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Abstract

Purpose: Predicting the risk of early distant brain failure (DBF) is in demand for management decisions in patients who are candidates
for local treatment of brain metastases. This study aimed to analyze the association between circulating tumor cells (CTCs) and brain
disease control after stereotactic radiation therapy/radiosurgery (SRT) for breast cancer brain metastasis (BCBM).

Methods and Materials: We prospectively assessed CTCs before (CTC1) and 4 to 5 weeks after (CTC2) SRT and their relationship
with the number of new lesions (NL) suggestive of BCBM before SRT. CTC were quantified and analyzed by immunocytochemistry to
evaluate the expression of the proteins COX2, EGFR, ST6GALNACS, NOTCHI, and HER2. Distant brain failure-free survival
(DBFFS), the primary endpoint, diffuse DBFFS (D-DBFFS), and overall survival were estimated. Analysis for DBF within 6 months,
with death as competing risk, was performed.

Results: Patients were included between 2016 and 2018. CTCs were detected in all 39 patients before and in 34 of 35 patients after
SRT. After median follow-up of 16.6 months, median DBFFS, D-DBFFS, and overall survival were 15.3, 14.1, and 19.5 months,
respectively. DBF at 6 months was 40% with CTC1 <0.5 and 8.82% with CTC1 >0.5 CTC/mL (P = .007), and D-DBF at 6 months
was 40% with CTC1 <0.5 and 0 with CTC1 >0.5 CTC/mL (P = .005) and 25% with NL/CTC1 >6.8 and 2.65% with NL/CTC1 <6.8
(P = .063). On multivariate analysis, DBFFS was inferior with CTC1 <0.5 (hazard ratio, 8.27; 95% confidence interval, 2.12-32.3;
P = .002), and D-DBFFS was inferior with CTC1 <0.5 (hazard ratio, 10.22; 95% confidence interval, 1.99-52.41; P = .005).
Protein expression was not associated with outcomes.
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Conclusions: These data suggest that CTC1 and NL/CTC1 may have a role as a biomarker of early diffuse DBF and as a subsequent
guide between focal or whole-brain radiation therapy in patients with BCBM.

© 2021 The Author(s). Published by Elsevier Inc. on behalf of American Society for Radiation Oncology. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

Breast cancer brain metastases (BCBM) have been
reported in 18% to 30% of patients with metastatic dis-
ease,! with an increasing incidence related to the evolu-
tion of brain imaging and more effective control of
extracranial disease as a consequence of improvements in
systemic therapy and the resulting decrease in overall
mortality.” The advances in the management of BCBM
have led to a median overall survival (OS) of 16 months
for all patients and 36 months in the best prognostic group
from a large contemporary cohort.”

In this context, predicting the risk of early distant brain
failure (DBF) is a useful and in demand resource for
management decisions in patients who are candidates for
local treatment of BCBM. Selecting focal stereotactic
radiation therapy (SRT) or whole-brain radiation therapy
(WBRT) is a clinical conundrum between optimizing
intracranial tumor control and avoiding potential deteri-
oration of cognitive function and quality of life.*’

Risk score, nomogram, and prognostic metrics for
DBF after initial treatment with upfront SRT have been
recently developed.®® However, despite the large patient
population and multi-institutional validation, none are
disease specific, and all of them are retrospective and
based on noncontemporary cohorts. Within this context,
we hypothesized whether the evaluation of a biological
marker of micrometastatic disease could predict DBF and
help clinicians to decide between SRT or WBRT for
BCBM. This study aims to analyze the association be-
tween circulating tumor cells (CTCs) and control of brain
disease after SRT for BM.

Methods and Materials

Study design and participants

We prospectively assessed CTCs before (CTC1) and 4
to 5 weeks after (CTC2) SRT for BCBM and their rela-
tionship with the number of new lesions (NL) suggestive
of BCBM before SRT. Those eligible included adult pa-
tients (>18 years of age) with BCBM who were candi-
dates for SRT. Priority patients were those who had
oligometastatic disease (<4 lesions) and no more than 10
lesions, expected survival >6 months defined by the
diagnosis-specific =~ graded  prognostic  assessment

(DS-GPA), or those with prior WBRT. SRT or resection
of BCBM before the CTC1 was allowed. Patients were
excluded if they were pregnant, had undergone WBRT
less than 30 days before a blood sample was collected, or
if they received any systemic therapy less than 7 days
before a blood sample was collected.

This study was approved by the institutional review
board and all participants provided written informed
consent, and the Reporting of Tumor Marker Studies
guidelines were followed.

Procedures

Participants underwent magnetic resonance imaging
(MRI) and computed tomography-based simulation and
were immobilized using a stereotactic mask. SRT was
performed with single stereotactic radiosurgery (SRS) or
stereotactic  fractionated radiation therapy (SFRT)
depending on the size and location of the target volume
following published evidence-based experience.”'” All
patients were treated within 7 days after MRI simulation
for SRT planning with a Varian TrueBeam linear accel-
erator with micromultileaf colimator, cone beam
computed tomography, and robotic couch.

Assessments

Venous blood samples for CTC1 and CTC2 analysis
were timely collected on the same day of the simulation
MRI and the first follow-up MRI, respectively. The ISET
(Isolation by SizE of Tumors, Rarecells, France) was
used to quantify and evaluate CTC as described.'’
Briefly, 10 mL of blood was collected in ethyl-
enediaminetetraacetic acid tubes and kept under ho-
mogenization for up to 4 hours at room temperature to
avoid blood coagulation. Then, the blood was diluted
1:10 with the ISET filtration buffer, transferred to the
ISET block, and filtered through a polycarbonate mem-
brane with calibrated, 8-um diameter, cylindrical pores.
The ISET system is based on the principle that white
blood cells are the smallest cells of the body and that
CTCs are larger than 8 pm. After the filtration, mem-
branes were washed once with phosphate-buffered sa-
line, decoupled of the block, and stored at —20°C until
time of analysis. CTCs were counted per 1 mL of blood
and characterized according to 5 criteria: negativity for
CD45 staining, nucleus size >12 um, hyperchromatic
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Figure 1  Pictures of circulating tumor cells (CTCs) isolated from immunostaining of CTC from patients with metastatic breast cancer
and their relationship with the 8 pum pores (asterisks) of the Isolation by SizE of Tumors (ISET) membranes. (A,B) CTC stained with
HER?2 (arrows), visualized by DAB (diaminobenzidine). (C,D) CTC visualized with haematoxylin (arrows). (E,F) Leukocytes from
patients visualized with haematoxylin (arrows). Images were taken at x400 magnification using a light microscope (Research System
Microscope BX61; Olympus, Tokyo, Japan) coupled to a digital camera (SC100; Olympus).

and irregular nuclei, visible cytoplasm, and a nuclear to
cytoplasm ratio >80%. Immunocytochemistry was per-
formed to evaluate the expression of the proteins COX2,
EGFR, and STO6GALNACS5, which are mediators of CTC
passage through the blood-brain barrier,'” and NOTCH1
and HER2, which are associated with a metastatic
competency to the brain (Fig 1)."”

Follow-up acquired-volumetric postcontrast MRI was
obtained 4 to 5 weeks after SRT, then every 3 months
during the first year and every 4 months in the second
year, unless an earlier time point was clinically indicated.
Imaging evaluators were blinded to CTC analysis and
CTC evaluators were blinded to imaging analysis.

Endpoints

DBF was defined as any new lesion suggestive of
BCBM that developed outside the previous planning
target volume, not present on prior scans and visible in a
minimum of 2 projections on MRI, following the
Response Assessment in Neuro-Oncology Brain Metas-
tases working group.'* Diffuse DBF (D-DBF) was
defined as progression with more than 4 new BCBM or
meningeal carcinomatosis, a more representative endpoint
of the potential indication for salvage WBRT. OS was
defined as time from date of SRT to date of death.
DBF-free survival (DBFFS) and diffuse DBFFS (D-



4 D. Guedes de Castro et al

Advances in Radiation Oncology: March—April 2021

DBFFS) were defined from date of SRT to date of either
DBF, D-DBF, or death.

Statistical analysis

The required sample size was defined following the
prediction of 15 events (DBF) per variable (CTC) for
time-to-event endpoint (DBFFS)."” Estimating that the
events would occur in half of the participants and taking
into account the eventual dropout and possible loss of
follow-up, the target enrollment was 40 patients.

The baseline characteristics were expressed as absolute
and relative frequencies for qualitative variables and as
the median, minimum, and maximum for quantitative
variables. DBFFS, the primary endpoint, D-DBFFS, and
OS were estimated by Kaplan-Meier estimator.'® Log-
rank tests were applied to compare the survival curves
and the optimal cut-off values were determined following
Lausen and Schumacher.'” The Cox semiparametric
proportional hazards model was fitted to assess which
variables would be associated with the endpoints.'® Var-
iables that achieved significance level of 0.2 in a single
regression were used at the multiple regression models.
The final model was obtained using the stepwise back-
ward method (likelihood ratio) with criteria for entry P <
.05 and removal P > .10.

The assumption of proportional hazards was assessed
based on the so-called “Schoenfeld residuals.” There was
evidence that covariates had a constant effect over time in
all cases. In addition, competing risk analysis for DBF in
the presence of death was applied. The cumulative inci-
dence function was estimated and the Gray’s test was
considered to compare the curves. We fitted univariate
subdistribution hazards of an event for different variables
according to the Fine-Gray model, which is a Cox type
proportional subdistribution hazards model."”

The significance level was fixed at 5% for all tests.
Statistical analyses were performed using R software
version 3.5 (R Foundation for Statistical Computing,
Austria). The study closed in February 2018 and the data
set was locked on October 30, 2018.

Results

Participants

Between November 2016 and February 2018, 40
women were enrolled and 39 accrued (1 withdrew from
the study). Baseline characteristics are listed in Table 1.

Radiation therapy

A total of 119 BCBM were irradiated, and the median
number of BCBM per patient was 2 (1-15), with a median

volume of 0.9 cc (0.027-39.18). SRT was performed as
SRS or SFRT in 27 (69%) and 12 (31%) patients,
respectively. The median prescribed dose was 20 (15-22)
Gy and 27.5 (25-30) Gy with SRS and SFRT, respec-
tively. Adjuvant SRT was performed in 4 surgical cavities
in 4 patients, all of them underwent SFRT with a dose of
25 Gy in 5 fractions. Only 1 patient, with 3 previous SRS
in contiguous areas, evolved with a lesion suggestive of
radionecrosis 3 months after SFRT. The actuarial brain
local control at 6 and 12 months after SRT was 100% and
97.93%, respectively.

Circulating tumor cells

The detection rate of CTC1 and CTC2 was, respec-
tively, 100% in the 39 patients before SRT and 97% (34/
35) in the 35 patients after SRT (4 deaths between CTC1
and CTC2). The median CTC1 and CTC2 was 2 CTC/mL
and 2.33 CTC/mL, respectively (P = .357). The ex-
pressions of the proteins in CTC1 and CTC2 are listed in
Table 2.

Regarding the expression of HER2, there was a
discrepancy between the immunophenotype of the pri-
mary tumor and CTC1 in 15 of the 32 tested patients: 14
of the 15 patients with HER2-positive immunophenotype
had negative expression in the CTCI1, and 1 of the 17
without HER2-positive immunophenotype had positive
expression of HER?2 in the CTC1. Among the 27 patients
tested in the CTC2, there was disagreement in 14: 12 of
the 14 patients with HER2-positive immunophenotype
had negative expression in CTC2, and 2 of the 13 without
HER2-positive immunophenotype had positive expres-
sion of HER2 in CTC2.

Among the 15 and 14 patients with HER2-positive
immunophenotype on primary tumor who were tested for
the expression of the proteins in, respectively, CTC1 and
CTC2, 10 patients had negative expression of HER2 both
in CTCI1 and CTC2.

DBF

After a median follow-up of 14.6 months (95% con-
fidence interval [CI], 11.1-18.1) in the 36 evaluable pa-
tients, there were 15 patients with DBF and 6 with D-DBF
(3 with progression with more than 4 new BCBM and 3
with leptomeningeal carcinomatosis). The median DBFFS
and D-DBFFS was 15.3 months (95% CI, 12.2-not
reached) and not reached, respectively.

The mean time to D-DBF in the 6 patients was 6.2 (1-
12) months and the salvage treatment was performed in 4
patients: SRS in 1 patient with more than 4 new BCBM,
WBRT in 2 patients with more than 4 new BCBM, and 1
patient with leptomeningeal carcinomatosis.

The median DBFFS was 6 months in patients with
CTC1 <0.5 CTC/mL and not reached in patients with
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Table 1  Baseline characteristics Table 2 Frequencies of the expression of the proteins in
Median age, years (range) 54 (34-70) CTCl and CTC2
Immunophenotype (%) Proteins CTCl1 CTC2
HER2-positive 20 (51)

Luminal B 12 G1) Category n % Category n %
Triple negative 7 (18) Negative 1 3.6 Negative 1 4
DS-GPA (%) COX2 Positive 27 96.4 Positive 24 96
0-1 12.5) Total 28 100 Total 25 100
1.5-2 6 (15.5) Negative 22 78.6 Negative 9 50
2.5-3 6 (15.5) EGFR Positive 6 21.4 Positive 9 50
3.5-4 26 (66.5) Total 28 100 Total 18 100
KPS (%) Negative 12 46.2 Negative 6 33.3
70-80 7 (18) ST6GALNACS5 Positive 14 53.8 Positive 12 66.7
90-100 32 (82) Total 26 100 Total 18 100
ECM (%) NOTCH1 Negative 13 40.6 Negative 11 40.7
Absent 6 (15.5) Positive 19 59.4 Positive 16 59.3
Present 33 (84.5) Total 32 100 Total 27 100
ECM status (%) Negative 29 90.6 Negative 19 704
Absent 6 (15.5) HER2 Positive 3 9.4 Positive 8 29.6
Progressive 17 (43.5) Total 32 100 Total 27 100
Stable 16 (41) Abbreviation: CTC = circulating tumor cells.

Number of ECM sites (%)

ll\Ione 29(1(3;15?5) The median DBFFS was not reached in patients with
5 2 5) ’ NL <5 and 10.6 months in patients with NL >5 (HR,
3 2 (5) 3.60; 95% CI, 1.08-12.05; P = .037), and the median D-
Previous treatment to the brain (%) DBFFS was not reached in patients with NL <6 and 10.6
None 18 (46) months in patients with NL >6 (HR, 10.72; 95% CI,
SRT 9 (23) 2.13-53.82; P = .004). The median D-DBFFS was 12.1
Surgery 5 (13) months in patients with NL/CTC1 >6.8 and not reached
WBRT 4 (10) in patients with NL/CTC1 <6.8 (HR, 7.37; 95% CI, 1.34-
Surgery and SRT or WBRT 3 (8) 40.5; P = .022).

Systemic therapy before CTC1 (%) The cumulative incidence of DBF at 6 months, with
None < (&) death as a competing risk factor, was 40% in patients with
gﬁ:f‘n‘;?ﬁ;gfyrapy ?2(2(?1) <0.5 CTC/mL and 8.82% in patients with CTC1 >0.5
HER2-targeted therapy 15 (38) CTC/mL (P = .007; Fig 1A). That of D-DBF at 6 months

Abbreviations: CTC = circulating tumor cells; DS-GPA =
diagnosis-specific graded prognostic assessment; ECM = extracra-
nial metastases; KPS = Karnofsky performance score; SRT = focal
stereotactic radiation therapy; WBRT = whole-brain radiation
therapy.

CTC1 >0.5 CTC/mL (hazard ratio [HR], 4.97; 95% CI,
1.48-16.69; P = .0041), and the median D-DBFFS was 6
months in patients with CTC1 <0.5 CTC/mL and not
reached in patients with CTC1 >0.5 CTC/mL (HR,
10.22; 95% CI, 1.99-52.4; P = .005).

The median DBFFS was 7 months in patients with
immunophenotype triple negative and not reached in pa-
tients with immunophenotypes luminal B and HER2-
positive (HR, 0.25; 95% CI, 0.07-0.89; P = .03) and it
was 7.47 months in patients with DS-GPA <3 and not
reached in patients with DS-GPA >3 (HR, 0.34; 95% CI,
0.12-0.95; P = .04).

was 40% in patients with <0.5 CTC/mL and 0 in patients
with CTC1 >0.5 CTC/mL (P = .005; Fig 1B) and 25%
in patients with NL/CTC1 >6.8 and 2.65% with NL/
CTC1 <6.8 (P = .063; Fig 2).

On multivariate analysis, after the Cox proportional
selection and stepwise regression, DBFFS was inferior in
patients with CTC1 <0.5 CTC/mL (HR, 8.27; 95% CI,
2.12-32.3; P = .002) and superior in patients with
immunophenotype HER2-positive (HR, 0.128; 95% CI,
0.025-0.534; P = .013), and D-DBFFS was inferior in
patients with CTC1 < 0.5 CTC/mL (HR, 10.22; 95% CI,
1.99-52.41; P = .005).

There was no significant association between DBFFS/
D-DBFFS and CTC2, number of extracranial metastases
(ECM) sites (1 vs >2), or kinetics of CTC (CTC2/CTC1).
The expression of the proteins COX2, EGFR, ST6GAL-
NACS5, and NOTCHI1 in CTC1 and CTC2 was not
associated with DBFFS and D-DBFFS. However, there
was a trend to longer DBFFS in patients who expressed
HER2 in CTC1 and CTC2 (Fig 3A and 3B).



6 D. Guedes de Castro et al

Advances in Radiation Oncology: March—April 2021

o
F
= cTC1 — g?am
>0.5
=05
-_— 305
(e}
P = <05
@
o
C
8 o |
23
£
o
=
=
S o«
S5 o
£
3
(&)
1l 1 peeeet.. |
P2 "
.
'
.
'
Q_ U
o
T T T T T
0 5 10 15 20
Time (months)
o |
= NUCTC1
>6.8
=68
— 568
«©
P = <68
@
o
|
s © |
2 s
£
[
i
5 <«
S o
£
=3
(6]
N
o
o |
o

D-DBF
cTC1 — Death

1.0

0.6

Cumulative incidence
0.4

0.2

0.0

0 5 10 15 20
Time (months)

D-DBF
— Death

Time (months)
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(CTC) 1 (£ .5 or >0.5 CTC/mL), and D-DBF stratified by new lesions (NL)/CTC1 (<6.8 or >6.8) based on the Fine-Gray model.

0s

After a median follow-up of 16.6 months (95% CI,
14.8-18.4) in the 39 evaluable patients, there were 16
deaths, 11 (68%) due to extracranial progression, mainly
in the lung (9 out of 11). The median OS was 19.5 months
(95% CI, 16.1-22.9).

The median OS was 8.6 months in patients with CTC1
<0.5 CTC/mL and 19.5 months in patients with CTCI
>0.5 CTC/mL (HR, 3.07; 95% CI, 0.95-9.82; P = .047).
It was 4.8 months in patients with immunophenotype
triple negative and not reached in patients with immu-
nophenotypes luminal B and HER2-positive (HR, 0.15;
95% CI, 0.04-0.5; P = .002) and 19.5 months in patients
with DS-GPA >2, 7.6 months in patients with DS-GPA
<2 (HR, 0.23; 95% CI, 0.08-0.65; P = .006), 8.6
months in patients with NL/CTC1 >2.2, and 19.5 months
in patients with CTC1 <2.2 (HR, 3.32; 95% CI, 1.19-
9.26; P = .02; Fig 4)

On multivariate analysis, after the Cox proportional
selection and stepwise regression, OS was superior in
patients with NL/CTC1 <2.2 CTC/mL (HR, 0.159, 95%
CI, 0.050-0.505; P = .002) and superior in patients with
immunophenotype HER2-positive (HR, 0.073; 95% CI,
0.018-0.288; P < .0001) and luminal B (HR, 0.224; 95%
CL 0.062-0.816; P = .023).

There was no significant association between OS and
CTC2, number of ECM sites (1 vs >2), or kinetics of
CTC (CTC2/CTC1). The expression of the proteins
COX2, EGFR, ST6GALNACS, and NOTCH1 in CTC1
and CTC2 was not associated with OS. However, there
was also a trend to longer OS in patients who expressed
HER?2 in CTC1 and CTC2 (Fig 3C,D).

Discussion

This translational study showed that CTCs were
detectable in almost all patients and that among women
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Figure 3  Kaplan-Meier plot for distant brain failure-free survival (DBFFS) stratified by HER2 expression in (A) circulating tumor

cells (CTC) 1 and (B) CTC2 and for overall survival (OS) stratified by HER2 expression in (C) CTC1 and (D) CTC2.

with BCBM, those with a lower number of CTCs (<0.5
CTC/mL) before SRT were significantly more likely to
develop early DBF and D-DBF. Additionally, the ratio of
NL to CTC before SRT was a potential prognostic factor
of D-DBF and an independent prognostic factor of OS.
These results are promising and may be applicable in a
recurrent clinical dilemma, which is the decision between
SRT or WBRT to optimize the control of BCBM and
mitigate toxicity.”"”!

The high observed rates of CTC detection may be
related to the ISET method of isolation by filtration
compared with the CellSearch system (Veridex), which is
the most used and based on the separation of cells
expressing epithelial markers. During cancer cell
dissemination, especially in the epithelial to mesenchymal
transition, the epithelial surface markers can be down-
regulated. Therefore, a lower detection rate may be

observed in a method in which the CTC detection and
isolation rely only on the positivity of epithelial
markers.””*> The ISET method has been validated in
several published studies with different types of cancer,
providing high sensitivity (1 CTC/mL) and specificity
(100%).”*

A significant association between the number of CTCs
before treatment and survival results has already been
established; it is an independent predictor of progression-
free survival and OS, with an inverse relation in patients
with metastatic breast cancer.””>° Still, there is a unique
clinical study that evaluated the effect of CTC on BCBM
outcome. In a preplanned analysis of the LANDSCAPE
phase II trial, patients with HER2-positive metastatic
breast cancer with BCBM without previous WBRT who
received first-line combination of lapatinib and capecita-
bine had CTC detected (CellSearch) at baseline and day
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21. The central nervous system objective response and 1-
year OS rate were significantly higher in patients with no
CTC at day 21, but there was no difference in time to
progression, an outcome that involved the evaluation of
new brain metastases.”’

Despite being counterintuitive, our finding of signifi-
cant association of the direct relationship between the
number of CTC and DBFFS has been reported in
exploratory analysis of a few retrospective studies. Un-
detectable CTC status was positively correlated with
presence of BCBM and OS in a series of patients with
metastatic breast cancer.”® Likewise, in a cohort of pa-
tients with brain metastases of non-small cell lung cancer,
patients with isolated metastases to the brain were less
frequently identified as CTC-positive compared with pa-
tients with multiple metastatic sites, including the brain,
although CTC were still predictive for 0S.”” More
recently, an update of the breast DS-GPA revealed that
time from primary diagnosis to BCBM was shorter in
patients without ECM compared with those with ECM,
suggesting that some patients may have occult BCBM at
presentation of early-stage breast cancer and/or a more
brain-metastatic tumor phenotype.” Besides that, there
was no relationship between the burden of extracranial
disease, represented by the number of ECM sites, with
DBF and OS in our study, which is in contrast with recent

findings of higher incidence of BCBM in patients with a
greater number of metastatic sites.’”

Therefore, beyond quantity, a qualitative analysis of
CTC may refine the prediction of brain disease control.
For this purpose, we evaluated the ratio of NL to CTC,
which embodies a qualitative indicator, as the greater the
ratio, the more we can infer that a smaller number of
CTCs is associated with a greater number of BCBM, and
therefore these CTCs probably generate more brain
metastasis. In fact, NL/CTC1 was a potential prognostic
factor of D-DBF and an independent prognostic factor of
OS. Regarding the expressions of proteins that eventually
could characterize BCBM-associated CTC in this study,
HER?2 was the only one associated with a trend to longer
DBFEFS and OS, both in CTC1 and CTC2. Interestingly,
HER2 was 1 of 4 markers that composed a BCBM
signature of CTC that was highly invasive and capable of
generating brain and lung metastases in a patient-derived
xenograft mouse model,13 and 9 out of 16 deaths in our
cohort were due to ECM progression in the lung. This is
coherent with a shorter OS in patients with a NL/CTC1
>2.2, suggesting that this sort of CTC is prone to brain
and lung progression.

In this context, the possibility of spontaneous inter-
conversion of HER2 phenotypes in the CTC, irrespective
of the HER2 status of the primary breast cancer,”’
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highlights the potential predictive and prognostic effect of
phenotypic characterization of CTC. Additionally, in pa-
tients with HER2-positive immunophenotype on primary
tumor that had negative expression of HER2 in CTC, the
conversion of the phenotype may be associated with a
response to the anti-HER2 targeted therapies. Of note,
among the 20 patients with HER2-positive immunophe-
notype on primary tumor in our study, 15 were on anti-
HER?2 targeted therapies before SRT, with 8 of them on
dual blockade.

After evaluating the multiple factors associated with
DBF and reviewing our results and clinical and experi-
mental evidence from the recent literature, we hypothe-
size that, among multiple other possibilities, in patients
with BCBM there is a development of a premetastatic
brain environment that involves the infiltration of immu-
nosuppressive neutrophils and the reduction of cytotoxic
T cells,’” in addition to the infiltration of myeloid cells
that produce chemokines and attract other myeloid cells
and CTC, with consequent proliferation of brain metas-
tasis.” Myeloid cells are stimulated by COX2 from pri-
mary tumors, and a high expression of COX2 was
observed in CTC1 and CTC2 in our data. Considering
that COX2 is associated with intercompartmental migra-
tion between the brain, cerebrospinal fluid, and blood,** it
is plausible that the brain environment is already
amenable to the formation of metastases and tends to
attract CTC to the central nervous system and reduce their
amount in the bloodstream. Thus, patients with BCBM
and a lower CTC count in the blood would have a higher
risk of new brain metastasis, because it is likely that a
greater number of CTC is in the brain compartment. On
the other hand, patients with a higher number of CTC in
the blood would have a mechanism of evasion from the
brain attraction. The way forward to continue this inves-
tigation and test our hypothesis is to carry out a study to
evaluate and compare CTC in the blood and cerebrospinal
fluid of patients with BCBM.

These results should be considered in the circum-
stances of the limitations of the research. The small
sample size may have led to a biased overestimated
analysis, and the inclusion of multiple immunopheno-
types of breast cancer with different propensity to develop
brain metastases was a causal factor of the heterogeneity
of the results. The immunocytochemistry performed to
evaluate the expression of multiple proteins in CTC is a
challenging process, with a sensitivity variability and risk
of cross-reactivity with the distinct antibodies. Addition-
ally, the different systemic therapies used may have
influenced both the number of CTC and brain disease
control, although the latter is unlikely. From another
perspective, this was a prospective and pragmatic study
that accrued only patients with breast cancer, without the
inherent biases from retrospective analysis with different
primary tumors that developed risk score, nomogram, or

prognostic metrics to predict DBF after SRT.®® Although
adding some evidence in a seldom-explored topic, the
data presented herein are hypothesis-generating, and
further prospective validation is required.

In conclusion, our findings indicate that CTCs were
detectable in almost all patients with BCBM. CTC before
SRT was an independent prognostic factor of DBFFS, and
D-DBFFS and NL/CTC before SRT was an independent
prognostic factor of OS and a potential prognostic factor
of D-DBF at 6 months. These data suggest that CTC and
NL/CTC1 may have a role as a biomarker of early D-DBF
and as a subsequent guide between focal or WBRT in
patients with BCBM.
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