and relapse-free survival

Fifty-one patients (11%) relapsed during the 48 month follow up period. Distant metastasis 

was observed in 46/51 patients. We analyzed association between presence of circulating 

tumor cells and the site of distant metastasis (lymph nodes, lung, liver, bone, brain, other). 

None of the sites were significantly associated with presence of circulating tumor cells.

Univariate analysis demonstrated one or more CTC predicted decreased RFS compared to 

patients with no CTCs (log-rank P<0.001; hazard ratio = 2.72; 95% confidence interval [CI], 

1.57 to 4.72; P<0.001) (Figure 1A). These findings were confirmed with multivariate 

analysis (hazard ratio = 2.68; 95% confidence interval [CI], 1.49 to 4.80; P=0.001) (Table 2). 

Twenty-three of 124 patients (19%) with one or more CTC relapsed, compared to 28 of 385 

patients (7%) with no CTCs. The relapse-free survival rate at 4 years was much lower (80%) 

in this group, than in patients who had no circulating tumor cells (91%) (Table 3 and 4).

The hazard ratios associated with relapse increased with increasing CTC number. Patients 

with two or more circulating cells showed significantly decreased relapse-free survival 

compared to patients with no CTCs (log-rank P=0.001; hazard ratio = 3.12; 95% CI, 1.52 to 

6.41) (Figure 1B). Nine of 39 patients (23%) with two or more CTCs relapsed, compared to 

42 of 470 patients (9%) with no CTCs. The relapse-free survival rate at 4 years was much 

lower (75%) in this group than in patients who had no circulating tumor cells (90%) (Table 3 

and 4). Seven patients with three or more circulating tumor cells demonstrated a hazard ratio 

of 3.97 for disease progression at 4 years (log-rank P<0.001; 95% CI, 1.79 to 8.84) (Figure 

1C). The relapse-free survival rate was 69% in patients with three or more circulating tumor 

cells compared to patients with no circulating tumor cells (89%) (Table 3).

Circulating tumor cells and overall survival

Thirty-one patients died during the follow up period. As shown in Table 2, univariate (log-

rank P=0.02; hazard ratio = 2.29; 95% confidence interval [CI], 1.12 to 4.67; P = 0.03) 

(Figure 2A) demonstrated that one or more CTC predicted decreased OS compared to 

patients with no CTCs. However, one or more CTC did not reach statistical significance 

using multivariate analysis (hazard ratio = 1.62; 95% confidence interval [CI], 0.75 to 3.48; 

P=0.22). Thirteen of 124 patients (10%) with one or more CTC died compared to 18 of 385 

patients (5%) with no CTCs. Patients with two or more circulating cells showed significantly 

decreased overall survival compared to patients with no CTCs (log-rank P=0.03; hazard ratio 

= 2.78; 95% CI, 1.07 to 7.25) (Figure 2B). Five of 39 patients (12%) with two or more CTCs 

died, compared to 26 of 470 patients (6%) with no CTCs. The overall survival rate at 4 years 

was much lower (83%) in this group than in patients who had no circulating tumor cells 

(93%) (Table 3 and 4). Five patients with three or more circulating tumor cells demonstrated 

a hazard ratio of 4.88 for death at 4 years (log-rank P<0.001; 95% CI, 1.87 to 12.73) (Figure 
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2C). The overall survival rate was 73% in patients with three or more circulating tumor cells 

compared to patients with no circulating tumor cells (94%) (Table 4). Larger numbers of 

events are needed to perform multivariate analyses on patients with ≥2CTCs and ≥3CTCs.

Discussion

To our knowledge, this is the first US-based study demonstrating that CTC detection prior to 

primary breast surgery predicted worse relapse-free and overall survival in non-metastatic 

breast cancer patients, regardless of whether they had received neoadjuvant chemotherapy or 

were chemonaïve. Circulating tumor cells were identified in 124 of 509 (24%) patients 

within our cohort, which is in agreement with the positivity rates reported in previously 

published European studies (13, 14, 16, 18, 19), and previous reports from our group.(11, 

17) Interestingly, CTC presence was not associated with primary tumor characteristics such 

as tumor size, grade, or hormone receptor status in any of these studies. Fifty-four percent of 

the patients included within the study cohort were axillary lymph node negative, 30% of 

patients had 1–3 positive lymph nodes, and only 16% had more than three positive lymph 

nodes upon pathologic assessment. We found no significant difference in CTC detection 

rates between lymph node negative and lymph node positive patients. This lack of 

significant association persisted after stratifying lymph node positive patients into one to 

three, or more than three positive lymph nodes (P=0.24). Despite the lack of association 

between CTC presence and lymph node status, both univariate (HR 2.72) and multivariate 

analyses (HR 2.63) demonstrated that CTC detection predicted relapse-free survival. These 

data suggest that CTC assessments may provide additional information that would be useful 

in identifying patients at risk for disease progression. This is especially important because 

many patients will undergo only limited lymph node removal (such as sentinel nodes alone) 

with the widespread implementation of the ACOSOG Z0011 trial results, (23) which 

demonstrated no reduced local relapse or overall survival for patients who had sentinel node 

biopsy alone with limited axillary nodal disease. We are prospectively comparing CTC 

results to the OncotypeDX test, which uses a primary tumor gene signature algorithm to 

predict response to therapy and relapse risk in early stage patients. It would be of interest to 

determine whether these tests provide information independent of each other in the early-

stage, node negative, ER-positive population of patients.

Circulating tumor cells appear to add important information regarding an individual 

patient’s risk for relapse. CTCs were independently predictive of relapse on multivariate 

analysis, as were positive lymph nodes and high-grade primary tumors. Yet not all patients 

with CTCs experienced relapse in our study. In fact, 19% of the patients with one or more 

CTCs relapsed, compared to 7% of the CTC-negative group, and this was a significant 

difference. Not all CTC-positive patients experience recurrence, just as not all lymph node-

positive patients recur.(3) Identification of CTCs or positive lymph nodes adds relative risk 

but neither is an absolute indicator of relapse. We also know that 20% of lymph node 

negative patients experience relapse.(2) This data underscores the fact that not all tumors 

spread by the lymphatic route. Therefore, in order to fully elucidate the risk for relapse, 

addition of evaluation of the hematogenous compartment will in the future likely be a 

routine component of staging to optimally identify all patients at risk for relapse. However, 
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routine measurement of CTCs is not currently recommended in clinical practice in the 

management of non-metastatic breast cancer patients.(24)

In this study, one or more CTC predicted overall survival using a univariate analysis, 

however, one or more CTC failed to independently predict overall survival upon multivariate 

analysis. More than seventy percent of the patients included in the present study had ER 

positive tumors. Since breast cancer specific death in estrogen receptor positive patients has 

been reported to occur ≥10 years following diagnosis,(25) the lack of significance for overall 

survival on multivariate analysis might be due to the relatively short follow up period 

(median 4 years) in this study.

We measured CTCs in 343 patients who were chemonaïve at the time of CTC assessment, as 

well as in 166 patients who received neoadjuvant therapy prior to CTC assessment. We 

identified no significant difference in CTC positivity rates between chemonaïve (24%) and 

neoadjuvant treated (26%) patients, irrespective of the systemic chemotherapy treatments 

administered. These results are in agreement with previously published European reports 

demonstrating that CTCs can be identified using (immunocytochemical methods) in 18–49% 

of patients following neoadjuvant and adjuvant treatments.(14, 18, 26) In these studies, CTC 

identification following neoadjuvant or adjuvant therapies predicted early relapse. 

Circulating tumor cells have been described as having low proliferation rates (27), as well as 

high levels of multidrug resistance proteins,(28) which might explain why CTCs persist 

following standard cytotoxic neoadjuvant therapies. Targeted therapies directed against 

primary tumor characteristics, such as estrogen receptor (ER) expression and HER2/neu 

amplification, may also be ineffective at CTC eradication. Discordant ER (lack of) 

expression and HER2/neu (acquired) expression have been reported between primary tumor 

and recurrent disease,(25) lymph nodes,(29) and metastatic sites (30) in a significant number 

of patients. Similarly, circulating tumor cell ER expression is reported to be absent in up to 

70% of patients with primary tumors that express ER,(31) and circulating tumor cell 

HER2/neu amplification is observed in up to 48% of patients with HER2/neu negative 

primary tumors.(31–33)

To date, most clinical trials utilizing CTC assessments have been in the metastatic setting. 

The recently completed SWOG0500 trial was the first randomized trial to test the clinical 

utility of CTCs. In this study, metastatic patients without a decrease in CTCs after one cycle 

of first-line chemotherapy were randomized to continue the first-line therapy or to change to 

second-line chemotherapy. While switching to a second-line therapy did not improve 

outcomes for these patients, this study did validate earlier findings demonstrating the 

negative impact of CTCs that persist during treatment in the metastatic setting.(34) The high 

reported HER2 discordance rate reported between CTCs and primary tumor, lymph nodes, 

and metastatic sites has prompted new clinical investigations to determine if anti-HER2 

therapy (trastuzumab) in HER2 negative patients provides survival benefit. Two ongoing 

interventional trials, the DETECT III for CTC-HER2 positive metastatic patients with 

HER2-negative tumors and the TREAT-CTC trial (NCT01548677) for CTC positive 

operable patients with HER2-negative tumors, will provide valuable information with 

respect to the biology of the metastatic process as well as the clinical utility of CTC 

measurements.
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Current clinical practice guidelines, including those of the ASCO and the NCCN, do not 

recommend routine use of CTC information to make treatment decisions or to stage non-

metastatic breast cancer patients.(24, 35) Future clinical trials are needed that demonstrate 

clinical utility of CTC information for monitoring response to therapy, in addition to 

providing prognostic information. Another issue is the utility of serial CTC assessment in 

clinical practice. Our study utilized a single time point (at the time of primary breast 

surgery) to determine the presence of CTCs in this study. Since blood draws are minimally 

invasive, future trials should employ longitudinal CTC monitoring throughout treatment and 

during follow-up visits, since CTC enumeration has the potential of providing “real-time” 

assessments of occult micrometastatic dissemination and recurrence risk at the time of 

diagnosis, throughout treatment, and during follow up.

Currently, most of the prognostic data for CTCs in non-metastatic breast cancer patients is 

based upon enumeration of cells expressing epithelial markers such as epithelial cell 

adhesion molecule (EpCAM).(36) New technologies are emerging that utilize multiple 

antibody capture in order to isolate cells that may have undergone epithelial mesenchymal 

transition (EMT) and have low or absent epithelial marker expression.(6) Other 

methodologies isolate rare tumor cells based on physical attributes such as size or rigidity.(6) 

These capture techniques, combined with recently developed molecular technologies, will 

allow for characterization of these cells. Characterization of CTCs is important since it has 

been shown that therapeutic targets such as HER2neu may be found on CTCs, even when 

the primary tumor is HER2 negative.(37) Such findings would have clear significance for 

future clinical trials designed at targeted eradication of CTCs. The concept of “liquid 

biopsy”, including gene mutation analysis in cell-free DNA, holds promise of providing 

real-time snapshots of the microscopic tumor burden throughout treatment.
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Figure 1. 
Probability of relapse-free survival. Kaplan-Meier survival estimates of probabilities of 

relpase-free survival according to circulating tumor cells in operable breast cancer. (A) 

Probability of relapse-free survival in patients with CTC count ≧1 (Hazard ratio 2.72; 95% 

CI 1.57 – 4.72; logrank P < 0.001). (B) Probability of relapse-free survival in patients with 

CTC count ≧2 (Hazard ratio 3.12; 95% CI 1.52 – 6.41; logrank P = 0.001). (C) Probability 

of relapse-free survival in patients with CTC count ≥ 3 (Hazard ratio 3.97; 95% CI 1.79 – 

8.84; logrank P < 0.001).
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Figure 2. 
Probability of overall survival. Kaplan-Meier survival estimates of probabilities of overall 

survival according to circulating tumor cells in operable breast cancer. (A) Probability of 

overall survival in patients with CTC count ≧ 1 (Hazard ratio 2.29; 95% CI 1.12 – 4.67; 

logrank P = 0.02). (B) Probability of overall survival in patients with CTC count ≧ 1 

(Hazard ratio 2.78; 95% CI 1.07 – 7.25; logrank P = 0.03). (C) Probability of overall 

survival in patients with CTC count ≧ 1 (Hazard ratio 4.88; 95% CI 1.87 – 12.73; logrank P 

< 0.001).
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