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cells and peripheral blood monocytes
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Abstract

Background: We retrospectively evaluated the correlation between a baseline measurement
of circulating tumor cells (CTCs) and inflammation-based scores in patients with metastatic

breast cancer (MBC].

Methods: The optimal value of inflammation-based scores as the neutrophil-lymphocyte
ratio (NLR), platelet-lymphocyte ratio (PLR], monocyte-lymphocyte ratio (MLR) and systemic
immune-inflammation index (Sl to predict survival was determined and compared with CTC

<5 or =bper 7.5ml of blood.

Results: In the overall population of 516 women with MBC, CTCs correlated with peripheral
blood monocytes (p=0.008) and neutrophils (p=0.038). In triple-negative tumors, CTCs
correlated with monocyte count (p=0.009); in HER2+ tumors, CTCs correlated with neutrophil
count (p=0.009], with a trend versus monocyte count (p=0.061), whereas no correlation

was found in HER2- estrogen receptor-positive [ER+) tumors. In multivariate analysis

only monocytes were associated with =5 CTCs (0R=2.72, 95% CI 1.09-6.80, p=0.033). In
multivariable analysis for predictors of overall survival, CTC (=5 versus <5), number of
metastatic sites (>1 versus 1), tumor subtypes [triple-negative versus HER2- ER+ tumors])

and MLR only remained significant.

Conclusions: CTC and MLR are predictors of overall survival in MBC. CTC correlates with
monocytes, in particular in triple-negative tumors.
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Introduction

Inflammation/immune microenvironment medi-
ates tumor progression in metastatic breast can-
cer (MBC), and influences the prognosis.!->

Circulating tumor cells (CTCs) represent a pop-
ulation of cancer cells involved in tumor progres-
sion and dissemination.* Peripheral blood
represents an adversarial microenvironment for
CTCs due to the presence of immune cells and
other factors that interfere with the metastatic
process. The detection of CTCs in peripheral
blood is feasible and reliable, and the presence of
=5 CTCs/7.5ml of peripheral blood in MBC

patients predicts worse progression-free survival
(PFS) and overall survival (OS).> Furthermore,
in patients starting a new line of systemic therapy,
the presence of CTCs at baseline and during
therapy is able to provide an early assessment of
treatment failure, even if with persistently ele-
vated CTGCs early switching to an alternate ther-
apy is not effective in prolonging OS.6-8

Cancer and inflammation are strictly linked and
cancer patients present local and systemic modifi-
cations in inflammatory parameters. These
include alterations in neutrophils, lymphocytes,
platelets and systemic immune-inflammation
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index (SII), the platelet-lymphocyte ratio (PLR),
the neutrophil-lymphocyte ratio (NLR), the
monocyte-lymphocyte ratio (MLR), erythrocyte
sedimentation rate, the level of serum inflamma-
tory cytokines, and acute-phase proteins observed
in infectious or inflammatory diseases.%13

Lymphocytopenia and CTCs have been reported
as independent prognostic factors in MBC, and
both have been associated with bone metastases.
Specifically, in a retrospective review of MBC
patients, we found CTCs and lymphocytopenia
to be independent prognostic factors for PFS
and OS.14

In the present study, we determined whether spe-
cific cells in the complete blood count (CBC) and
CTCs are correlated and associated with clinical
outcome in MBC. We evaluated the correlation
between a baseline measurement of CTCs and
neutrophils, lymphocytes, monocytes, eosinophil
and platelet absolute counts from peripheral
blood along with the NLR, PLR, MLR and SII,
as general measures of immune-inflammation
status in patients with MBC.

Patients and methods

Patient population

This is a retrospective analysis of a large cohort of
consecutive MBC patients prospectively evalu-
ated in an institutional review board (IRB)
approved protocol at the MD Anderson Cancer
Center (MDACC) who had a measurement of
CTCs prior to starting a new systemic therapy
between September 2004 and November 2009.
The clinical information was collected from the
institutional database, which included the CBCs,
leukocyte subsets (differentials), and clinical
characteristics: estrogen receptor (ER), proges-
terone receptor (PR), HER2/neu, disease stage
grade, histological type, date of blood drawn for
CTC assay, the number of CTCs, treatment
administered, radiological assessment, metastatic
sites, and clinical outcome. Blood samples for
CTC and CBC were obtained on the same day
prior to starting a new systemic therapy for MBC,
which was started at least 4 weeks after prior ther-
apy and after full recovery of prior toxicities.
According to the CTC protocol, the blood sam-
ples were collected before the start of any pre-
medication of the systemic treatment, and no
steroids or hematopoietic growth factors were
administered in the days before the blood draws.

Each patient provided a 10ml sample of periph-
eral blood for CTC evaluation, which was per-
formed at the routine clinical laboratory at
MDACC using the CellSearch™ System (Veridex
LLC, Raritan, NJ, USA). In brief, CTCs were
enriched from 7.5ml of blood using ferrofluid
particles coated with antibodies targeting the epi-
thelial cell adhesion molecule (EpCAM)
expressed on CTCs. Isolated cells were fluores-
cently labeled with the nucleic acid dye DAPI and
monoclonal antibodies specific for leukocytes
(CD45 - allophycocyan) and epithelial cells
(cytokeratin 8,18,19 — phycoerythrin), and ana-
lyzed by the CellSpotter™ Analyzer (Veridex
LLC). CBC and leukocyte subsets were analyzed
by the CLIA-certified Pathology Laboratory at
MDACC and the data posted to Clinic Station.
We collected the CBC and leukocyte differential
data from patient charts in Clinic Station, the
electronic medical record.

SII, the systemic immune-inflammation index
based on platelet (P), neutrophil (N), and lym-
phocyte (L) counts, was calculated using the for-
mula P X N/L; NLR was defined as N/L; MLR as
monocytes (M)/L; and PLR as P/L at the baseline
data. All patient records were de-identified prior
to study cohort selection in accordance with the
Health Insurance Portability and Accountability
Act (HIPAA) of 1996. A central IRB at the
MDACC, Houston, TX approved the current
study protocol and deemed the study exempt
from full review. The IRB granted a waiver of
informed consent for the study. The study was
also conducted in accordance with the Declaration
of Helsinki.

Analysis

Descriptive statistics were used to summarize
data (frequency for categorical variables, median
and range for continuous variables). The Chi-
square test or the Fisher’s exact test was used to
assess the association between categorical varia-
bles and the median test was used to investigate
the correlation between continuous variables.

The cutoff of 5 CTCs was used to distinguish
patients with favorable (0 to 4 CTCs) or unfa-
vorable prognosis (>5 CTCs), as described previ-
ously.> Counts of blood leukocytes were
log-transformed and effects on these by tumor fea-
tures and epidemiologic variables assessed by gen-
eralized linear models. Time-dependent receiver
operating characteristic (ROC) curves were
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produced in order to establish the cutoff between
low and high expression of baseline NLR, PLR,
MULR, and SII that yielded the most accurate pre-
diction of OS at 24months. In our analysis, we
considered as an optimal cutoff the value resulting
in the maximum product of sensitivity and specific-
ity on the ROC curve, so sensitivity and specificity
were optimized simultaneously. Sensitivity, speci-
ficity, positive predictive value (PPV), negative
predictive value (NPV) and area under the curve
(AUC) at specific cutoff points for each of the
inflammatory indices were calculated using time-
dependent ROC curves. OS was calculated from
the date of baseline CTC assessment to the date of
death from any cause or date of last follow up. OS
was estimated by the Kaplan—Meier product limit
method and compared between groups with the
log rank test. In order to investigate prognostic
indicators of OS and to estimate hazard ratio (HR)
and their 95% confidence intervals (95% CI), the
univariate Cox regression model was used.

Furthermore, a multivariable Cox regression
model was used to determine the association
between CTCs and OS after adjustment for other
variables (baseline variables). Logistic regression
was used to estimate odds ratio (OR) and 95% CI
in order to evaluate the association between a
single biological variable and CTCs (<5, =5).
Statistical differences were noted if p<<0.05. The
effect of the interaction between CTC levels and
inflammatory indices on OS was evaluated using
Cox regression models that included CTC levels,
inflammatory indices and inflammatory indices-
by-CTC levels. Statistical analyses were per-
formed using SAS statistical software (version
9.4, SAS Institute, Cary, NC, USA). R package
survivalROC was used to run survival ROC anal-
ysis for the time-dependent ROC curve (http://
cran.r-project.org/web/packages/survivalROC).

Results

Baseline patient characteristics

Between September 1, 2004 and November 30,
2009, 516 patients with MBC were considered
for this study, who had CTC measurements and
CBC performed at baseline before starting a new
therapy. In this cohort of patients, 310 (60%) had
<5 CTCs and 206 (40%) had =5 CTCs. Of the
211 patients with 3 or more metastatic sites, 113
(53.6%) had <5 CTCs and 98 (46.4%) patients
had =5 CTCs (p=0.005). The optimal cutoff
point of inflammatory indices was calculated

using the time-dependent ROC curves and for
the SII was 836 X 10%, for NLR was 3, for MLR
was 0.34 and for PLR was 210. Then, SII = 836,
NLR = 3, MLR = 0.34 and PLR = 210 were
considered as elevated levels. ROC curves for
cutoff calculation are shown in the Supplementary
Figure 1. Sensitivity, specificity, predictive value
and accuracy of OS at 24 months are described in
Supplementary Table 1. The clinical characteris-
tics of the 516 patients evaluated are detailed in
Table 1.

Relationship between CTCs and blood

leukocytes

In the overall population (z=516), CTCs corre-
lated with the percentages of monocytes (p=0.008)
and neutrophils (p=0.038), but not with the per-
centages of lymphocytes (p=0.752) and eosino-
phils (p=0.558). Then, exploratory subgroup
analyses were performed. In triple-negative tumors
(n=124), CTCs correlated with monocyte count
only (p=0.009). In HER2+ tumors (z=100),
CTCs correlated with neutrophil count (p=0.009),
whereas no correlation was found in HER2- estro-
gen receptor-positive (ER+) tumors (z=280).

In the overall population, univariate logistic
regression analyses of WBC, differential counts,
NLR, PLR, MLR and SII as a function of CTCs
(<5, =5) correlated with WBC (OR=1.11, 95%
CI1.03-1.19, p=0.006), neutrophils (OR=1.09,
95% CI 1.00-1.19, p=0.045) and monocytes
(OR=3.75, 95% CI 1.66-8.48, p=0.001). In
multivariate analysis only monocyte counts
remained associated with =5 CTCs (OR=2.72,
95% CI 1.09-6.80, p=0.033) (Table 2).

Univariate and multivariate analyses of

predictors of survival

The median OS was 24.1 months (95% CI 21.6—
29.7). In relation to CTC counts, the median
OS was 30.4months (95% CI 24.1-40.1) and
18.7months (95% CI 15.0-23.1) in patients with
baseline CTCs <5 or =5, respectively (HR=1.82,
95% CI 1.36-2.42, p<0.0001) (Figure 1a). In
relation to NLR value, the median OS was
27.4months (95% CI23.5-40.1) and 20.1 months
(95% CI 17.3-28.6) in patients with baseline
NLR <3 or =3, respectively (HR=1.47, 95% CI
1.10-1.96, p=0.009) (Figure 1b). In relation to
PLR value, the median OS was 30.4months
(95% CI 23.5-40.6) and 20.1months (95% CI
16.9-24.4) in patients with baseline PLR <210
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Table 1. Association of CTC (<5 versus =5] with clinical pathological variables.

CTC
<5 (n=310) =5 (n=206) p'
No. (%) No. (%)
Age, median value (range) 48 (25-81) 49 (23-81) 0.2072
Histology
Ductal 267 (87.2) 164 (79.6)
Nonductal 43(12.8) 42 (20.4) 0.330
Hormone receptor status
ER negative 121 (39.0) 64 (31.1)
ER positive 189 (61.0) 142 (68.9) 0.065
HER?2 status
Negative 244 (79.0) 170 (82.9)
Positive 65 (21.0) 35(17.1) 0.267
Unknown 1 1
Tumor subtype
Triple-negative 82 (27.1) 42(20.9)
HER2+ 65 (21.4) 35(17.4)
HER2- ER+ 156 (51.5) 124 (61.7) 0.032
Unknown or missing data 7 5
Number of metastatic sites
1 104 (33.5) 49 (23.8)
2 93 (30.0) 59 (28.6)
=3 113 (36.5) 98 (47.6) 0.005
Metastatic site
Visceral 188 (60.6) 131 (63.6)
Nonvisceral 122 (39.4) 375 (36.4) 0.500
Number of chemotherapeutic line
First-line 95 (46.3) 70 (46.7)
Second-line 54 (26.4) 29 (19.3)
Third-line or more 56 (27.3) 51 (34.0) 0.492
Number of hormotherapeutic line
First-line 33 (47.1) 14 (43.7)
Second-line 14 (20.0) 8 (25.0)
(Continued)]
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Table 1. (Continued)

CTC
<5(n=310) =5 (n=206) p'
No. (%) No. (%)
Third-line or more 23 (32.9) 10 (31.3) 0.924
Number of anti-HER?2 treatment line
First-line 15 (45.5) 13 (59.1)
Second-line 10 (30.3) 2(9.1)
Third-line or more 8(24.2) 7(31.8) 0.798
NLR
<3 179 (57.7) 107 (51.9)
=3 131 (42.3) 99 (48.1) 0.195
PLR
<210 173 (55.8) 120 (58.2)
=210 137 (44.2) 86 (41.8) 0.583
Sl
<836 184 (59.3) 116 (56.3)
=836 126 (40.7) 90 (43.7) 0.493
MLR
<034 158 (51.0) 95 (46.1)
=>0.34 152 (49.0) 111 (53.9) 0.281

Chi-square test.
2Median test.

ER, estrogen receptor; MLR, monocyte-lymphocyte ratio; NLR, neutrophil-lymphocyte ratio; PLR, platelet-lymphocyte

ratio; Sll, systemic immune-inflammation index.

or =210, respectively (HR=1.46, 95% CI 1.10—
1.95, p=0.010) (Figure 1c). In relation to SII
value, the median OS was 29.0months (95% CI
23.5-40.1) and 20.8 months (95% CI 18.3-27.2)
in patients with baseline SII <836 or =836,
respectively (HR=1.34, 95% CI 1.00-1.78,
p=0.047) (Figure 1d). In relation to MLR value,
the median OS was 30.4months (95% CI 23.8—
40.6) and 19.8 months (95% CI 15.9-24.4) in
patients with baseline MLR <0.34 or =0.34,
respectively (HR=1.72, 95% CI 1.28-2.30,
p»=0.0003) (Figure le).

In triple-negative tumors, CTC (HR=1.96, 95%
CI 1.16-3.33, »p=0.012) and MLR (HR=1.99,

95% CI 1.16-3.41, p=0.013) were able to pre-
dict survival; in HER2+ tumors, PLR (HR=2.36,
95% CI 1.21-4.62, p»=0.012) and MLR
(HR=2.16, 95% CI 1.08-4.33, p=0.029); in
HER2- ER+ tumors CTC only were significant
(HR=2.44, 95% CI 1.56-3.81, p»<<0.0001).
Table 3 summarizes the results of univariate anal-
ysis of OS according to tumor subtype and as a
function of best cutoff value. In multivariate anal-
ysis, among clinical variables in the overall popu-
lation, CTC (=5 versus <5), number of metastatic
sites (>1 wversus 1), and tumor subtypes (triple-
negative versus HER2— ER+ tumors) remained
significant predictors of OS (HR=1.86, 95% CI
1.38-2.51, p<0.0001; HR=2.59, 95% CI
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Table 2. Univariate logistic regression analyses of WBC, differential counts, NLR, PLR, MLR and Sll as a

function of CTC (<5, =5] for all evaluable 516 patients.

Univariate analysis

All cases OR (95% CI) p
WBC 1.11 (1.03-1.19) 0.006
Neutrophils 1.09 (1.00-1.19) 0.045
Lymphocytes 1.18 (0.94-1.47) 0.149
Monocytes 3.75 (1.66-8.48) 0.001
Eosinophils 1.20 (0.32-4.49) 0.786
Basophils Not estimable Not estimable
Platelet 1.00 (0.99-1.00) 0.455
NLR 1.01(0.98-1.04) 0.423
PLR 1.00 (0.99-1.00) 0.554
Sl 1.00 (1.00-1.00) 0.181
MLR 1.27 (0.91-1.77) 0.160

At multivariate analysis, only monocytes are associated with CTC (OR=2.72, 95% CI 1.09-6.80, p=0.033).
MLR, monocyte-lymphocyte ratio; NLR, neutrophil-lymphocyte ratio; PLR, platelet-lymphocyte ratio; Sll, systemic

immune-inflammation index.

1.73-3.89, p<0.0001, and HR=2.00, 95% CI
1.43-2.81, p<<0.0001, respectively); whereas,
among inflammatory indices, only MLR remained
as a predictor of OS (HR=1.70, 95% CI 1.25-
2.29, p=0.0006). The interaction of CTC levels
and NLR, PLR, SII and MLR was investigated
using a Cox proportional hazard model for OS
and showed significant CTC levels interaction
only with MLR (p=0.074), whereas CTC with
NLR (»=0.929), PLR (p=0.616), SII (p=0.836)
were not significant. A univariate analysis includ-
ing CTC and inflammatory indices focusing on
first-line chemotherapy only versus first-line any
therapy oversus all-comers of therapy has also
been calculated and reported in Supplementary
Table 2a—c, which reflect results in the overall
population.

When the CTC groups (<5 or =5) were analyzed
according to the MLR (<0.34 or =0.34), the
four groups were as follows: (1) CTC <5 and
MLR <0.34 in 158 (30.6%) cases; (2) CTC <5
and MLR =0.34 in 152 (29.5%) cases; (3) CTC
=5 and MLR <0.34 in 95 (18.4%) cases; and (4)
CTC =5 and MLR =0.34in 111 (21.5%) cases.
Figure 2 shows the OS according to these four
groups.

Discussion

Inflammation induces changes systemically and
within the cancer microenvironment that favor
cancer progression. CTCs may be directly
involved in inflammation and coagulation pro-
cesses through the expression of tissue factors and
several studies have focused on this topic, includ-
ing some on patients with inflammatory breast
cancer taking statins who had significantly lower
baseline CTC counts than those not on statins. 517

We observed that CTCs are directly associated
with monocytes, especially in triple-negative
breast cancer. CTC and inflammatory indices
such as NLR, PLLR, MLR and SII were predictive
of OS in MBC, but only CTCs and MLR
remained independent prognostic factors in mul-
tivariate analysis. CTCs and MLR combined
create a prognostic score (Figure 2).

The cellular mechanisms by which CTC under-
goes metastasis to a determined site are poorly
understood.!® The immune system has the capacity
to either block tumor development and progres-
sion, or to promote carcinogenesis, growth and dis-
semination.!® Monocyte/macrophages comprise a
heterogeneous population and, depending on their
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Table 3. Univariate analysis of OS according to tumor subtype and as a function of best cutoff value.

0s
Number of Number of Median 0S (months) p HR p
patients events (95% Cl) (95% Cl)

Triple-negative
Overall 124 61 15.9 (12.2-20.6) = = =
CTC <5 82 37 17.8 (15.6-36.3) 1.00

=5 42 24 11.1(9.1-12.2) 0.011 1.96 (1.16-3.33) 0.012
NLR <3 62 32 15.9 (13.2-27.4) 1.00

=3 62 29 15.8 (10.4-24.4) 0.442 1.22 (0.73-2.03) 0.443
PLR <210 57 26 18.2 (14.0-40.1) 1.00

=210 67 35 14.5(10.6-16.7) 0.129 1.49 (0.89-2.50) 0.132
SIl <836 65 33 15.9 (13.2-27.4) 1.00

=836 59 28 15.8 (10.6-24.4) 0.521 1.18 (0.71-1.97) 0.522
MLR <0.34 50 21 20.6 (15.6-40.1) 1.00

=>0.34 74 40 11.9 (9.0-15.9) 0.011 1.99 (1.16-3.41) 0.013
HER2+
Overall 100 36 34.5(21.2-nr) - - -
CTC <5 65 20 34.5(21.2-nr) 1.00

=5 85 16 23.0 (10.5-nr) 0.170 1.58 (0.82-3.05) 0.174
NLR <3 63 18 34.5(23.0-nr) 1.00

=3 37 18 21.2(10.3-nr) 0.094 1.74 (0.90-3.34) 0.098
PLR <210 60 14 34.5 (30.4-nr) 1.00

=210 40 22 17.3 (13.3-nr) 0.010 2.36 (1.21-4.62) 0.012
SIl <836 63 20 34.5(18.8-nr) 1.00

=836 37 16 27.2 (16.2-nr) 0.517 1.24 (0.64-2.40) 0.517
MLR <0.34 50 12 34.5(27.2-nr) 1.00

=0.34 50 24 21.2 (14.4-nr) 0.026 2.16 (1.08-4.33) 0.029
HER2- ER+
Overall 280 83 27.7 (22.2-40.6) - - -
CTC <5 156 31 nr 1.00

=5 124 52 20.5(17.3-26.6) <0.0001 2.44 (1.56-3.81) <0.0001

(Continued)
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Table 3. (Continued)

0s
Number of Number of Median 0S (months) p HR p
patients events (95% Cl) (95% Cl)
NLR <3 156 40 27.7 (23.9-nr) 1.00
=3 124 43 21.6 (17.8-nr) 0.069 1.49 (0.97-2.29) 0.071
PLR <210 170 47 26.6 (22.1-nr) 1.00
=210 110 36 29.0 (20.1-nr) 0.533 1.15(0.74-1.77) 0.534
SIl <836 164 39 29.0 (24.1-nr) 1.00
=836 116 A 21.6 (19.1-nr) 0.055 1.52 (0.99-2.34) 0.057
MLR <0.34 150 39 29.0 (23.5-nr) 1.00
=0.34 130 A 23.9 (19.3-nr] 0.091 1.45(0.94-2.23) 0.093

CTC, circulating tumor cell; ER, estrogen receptor; MLR, monocyte-lymphocyte ratio; nr, nor reached; NLR, neutrophil-lymphocyte ratio; 0S,
overall survival; PFS, progression-free survival; PLR, platelet-lymphocyte ratio; Sll, systemic immune-inflammation index.
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Figure 2. Kaplan-Meier plots illustrating according to baseline circulating tumor cells (CTCs) and monocyte-

lymphocyte ratio (MLR).

phenotype, contribute to tumor cell killing or facili-
tate tumor proliferation and dissemination.20:2!
Disseminated tumor-associated macrophages could
be useful biomarkers of MBC and they may play a
role in CTC migration.222¢ There is an inverse
correlation between CTCs and adaptive immune
cells in the peripheral blood microenvironment
which may influence tumor cell dissemination and
promote the initiation of the metastatic cascade.?>
In inflammatory breast cancer, an increased CTC

count has been correlated with low percentages
and impaired function in circulating dendritic
cells.?5:26 Up to now research into how immune
responses dictate metastatic success has mainly
focused on recruited myeloid populations, with
few studies defining a role for resident immune
cells.2” Neutrophils induce adhesion and seeding
of distant organ sites via the secretion of circulat-
ing growth factors such as VEGF and proteases.?8
Lymphocytes play a key role in tumor defense by
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promoting cytotoxic cell death and inhibiting
tumor cell proliferation and migration, thereby ori-
enting the immune response of the host to the
malignancy.?® Other studies have demonstrated
that platelets induce CTC epithelial-mesenchymal
transition, promoting extravasation to metastatic
sites,30-32

Our results support the hypothesis that mono-
cytes could be coupled with CTCs as a candidate
biomarker in MBC, as recently seen for colorectal
cancer.?334 Interest has also been aroused in the
monocyte/macrophage system as a possible thera-
peutic target in cancer. Trabectedin, a chemo-
therapeutic drug, induced rapid apoptosis in
mononuclear phagocytes and its cytotoxicity in
mononuclear phagocytes was key to its antitumor
activity.?> A deeper understanding of the interac-
tion between anticancer treatments and innate
immunity, especially the monocyte/macrophage
system, could lead to more innovative immuno-
therapy approaches.3® These data support the
hypothesis that circulating monocytes and MLR
can be used as biomarkers of MBC and suggest
that they have a role in association with CTC
phenomenon. Larger prospective studies are
needed to validate these data, to correlate them
with current prognostic markers, and to test their
ultimate usefulness in clinical practice.

The key limitations of the present study concern
its single-center nature, the retrospective design
used in a prospective case series, the various treat-
ment regimens of MBC during follow-up assess-
ments and recent changes in the armamentarium
for MBC so that these results may not exactly
apply to overall current patient populations.
However, we highlighted a previously unknown
relationship between CTC and monocyte counts
and the prognostic impact of these indices. These
data need to be verified in an independent cohort
to be further convinced of the prognostic value.
There are multiple strategies to isolate and char-
acterize CTCs with several technical limitations
in their ability to detect these cells.37-38 Multicenter
trial data with a standard protocol and specific
platforms would be beneficial to evaluate the
prognostic impact of CTC and monocytes in rela-
tion to different treatments and lines of therapy.

In conclusion, CTCs and MLR can be used as a
prognostic biomarker in MBC. CTCs correlate
directly with monocytes, especially in triple-nega-
tive tumors. The low cost, simple collection
method and reproducibility of a full blood count

make MLR a promising prognostic factor in
MBC. Links between CTC and monocytes need
to be investigated in the pathogenesis and pro-
gression of MBC, and can contribute to develop-
ment of new prognostic models in MBC.

Acknowledgments
The authors thank Grainne Tierney and Cristiano
Verna for editorial assistance.

Abbreviations

AUC, area under the curve; CBC, complete
blood count; CTCs, circulating tumor cells; ER,
estrogen receptor; MBC, metastatic breast can-
cer; MLR, monocyte-lymphocyte ratio; NLR,
neutrophil-lymphocyte ratio; NPV, negative pre-
dictive value; OR, odds ratio; OS, overall survival;
PFS, progression-free survival; PLR, platelet—
lymphocyte ratio; PPV, positive predictive value;
SII, systemic immune-inflammation index.

Author contributions

Conceptualization, formal analysis, investigation,
methodology, writing, original draft preparation
and reviewing and editing: UDG; conceptualiza-
tion, supervision, methodology, writing, reviewing
and editing: MM; formal analysis, data validation,
reviewing and editing: ES; reviewing and editing:
AG, MG, RHA; methodology, reviewing and
editing: VV; writing, reviewing and editing: NTU;
data curation, supervision, reviewing and editing:
MUC; conceptualization, data curation, supervi-
sion, reviewing and editing: JMR; All authors read
and approved the final manuscript.

Funding

The authors received no financial support for the
research, authorship, and/or publication of this
article.

Conflict of interest statement
The authors declare that there is no conflict of
interest.

ORCID iD
Ugo De Giorgi
0001-7520-2908

https://orcid.org/0000-

Availability of data and materials

The datasets used and analyzed during the study
are available from the corresponding authors
upon reasonable request. Portions of the results
in this article were presented at the San Antonio
Breast Cancer Symposium, December 6-10,
2016, San Antonio, TX, USA.

journals.sagepub.com/home/tam


https://journals.sagepub.com/home/tam
https://orcid.org/0000-0001-7520-2908
https://orcid.org/0000-0001-7520-2908

U De Giorgi, M Mego et al.

Supplemental material
Supplemental material for this article is available
online.

References

1.

10.

11.

12.

Harbeck N and Gnant M. Breast cancer. Lancet
20175 389: 1134-1150.

Cohen EN, Gao H, Anfossi S, et al. Inflammation
mediated metastasis: immune induced epithelial-
to-mesenchymal transition in inflammatory breast
cancer cells. PLoS One 2015; 10: e0132710.

Ganz PA and Stanton AL. Living with metastatic
breast cancer. Adv Exp Med Biol 2015; 862:
243-254.

Mego M, Mani SA and Cristofanilli M.
Molecular mechanisms of metastasis in breast
cancer: clinical applications. Nat Rev Clin Oncol
2010; 7: 693-701.

Cristofanilli M, Budd GT, Ellis M, et al.
Circulating tumor cells predict progression free
survival and overall survival in metastatic breast
cancer. N Engl ¥ Med 2004; 351: 781-791.

Giuliano M, Giordano A, Jackson S, er al.
Circulating tumor cells as early predictors of
metastatic spread in breast cancer patients with
limited metastatic dissemination. Breast Cancer
Res 20145 16: 440.

. De Giorgi U, Mego M, Rohren EM, et al. 18F-

FDG PET/CT findings and circulating tumor cell
counts in the monitoring of systemic therapies for
bone metastases from breast cancer. ¥ Nucl Med
20105 51: 1213-1218.

Smerage JB, Barlow WE, Hortobagyi GN,

et al. Circulating tumor cells and response to
chemotherapy in metastatic breast cancer: SWOG
S0500. ¥ Clin Oncol 2014; 32: 3483-34809.

. Balkwill F and Mantovani A. Cancer and

inflammation: implications for pharmacology
and therapeutics. Clin Pharmacol Ther 2010; 87:
401-406.

Gabay C and Kushner I. Acute-phase proteins
and other systemic responses to inflammation.
New Engl § Med 1999; 340: 448-454.

Rossi L, Santoni M, Crabb S]J, et al. High
neutrophil-to-lymphocyte ratio persistent during
first-line chemotherapy predicts poor clinical
outcome in patients with advanced urothelial
cancer. Ann Surg Oncol 2015; 22: 1377-1384.

Lolli C, Basso U, Derosa L, et al. Systemic
immune-inflammation index predicts the clinical
outcome in patients with metastatic renal cell

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

cancer treated with sunitinib. Oncotarger 2016; 7:
54564-54571.

Passardi A, Scarpi E, Cavanna L, ez al.
Inflammatory indexes as predictors of prognosis
and bevacizumab efficacy in patients with
metastatic colorectal cancer. Oncorarger 2016; 7:
33210-33219.

De Giorgi U, Mego M, Scarpi E, ez al.
Relationship between lymphocytopenia and
circulating tumor cells as prognostic factors for
overall survival in metastatic breast cancer. Clin
Breast Cancer 20125 12: 264-269.

Mego M, Giordano A, De Giorgi U, et al.
Circulating tumor cells in newly diagnosed
inflammatory breast cancer. Breast Cancer Res
2015; 17: 2.

Bourcy M, Suarez-Carmona M, Lambert ], ez al.
Tissue factor induced by epithelial-mesenchymal
transition triggers a procoagulant state that drives
metastasis of circulating tumor cells. Cancer Res
2016; 76: 4270-4282.

Mego M, De Giorgi U, Broglio K, ez al.
Circulating tumour cells are associated with
increased risk of venous thromboembolism in
metastatic breast cancer patients. Br J Cancer
2009; 101: 1813-1816.

Nguyen DX, Bos PD and Massague ]J. Metastasis:
from dissemination to organ-specific colonization.
Nat Rev Cancer 2009; 9: 274-284.

Kaplan RN, Riba RD, Zacharoulis S, ez al.
VEGFRI1-positive haematopoietic bone marrow
progenitors initiate the pre-metastatic niche.
Nature 20055 438: 820-827.

de Visser KE, Eichten A and Coussens LM.
Paradoxical roles of the immune system during
cancer development. Nat Rev Cancer 2006; 6:
24-37.

Kim K, Li ], Tseng A, er al. NOX2 is critical
for heterotypic neutrophil-platelet interactions
during vascular inflammation. Blood 2015; 126:
1952-1964.

Qian BZ, Li J, Zhang H, et al. CCL2 recruits
inflammatory monocytes to facilitate breast-
tumour metastasis. Nazure 2011; 475:
222-225.

Headley MB, Bins A, Nip A, et al. Visualization
of immediate immune responses to pioneer
metastatic cells in the lung. Nature 2016; 531:
513-517.

Adams DL, Martin SS, Alpaugh RK, ez al.
Circulating giant macrophages as a potential
biomarker of solid tumors. Proc Natl Acad Sci
USA 2014; 111: 3514-3519.

journals.sagepub.com/home/tam


https://journals.sagepub.com/home/tam

Therapeutic Advances in Medical Oncology 11

Visit SAGE journals online
journals.sagepub.com/
home/tam

®SAGE journals

25.

26.

27.

28.

29.

30.

31.

Mego M, Gao H, Cohen EN, ez al. Circulating
tumor cells (CTC) are associated with defects in
adaptive immunity in patients with inflammatory
breast cancer. ¥ Cancer 2016; 7: 1095-1104.

Mego M, Gao H, Cohen EN, ez al. Circulating
tumor cells (CTCs) are associated with
abnormalities in peripheral blood dendritic cells
in patients with inflammatory breast cancer.
Oncotarget 2017; 8: 35656-35668.

Kitamura T, Qian BZ and Pollard JW. Immune
cell promotion of metastasis. Nat Rev Immunol
2015; 15: 73-86.

Cools-Lartigue ], Spicer J, McDonald B,

et al. Neutrophyl extracellular traps sequester
circulating tumor cells and promote metastasis.
J Clin Invest 2013; 123: 3446-3458.

Marra P, Mathew S, Grigoriadis A, ez al. IL15RA
drives antagonistic mechanisms of cancer
development and immune control in lymphocyte-
enriched triple-negative breast cancers. Cancer
Res 20145 74: 4908-4921.

Schumacher D, Strilic B, Sivaraj KK, ez al.
Platelet-derived nucleotides promote tumor-cell
transendothelial migration and metastasis via
P2Y?2 receptor. Cancer Cell 2013; 24: 130-137.

Labelle M, Begum S and Hynes RO. Direct
signaling between platelets and cancer cells
induces epithelial-mesenchymal-like transition
and promote metastasis. Cancer Cell 2011; 20:
576-590.

32.

33.

34.

35.

36.

37.

38.

Valenzuela CA, Quintanilla R, Moore-Carrasco
R, ez al. The potential role of senescence as a
modulator of platelets and tumorigenesis. Front
Oncol 2017; 7: 188.

Hamm A, Prenen H, Van Delm W, ez al.
Tumour-educated circulating monocytes are
powerful candidate biomarkers for diagnosis and
disease follow-up of colorectal cancer. Gut 2016;
65: 990-1000.

Liu Q, Liao Q and Zhao Y. Myeloid-derived
suppressor cells (MDSC) facilitate distant
metastasis of malignancies by shielding circulating
tumor cells (CTC) from immune surveillance.
Med Hypotheses 20165 87: 34—-39.

Germano G, Frapolli R, Belgiovine C, et al.
Role of macrophage targeting in the antitumor
activity of trabectedin. Cancer Cell 2013; 23:
249-262.

Mantovani A and Allavena P. The interaction
of anticancer therapies with tumor-associated
macrophages. ¥ Exp Med 2015; 212: 435-445.

van der Toom EE, Verdone JE, Gorin MA, et al.
Technical challenges in the isolation and analysis
of circulating tumor cells. Oncotarget 20165 7:
62754-62766.

Mansilla C, Soria E and Ramirez N. The
identification and isolation of CTCs: a biological
Rubik’s cube. Crit Rev Oncol Hematol 2018; 126:
129-134.

journals.sagepub.com/home/tam


https://journals.sagepub.com/home/tam
https://journals.sagepub.com/home/tam
https://journals.sagepub.com/home/tam



