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Abstract

Background: Circulating tumor cells (CTCs) are associated with worse prognosis in metastatic breast cancer (BC). We
evaluated the association of metabolic, inflammatory, and tumor markers with CTCs in women with metastatic BC before
commencing a new systemic therapy.

Methods: Ninety-six patients with newly diagnosed or progressing metastatic BC without current diabetes or use of anti-
inflammatory agents were recruited from four Ontario hospitals. Women provided fasting blood for measurement of metabolic,
inflammatory, and tumor markers and CTCs. CTCs were assayed within 72 hours of collection using CellSearch. Other blood was
frozen at -80°C, and assays were performed in a single batch. Associations between CTC counts with study factors were evaluated
using Spearman correlation, and the chi-square or Fisher exact test. All statistical tests were two-sided and P value < .05 was con-
sidered statistically significant.

Results: The median age was 60.5 years; 90.6% were postmenopausal. The cohort included hormone receptor-positive (87.5%),
HER2-positive (15.6%), and triple-negative (10.4%) BCs. Patients were starting firstline (35.5%), second-line (26.0%), or third-or-later-
line therapy (38.5%). CTC counts (per 7.5 mL of blood) ranged from 0 to 1238 (median 2); an elevated CTC count, defined as five or
more CTCs, was detected in 42 (43.8%) patients. Those with liver metastases (vs not) more frequently had an elevated CTC count
(59.0% vs 33.3%, P = .02). CTCs were significantly associated with C-reactive protein (R = .22, P = .02), interleukin (IL)-6 (R = .25,P =
.01), IL-8 (R = .38, P = .0001), plasminogen activator inhibitor 1 (R = .31, P = .001), carcinoembryonic antigen (R = .31, P = .002), and
cancer antigen 15-3 (R = .40, P = .0001) and inversely associated with body mass index (R =-.23, P = .02) and leptin (R = -.26, P = .01).
Conclusions: CTC counts were positively associated with tumor and inflammatory markers and inversely associated with
some metabolic markers, potentially reflecting tumor burden and cachexia.

Elevated circulating tumor cell (CTC) counts, defined as five or
more CTCs in 7.5 mL of peripheral blood, have been associated
with worse outcome (1) and poor treatment benefit in meta-
static breast cancer (BC; eg, median progression-free survival =
7 vs 2.7 months, median overall survival > 18 vs 10.1 months in
nonelevated vs elevated cases, before the initiation of a new
course of therapy) (2). Also, obesity and obesity-related markers,
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such as some inflammatory and metabolic variables, are associ-
ated with BC risk (3) and worse prognosis after diagnosis of early
BC (4-6). Elevated C-reactive protein, for example, is a risk factor
for postmenopausal BC (7), whereas high fasting insulin, leptin,
and glucose are associated with poor BC outcome in nondiabetic
women (8). It is possible that obesity and CTCs are linked be-
cause of changes in tumor microenvironment (9), and this
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screened before starting a new line of treatment

269 women with metastatic breast cancer

(From February 2013 until February 2015)

108 Declined

39 Excluded:

A

(28 ineligible, 7 enrolled in another
study, 3 transferred to another
hospital, 1 synchronous cancer)

1 No blood for blood markers

122 women
enrolled

15 Without circulating tumor cells
results*

1 Early termination

9 Ineligibility discovered later**

96 completed study with
circulating tumor cells
and blood markers

Figure 1. A patient flow chart for association of metabolic, inflammatory, and tumor markers with circulating tumor cells in metastatic breast cancer—a cross-sectional
study. “Insufficient blood or technical problems due to ferrofluid aggregation or blood clot. *Nine patients excluded after charts were reviewed (three did not have evi-
dence of breast cancer progression, three did not have metastatic breast cancer, one had diabetes, and two received prednisone before the study visit).

interaction is of interest because these factors may enhance
CTC release and contribute to poor outcome. CTC counts have
also been associated with tumor markers in metastatic BC, in-
cluding carcinoembryonic antigen (CEA) and cancer antigen 15-
3 (CA15-3) (10), potentially reflecting higher tumor burden.

We examined the association of an elevated CTC count with
inflammatory, metabolic, and tumor markers in a cross-
sectional study of women with newly diagnosed or progressing
metastatic BC about to commence a new systemic treatment.
We hypothesized a priori that an elevated CTC count in meta-
static BC would be positively associated with tumor markers,
body mass index (BMI), and other host metabolic factors, as well
as with inflammatory markers. As one of the first studies to ex-
plore these associations, we did not restrict patients by site of
metastasis, breast cancer subtype, line of therapy, performance,
or metabolic status; in this sense, the study is exploratory.

Methods

Patients

Eligible patients had histologically confirmed BC (at primary di-
agnosis or metastasis) with newly diagnosed or progressing
metastatic BC and were about to commence a new systemic
treatment (chemotherapy, hormone therapy, or biologic ther-
apy). Patients were enrolled at four participating hospitals in
Ontario, Canada (Mount Sinai Hospital, Princess Margaret
Cancer Centre, London Health Sciences Centre, St. Michael’s
Hospital). Women were excluded if they met any of the follow-
ing criteria: received drug treatment for diabetes or anti-
inflammatory agents (including corticosteroids) within the past
two weeks (these medications may alter levels of the blood fac-
tors of interest). In accordance with a protocol approved by the

Ethics Board of each institution, all subjects provided written in-
formed consent.

Two hundred sixty-nine women were screened, 108 declined
participation, and 39 were excluded (28 did not meet patient se-
lection criteria, seven were enrolled in another study, three
were transferred to another hospital, and one had synchronous
second cancer) (Figure 1). One hundred twenty-two patients
were enrolled, but 26 were subsequently excluded from the
analysis (nine due to ineligibility discovered late [three did not
have evidence of BC progression, three did not have metastatic
BC, one had previously undiagnosed diabetes, and two patients
received prednisone before study visit], one early termination,
one with no blood available for blood markers, and 15 without
available CTC counts due to insufficient blood or technical prob-
lems such as CTC-ferrofluid aggregation and blood clot).

Data and Blood Collection

Blood was collected after an overnight fast of at least 12 hours,
and subjects provided 15 mL of blood for CTC analysis, 4 mL of se-
rum for glucose, and 10 mL of serum. Glucose was assayed imme-
diately after blood collection, whereas analysis of CTC counts was
performed within 72 hours of blood collection. All other serum
was frozen at -80°C until assays were performed in a single batch.
Clinical data were collected using an interviewer-administered
questionnaire and extraction from medical records.

Measurements

CTC Analysis
Blood was drawn into each of two CellSave tubes (CTCs were
analyzed using the CellSearch platform. Based on this Food and



Drug Administration-approved technology, CTCs were identi-
fied as nucleated cells expressing the epithelial cell adhesion
molecule (EpCAM) and cytokeratins (CKs) 8, 18, and/or 19 but
lacking CD45 expression. This determination is achieved using
EpCAM antibody-conjugated magnetic beads to enrich the sam-
ple for epithelial cells and subsequent assessment of these cells
for CKs, a leukocyte marker (CD45), and nuclei (DAPI) via fluo-
rescent staining. All results were reviewed by a laboratory tech-
nologist and a pathologist (MCC), both with training in CTC
analysis.

Blood Assays

Glucose was assayed in the clinical laboratory of each local hos-
pital. Homeostasis model assessment (HOMA), a measure of in-
sulin resistance, was calculated as insulin (mU/L) x glucose
(mmol/L)/22.5.

All other blood assays were performed at Mount Sinai
Hospital, Toronto, using commercial assay kits. Serum vascular
endothelial growth factor (VEGF), tumor necrosis factor-alpha
(TNF-2), and interleukin 6 (IL-6) were quantified by R&D
Systems-Luminex  Performance  Assay-Custom  Premix
Multiplex (interassay coefficient of variation [CV] < 15%, sensi-
tivity < 1.2 pg/mL, < 2.1 pg/mL, and < 1.7 pg/mL, respectively).
Interleukin-8 (IL-8) was analyzed using emd Millipore High-
Performance Multiplex assay-enzyme-linked immunosorbent
assay (ELISA; CV < 3.5%, sensitivity < 0.4 pg/mL).

High-sensitivity C-reactive protein (hs-CRP) was measured
using particle-enhanced immunoturbidimetric assay by Roche
Modular P (CV = 4%, sensitivity < 0.1 mg/L). An Invitrogen-
ELISA kit was used to quantify plasminogen activator inhibitor
1 (PAI-1; CV = 6%-9%, sensitivity < 30 pg/mL). An R&D Systems
Magnetic Luminex Screening Assay, Premixed Multiplex, was
used to measure CA15-3 (CV < 9%, sensitivity < 0.051 pg/mL).
CEA and cancer antigen 125 (CA125) were evaluated using a
Roche Modular E170 electrochemiluminescense immunoassay
(CV < 10% for CEA and = 6% for CA125, sensitivity = <0.200 ug/L
to >1000 ug/L and <0.600 U/mL to >5000 U/mL, respectively).

Insulin, leptin, and adiponectin were measured by Magnetic
Luminex Screening Assays (CV < 15% for all the variables, sensi-
tivity < 9.91 pg/mL, < 10.2 pg/mL, and = 0.25 ng/mL, respec-
tively). Albumin, free fatty acids (FFAs), and creatine kinase (CK)
were measured to assess the nutritional status of the patients
and to further explore the relationship of obesity-related factors
and CTCs. CK and FFA were assessed in serum using a Roche
Modular P colorimetric assay. Reference ranges were CK 0 to 190
U/L and FFA 0.1 to 0.9 mmol/L. Albumin was measured with bro-
mocresol green, with a reference range of 40 to 53 g/L.

Statistical Analyses

Patient characteristics were reported descriptively. A total of
100 patients were required to provide 80% power to detect a
nonzero, true correlation of 0.28 between CTC counts and insu-
lin when tested at the 5% level. An elevated CTC count was de-
fined as five or more CTCs per blood sample of 7.5 mL, and
associations of an elevated CTC count with categorical patient
and tumor characteristics were assessed using the chi-square
test or Fisher exact test. Five or more CTCs (as measured using
Cell Search) is a US Food and Drug Administration-approved
test with well-documented limits of detection and prognostic
association established for the threshold of 5 cells®. For greater
power, associations of CTCs with continuous tumor, metabolic,
and inflammatory factors were evaluated using Spearman rank
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correlations based on the CTC counts themselves (rank correla-
tions were used because of the skew distribution of the CTC
counts and many of the factors).

Based on our hypotheses, we expected positive associations
between CTC counts and tumor markers (CA15-3, CEA, CA 125),
as well as body mass index, insulin, glucose, and leptin, and a
negative association with adiponectin. We also hypothesized
that elevated CTC counts would be positively associated with
inflammatory markers such as VEGF, IL-6, IL-8, TNF-«, hs-CRP,
and PAI-1. Prespecified hypotheses, effect sizes (ie, size of per-
centages, direction, and size of correlation coefficients), and
group effects were taken into account when interpreting results.
PAI-1 and CA15-3 exceeded the upper limit of the assay in 11
and five cases, respectively; the upper limit of the assay was
used in these cases.

To evaluate the strength of the effect size, Cohen’s standard
was used (11). For correlation analysis, coefficients between .10
and .29 represent a weak association, coefficients between .30
and .49 represent a moderate association, and coefficients of .50
and greater represent a strong association.

Results

Patient, treatment, and metastatic tumor characteristics are
shown in Table 1. The median age of patients (interquartile
range [IQR]) was 60.5 (55-71.2) years; most subjects were post-
menopausal (87/96, 90.6%). In 84 patients (87.5%), tumors were
hormone receptor (HR) positive, 15 (15.6%), human epidermal
growth factor receptor 2 (HER2) positive (regardless of HR sta-
tus), and 10 (10.4%) triple negative. Most primary tumors were
grade 2 or 3 (81.2%). Bone, lung, liver, and brain metastases were
present in 79.2%, 43.8%, 40.6%, and 6.3% of patients, respec-
tively, with 54%, 37%, 35%, and 3% exhibiting progression at
these sites, respectively. Thirty-five (35.5%) patients were start-
ing first line therapy, 25 (26%) were starting second-line therapy,
and 37 (38.5%) had third-or-higher-line therapy. Chemotherapy
was the most common regimen about to be initiated 53
(55.21%).

CTC counts (per 7.5 mL) ranged from 0 to 1238 (median = 2,
geometric mean = 3.63) (Figure 2). Elevated CTC counts, defined
as five or more CTCs, were present in 42 (44%) patients. The
associations of tumor and treatment characteristics with ele-
vated CTC counts are shown in Table 2. An elevated CTC count
was present in 46.4% of HR-positive patients vs in 25% of HR-
negative patients (P = .21), in 40% of HER2-positive vs 45.6% of
HER2-negative patients (P = .56), and in 30% of triple-negative
patients vs 45.3% of non-triple-negative patients (P = .56). In
patients starting their first, second, and third or higher lines of
treatment, rates of elevated CTC counts were 41.2%, 44%, and
45.9%, respectively (P = .16). An elevated CTC count was present
in 40.5% of patients with lung metastases (vs in 46.3% without, P
= .67), in 59% of patients with liver metastases (vs 33.3% with-
out, P = .02), and in 47.4% patients with bone metastases (vs
30% without, P = .2). Only six patients had brain metastases, but
four (66.7%) had an elevated CTC count, vs 38 of 90 (42.2%) of
those without brain metastases (P = .39).

The correlations of CTC counts with tumor, inflammatory,
and metabolic factors are shown in Table 3. CTC counts were
moderately positively correlated with tumor factors CA15-3 (R =
.40, P = .0001) and CEA (R = .31, P = .002). The correlation with
CA125 was weak and not statistically significant (R = .15, P =
.14). CTC counts were positively correlated with most of the in-
flammatory factors, namely weak correlations with hs-CRP (R =
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Table 1. Patient and tumor characteristics®
Characteristics Value (n = 96)

Age, median (IQR), y
Height, median (IQR), cm

60.5 (55-71.2)
161 (156.8-164.7)

Weight, median (IQR), kg 67 (57.7-75.4)
BMI, median (IQR), kg/m? 25.6 (22.6-28.9)
Menopausal status, No. (%)

Pre/Peri 9(9.4)
Post 87 (90.6)
ER/PR status, No. (%)

Positive 84 (87.5
Negative 12 (12.5)
HER?2 status, No. (%)

Positive 15 (15.6)
Negative 79 (82.3)
Unknown 2(2.1)
Subtype, No. (%)

HR+ and HER2- 69 (71.9)
HER2+ and any HR 15 (15.6)
Triple-negative 10 (10.4)
Unknown 2(2.1)
Grade, No. (%)

Grade I 9(9.4)
Grade I 44 (45.8)
Grade III 34 (35.4)
Unknown 9(9.4)
Line of treatment starting, No. (%)

1 34 (35.5)
2 25 (26.0)
3+ 37 (38.5)
Type of treatment to be initiated, No. (%)

Chemotherapy 53(55.2)
Anti-HER2 agent + chemotherapy 2(2.1)
Only anti-HER2 agent 6(6.2)
Hormone therapy 33(34.4)
Unknown 2(2.1)
Lung metastases, No. (%)

Yes 42 (43.8)
No 54 (56.3)
Liver metastases, No. (%)

Yes 39 (40.6)
No 57 (59.4)
Brain metastases, No. (%)

Yes 6(6.3)
No 90 (93.7)
Bone metastases, No. (%)

Yes 76 (79.2)
No 20 (20.8)

ER = estrogen receptor; HER2 = human epidermal growth factor receptor 2; HR
= hormone receptor; IQR = interquartile range; PR = progesterone receptor.

.22, P = .02) and IL-6 (R = .25, P = .01) and moderate correlations
with IL-8 (R = .38, P = .0001) and PAI-1 (R = .31, P = .001), but
they were not correlated with TNF-« (R = .18, P = .06) or VEGF (R
=.13,P =.18).

For the metabolic factors, negative weak correlations with
CTC counts were observed for BMI (R = -.23, P = .02), leptin, and
the leptin-to-adiponectin ratio (both R = -.26, P = .01). Insulin,
HOMA (both R = -.17, P = .08), adiponectin (R = .1, P = .32), and
glucose (R = -.08, P = .41) were not significantly correlated with
CTC counts.

In terms of body size, 3.1% of patients were underweight
(BMI < 18.5 kg/m?), 43.8% normal weight (BMI = 20-25 kg/m?),
32.3% overweight (BMI = 25-30 kg/m?), and 20.8% obese (BMI >
30 kg/m?). Median albumin level (IQR) was 43 (41-45) g/L with
20.2% below 40 g/L, and the lower limit of the reference range
and median CK was 69 (51-95) U/L, with 4.3% above upper limit
of 190 U/L. Median FFA (IQR) was 0.43 (0.31-0.56) mmol/L, with
3.3% above 0.9 mmol/L, the upper limit of the reference range.
The correlation of CTC counts with FFA was weakly positive (R
=.29, P = .004). However, neither albumin nor CK was correlated
with CTC counts (R = -.14, P = .178, and R = .13, P = .194,
respectively).

Discussion

In our cohort of heavily pretreated postmenopausal patients
with advanced BC, we observed an elevated CTC count rate of
44%, which is consistent with previous reports ranging from
38% to 49% (10,12). In a European pooled analysis, Bidard
reported elevated CTC count rates in patients with liver, bone,
lung, and central nervous system metastases of 57%, 56.2%,
44.3%, and 45.4%, respectively (10). We observed similar percen-
tages of 59%, 47.4%, and 40.5% for liver, bone, and lung metasta-
ses. For patients with brain metastases, we observed a higher
percentage of 66.7%, but this was based on only six patients.

In advanced BC, tumor markers, such as CA15-3, CEA, and
CA125, have been used as noninvasive tools for measuring
treatment response (13). Although these markers are used and,
for some patients, can be a tool to measure treatment response,
due to low sensitivity, they are not recommended as sole
assessments of metastatic BC for the majority of international
guidelines (14-16). Similar to a European pooled analysis by
Bidard et al., we found positive correlations between CTC
counts and the tumor markers CA15-3 and CEA (10). However,
CTC count is a better prognostic marker, and its use is better
established compared with the above protein-based tumor
markers (1,10,17).

To our knowledge, this is the first study to evaluate the asso-
ciation of obesity-related factors and CTCs in metastatic BC.
Obesity is associated with changes in a variety of metabolic
markers, including dysregulated glycemic control, insulin resis-
tance, altered adipokines, and inflammation (6,7). Preclinical
data suggest that chronic inflammation can facilitate tumor
growth and metastasis (9,18). Recent studies have suggested
that inflammation may be associated with BC risk and adverse
prognosis (7,20,21). The extent to which these inflammatory
markers identified locally in the tumor microenvironment or
systemically in the bloodstream mediate a potential association
of BC with CTCs is not clear, but this is of interest because it
could enhance CTCs’ release. We hypothesized that CTC counts
would be positively associated with inflammatory factors. In
our study, positive but weak to moderate correlations were
found with the inflammatory markers IL-8, IL-6, PAI1, and hs-
CRP.

Some metabolic markers may also mediate the adverse
effects of obesity in BC. Receptors for insulin and leptin, for ex-
ample, are expressed by nearly all breast tumors and lie up-
stream of some of the most frequently dysregulated pathways
in human cancer, namely the PI3K/AKT/mTOR and JAK/STAT
signaling networks, supporting a strong role for these hormones
in breast tumorigenesis and disease progression (21-23).
Alterations in the microenvironment related to metabolic fac-
tors can also lead to tumor growth and progression (24) and
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Figure 2. Distribution of circulating tumor cells.

Table 2. Association of elevated CTC count with metastatic tumor
characteristics*

Table 3. Association of CTC counts with metabolic, inflammatory,
and tumor markers

CTC<5 CTC>5

(n=54) (n=42)

(56.2%)  (43.8%)  Total
Characteristic No. (%) No. (%) (n=096) P
ER/PR statust
ER/PR+ 45(53.6) 39 (46.4) 84 21%
ER/PR- 9(75.0) 3(25.0) 12
HER2 statust
HER2+ 9 (60.0) 6 (40.0) 15 568§
HER2- 43(54.4) 36 (45.6) 79
Unknown 2 (100.0) 0(0.0) 2
Triple-negativet
Yes 7 (70.0) 3(30.0) 10 56§
No 47 (54.7)  39(45.3) 86
Line of starting treatment
1 20 (58.8) 14 (41.2) 34 16§
2 14 (56.0) 11 (44.0) 25
>3 20 (54.1) 17 (45.9) 37
Site of metastases
Lung yes 25(59.5) 17 (40.5) 42 678§
Lung no 29 (53.7) 25 (46.3) 54
Liver yes 16 (41) 23 (59) 39 .02§
Liver no 38(66.7)  19(33.3) 57
Bone yes 40 (52.6) 36 (47.4) 76 .208
Bone no 14 (70) 6 (30) 20
Brain yes 2(33.3) 4(66.7) 6 39t
Brain no 52(57.8)  38(42.2) 20

*Percentages in each row add up to 100%. CTC = circulating tumor cell; ER = es-
trogen receptor; HER2 = human epidermal growth factor receptor 2; PR = pro-
gesterone receptor.

tCurrent metastatic disease status.

tFisher exact test for analysis of contingency tables, less than five expected
counts.

§Chi-square test for contingency tables.

could be related to CTC release. We hypothesized a priori that
an elevated CTC count would be positively associated with the
metabolic factors BMI, insulin, and leptin and negatively

Spearman correlation p*
CA15-3, pg/mL 40 .0001
CEA, pg/mL 31 .002
CA125, U/mL .15 14
hs-CRP, mg/L 22 .02
TNF-o, pg/mL 18 .06
VEGF, pg/mL 13 18
PAI-1, ng/mL 31 .001
IL-6, pg/mL 25 01
IL-8, pg/mL 38 .0001
BMI, kg/m? -23 .02
Glucose, mmol/L -.08 41
Insulin, pmol/L -17 .08
HOMA -17 .08
Leptin, ng/mL -.26 .01
Leptin:adiponectin ratio -26 .01
Adiponectin, pg/mL .10 .32
Albumin, g/L -.14 178
Creatinine kinase, U/L 13 194
Free fatty acids, mmol/L .29 .004

*P value from testing the hypothesis that the Spearman rank correlation is zero.
BMI = body mass index; CA15-3 = cancer antigen 15-3; CEA = carcinoembryonic
antigen; CRP = C-reactive protein; CTC = circulating tumor cell; HOMA = homeo-
stasis model assessment; IL = interleukin; PAI-1 = plasminogen activator inhibi-
tor 1; TNF = tumor necrosis factor; VEGF = vascular endothelial growth factor.

associated with adiponectin. However, we observed the opposite
for BMI and leptin, namely weak negative correlations. This find-
ing was unexpected, and we postulated that these findings may
be due to weight loss, cachexia, and/or sarcopenia in women with
elevated CTC counts who have higher disease burden, but we can-
not confirm this in our cross-sectional study. Another possibility
that could be explored in future research is that metabolic factors
may affect sensitivity and response to hormonal treatments,
which may then affect CTC counts, especially in receptor-positive
metastatic BC. It is also possible that inflammation is more impor-
tant in CTC release than obesity/metabolic factors in advanced BC.
Based on our findings, future studies should investigate the
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association of CTCs and weight loss/cachexia or explore additional
markers of inflammation in metastatic BC.

Our study has limitations, including reliance on a single
blood measurement. This was an exploratory cross-sectional
study, with predominantly subjects with hormone receptor-
positive BC. We did not evaluate the association of progressive
weight loss with elevated CTC counts, and as in any cross-
sectional study, associations between study variables and CTCs
do not provide information on causality but can raise questions
and hypotheses. We had too few subjects to do subset analyses
for particular sites of metastasis or BC subtypes; future studies
are needed to address these. A recognized limitation of
CellSearch is that epithelial to mesenchymal transition can lead
to loss of epCAM, resulting in the inability to detect epCAM-neg-
ative CTCs that may be present. However, understanding the
associations we have studied could elucidate the processes in-
volved in CTC release and may identify intervention strategies
that could lower CTC counts and potentially improve prognosis.

We have shown that CTC counts were moderately correlated
with the tumor markers CA15-3 and CEA and positively associ-
ated with liver metastases. Additionally, CTCs were positively
and weakly correlated with inflammatory markers and inversely
correlated with obesity-associated markers, the latter potentially
reflecting weight loss or a cachexic state, which needs to be ex-
plored in further studies. Additional research focused on CTC
phenotypes and circulating DNA is also needed to elucidate the
significance of CTCs in BC development and progression.
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