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Background: Bone metastases and following skeletal-related events (SREs) are frequent in metastatic breast
cancer (MBC) and are a major cause of disability. Circulating tumor cells (CTCs) are prognostic in MBC and are
more frequent in patients with bone metastases (BMs). We investigated whether CTCs could be quantitative
predictive factors of SREs in this setting.

Methods: CTC analysis was performed using CellSearch technology within the first month of BM diagnosis and
blood samples containing >5 CTCs/7.5 mL were considered positive. Patients were then prospectively followed-
up until first onset of a SRE or death.

Results: In 145 BM-MBC patients, mean CTC number was 295/7.5 mL and 60% of patients had >5 CTCs. SREs
occurred in 82 (57%) patients. After a median follow-up of 105 months, median time-to-SRE (TT-SRE),
progression-free survival (PFS) and overall survival (OS) from CTC analysis were 18, 5, and 14 months,
respectively. In multivariable analysis, CTCs >5 predicted a shorter TT-SRE (median ttSRE 11 vs 31 months, HR
2.08, 95%CI 1.26-3.40, p .004). CTC >5 were also an independent predictor of shorter PFS (HR 2.72, 95%CI
1.86-3.95, p < 0.0005) and worse OS (HR 3.16, 95%CI 2.183-4.576, p < 0.0005).

Conclusion: In this series of MBC patients with BMs and a long follow-up, the detection of CTCs in peripheral
blood was not only associated with a worse prognosis in terms of PFS and OS, but was also predictive of an
increased risk of skeletal-related events.

for both dormancy and proliferation of cancer cells.
Skeletal-related events, including pathological fractures, spinal cord
compression, hypercalcemia of malignancy, and the need for palliative

1. Background

Bone is the first site of metastasis in 25%-40% of breast cancer (BC)

patients but up to 80% of metastatic breast cancer (MBC) patients will
develop bone metastases during the disease course [1,2]. This incurable
condition leads to impaired quality of life (QOL) because of
skeletal-related events (SREs) [3] and to reduced survival [4].

The latency between the diagnosis of BC and the onset of a bone
metastasis greatly varies between months and years or even decades [5,
6] suggesting that the bone microenvironment represents an ideal soil
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radiotherapy or orthopedic surgery to bone, represent major clinical
complications in patients with bone metastatic breast cancer [1,7]. The
occurrence of SREs is associated with severe bone pain, reduced
mobility, loss of functional independence, and a substantial deteriora-
tion in quality of life [1,8]. Moreover, SREs frequently require hospi-
talization and multidisciplinary interventions, resulting in increased
healthcare burden and costs. Previous studies demonstrated that the risk
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of developing SREs is influenced by both disease-related and
patient-related factors, including the extent and pattern of bone
involvement, osteolytic activity, performance status, age, and
biochemical markers of bone turnover such as lactate dehydrogenase
(LDH) and alkaline phosphatase [1,9]. Importantly, the development of
SREs has also been associated with shorter survival outcomes in MBC
patients, emphasizing the need for early identification of individuals at
higher risk [9]. Although bone-targeted agents, such as bisphosphonates
and denosumab, have significantly reduced the incidence and delayed
the onset of SREs [1,10], these complications still occur in a substantial
proportion of patients, highlighting the need for additional predictive
biomarkers able to improve risk stratification and therapeutic
management.

Circulating tumor cells (CTCs) >5/7.5 mL of peripheral blood (PB) as
detected by the CellSearch™ method have been described in approxi-
mately 50% of MBC patients [11] and have shown validity both as a
predictive marker of response to therapy and as a prognostic factor [12].
In patients with bone metastases higher numbers of CTCs are displayed
compared to other visceral metastatic sites and an extensive bone
involvement directly correlates with even higher levels of CTCs [13].

The number and type of bone metastases along with patient-based
features (including age, pain composite score, performance status,
LDH and baseline alkaline phosphatase) have been described as inde-
pendent prognostic markers of SREs in MBC patients [14]. However, no
studies focused on the relationship between CTCs and SREs in MBC
patients with bone metastases. Given that CTCs levels are higher in these
patients, we hypothesized that CTCs could be quantitative potential
predictive markers of SREs in this setting, thus providing a rationale for
the development of strategies aimed at the early diagnosis and timely
management of SREs in patients with metastatic breast cancer. There-
fore, given the absence of previous studies specifically investigating the
association between CTC burden and skeletal-related events in meta-
static breast cancer, we sought to address this knowledge gap through a
retrospective analysis of a well-characterized cohort of patients with
bone metastases and long-term follow-up, evaluating whether baseline
CTC count could serve as a predictive biomarker for the occurrence of
skeletal-related events.

2. Methods
2.1. Study design and patients

In this paper we analyzed a subgroup of MBC patients included in a
wider prospective trial of CTCs evaluation in patients with different solid
neoplasms conducted at the Spedali Civili of Brescia from 2009 to 2012
[15-18]. The study has been conducted according to the Declaration of
Helsinki and has been approved by the Institutional Review Board
(NP605-2009). Each patient signed a specific informed consent form
before the analysis of CTCs. Patients were managed outside an inter-
ventional clinical trial and CTCs information had no impact on the
therapeutic decisions taken by the multidisciplinary team of the Insti-
tutional Breast Cancer Unit.

The primary objective was to investigate the correlation between
CTC levels and SREs, and secondary objective was to confirm the
prognostic significance of CTCs in terms of survival outcomes in MBC
patients with bone metastases. After CTC sampling, patients were pro-
spectively followed-up. Minimal requirements for analytical eligibility
in this study were: diagnosis of MBC with histologically- and/or
radiologically-confirmed bone metastases; at least one valid CTC count;
availability of pathological and clinical records and follow-up data.
Patients with a second primary neoplasm different from MBC were
excluded from the analysis. No prospective or retrospective molecular
profiling was performed to investigate the presence of genomic alter-
ations or other molecular drivers in the study population.
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2.2. Clinical evaluation of bone metastases and SREs

Bone metastases were identified based on of surgical records, bone
biopsies or imaging techniques data including X-rays, computed to-
mography (CT), magnetic resonance imaging (MRI), technetium-99 m
hydroxymethylene bone scintigraphy (°°Tc-bone scintigraphy) and
fluorine-18-fluorode-oxyglucose  positron-emission  tomography/
computed tomography (‘®FDG-PET/CT) as clinically indicated.

A trephine BoMa biopsy was performed only when clinically indi-
cated and all patients signed a specific informed consent before the
procedure. BoMa biopsy was performed from unilateral posterior iliac
crest with an 8-gauge needle after local anesthesia. Alternatively, a bone
biopsy was obtained during orthopedic surgical interventions or by a
percutaneous computed tomography (CT)-guided fine needle biopsy.

We defined SREs as both true clinical complications — including
pathologic fractures, spinal cord or nerve root compression, and hy-
percalcemia — and the therapeutic interventions used to treat them,
namely surgery and radiotherapy. We considered synchronous SREs that
appeared within the first three months after bone metastases diagnosis.

2.3. CTCs analysis

For all the patients in this analysis, CTC sampling was performed
within the first month of diagnosis of bone metastases. CTC analysis was
conducted using the FDA-cleared CellSearch technology (Menarini Sil-
icon Biosystems) according to the manifacturer's istructions. Briefly, PB
from MBC patients was drawn into 10 mL evacuated tubes which con-
tained a cell preservative (CellSave Preservative Tubes, Menarini Silicon
Biosystems), maintained at room temperature and processed for CTC
enumeration within 96 h from collection. Epithelial cells were enriched
immunomagnetically using a ferrofluid with antibodies against the
epithelial cell adhesion molecule (EpCAM). EpCAM-positive cells were
labeled with the nuclear dye 4,6-diamidino-2-phenylindole (DAPI) and
monoclonal antibodies specific for the leukocyte common antigen CD45
and cytokeratins 8, 18, 19. CTCs were defined as CD45-negative, cyto-
keratin-positive cells with an intact nucleus and were enumerated by
trained operators. Blood samples containing >5 CTCs/7.5 ml were
considered CTC-positive, consistent with the standardized cut-off
derived from prior landmark studies and subsequently adopted in the
literature [11,19].

2.4. Statistical analysis

Descriptive statistics were used for patient's characteristics. Contin-
uous variables were categorized using predefined cutpoints. Categorical
variables were analyzed with the Chi-square test or the Fisher's test.
Associations of continuous and categorical variables were assessed with
the Mann-Whitney U Test. Outcome measures were calculated from the
date of CTC analysis and included: time-to-SRE (TT-SRE), progression-
free survival (PFS) and overall survival (OS). SREs included hypercal-
cemia, pathological bone fractures and spinal cord compressions. Sur-
vival curves were generated with the Kaplan-Meier method and
stratified by clinical covariates and CTC values. Differences among
curves were evaluated with the log-rank test. Median follow-up was
calculated with the inverse Kaplan-Meier method. All reported p values
are two-sided and p values less than .05 were considered statistically
significant. Potential impact of CTC levels and of single clinical variables
on outcome measures (TT-SRE, PFS, OS) was estimated with the Cox
proportional-hazard model. Results are given as hazard ratios (HRs)
with 95% confidence intervals (95%CIs). Variables significantly asso-
ciated with outcome measures at a p level of significance <.1 were
included in a multivariable Cox model. The SPSS software (v23.00;
SPSS, Chicago, IL, USA) was used for statistical analysis.
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190 ADVANCED BREAST CANCER
TESTED FOR CTCs

152

2 lost at follow-up
bone metastases.

510 SRE data avaialabe 7 excluded

145 included

Fig. 1. CONSORT flow diagram of the study.

The diagram illustrates the selection process of the study participants. Of the
190 advanced breast cancer patients tested for circulating tumor cells (CTCs),
152 had bone metastases. Two patients were excluded due to loss to follow-up,
while an additional 5 patients were excluded due to the unavailability of
skeletal-related event (SRE) data. Consequently, a total of 145 patients were
included in the final analysis.

3. Results
3.1. Patients’ characteristics

From January 2009 to April 2012, 190 MBC patients sequentially
treated at the Department of Medical Oncology, Spedali Civili of Brescia
were prospectively studied with CTC analysis. Of these, 145 patients met
the inclusion criteria for the present analysis (Fig. 1). Patient charac-
teristics are summarized in Table 1. Patients were included consecu-
tively and performed CTC sampling and analysis within the first month
of diagnosis of bone metastases. The majority (83%) of patients had a
luminal histology and 53% of patients had a Ki67 > 20%. Approximately
17% of patients were metastatic at diagnosis while 32% and 51% of
patients developed metastases within or after 4 years from diagnosis,
respectively. For the 120 (83%) non-metastatic patients at diagnosis, the
median time-to first metastasis was 66 months (range 1-370). Median
age at diagnosis of metastatic disease was 58 years (range 33-86). At
study entry, 96 (66%) and 49 (34%) patients had an ECOG PS 0-1 and
>2, respectively. Ten (7%) patients were treatment-naive and the whole
study population received a median of 1 (range 0-13) and 2 (range 0-7)
lines of hormonal treatment and chemotherapy, respectively.

3.2. Skeletal metastases, CTCs and SREs

Bone was the first site of metastatic spread in 86% of cases and all
patients developed bone metastases within a median time of 50 months
from initial diagnosis. The metastatic pattern included other visceral
sites such as liver (46%), lymphnodes and locoregional soft tissues
(41%), lung and pleura (40%) and central nervous system [CNS] (10%)
with a median number of 2 metastatic sites. Bone involvement was
limited (1-2 sites) and extensive (>2 sites) in 37 (26%) and in 108 (74%)
patients, respectively. Bone metastases were predominantly osteolytic in
78% of cases and localized in the axial skeleton (Table 1). At study entry,
CTCs >1, >5 and > 50 were detected in 77%, 60% and 35% of patients,
respectively. Mean and median number of CTCs were 295 CTCs (SD
+1204.3) and 17 CTCs (range 0-11064) (Table 1). CTCs >5 were more
frequent in patients with >3 metastatic sites (p .03), CNS metastases (p
.04), bone metastases as first site of MBC (p .05) and extensive bone
involvement (p .001) (Table 2). A diagnostic BoMa biopsy was con-
ducted in 37 (26%) bone metastatic patients with extensive skeletal
involvement. Twenty of 21 (95%) positive cases had a CTC count of >5.
When BoMa involvement occurred, it was associated with very high CTC
numbers (CTC >1000/7.5 mL, p .051).

SREs were documented in 82 (57%) of patients and included 3 (4%)
spinal cord compressions, 16 (20%) cases of hypercalcemia (any serum
level above normal), 29 (35%) pathological bone fractures and 34 (41%)

The Journal of Liquid Biopsy 13 (2026) 100482

Table 1
Clinico-pathological patients characteristics at CTC evaluation/bone metastases
diagnosis.

Characteristic MBC patients (N = 145)
N (%)
Median age [range], years 58 [33-86]
<60 years 80 (55)
>60 years 65 (45)
Tumour subtype
Luminal 120 (83)
Non-luminal 25@17)
- Her2-positive 15 (10)

- Triple-negative 10 (7)
Histological grade (available in 144 patients)

I 14 (10)

il 69 (48)

111 61 (42)
ECOG Performance status at CTC analysis

0 4(3)

1 92 (63)

2 29 (20)

3 9 (6)

4 11 (8)
ECOG Performance status at CTC analysis

0-1 96 (66)

>2 49 (34)
Ki-67 value (available in 134 patients)

median % [range] 20 [1-80]

<20% 63 (47)

>20% 71 (53)
Metastasis-free interval

median [range], months 51 [0-370]

0 months (stage IV at diagnosis) 25 (17)

1-48 months 46 (32)

>48 months 74 (51)
First metastatic site

Bone 124 (86)

Other 21 (14)
Metastatic sites

Bone 145 (100)

Liver 67 (46)

Lung/pleura 58 (40)

CNS 14 (10)

Locoregional 59 (41)
No. of metastatic sites

median [range] 2 [1-7]

1 42 (29)

2-3 87 (60)

>3 16 (11)
Skeletal involvement

limited (1-2 sites) 37 (26)

extensive (>3 sites) 108 (74)
Number of previous chemotherapy lines

0 27 (19)

1-3 95 (65)

>3 23 (16)
Number of previous HT lines

0 24 (17)

1-3 100 (69)

>3 21 (14)

CTC evaluation
Mean CTC number/7.5 mL ( & SD)
Median CTC number/7.5 mL (range)

145/145 (100)
295 (£ 1204)
17 (0-11064)

CTC count
0 CTC 33/145 (23)
1-5 CTC 29/145 (20)
6-50 CTC 34/145 (23)
>51 CTC 49/145 (34)

'8FDG-PET/CT 72/145 (50)
Negative 7/72 (10)
Positive 65/72 (90)

Bone marrow biopsy 37/145 (26)
Negative 16/37 (43)
Positive 21/37 (57)
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Table 2
Associations between clinico-pathological characteristics and SREs or CTCs >5.
Category SREs (%) p CTC>5 (%) p
Age
<60 years 45/80 (56) 1.0 44/80 (55) .397
>60 years 37/65 (57) 41/65 (63)
ECOG PS
0-1 42/96 (44) 597 42/96 (44) <.0005
>2 19/49 (39) 43/49 (88)
Tumour subtype
Luminal 71/120 (59) .188 72/120 (60) .507
Non-Luminal 11/25 (44) 13/25 (52)
Ki-67 value (available in 134 patients)
<20% 35/63 (56) .485 36/63 (57) .862
>20% 44/71 (51) 42/71 (59)
Metastasis-free interval
Synchronous 15/25 (60) .825 18/25 (72) 181
metachronous 67/120 (56) 67/120 (56)

First metastatic site

Bone 72/124 (58) 476 77/124 (62) .054
Other 10/21 (48) 8/21 (38)
Metastatic sites (except bone)
Liver 37/67 (55) .867 42/67 (63) 400
Lung/pleura 32/58 (55) .865 30/58 (52) 174
CNS 6/14 (43) .396 12/14 (86) .043
Locoregional 37/59 (63) .236 40/59 (68) .086
No. of metastatic sites
1 24/42 (57) .854 18/42 (43) .033
2-3 50/87 (58) 55/87 (64)
>3 8/16 (50) 12/16 (75)
Skeletal involvement
limited (1-2 sites) 18/37 (49) 337 13/37 (35) .001

extensive (>3 sites) 64/108 (45)
Number of previous chemotherapy lines

72/108 (67)

0 18/27 (67) .395 20/27 (74) .193
1-3 53/95 (56) 52/95 (55)
>3 11/23 (48) 13/23 (57)

Number of previous HT lines
0 13/24 (54) .343 14/24 (58) .812
1-3 60/100 (60) 60/100 (60)
>3 9/21 (43) 11/21 (52)

Skeletal related events
Yes - - 48/82 (59) 1.0
No 37/63 (60)

CTC
<5 34/60 (57) 1.0 -
>5 48/85 (57)

Table 3

Skeletal related events incidence, type and treatment.

Characteristic MBC patients (N = 145)
N (%)
Skeletal related event
Yes 82/145 (57)
No 63/145 (43)
SRE type
Hypercalcemia 16/82 (20)
Spinal cord compression 3/82(4)
Pathologic bone fracture 29/82 (35)
Orthopedic surgical intervention 0/82 (0)
Palliative radiation on bone 34/82 (41)
SRE medical treatment
Denosumab 3/36 (8)
Biphosphonates 33/36 (92)
Zoledronic Acid 27/36 (75)
Pamidronate 6/36 (17)

of palliative radiotherapy on bone metastases. In 41/82 (50%) patients,
SREs were synchronous at the date of CTC analysis and in 36/61 (59%)
they occurred after a median of 17.2 months from the date of CTC
analysis. In the whole series median time-to-SRE from CTC count was 18
months (range 0-156 months). Among patients requiring medical
management for SREs, bisphosphonates were the most frequently
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administered agents (92%), whereas denosumab was used in only a
small proportion of cases (8%). (Table 3).

3.3. Time-to-SRE and survival endpoints

After a median follow-up of 105 months from initial breast cancer
diagnosis (last update January 2026), all patients had at least one dis-
ease progression and 140 (96%) were dead. Median TT-SRE, PFS and OS
from CTC analysis for the whole series were 18 months [0-156], 5
months [0-156] and 14 months [1-157], respectively (Fig. 2). Predictors
of shorter time-to-SRE at univariate analysis included luminal tumor
subtype (HR .52, 95%CI .275-.995, p .048), extensive bone involvement
(HR 1.90, 95%CI 1.116-3.244, p .18) and CTC >5 (HR 2.39, 95%CI
1.472-3.890, p < 0.0005). At multivariable analysis, only CTC >5
remained as an independent predictor of shorter TT-SRE (HR 2.08, 95%
CI 1.266-3.403, p .004) (Table 4). Independent predictors of worse PFS
at multivariate Cox analysis included the presence of visceral metastases
(HR 1.54, 95%CI 1.061-2.243, p .023) and CTC >5 (HR 2.72, 95%CI
1.865-3.955, p < 0.0005) (Table 5). Independent predictors of worse OS
at multivariate Cox analysis included the presence of visceral metastases
(HR 1.72, 95%CI 1.174-2.512, p .005) and CTC >5 (HR 3.16, 95%CI
2.183-4.576, p < 0.0005) (Table 6).

4. Discussion

Skeletal-related events are common in BC patients with skeletal
metastases and are major contributors of reduced QOL, morbidity and
mortality. However, while identification of patients at high risk of SRE is
of paramount importance, in clinical practice there are no validated
factors to identify such high-risk patients during the course of disease.
This study analyzed CTCs as potential predictive factors of skeletal-
related events in bone metastatic BC patients.

In our series, SREs occurred in 57% of patients, with a median time-
to-SRE from CTC analysis of 18 months. Nearly 60% of patients had
CTCs >5 as detected by the CellSearch system. CTCs >5 were more
frequent in patients with bone as first metastatic site, extensive skeletal
involvement (>2 sites), CNS metastases, and a worse performance status
(ECOG PS > 2). Importantly, although CTCs >5 were not directly
associated with a higher frequency of SREs at baseline, they were pre-
dictive of a significantly shorter time to first SRE and independently
increased the risk of developing SREs at multivariable analysis (HR 2.08,
p = 0.004). These findings suggest that elevated CTC levels may identify
a subgroup of patients with biologically more aggressive bone disease
and a higher propensity to develop skeletal complications earlier during
the disease course. Importantly, the prognostic role of CTC enumeration
was not limited to skeletal complications. Patients with CTC counts >5/
7.5 mL also experienced significantly shorter progression-free survival
and overall survival, and CTC positivity remained an independent pre-
dictor of TT-SRE, PFS, and OS in multivariable analyses. Taken together,
these findings indicate that baseline CTC evaluation correlates with
clinically meaningful outcomes and may contribute to the identification
of patients with a more aggressive disease phenotype who are at
increased risk of early skeletal complications and poorer prognosis.

Several limitations should be considered when interpreting our
findings and before implementing CTC assessment in routine clinical
practice. First, although CTC analysis was prospectively performed, the
present study represents a retrospective analysis of a single-center
cohort and CTC enumeration was based on a single baseline assess-
ment, preventing evaluation of dynamic changes during treatment and
disease evolution. Second, patients underwent CTC evaluation at
different time points during the course of metastatic disease. However,
since previous studies have consistently demonstrated that CTC
enumeration retains its prognostic value regardless of the timing of
assessment [19], we believe that this heterogeneity is unlikely to have
substantially affected our findings. Third, no molecular characterization
of CTCs or tumor genomic profiling was available; therefore, we could
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Fig. 2. Impact of circulating tumor cells (CTCs) on clinical outcomes (A) Kaplan-Meier curve for time to skeletal-related events (SRE) according to CTC count (<5
vs > 5). (B) Kaplan-Meier curve for progression-free survival (PFS) by CTC count (<5 vs > 5). (C) Kaplan-Meier curve for overall survival (OS) based on CTC count
(<5 vs > 5).
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Table 4

Uni-/Multivariate analyses of prognostic factors for Time to SRE in MBC with bone metastases.
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Variable Univariate analysis Multivariate analysis
ttSRE months HR 95% CI P HR 95% CI P
Age <60 14.2 .900 .581-1.393 .636 - - -
>60 26.3
Tumor Subtype Luminal 15.1 .523 .275-.995 .048 572 .298-1.099 .094
Non-Luminal 42.7
Ki67 <20% 30.8 1.56 .996-2.451 .052 - - -
>20% 11.7
Grade 1 50.9 - - -
I 14.2 2.00 .888-4.518 .094
I 15.9 2.02 .886-4.618 .095
Bone involvement Limited (1-2 sites) 49.1 1.90 1.116-3.244 .018 1.67 .966-2.893 .066
Extensive (>3 sites) 13.8
Bone mets metachronous 19.6 1.72 .974-3.046 .061 - - -
synchronous 7.4
Visceral metastases no 28.4 1.50 .922-2.454 .102 - - -
yes 14.2
CTC <5 30.8 2.39 1.472-3.890 <.0005 2.08 1.266-3.403 .004
>5 11.4
Table 5
Uni-/Multivariate analyses of prognostic factors for PFS in MBC with bone metastases.
Variable Univariate analysis Multivariate analysis
PFS months HR 95% CI P HR 95% CI p
Age <60 5.0 .834 .598-1.164 .286 - - -
>60 6.0
Tumor Subtype Luminal 5.0 762 .486-1.196 .238 - - -
Non-Luminal 6.0
Ki67 <20% 6.0 1.26 .893-1.786 187 - - -
>20% 6.0
Grade I 4.0 - - -
I 5.0 1.40 .770-2.544 271
m 7.0 1.33 .723-2.438 .361
Bone involvement Limited (1-2 sites) 7.0 1.22 .833-1.779 .309 - - -
Extensive (>3 sites) 5.0
Bone mets metachronous 5.0 1.14 .733-1.774 .562 - - -
synchronous 3.0
Visceral metastases no 7.0 1.48 1.017-2.143 .040 1.54 1.061-2.243 .023
yes 4.0
CTC <5 9.0 2.59 1.794-3.732 <.0005 2.72 1.865-3.955 <.0005
>5 3.0
SRE yes 4.0 .980 .699-1.373 .905 - - -
no 6.0
Table 6
Uni-/Multivariate analyses of prognostic factors for OS in MBC with bone metastases.
Variable Univariate analysis Multivariate analysis
OS months HR 95% CI p HR 95% CI p
Age <60 12.0 .926 .663-1.294 .652 - - -
>60 16.0
Tumor Subtype Luminal 14.0 .792 .501-1.251 317 - - -
Non-Luminal 13.0
Ki67 <20% 16.0 1.27 .893-1.794 185 - - -
>20% 13.0
Grade I 18.0 - - -
I 14.0 1.32 .736-2.348 .355
111 13.0 1.43 .792-2.566 .238
Bone involvement Limited (1-2 sites) 30.0 1.35 .921-1.973 125 - - -
Extensive (>3 sites) 12.0
Bone mets metachronous 15.0 1.56 .998-2.421 .051 - - -
synchronous 7.0
Visceral metastases no 21.0 1.70 1.165-2.483 .006 1.72 1.174-2.512 .005
yes 12.0
CTC <5 36.0 3.11 2.162-4.484 <.0005 3.16 2.183-4.576 <.0005
>5 8.0
SRE yes 10 .794 .566-1.114 .183 - - -
no 17
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after CTC assessment
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Outcome measures were calculated from the date of CTC assessment
according to the study protocol.

Fig. 3. Representative clinical course of a patient with elevated baseline CTC count and subsequent adverse clinical outcomes. This case illustrates how an elevated
baseline CTC count (21 CTCs/7.5 ml), measured 2 months after de novo metastatic breast cancer with bone involvement, was followed by an early skeletal-related
event (10 days), disease progression at 12 months, and death at 20 months. It exemplifies the potential ability of CTC enumeration to anticipate adverse clin-

ical outcomes.

not investigate whether specific molecular alterations contributed to the
increased risk of skeletal complications observed in patients with
elevated CTC counts. Finally, patients were treated according to the
standards of care adopted between 2009 and 2012. Bone-targeted agents
were administered after the occurrence of skeletal-related events rather
than prophylactically, and denosumab was used in only a minority of
patients. Nevertheless, these aspects should also be interpreted in light
of the distinctive strength of our study, which, to the best of our
knowledge, represents the largest cohort of breast cancer patients with
bone metastases prospectively followed for nearly 10 years after a single
CTC assessment. Although the CellSearch® platform remains the only
FDA-cleared and clinically validated method for CTC enumeration,
prospective multicenter studies are warranted to establish whether
CTC-guided clinical decision-making can improve patient outcomes
before its implementation in routine clinical practice.

Our results of CTCs in 60% of bone metastatic BC patients are in line
with a seminal study from the MD Anderson research group [20] that
reported CTCs >5 in 61% of patients with bone metastases compared to
16% of patients without bone metastases. Furthermore, they reported
that extensive bone involvement correlated with higher CTC numbers
and that this had a worse prognostic outcome, challenging the common
belief of the bone as an indolent metastatic site. As a hypothetical
explanation for higher CTC count in bone disease they argued that in
extensive BMs, BoMa infiltration could occur. In our series, a limited
number of patients performed a BoMa biopsy. In the 21 patients with
BoMa neoplastic infiltration, we found a not significant association with
extensive bone involvement and a borderline association with very high
(>1000) CTC numbers suggesting that extensive BMs also involve the
BoMa niche which, in turn, would act as a facilitator of CTC spread.
However, these results are based on limited numbers of patients and
should be taken with caution as hypotheses-generating.

Interestingly, elevated CTC count at the onset of bone metastases
appeared to identify patients with a more aggressive disease phenotype.
Experimental evidence suggests that mTOR signaling pathways regulate
the balance between dormancy and proliferation of bone mar-
row-resident disseminated tumor cells and CTCs in breast cancer [20].
Therefore, our findings further support the concept that tumor biolog-
ical activity may contribute not only to metastatic dissemination but

also to the earlier development of skeletal complications, with potential
therapeutic implications in the era of CDK4/6 inhibitors [21].

Higher CTC levels were statistically associated with a worse ECOG
performance status >2 and with an extensive skeletal involvement.
Results from the largest pooled analysis of CTC individual data in MBC
patients published to date, have identified CTC >5 as the best cut-off to
identify two different prognostic categories within stage IV MBC
(namely Stage IVingolent [CTC<5] and Stage IVaggressive [CTC>5]) in
terms of PFS and OS [22]. By adopting the same stratification process we
confirmed different survival strata across our series of bone metastatic
BC patients. Therefore, patients with higher CTCs numbers intrinsically
have a biological and clinical more aggressive disease that translates
into a significant burden of disease signs and symptoms as measured by
the ECOG performance status.

As SREs are preventable and most international guidelines advocate
for early adoption of bone-directed agents, a CTC-guided prognostic
stratification in MBC with bone metastases could address appropriate
treatments in a tailored way to patients that can benefit most from these
therapies. In this study, 61% of cases with luminal A/B cancers were
associated with CTC >5 and those patients received 1-3 lines of hor-
monal therapy. Prolonged estrogen deprivation can increase androgens
levels in postmenopausal breast cancer patients and expression of
androgen receptor (AR) has been demonstrated on CTCs in breast cancer
patients with bone metastases [23]. Several lines of evidence exist that
bone metastases are more frequent in patients with endocrine-sensitive
breast cancer and that endocrine interventions can alter the bone
pre-metastatic niche [24]. Therefore, a liquid biopsy with
AR-positive-CTCs should be explored as a specific dynamic marker of
bone metastases and SREs in this histological subtype [25]. Finally, as
the anti-RANK ligand (RANKL) monoclonal antibody, denosumab, is
currently used for treatment of bone metastases and prevention of SREs,
a CTC-based liquid biopsy with RANKL determination would represent
an useful tool [26].

To further illustrate the potential clinical applicability of our find-
ings, an exemplary case from our cohort is shown in Fig. 3. The patient
presented with de novo metastatic breast cancer with bone involvement
and underwent CTC assessment two months after diagnosis, revealing
21 CTCs/7.5 mL. Ten days after CTC evaluation, she experienced a
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pathological fracture as her first skeletal-related event, followed by
disease progression 12 months later and death after 20 months.
Although this single case cannot establish causality, it exemplifies the
temporal association between an elevated CTC count and adverse clin-
ical outcomes observed throughout our study population, thereby
facilitating the clinical interpretation of our findings.

In conclusion, in this series of MBC patients with bone metastases
and long-term follow-up, we demonstrated that elevated CTC levels are
associated with more extensive skeletal disease and independently
predict a shorter time-to-SRE, as well as worse survival outcomes.
Although CTCs are unlikely to represent direct mechanistic de-
terminants of SREs, they may serve as clinically relevant biomarkers
identifying patients at increased risk of early skeletal complications.
Although the CellSearch methodology we used for CTC assessment has
been progressively complemented by newer technologies, it still repre-
sents a robust and clinically validated approach for CTC enumeration;
therefore our findings further contribute to the understanding of the
complex interactions among primary BC, bone metastases, bone marrow
dissemination and skeletal complications, and may support the design of
future studies focused on personalized prevention and treatment stra-
tegies for SREs in metastatic breast cancer.

Statement

The present study has been conducted according to the Declaration
of Helsinki and has been approved by the Institutional Review Board
(NP605-2009). Each patient signed a specific informed consent form
before the analysis of CTCs. Patients were managed outside an inter-
ventional clinical trial and CTCs information had no impact on the
therapeutic decisions taken by the multidisciplinary team of the Insti-
tutional Breast Cancer Unit.

Declaration of competing interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

References

[1] Coleman RE. Clinical features of metastatic bone disease and risk of skeletal
morbidity. Clin Cancer Res 2006;12:6243s-9s.

[2] Liu SV, Russell CA. Chapter 82: medical treatment for bone metastases. In:
Harris JR, Lippman ME, Morrow M, Osborne CK, editors. Diseases of the breast.
fifth ed. Lippincott Williams and Wilkins; 2014.

[3] Coleman RE. Skeletal complications of malignancy. Cancer 1997;80:1588-94.

[4] D'Oronzo S, Coleman R, Brown J, Silvestris F. Metastatic bone disease:

pathogenesis and therapeutic options: up-date on bone metastasis management.

J Bone Oncol 2019;15. https://doi.org/10.1016/].jb0.2018.10.004. 004-4.

Zhang XHF, et al. Latent bone metastasis in breast cancer tied to Src-dependent

survival signals. Cancer Cell 2009;16:67-78.

Aguirre-Ghiso JO. Models, mechanisms and clinical evidence for cancer dormancy.

Nat Rev Cancer 2007;7:834-46.

Costa L, Major PP. Effect of bisphosphonates on pain and quality of life in patients

with bone metastases. Nat Clin Pract Oncol 2009;6(3):163-74.

Weinfurt KP, Castel LD, Li Y, et al. Health-related quality of life among patients

with breast cancer receiving zoledronic acid for bone metastases. Support Care

Cancer 2004;12(11):787-93.

[5

—

[6

[}

[7

—

[8

—

[91

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

The Journal of Liquid Biopsy 13 (2026) 100482

Coleman RE, Lipton A, Roodman GD, et al. Metastatic bone disease: clinical
features, pathophysiology and treatment strategies. Cancer Treat Rev 2014;40(3):
223-35.

Stopeck AT, Lipton A, Body JJ, et al. Denosumab compared with zoledronic acid
for treatment of bone metastases in advanced breast cancer. J Clin Oncol 2010;28
(35):5132-9.

Cristofanilli M, Budd GT, Ellis MJ, Stopeck A, Matera J, Miller MC, Reuben JM,
Doyle GV, Allard WJ, Terstappen LW, Hayes DF. Circulating tumor cells, disease
progression, and survival in metastatic breast cancer. N Engl J Med 2004;351(8):
781-91.

Bidard FC, Peeters DJ, Fehm T, Nole F, Gisbert-Criado R, Mavroudis D, Grisanti S,
Generali D, Garcia-Saenz JA, Stebbing J, Caldas C, Gazzaniga P, Manso L,
Zamarchi R, de Lascoiti AF, De Mattos-Arruda L, Ignatiadis M, Lebofsky R, van
Laere SJ, Meier-Stiegen F, Sandri MT, Vidal-Martinez J, Politaki E, Consoli F,
Bottini A, Diaz-Rubio E, Krell J, Dawson SJ, Raimondi C, Rutten A, Janni W,
Munzone E, Caranana V, Agelaki S, Almici C, Dirix L, Solomayer EF, Zorzino L,
Johannes H, Reis-Filho JS, Pantel K, Pierga JY, Michiels S. Clinical validity of
circulating tumour cells in patients with metastatic breast cancer: a pooled analysis
of individual patient data. Lancet Oncol 2014;15(4):406-14.

De Giorgi U, Valero V, Rohren E, Mego M, Doyle GV, Miller MC, Ueno NC,
Handy BC, Reuben JM, Macapinlac HA, Hortobagyi GN, Cristofanilli M. Circulating
tumor cells and bone metastases as detected by FDG-PET/CT in patients with
metastatic breast cancer. Ann Oncol 2010;21:33-9.

Brown JE, Cook RJ, Lipton A, Costa L, Coleman RE. Prognostic factors for skeletal
complications from metastatic bone disease in breast cancer. Breast Cancer Res
Treat 2010;123:767-79.

Buglione M, Grisanti S, Almici C, Mangoni M, Polli C, Consoli F, Verardi R, Costa L,
Paiar F, Pasinetti N, Bolzoni A, Marini M, Simoncini E, Nicolai P, Biti G,

Magrini SM. Circulating tumour cells in locally advanced head and neck cancer:
preliminary report about their possible role in predicting response to non-surgical
treatment and survival. Eur J Cancer 2012 Nov;48(16):3019-26. https://doi.org/
10.1016/j.€jca.2012.05.007. Epub 2012 Jun 7. PMID: 22682019.

Grisanti S, Almici C, Consoli F, Buglione M, Verardi R, Bolzoni-Villaret A,
Bianchetti A, Ciccarese C, Mangoni M, Ferrari L, Biti G, Marini M, Ferrari VD,
Nicolai P, Magrini SM, Berruti A. Circulating tumor cells in patients with recurrent
or metastatic head and neck carcinoma: prognostic and predictive significance.
PLoS One 2014 Aug 8;9(8):€103918. https://doi.org/10.1371/journal.
pone.0103918. PMID: 25105871; PMCID: PMC4126745.

Grisanti S, Antonelli A, Buglione M, Almici C, Foroni C, Sodano M, Triggiani L,
Greco D, Palumbo C, Marini M, Magrini SM, Berruti A, Simeone C. Analysis of
circulating tumor cells in prostate cancer patients at PSA recurrence and review of
the literature. Anticancer Res 2016 Jun;36(6):2975-81. PMID: 27272813.
Consoli F, Grisanti S, Amoroso V, et al. Circulating Tumor Cell as predictors of
prognosis in metastatic breast cancer: clinical application outside a clinical trial.
Tumori 2011;97:737-42.

Hayes DF, Cristofanilli M, Budd GD, et al. Circulating tumor cells at each follow-up
time point during therapy of metastatic breast cancer patients predict progression-
free and overall survival. Clin Cancer Res 2006;12:4218-24.

Boral D, Liu HN, Kenney SR, et al. Molecular Interplay between dormant bone
marrow-resident cells (BMRCs) and CTCs in breast cancer. Cancers 2020;12:1626.
Iuliani M, Simonetti S, Ribelli G, Napolitano A, et al. Biological effects of cyclin-
dependent kinase inhibitors Ribociclib, Palbociclib and Abemaciclib on breast
cancer bone microenvironment. Int J Mol Sci 2022;23(5):2477.

Cristofanilli M, Pierga J-Y, Reuben J, Rademaker A, Davis AA, Peeters DJ, et al. The
clinical use of circulating tumor cells (CTCs) enumeration for staging of metastatic
breast cancer (MBC): international expert consensus paper. Crit Rev Oncol Hematol
2019;134:39e45.

Aceto N, Bardia A, Witters BS, et al. AR expression in breast cancer CTCs associates
with bone metastases. Mol Cancer Res 2018;16:720-7.

Farach-Carson MC, Lin SH, Nalty T, et al. Sex differences and bone metastases of
breast, lung and prostate cancers: do bone homing cancers favors feminized bone
marrow? Front Oncol 2017;7:163.

Wang S, Wu W, Lin Z, et al. Predictive and prognostic biomarkers of bone
metastasis in breast cancer: current status and future directions. Cell Biosci 2023;
13:224.

Pantano F, Rossi E, Iuliani M, et al. Dynamic changes of Receptor activator of
nuclear factor-kB expression in circulating tumor cells during denosumab predict
treatment effectiveness in metastatic breast cancer. Sci Rep 2020;10:1288.


http://refhub.elsevier.com/S2950-1954(26)00028-7/sref1
http://refhub.elsevier.com/S2950-1954(26)00028-7/sref1
http://refhub.elsevier.com/S2950-1954(26)00028-7/sref2
http://refhub.elsevier.com/S2950-1954(26)00028-7/sref2
http://refhub.elsevier.com/S2950-1954(26)00028-7/sref2
http://refhub.elsevier.com/S2950-1954(26)00028-7/sref3
https://doi.org/10.1016/j.jbo.2018.10.004
http://refhub.elsevier.com/S2950-1954(26)00028-7/sref5
http://refhub.elsevier.com/S2950-1954(26)00028-7/sref5
http://refhub.elsevier.com/S2950-1954(26)00028-7/sref6
http://refhub.elsevier.com/S2950-1954(26)00028-7/sref6
http://refhub.elsevier.com/S2950-1954(26)00028-7/sref7
http://refhub.elsevier.com/S2950-1954(26)00028-7/sref7
http://refhub.elsevier.com/S2950-1954(26)00028-7/sref8
http://refhub.elsevier.com/S2950-1954(26)00028-7/sref8
http://refhub.elsevier.com/S2950-1954(26)00028-7/sref8
http://refhub.elsevier.com/S2950-1954(26)00028-7/sref9
http://refhub.elsevier.com/S2950-1954(26)00028-7/sref9
http://refhub.elsevier.com/S2950-1954(26)00028-7/sref9
http://refhub.elsevier.com/S2950-1954(26)00028-7/sref10
http://refhub.elsevier.com/S2950-1954(26)00028-7/sref10
http://refhub.elsevier.com/S2950-1954(26)00028-7/sref10
http://refhub.elsevier.com/S2950-1954(26)00028-7/sref11
http://refhub.elsevier.com/S2950-1954(26)00028-7/sref11
http://refhub.elsevier.com/S2950-1954(26)00028-7/sref11
http://refhub.elsevier.com/S2950-1954(26)00028-7/sref11
http://refhub.elsevier.com/S2950-1954(26)00028-7/sref12
http://refhub.elsevier.com/S2950-1954(26)00028-7/sref12
http://refhub.elsevier.com/S2950-1954(26)00028-7/sref12
http://refhub.elsevier.com/S2950-1954(26)00028-7/sref12
http://refhub.elsevier.com/S2950-1954(26)00028-7/sref12
http://refhub.elsevier.com/S2950-1954(26)00028-7/sref12
http://refhub.elsevier.com/S2950-1954(26)00028-7/sref12
http://refhub.elsevier.com/S2950-1954(26)00028-7/sref12
http://refhub.elsevier.com/S2950-1954(26)00028-7/sref12
http://refhub.elsevier.com/S2950-1954(26)00028-7/sref13
http://refhub.elsevier.com/S2950-1954(26)00028-7/sref13
http://refhub.elsevier.com/S2950-1954(26)00028-7/sref13
http://refhub.elsevier.com/S2950-1954(26)00028-7/sref13
http://refhub.elsevier.com/S2950-1954(26)00028-7/sref14
http://refhub.elsevier.com/S2950-1954(26)00028-7/sref14
http://refhub.elsevier.com/S2950-1954(26)00028-7/sref14
https://doi.org/10.1016/j.ejca.2012.05.007
https://doi.org/10.1016/j.ejca.2012.05.007
https://doi.org/10.1371/journal.pone.0103918
https://doi.org/10.1371/journal.pone.0103918
http://refhub.elsevier.com/S2950-1954(26)00028-7/sref17
http://refhub.elsevier.com/S2950-1954(26)00028-7/sref17
http://refhub.elsevier.com/S2950-1954(26)00028-7/sref17
http://refhub.elsevier.com/S2950-1954(26)00028-7/sref17
http://refhub.elsevier.com/S2950-1954(26)00028-7/sref18
http://refhub.elsevier.com/S2950-1954(26)00028-7/sref18
http://refhub.elsevier.com/S2950-1954(26)00028-7/sref18
http://refhub.elsevier.com/S2950-1954(26)00028-7/sref19
http://refhub.elsevier.com/S2950-1954(26)00028-7/sref19
http://refhub.elsevier.com/S2950-1954(26)00028-7/sref19
http://refhub.elsevier.com/S2950-1954(26)00028-7/sref20
http://refhub.elsevier.com/S2950-1954(26)00028-7/sref20
http://refhub.elsevier.com/S2950-1954(26)00028-7/sref21
http://refhub.elsevier.com/S2950-1954(26)00028-7/sref21
http://refhub.elsevier.com/S2950-1954(26)00028-7/sref21
http://refhub.elsevier.com/S2950-1954(26)00028-7/sref22
http://refhub.elsevier.com/S2950-1954(26)00028-7/sref22
http://refhub.elsevier.com/S2950-1954(26)00028-7/sref22
http://refhub.elsevier.com/S2950-1954(26)00028-7/sref22
http://refhub.elsevier.com/S2950-1954(26)00028-7/sref23
http://refhub.elsevier.com/S2950-1954(26)00028-7/sref23
http://refhub.elsevier.com/S2950-1954(26)00028-7/sref24
http://refhub.elsevier.com/S2950-1954(26)00028-7/sref24
http://refhub.elsevier.com/S2950-1954(26)00028-7/sref24
http://refhub.elsevier.com/S2950-1954(26)00028-7/sref25
http://refhub.elsevier.com/S2950-1954(26)00028-7/sref25
http://refhub.elsevier.com/S2950-1954(26)00028-7/sref25
http://refhub.elsevier.com/S2950-1954(26)00028-7/sref26
http://refhub.elsevier.com/S2950-1954(26)00028-7/sref26
http://refhub.elsevier.com/S2950-1954(26)00028-7/sref26

	Circulating tumor cells predict early skeletal-related events in patients with bone metastases from breast cancer
	1 Background
	2 Methods
	2.1 Study design and patients
	2.2 Clinical evaluation of bone metastases and SREs
	2.3 CTCs analysis
	2.4 Statistical analysis

	3 Results
	3.1 Patients’ characteristics
	3.2 Skeletal metastases, CTCs and SREs
	3.3 Time-to-SRE and survival endpoints

	4 Discussion
	Statement
	Declaration of competing interest
	References


