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Abstract
Importance: Our understanding of the utility of circulating tumor cells (CTCs) and disseminated tumor cells (DTCs) as clinical
biomarkers continues to evolve. Objective: This study evaluated (1) clinicopathologic factors associated with the presence of
CTCs or DTCs, (2) the prognostic value of CTCs or DTCs by disease stage, 3), the value of these biomarkers in predicting the
benefit of chemotherapy. Design: This is a retrospective analysis of patients with breast cancer (BC) diagnosed between 2004
and 2016 using the National Cancer Database (NCDB). To evaluate variables associated with the presence of CTCs or DTCs at
the univariate level, we used chi-squared and Wilcoxon rank-sum tests. Multivariate logistic regression models were then con-
structed using significant variables. Consequently, we included CTC or DTC status (i.e. positive or negative) in multivariate, stage-
by-stage Cox regression analyses for overall survival (OS). After stratifying by receptor status and staging, we used the Kaplan-Meier
method to explore chemotherapy efficacy in CTC- or DTC-positive vs. CTC- or DTC-negative subsets. Results: Factors sig-
nificantly associated with CTCs were race, progesterone receptor status, HER2 status, histology and AJCC N- and M-staging.
Factors associated with DTCs were race, HER2 status, histology and AJCC N-staging. CTCs were associated with poor OS in
late-stage (III and IV) but not early-stage (0-II) BC. DTCs were not significantly associated with OS in either context. In hormone
receptor (HR)-positive disease, chemotherapy was associated with better OS when CTC status was positive, both in early-stage
and late-stage disease. In a subset of patients without CTCs, however, chemotherapy conferred no survival benefit. DTC status
was not a significant predictor of chemotherapy efficacy in early or late-stage, HRþ disease. Conclusions: This study suggests
that CTC-status is a significant prognostic factor at later stages of BC; yet it can also help guide management of early-stage disease
as it appears predictive for chemotherapy benefit.
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Introduction

Cells shed by a solid tumor into the bloodstream are known as

“circulating tumor cells” (CTCs). Alongside other biomarkers,

including circulating tumor DNA (ctDNA), CTCs are an impor-

tant component of the increasingly-researched “liquid biopsy” in

patients with solid tumors.1

Several studies have investigated the potential use of the

liquid biopsy as a diagnostic tool in breast cancer (BC).2,3 How-

ever, conclusions derived from these studies have been limited

by low sensitivity,4,5 particularly in the diagnosis of early-stage

disease.6,7 The presence of CTCs has been associated with treat-

ment failure,8,9 as well as poor survival in both non-

metastatic8,10 and metastatic disease11-13; even in the absence

of radiologically-identified disease progression.14 Our under-

standing of the utility of liquid biopsies in solid tumors, how-

ever, is still evolving. At the time of this study, the
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recommended use of the liquid biopsy in National Comprehen-

sive Cancer Network (NCCN) BC guidelines was limited to

diagnosing PIK3CA mutations prior to alpelisib/fulvestrant

administration in hormone receptor-positive/HER2-negative

metastatic disease.15

In addition to CTCs, the presence of disseminated tumor

cells (DTCs) has also emerged as a potential biomarker in the

evaluation of solid tumors. DTCs are tumor cells detectable in

non-primary site tissue or bone marrow. When tumor cells

migrate to the bone marrow, they can enter a quiescent state

and survive there for years.16 When malignant cells spread

through the circulation to distant sites, this represents a disease

state commonly referred to as “minimal residual disease”

(MRD).17 This is thought to contribute to cases of disease

recurrence after a period of extended remission for many

years.16 As with CTCs, the presence of DTCs has also been

shown to be associated with poorer survival.18-20

The value of biomarkers in oncology practice extends

beyond diagnosis and prognostication. Multigene sequencing,

for example, allows clinicians to optimize therapeutic decision-

making based on predictions of disease outcomes, including

metastasis and recurrence. The 21-gene assay (Oncotype DX)

generates a recurrence score (RS) that is used to predict the

benefit of adding chemotherapy to adjuvant endocrine therapy

in hormone receptor positive, HER2-negative, node-negative

breast cancer [15].

The aim of this study was to utilize a large repository of data

from the National Cancer Database (NCDB) to evaluate: 1)

clinicopathologic factors associated with the presence of CTCs

or DTCs, 2) the prognostic value of CTCs or DTCs by disease

stage, and 3) the association between CTC or DTC status and

systemic therapy treatment outcomes.

Materials and Methods

Patient Data

We analyzed data from patients with breast cancer, diagnosed

between 2004-2016 as captured by the NCDB, based on a

Participant User File (PUF) award granted to the principal

investigator (Z.N.). The NCDB is a large, outcomes-based can-

cer registry estimated to include 70% of all cancer patients in

the United States of America.21 Supported jointly by the Com-

mission on Cancer (CoC) and the American College of Sur-

geons (ACS), the information in this database is collected from

over 1500 medical institutions (21). All NCDB cases included

in this analysis contained data on CTC or DTC status (i.e.

positive vs. negative),

Statistical Analysis

Data analysis was conducted using SPSS version 26.0 (IBM

Corp, Armonk, NY). Descriptive statistics, namely frequency

and proportion, were performed to describe patient clinico-

pathologic factors in either a cohort of cases that included

documented CTC status, or a cohort with documented DTC

status. Univariate chi-squared analyses were then used to eval-

uate for a significant association between these clinicopatho-

logic factors and the presence of either CTCs or DTCs.

Significant variables (p < 0.05) were subsequently included

in multivariate logistic regression models, one predicting the

presence of CTCs and another predicting the presence of

DTCs. Overall AJCC clinical staging (i.e. 0, I, II, III, IV) was

used to describe each cohort, however individualized T-,

N- and M-staging were used in our multivariable models pre-

dicting the presence of these biomarkers. This was done

because the variable for overall staging in the NCDB is not

always highly-specific (e.g. reporting I vs. IA or IB). Including

the TNM components separately allows us to understand with

greater detail how each contributes independently to the like-

lihood of having CTCs or DTCs.

Survival analyses were performed using multivariate Cox

regression for overall survivorship (OS). We conducted models

on the following groups: 1) all BC patients with documented

CTC status; 2) all BC patients with documented DTC status.

Additional survival models were run after stratifying by disease

stage (early-stage vs. late-stage). These multivariate survival

models controlled for known predictors of survival that are

available in the NCDB database, including: age, race, Charl-

son/Deyo comorbidity index, use of surgery, use of radiother-

apy, use of chemotherapy, use of hormonal therapy and the use

of immunotherapy. Finally, the potential benefit of additional

chemotherapy to endocrine therapy was assessed using Kaplan-

Meier survival analysis in a subset of hormone receptor-

positive (ERþ or PRþ) patients with stratifications for CTC

status or DTC status (positive vs. negative) and stage of disease

(early-stage vs. late-stage).

Results

Description of CTC Cohort

Descriptive Statistics of this Group are Presented in Table 1.

CTC status was collected on a total of n ¼ 4846 cases. Of

these, n ¼ 3392 (70.0%) were negative and n ¼ 1454 (30.0%)

were positive. Most patients were between 50-70 years old (n¼
2711, 55.9%), White (n ¼ 3665, 73.4%), and had a Charlson/

Deyo score of 0 (n ¼ 4042, 81.0%). The predominant histolo-

gical subtype was ductal carcinoma (n ¼ 3714, 74.4%). Most

cases were diagnosed at stage I (n¼ 2229, 48.7%), followed by

stage II (n ¼ 1175, 25.7%), stage 0 (n ¼ 575, 12.6%), stage III

(n ¼ 317, 6.9%) and stage IV (n ¼ 281, 6.1%). Regarding

management: the majority of patients in the CTC cohort

received surgery (n ¼ 2225, 45.2% undergoing lumpectomy,

and n ¼ 2247, 45.0% undergoing mastectomy), radiotherapy

(n ¼ 2544, 51.0%), and hormonal therapy (n ¼ 3142, 62.9%),

but a minority received chemotherapy (n ¼ 1977, 39.5%).

Our multivariable model predicting positive CTC status is

presented in Table 2. Statistically significant predictors of pos-

itive CTC status were as follows: 1) Race as White (OR: 1.275,

95% CI: 1.049-1.549, p¼ 0.015; ref: Black); 2) Receptor status

as PRþ (OR: 1.371, 95% CI: 1.088-1.727, p ¼ 0.007; ref: PR-)
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Table 1. Clinicopathologic characteristics of patients and univariate association with circulating tumor cell (CTC) or disseminated tumor cell

(DTC) status

Variable

CTC status (n ¼ 4846)

Univariate p-value

DTC status (n ¼ 4993)
Univariate

p-valueNegative Positive Negative Positive

Age

<50 756 (22.3%) 331 (22.8%) 0.230 752 (20.9%) 302 (21.6%) 0.123

50-70 1880 (55.4%) 831 (57.2%) 1965 (54.7%) 795 (56.8%)

>70 756 (22.3%) 292 (20.1%) 876 (24.4%) 303 (21.6%)

Sex

Male 29 (0.9%) 12 (0.8%) 0.918 35 (1.0%) 8 (5.4%) 0.167

Female 3363 (99.1%) 1442 (99.2%) 3558 (99.0%) 1392 (94.6%)

Race

White 2529 (76.5%) 1136 (80.6%) 0.005 2643 (76.0%) 1087 (80.3%) 0.001

Black 703 (21.3%) 241 (17.1%) 758 (21.8%) 232 (17.1%)

Asian 75 (2.3%) 33 (2.3%) 76 (2.2%) 35 (2,6%)

Charlson/Deyo score

0 2822 (83.2%) 1220 (83.9%) 0.707 2964 (82.5%) 1156 (82.6%) 0.799

1 459 (12.5%) 192 (13.2%) 513 (14.3%) 192 (13.7%)

2 87 (2.6%) 30 (2.1%) 87 (2.4%) 38 (2.7%)

3 24 (0.7%) 12 (0.8%) 29 (0.8%) 14 (1.0%)

Estrogen receptor status

Negative 611 (18.3%) 229 (16.0%) 0.055 618 (17.4%) 214 (15.5%) 0.109

Positive 2734 (81.7%) 1206 (84.0%) 2931 (82.6%) 1166 (84.5%)

Progesterone receptor status

Negative 968 (29.0%) 363 (25.4%) 0.011 953 (26.9%) 353 (25.6%) 0.361

Positive 2368 (71.0%) 1065 (74.6%) 2590 (73.1%) 1025 (74.4%)

HER2 status

Negative 2532 (85.0%) 1005 (76.7%) <0.001 2724 (87.1%) 893 (71.8%) <0.001

Positive 448 (15.0%) 305 (23.3%) 405 (12.9%) 350 (28.2%)

Histology

Ductal 2665 (78.6%) 1049 (72.1%) <0.001 2802 (78.0%) 1027 (73.4%) 0.002

Lobular 472 (13.9%) 280 (19.3%) 506 (14.1%) 249 (17.8%)

Other 255 (7.5%) 125 (8.6%) 285 (7.9%) 124 (8.9%)

Grade

I 628 (19.9%) 263 (19.5%) 0.091 757 (22.4%) 238 (18.4%) 0.004

II 1475 (46.8%) 611 (45.4%) 1548 (45.8%) 604 (46.7%)

III 1048 (33.2%) 467 (34.7%) 1069 (31.6%) 447 (34.5%)

IV 2 (0.1%) 5 (0.4%) 4 (0.1%) 5 (0.4%)

AJCC clinical staging

0 430 (13.4%) 145 (10.7%) <0.001 485 (17.9%) 146 (11.2%) <0.001

1 1680 (52.2%) 549 (40.4%) 1938 (71.4%) 554 (42.5%)

2 795 (24.7%) 380 (27.9%) 792 (2.9%) 406 (31.2%)

3 190 (5.9%) 127 (9.3%) 143 (5.3%) 129 (9.9%)

4 122 (3.8%) 159 (11.7%) 68 (2.5%) 67 (5.1%)

T-staging

0 421 (13.2%) 136 (10.1%) <0.001 475 (13.9%) 140 (10.8%) <0.001

1 1778 (55.6%) 639 (47.6%) 2008 (58.9%) 643 (49.8%)

2 723 (22.6%) 360 (26.8%) 722 (21.2%) 346 (26.8%)

3 154 (4.8%) 112 (8.3%) 113 (3.3%) 90 (7.0%)

4 124 (3.9%) 96 (7.1%) 90 (2.6%) 72 (5.6%)

N-staging

0 2754 (85.2%) 992 (72.9%) <0.001 3101 (90.1%) 974 (74.6%) <0.001

1 370 (11.5%) 277 (20.4%) 264 (7.7%) 250 (19.2%)

2 66 (2.0%) 42 (3.1%) 50 (1.5%) 40 (3.1%)

3 41 (1.3%) 50 (3.7%) 27 (0.8%) 41 (3.1%)

M-staging

0 3076 (96.3%) 1206 (85.7%) <0.001 3341 (98.1%) 1251 (94.8%) <0.001

1 119 (2.7%) 160 (11.4%) 66 (1.9%) 68 (5.2%)

(continued)
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or HER2þ (OR: 1.727, 95% CI: 1.423-2.095, p < 0.001, ref:

HER2-)—ER status was not a significant predictor in this

model (p ¼ 0.748); 3) Lobular histology (OR: 1.546, 95%
CI: 1.257-1.903, p < 0.001, ref: ductal); 4) AJCC clinical N-

staging of 1 (OR: 1.799, 95% CI: 1.443-2.243, p < 0.001; ref:

0); and 5) AJCC clinical M-staging of 1 (OR: 2.178, 95% CI:

1.575-3.012, p < 0.001; ref: 0).

Description of DTC Cohort

Descriptive Statistics of this Group are Presented in Table 1

DTC status was available for a total of n ¼ 4993 patients. Of

these, n ¼ 3593 (72.0%) were negative and n ¼ 1400 (28.0%)

were positive. As with the CTC cohort, most patients were

between 50-70 years old (n ¼ 2760, 55.3%), White (n ¼ 3730,

74.7%), and had a Charlson/Deyo score of 0 (n¼ 4120, 82.5%).

The predominant histological subtype was ductal (n ¼ 3829,

76.7%). Most cases were diagnosed at stage I (n ¼ 1938,

41.0%), followed by stage II (n ¼ 792, 16.8%), stage 0

(n ¼ 485, 10.3%), stage III (n ¼ 143, 3.0%) and stage IV

(n ¼ 122, 2.7%). As with the CTC cohort: the majority received

surgery (n ¼ 2472, 49.5% undergoing lumpectomy, and

n ¼ 2294, 45.9% undergoing mastectomy), radiotherapy

(n ¼ 2659, 53.3%), and hormonal therapy (n ¼ 3222, 64.5%),

but a minority received chemotherapy (n¼ 1853, 37.1%).

Our multivariable model predicting positive DTC status is

presented in Table 2. Statistically significant predictors of pos-

itive DTC status were: 1) Race as White (OR: 1.509, 95% CI:

1.230-1.850, p < 0.001; ref: Black) or Asian (OR: 1.884, 95%
CI: 1.099-3.230, p ¼ 0.021; ref: Black); 2) Receptor status as

HER2þ (OR: 2.366, 95% CI: 1.949-2.873, p < 0.001; ref:

HER-)—ER status and PR status were not significant predic-

tors in this model (p ¼ 0.390 and p ¼ 382, respectively); 3)

Lobular histology (OR: 1.463, 95% CI: 1.181-1.811, p < 0.001,

ref: ductal); and 4) AJCC clinical N-staging of 1 (OR: 2.879,

95% CI: 2.273-3.645, p < 0.001; ref: 0), 2 (OR: 2.527, 95% CI:

1.529-4.176, p < 0.001; ref: 0) or 3 (OR: 2.775, 95% CI: 1.511-

5.094, p < 0.001; ref: 0). M-staging was not a significant pre-

dictor in this model.

Survival Analysis

The results of our survival analyses can be found in Table 3.

CTC cohort (n ¼ 4846). Positive CTC status was significantly

associated with an increased risk of mortality (HR: 1.280, 95%
CI: 1.062-1.543, p ¼ 0.010) in a model controlling for age,

Table 1. (continued)

Variable

CTC status (n ¼ 4846)

Univariate p-value

DTC status (n ¼ 4993)
Univariate

p-valueNegative Positive Negative Positive

*# of positive regional lymph nodes

0 2353 (77.5%) 713 (59.6%) <0.001 2728 (9%) 674 (56.5%) <0.001

1-3 486 (16.0%) 342 (28.6%) 401 (1.4%) 376 (31.5%)

4-6 81 (2.7%) 59 (4.9%) 68 (2.3%) 71 (6.0%)

7-9 41 (1.4%) 33 (2.8%) 29 (1.0%) 31 (2.6%)

10þ 75 (2.5%) 49 (4.1%) 45 (1.5%) 41 (3.4%)

*# of positive ipsilateral axillary lymph nodes

0 2296 (79.0%) 697 (60.4%) <0.000 2663 (84.7%) 661 (57.3%) <0.000

1-3 437 (15.0%) 331 (28.7%) 360 (11.5%) 362 (31.4%)

4-6 72 (2.5%) 51 (4.4%) 59 (1.9%) 69 (6.0%)

7-9 37 (1.3%) 30 (2.6%) 25 (0.8%) 27 (2.3%)

10þ 63 (2.2%) 45 (3.9%) 36 (1.1%) 34 (2.9%)

**Surgery

None 170 (5.0%) 172 (11.8%) <0.000 139 (3.9%) 86 (6.1%) <0.000

Lumpectomy 1648 (48.6%) 607 (41.7%) 1859 (51.8%) 613 (43.8%)

Mastectomy 1572 (46.4%) 675 (46.4%) 1594 (44.4%) 700 (50.0%)

**Radiotherapy

N 1540 (46.3%) 673 (47.0%) 0.644 1633 (46.2%) 620 (45.0%) 0.425

Y 1786 (53.7%) 758 (53.0%) 1900 (53.8%) 759 (55.0%)

**Hormonal therapy

N 1118 (33.9%) 460 (32.3%) 0.300 1184 (33.9%) 441 (32.5%) 0.345

Y 2180 (66.1%) 962 (67.7%) 2306 (66.1%) 916 (67.5%)

**Chemotherapy

N 2032 (61.0%) 757 (52.8%) <0.000 2298 (65.2%) 751 (54.6%) <0.000

Y 1301 (39.0%) 676 (47.2%) 1228 (34.8%) 625 (45.4%)

*As AJCC N-staging was included in the multivariate model (Table 2), the # of positive regional/axillary lymph nodes was not included. **Variables pertaining to

clinical management were not included in the multivariate model (Table 2), which aims to elucidate risk factors for the presence of CTCs/DTCs.
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Table 2. Multiple Logistic Regression for Clinicopathologic Characteristics Associated With Circulating Tumor Cell (CTC) or Disseminated

Tumor Cell (DTC) Status.

Variable

CTC status (n ¼ 4846)

Multivariate p-value

DTC status (n ¼ 4993)

Multivariate p-valueOR 95% CI OR 95% CI

Race 0.045 <0.001

White 1.275 1.059-1.549 0.015 1.509 1.230-1.850 <0.001

Black (ref) 1 - - 1 - -

Asian 1.376 0.792-2.389 0.257 1.884 1.099-3.230 0.021

Estrogen receptor status

Negative (ref) 1 - - 1 - -

Positive 0.955 0.722-1.263 0.648 1.135 0.851-1.513 0.390

Progesterone receptor status

Negative (ref) 1 - - 1 - -

Positive 1.371 1.1088-1.727 0.007 1.110 0.878-1.404 0.382

HER2 status

Negative (ref) 1 - - 1 - -

Positive 1.727 1.423-2.095 <0.001 2.366 1.949-2.873 <0.001

Histology <0.001 0.002

Ductal (ref) 1 - - 1 - -

Lobular 1.546 1.257-1.903 <0.001 1.463 1.181-1.811 <0.001

Other 1.156 0.836-1.599 0.380 1.012 0.715-1.431 0.948

Grade 0.684 0.264

I (ref) 1 - - 1 - -

II 0.970 0.790-1.191 0.770 1.214 0.984-1.497 0.070

III 1.075 0.843-1.370 0.561 1.257 0.980-1.612 0.072

IV 0.460 0.036-5.956 0.552 1.400 0.168-11.661 0.755

AJCC clinical T-staging 0.507 0.353

0 (ref) 1 - - 1 - -

1 0.936 0.605-1.447 0.766 0.969 0.634-1.482 0.885

2 1.075 0.684-1.690 0.752 1.11 0.714-1.728 0.642

3 1.179 0.697-1.993 0.540 1.333 0.781-2.276 0.292

4 1.041 0.592-1.832 0.889 0.994 0.549-1.801 0.984

AJCC clinical N-staging <0.001 <0.001

0 (ref) 1 - - 1 - -

1 1.799 1.443-2.243 <0.001 2.879 2.273-3.645 <0.001

2 1.529 0.961-2.431 0.073 2.527 1.529-4.176 <0.001

3 1.563 0.019-2.690 0.098 2.775 1.511-5.094 <0.001

AJCC clinical M-staging

0 (ref) 1 - - 1 - -

1 2.178 1.575-3.012 <0.001 1.306 0.802-2.126 0.283

Table 3. Results From Survival Analyses in (1) Cohort Overall, (2) Early-Stage Sub-Group, and (3) Late-Stage Subgroup.

Level of analysis

Circulating tumor cell cohort (n ¼ 4846) Disseminated tumor cell cohort (n ¼ 4993)

KM Cox multivariable KM Cox multivariable

5-yr OS (95% CI) HR 95% CI p-value

5-yr OS

n (%) HR 95% CI p-value

1) All-stage þ 74.8 (71.7-77.7) 1.280 1.062-1.543 0.010 83.3 (80.8-85.8) 1.161 0.931-1.448 0.186

� (ref) 84.5 (82.7-86.3) 1 - - 86.4 (84.8-88.0) 1 - -

2) Early-stage (0-II) þ 84.9 (82.0-87.9) 1.220 0.956-1.557 0.110 88.0 (85.5-90.6) 1.146 0.883-1.487 0.305

� (ref) 88.2 (83.3-96.5) 1 - - 89.0 (87.4-90.6) 1 - -

3) Late-stage (III-IV) þ 37.5 (30.4-44.6) 1.477 1.129-1.931 0.004 57.7 (48.9-66.5) 1.182 0.825-1.694 0.363

� (ref) 55.6 (48.9-62.3) 1 - - 53.2 (44.6-61.8) 1 - -

Each survival model was controlled for age, race, Charlson/Deyo score, the use of surgery, radiotherapy, chemotherapy, hormonal therapy and

immunotherapy.
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race, Charlson/Deyo score, AJCC clinical staging, receptor sta-

tus, use of surgery, radiotherapy, chemotherapy, hormonal

therapy and immunotherapy. In a subgroup analysis of patients

with early-stage breast cancer (0, I and II), CTC status was not

a significant predictor of OS (HR: 1.220, 95% CI: 0.956-1.557,

p ¼ 0.110). Conversely, CTC-positivity was a significant pre-

dictor of mortality (HR: 1.477, 95% CI: 1.129-1.931, p ¼
0.004) in advanced-stage disease (III and IV), with a 5-year

OS of 37.5% (95% CI 30.4-44.6) for those with CTCs com-

pared to 55.6% (95% 48.9-62.3%) for those without.

DTC cohort (n ¼ 4993). Positive DTC status was not a signif-

icant predictor of mortality (HR: 1.161, 95% CI: 0.931-1.448,

p ¼ 0.186) in the cohort overall after controlling for the effect

of age, race, Charlson/Deyo score, AJCC clinical staging,

receptor status, use of surgery, radiotherapy, chemotherapy,

hormonal therapy and immunotherapy. Subgroup analyses

of early-stage BC (HR: 1.146, 95% CI: 0.883-1.487,

p ¼ 0.305) and late-stage BC (HR: 1.182, 95% CI: 0.825-

1.694, p ¼ 0.363) did not reveal a significant association

between DTC status and OS.

Benefit of Chemotherapy in Hormone-Receptor Positive
Disease

In a cohort of hormone receptor-positive BC, CTC status was

predictive of the efficacy of chemotherapy in improving OS.

Figure 1 demonstrates no difference in survival for early-stage

BC patients between patients treated with endocrine therapy

alone vs. endocrine therapy with chemotherapy when CTC was

negative (p ¼ 0.638), but a survival benefit for those receiving

chemotherapy when CTC status was positive (p ¼ 0.003).

Similarly, Figure 2 demonstrates there was no difference in

survival between late-stage BC patients treated with endocrine

therapy alone vs. endocrine therapy with chemotherapy with

negative CTC status (p ¼ 0.501), but improved OS in patients

receiving chemotherapy when CTC status was positive (p ¼
0.023). DTC status was not a significant predictor of che-

motherapy efficacy in early or late-stage, HRþ disease.

Discussion

In this large study, we found that that CTC status is a signifi-

cant predictor of OS in BC, but DTC status is not. Patients with

Figure 1. Kaplan-Meier curves for hormone receptor positive, early-stage (I and II) breast cancer.

Figure 2. Kaplan-Meier curves for hormone receptor positive, late-stage (III and IV) breast cancer.
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CTCs exhibited shorter OS, specifically in advanced disease

stages (5-year OS 37.5% compared to 55.6%). This corrobo-

rates literature emphasizing the potential of CTC status as a

prognostic cancer biomarker.8-10

Of all patients tested and included in this study, 30% were

positive for CTCs. Positive PR or HER2 status (but not ER status),

lobular histology, and higher AJCC clinical N-staging and M-

staging were all significantly associated with the presence of

CTCs. The association between receptor status and CTC-

positivity substantiates literature already outlining a role of HER2

in early breast cancer metastasis.22 Using data from this study and

others, we may be able to synthesize a risk profile of patients

likely to have circulating tumor cells, which may be used by

clinicians to efficaciously triage BC patients to liquid biopsy,

expanding upon already-existing precision medicine practices.

CTC status may also be useful in the optimization of sys-

temic therapy, in late-stage as well as early-stage BC. We

found that additional chemotherapy, versus endocrine therapy

alone, was associated with better OS in patients with early-

stage and late-stage, HRþ BC patients when CTC status was

positive, but not when it was negative. Current clinical practice

uses a 21-gene recurrence score assay (Oncotype DX, Genomic

Health Inc., Redwood City, CA) for a 10-year risk for re-

currence score (RS) in patients with early-stage, ERþ BC.23

High-risk individuals may benefit most from the addition of

chemotherapy to endocrine therapy, helping clinicians make an

evidence-based decision before escalating therapy in certain

patients.15 In one study, a high RS was not significantly asso-

ciated with the presence of CTCs or DTCs,24 suggesting that

the predictive value of CTCs may be independent of this 21-

gene assay. Goodman et al. also used the NCDB to show that

there was a significant association between CTC status with a

benefit of radiotherapy in early-stage BC,25 further emphasiz-

ing the potential utility of this biomarker in clinical decision-

making. More research is needed to clarify the potential role of

liquid biopsy components across disease stage and subtype.

The strengths of this study include its large sample size

compared to other published literature on this topic, as well

as the consistency and reliability of NCDB data, which under-

goes a rigorous internal verification process. The limitations

include those expected of a retrospective database. The NCDB

does not report temporal data pertaining to disease progression.

Of the total BC dataset (over 2 million BC patients), a small

minority were assessed for CTC or DTC status. Additionally,

the NCDB does not document the specific assay used to assess

circulating or disseminated tumor cell status, the timing of the

assay relative to diagnosis, nor the quantity of cells measured in

each case. Data inconsistencies based on the assay used has

been documented in the literature.1

The promising results from this study highlight the need for

more research to clarify the potential role of liquid biopsy

components across BC disease stage and subtype.
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