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Abstract

Background: Breast cancer frequently results in brain metastases (BCBM], leading to poor
outcomes. Central nervous system (CNS) involvement entails significant challenges in
advanced breast cancer (ABC]) patients.

Objectives: To characterize BCBM patients according to surrogate clinical BC subtypes and
evaluate the interval between ABC and BCBM detection, both at ABC diagnosis (BCBM1
cohort) and for those who develop BCBM subsequently (BCBM2 cohort). Secondary objectives
included analyzing the time-related outcomes by BC subtype.

Design: RegistEM is an ongoing ambispective, observational study of ABC patients diagnosed
since January/2016.

Methods: We describe the characteristics of BCBM patients reported by January 22, 2024,
categorized by BC subtype on the most recent tumor sample obtained before first-line
therapy.

Results: At the cutoff date, 346/1947 (18%) patients diagnosed with ABC between
January/2016 and December/2019 developed BCBM, and 288/346 (83%) died. All patients were
female, predominantly Caucasian (98%), with a median age of 55years at ABC diagnosis. The
distribution by subtype was 170/346 (49%) HR+/HER2-, 68/346 (20%) HR+/HER2+, 54/346
(16%) HR-/HER2+, and 51/346 (15%) HR-/HER2- (triple negative (TN]]. One-fourth (85/346)
were in the BCBM1 cohort, with 22/85 (26%) having BCBM as the only metastatic location; in
this cohort, median time to BCBM was 38 months, with shorter intervals in HR-/HER2+ and
TN subtypes (17 and 18 months, respectively). In the BCBM2 cohort (261/346), the median time
to BCBM was 24 months, with the shortest interval in TN (13 months). Median survival from
BCBM diagnosis was 26 months (95% confidence interval (Cl), 20-35) in BCBM1 and 9 months
(95% CI, 7-12) in BCBM2 (hazard ratio, 2.3; 95% Cl, 1.7-3.0); TN subtype showed the poorest
results (median of 6 months; 95% Cl, 3-13).

Conclusion: TN and HER2+ BC subtypes progressed faster to BCBM and had worse
outcomes. Survival differed significantly between the two cohorts, BCBM1 and BCBM2.
Continued research is essential to improve the treatment and prevention strategies.
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Plain language summary

How breast cancer subtypes affect brain metastases: results from a Spanish National
Registry

Breast cancer can sometimes spread to the brain, leading to serious health problems
and shorter survival. This study looked at women with advanced breast cancer (ABC)
who developed brain metastases, using information from a large Spanish registry called
RegistEM. Researchers studied 346 women who developed brain metastases out of nearly
2,000 patients with ABC diagnosed between 2016 and 2019. They grouped patients based
on breast cancer subtype, determined by hormone receptor (HR) and HER2 status. The
subtypes were:

¢ HR+/HER2- (49%)
¢ HR+/HER2+ (20%)
* HR-/HER2+ (16%)
e Triple negative (HR-/HER2-, 15%)

Patients were also split into two groups:

¢ BCBM1: Those who already had brain metastases when ABC was diagnosed (25% of
cases)
¢ BCBM2: Those who developed brain metastases later on (75%)

Results showed that triple-negative and HER2-positive cancers spread to the brain more
quickly than other types. In the BCBM1 group, the average time until brain metastasis was
38 months overall, but much shorterin triple-negative (18 months) and HER2+ (17 months)
cancers. In the BCBM2 group, triple-negative patients developed brain metastases in just
13months on average. Survival after brain metastasis also varied:

e BCBM1 group: median survival was 26 months
e BCBM2 group: median survival was only 9months
e Triple-negative patients had the worst outcomes, with a median survival of just 6 months

Conclusion: Certain breast cancer subtypes, especially triple-negative and HER2-positive,
are more likely to spread quickly to the brain and lead to poorer survival. Knowing the
subtype can help doctors plan better treatment and follow-up strategies. Further research
is needed to find ways to delay or prevent brain involvement in these high-risk groups.

Keywords: advanced breast cancer, brain metastases, observational study, real-world
evidence, registry

Received: 18 July 2025; revised manuscript accepted: 19 January 2026.

Introduction

Breast cancer is the most common cancer in
women globally and, owing to its high incidence,
is the second leading cause of brain metastases
(BCBM).! Central nervous system (CNS)
involvement includes both parenchymal and lep-
tomeningeal disease (LMD), with the latter being
less common, although it is typically associated
with an extremely poor prognosis. Although

BCBM are diagnosed across all breast cancer
subtypes, LMD occurs disproportionately in
invasive lobular carcinoma and triple-negative
breast cancer (TN).2

A recent systematic review and meta-analysis esti-
mated that BCBM occur in approximately 30%
of patients with human epidermal growth factor
receptor 2 positive (HER2+) breast cancer or
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TN, and 15% of those with hormone receptor
(HR)+/HER2- disease.? In support of this,
autopsy studies have revealed even higher rates,
with up to 7.5% of patients with de novo meta-
static breast cancer showing CNS involvement.
Risk factors for BCBM development include
younger age, advanced stage at diagnosis, breast
cancer subtype, presence of germline BRCA1/2
mutations, and a history of lung metastases.!7

Despite significant advances in screening and
treatment that have reduced breast cancer mor-
tality over the past 40years in the US,® BCBM
remain associated with poor prognosis and con-
tinue to be a major cause of morbidity and mor-
tality in patients with advanced breast cancer
(ABC). Prognosis is influenced by multiple fac-
tors, including tumor subtype, performance sta-
tus (PS), age, and the extent of extracranial
disease.® The TN and HER2+ subtypes are par-
ticularly prone to CNS involvement and often
present with more aggressive disease trajectories.
LMD, although less common than parenchymal
metastases, is associated with poor outcomes.
Moreover, the lack of routine CNS screening
contributes to delayed diagnosis, which often
occurs only after the development of neurological
symptoms. Consequently, the quality of life is fre-
quently compromised, and survival remains
limited.

Recent advances in systemic therapy have begun
to reshape the treatment landscape for BCBM.
Novel agents such as antibody—drug conjugates
(ADCs), tyrosine kinase inhibitors, and immune
checkpoint inhibitors have shown intracranial
activity, particularly in HER2+ and TN sub-
types.!® However, effective control of CNS dis-
eases remains complex, and many systemic
therapies still exhibit limited blood-brain barrier
penetration. A multidisciplinary approach that
integrates systemic therapy with local interven-
tions—such as stereotactic radiosurgery or neuro-
surgical resection—is, therefore, essential to
improve outcomes. Regulatory agencies and clini-
cal trials are increasingly including patients with
BCBM under predefined eligibility criteria, allow-
ing for a better understanding of treatment
efficacy in this population. Moreover, brain
metastasis-specific outcomes are now incorpo-
rated as key endpoints in some of these trials,
highlighting the growing recognition of CNS dis-
eases as critical aspects of breast cancer manage-
ment. In parallel, growing interest surrounds
the role of early detection strategies, including

surveillance imaging for asymptomatic patients,
particularly those with high-risk subtypes such as
HER2+ disease.!!

Addressing the challenges of BCBM, especially
those related to tumor subtype variations, requires
a comprehensive understanding of their clinical
presentation and management. In this study, we
analyzed CNS involvement and clinical outcomes
in patients with ABC enrolled in the ongoing
GEICAM/2014-03 (RegistEM) registry, focusing
on the differences across subtypes.

Materials and methods

Study design

The RegistEM is an ambispective, noninterven-
tional, observational study that includes patients
with ABC of any subtype with advanced disease
diagnosed from January 2016 onward, including
patients who died of any cause INCT02819882).
All patients with incident ABC were included in
the registry of each participating institution,
unless informed consent was not provided.
Treatment decisions were made independent of
study participation and were based on local clini-
cal practices.

This study was sponsored and managed by the
GEICAM Spanish Breast Cancer Research
Group, and its database is ongoing. The data
were gathered in an electronic case report form by
a specialized clinical research assistant from the
Medical Oncology Department directly from the
medical records. The GEICAM staff monitors
and validates the data quality of all datasets by
submitting queries to the investigators if deemed
necessary.

Follow-ups included periodic updates during the
course of metastatic disease at the time of pro-
gressive disease (PD) or changes in the treatment
regimen. Each patient is intended to undergo a
follow-up of at least 5years, unless any contrain-
dications prevent this study period, or until death.
Thirty-eight institutions from 15 Autonomic
Communities participated in this study to provide
a diverse overview of the ABC landscape in Spain.
The study was conducted in compliance with
Good Clinical Practice guidelines and the
Declaration of Helsinki. The study was approved
by the institutional review boards (IRBs) of the
participating sites according to the applicable leg-
islation. Written informed consent was obtained
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from all patients, although exceptions were
authorized by the IRBs for patients who died.

Breast cancer surrogate clinical subtypes were
assessed on the most recent tumor lesion (distant
metastasis, and if not available, primary breast
tumor) and defined as HR+ (=1%)/HER2-,
HR+/HER2+, HR—/HER2+, and TN. Cases in
which the BC subtype changed between the pri-
mary tumor and distant metastases were classified
as “phenotype conversion.” Primary and secondary
endocrine therapy (ET) resistance classification
was made according to the international consensus
guidelines for ABC management (ABC 5).12 The
potential impact of incorporating new drugs into
the therapeutic armamentarium for ABC has
been evaluated in patients who received these
drugs before the diagnosis of BCBM. This study
adhered to the established EQUATOR guidelines
with particular attention to the recommenda-
tions for Observational Studies in Epidemiology
(STROBE)!3? (Supplemental Material).

Objectives of the current analysis

The main objective was to describe the character-
istics of patients with BCBM diagnosed up to the
cutoff date established for the analysis, according
to the surrogate clinical BC subtypes determined
by immunohistochemistry, with or without in situ
hybridization, on metastatic tumor tissue before
first-line therapy and, in the absence of metastatic
tissue, on the primary breast tumor. In addition,
to better understand the timing of CNS involve-
ment, the patients were categorized into those with
BCBM at ABC diagnosis (BCBM1 cohort) and
those who developed BCBM subsequently
(BCBM2 cohort). Secondary objectives included
the description of time-related outcomes by BC
subtype, such as the time interval from primary BC
diagnosis to BCBM for the BCBMI1 cohort, the
time interval from ABC diagnosis to BCBM for the
BCBM2 cohort, and survival from BCBM diagno-
sis in all patients. Exploratory analyses were also
conducted to characterize the type of ET resistance
in the HR+/HER2- population with BCBM from
both BCBM1 and BCBM2 cohorts as well as to
evaluate the potential impact of new drugs on the
outcomes of HR+/HER2- and HER2+ (regard-
less of HR expression) populations.

Eligibility criteria
The RegistEM study included adult women and
men diagnosed with ABC from January 2016

onward. ABC included unresectable locally
advanced or metastatic cases, either after disease
recurrence or as de novo metastatic disease. In
the current analysis, patients diagnosed with ABC
between January 2016 and December 2019 who
developed BCBM on January 22, 2024, were
included.

In addition, patients had to meet the following
criteria for study entry: age 18years or older;
availability and willingness to provide written
informed consent (although patients who had
died were also allowed to be included in the
study); accessibility to medical records; and avail-
ability of all data related to disease management.

Statistical considerations

Continuous variables are reported as the number
of missing data points, mean, standard deviation,
median, range, and interquartile range (IQR).
Categorical variables are expressed as frequencies
and numbers of missing values and compared
using the Chi-square (y?) test or Fisher’s exact
test, as appropriate. The proportion of patients
with BCBM was calculated for the entire study
population and surrogate clinical BC subtypes.

Survival from BCBM diagnosis was calculated as
the time from BCBM diagnosis to death from any
cause or last contact. Time-to-event curves were
estimated using the Kaplan—-Meier method and
compared using the log-rank or Wilcoxon test,
as appropriate, based on the distribution.
Multivariate Cox regression analyses were used to
assess factors associated with survival from
BCBM diagnosis, incorporating covariates based
on clinical relevance and univariate analysis.
Hazard ratios (HR) with 95% confidence inter-
vals (CI) were calculated to estimate relative risk.
Proportional hazard assumptions were tested
using cumulative Martingale residuals. All tests
used a two-sided alpha value of 0.05. Statistical
analyses were conducted using SAS® software
(version 7.1; SAS Institute Inc., Cary, NC, USA).
No imputation of missing data was performed.

Results

A total of 1947 patients were included in the
RegistEM study based on the cutoff date for this
analysis. After a median follow-up of 37 months
(IQR 20-56 months), BCBM were identified in
346 (18%) patients. Of these, 85 (25%) patients
presented with BCBM at ABC diagnosis (BCBM1
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cohort), and 261 (75%) developed BCBM during
the course of their disease (BCBM2 cohort). The
main clinicopathological characteristics of the
patients are presented in Tables 1 and 2.

Regarding surrogate clinical breast cancer sub-
types on patients with BCBM (z=346), the most
frequent subtype was HR+/HER2- (=170,
49%), followed by HR+/HER2+ (n=68, 20%),
HR-/HER2+ (n=54, 16%), and TN (n=51,
15%). When considering all patients enrolled on
the RegistEM study by the cutoff date for the cur-
rent analysis (z=1947), HER2+ tumors (both
HR+ and HR-) had the highest proportions of
BCBM. The distribution by breast cancer subtype
in patients with BCBM was 45% (54/121) in HR—/
HER2+, 31% (68/222) in HR+/HER2+, 25%
(51/201) in TN, and 13% (170/1307) in HR+/
HER2- tumors (y? test, p<<0.001). The subtype
was unknown in three patients with BCBM.

Among patients with recurrent early-stage breast
cancer (EBC), the median time to ABC diagnosis
was 49 months (IQR 24-100). This interval was
shorter in patients with TN (median, 20 months).
Notably, 57% of these cases occurred within 12—
24months of EBC diagnosis. In the BCBM?2
cohort (development of BCBM after ABC diag-
nosis), the time from ABC to BCBM onset was
generally shorter in patients with recurrent EBC
than in those with ABC. This difference was
observed across all subtypes: HR+/HER2- (26
(IQR 16-42) vs 39 (IQR 24-48) months), HR+/
HER2+ (17 (IQR 11-37) vs 33 (IQR 21-
40) months), HR-/HER2+ (15 (IQR 10-24) vs
22 (IQR 15-32)months), and TN (11 (IQR
9-29) vs 13 (IQR 8-24) months), with the small-
est difference seen in patients with TN (Kruskal—
Wallis test, p=0.0516).

In the BCBM2 cohort, both the timing and cumu-
lative incidence (Culn) of brain metastases varied
according to breast cancer subtype (Table 3, Figure
1). At 2years, Culn was lowest in HR+/HER2—
tumors (4.09%) and highest in HER2+ (12.08%
HR+, 24.77% HR-) and TN (11.73%) tumors.
While BCBM in patients with the HR+/HER2-
subtype mostly occurred beyond 24 months,
HER2+ and TN showed an earlier onset, with a
peak at approximately 36 months. These patterns
reflect distinct CNS tropism across subtypes.

At the time of ABC diagnosis, visceral involve-
ment was present in over 80% of patients across
all breast cancer subtypes, except for the HR+/

HER2- group, where the rate was lower (65%; %2
test; p<<0.001). As detailed in Table 1, 22 of 346
patients with BCBM (6%) had CNS involvement
as the only metastatic location at ABC diagnosis,
with no significant differences observed between
the subtypes.

The CNS involvement was parenchymal in 277
of 346 patients (80%), with the following sub-
type-specific frequencies: HR+/HER2- 123/170
(72%), HR+/HER2+ 60/68 (88%), HR-/
HER2+ 51/54 (94%), and TN, 41/51 (80%).
LMD alone was observed in 37 patients (11%):
28/170 (17%) in HR+/HER2-, 1/68 (2%) in
HR-+/HER2+, 1/54 (2%) in HR—/HER2+, 6/51
(12%) in TN, and 1 patient had the subtype
unknown. Both parenchymal and leptomeningeal
involvement occurred in 24 patients (7%): 13/170
(8%) HR+/HER2-, 6/68 (9%) HR+/HER2+,
2/54 (4%) HR—/HER2+, and 3/51 (6%) TN. In
eight patients (2%), the pattern of CNS involve-
ment was not specified.

Two or more brain lesions were reported in
approximately 57% of patients, with the highest
proportion in the HR+/HER2+ group (65%). A
single brain lesion was observed in 34% of patients
with the HR+/HER2- subtype (57/170), 31% of
those with HR+/HER2+ (21/68), 41% of those
with HR—-/HER2+ (22/54), and 35% of those
with TN (18/51). Among patients with LMD
(n=61), the initial CNS lesion was identified by
magnetic resonance imaging in 40 cases (66%),
computed tomography in 19 cases (31%), cere-
brospinal fluid (CSF) analysis in 1 case, and was
unknown in 1 patient.

When considering all patients with BCBM
(n=346), the proportion diagnosed with CNS
involvement at ABC diagnosis was similar across
HR-+/HER2-,HR+/HER2+, and HR-/HER2+
subtypes (around 22%), but notably higher in
patients with TN (43%; % p=0.01). In the
BCBM1 cohort, 22/85 (26%) patients had CNS
involvement as the only site of metastasis.
Subtype-specific frequencies were HR+/HER2—
9 (41%), HR+/HER2+ 3 (14%), HR—/HER2+
6 (27%), and TN 4 (18%). A sensitivity analysis
was performed on BCBM1 patients adjusting for
extracranial disease burden, and survival from
BCBM was found to be longer in patients without
visceral disease, although the difference was not
statistically different (Supplemental Material).
Detailed characteristics of both BCBM1 and
BCBM2 cohorts are outlined in Tables 2 and 4.
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Table 1. Characteristics of patients with BCBM by surrogate BC clinical subtype.
Patient characteristics HR+ HER2- HR+ HER2+ HR- HER2+ TN Total
n=170 (49%) n=68(20%) n=54(16%) n=51(15%) n=3462
Characteristics at first BC diagnosis
Extension of disease, n (%)
EBC 127 (75) 40 (59) 32 (59) 37(72) 238 (69]P
De novo metastatic BC 43 (25) 28 (41) 22 (41) 13 (26) 107 (31)
ULABC 0 0 0 1(2) 1(0.3)
Age at first BC diagnosis (years)
Median (IQR) 50 (43-58) 51 (42-56) 55 (47-68) 54 (45-62) 51 (44-60)
Menopausal status at EBC diagnosis, n (%)
Postmenopausal 53 (42) 15 (38) 15 (47) 21 (57) 105 (44)
Premenopausal 74 (58) 25 (62) 17 (53) 16 (43) 133 (56)
Stage at diagnosis of patients with EBC or ULABC, n (%)
I 12 (9) 4(10) 2(6) 4(11) 22(9)
I 76 (60) 19 (48) 15 (47) 25 (66) 136 (57)
1l 26 (20) 16 (40) 12 (38) 8(21) 63 (26)
Unknown 13(10) 1(2) 31(9) 1(3) 18(8)
Morphological tumor type, n (%)
Ductal 140 (83) 55 (86) 50 (94) 44.(88) 292 (8¢)
Lobular 20(12) 61(9) 2(4) 4(8) 32(10)
Other 8 (5) 3(5) 1(2) 2(4) 14 (4)
Histological grade, n (%)
1 8 (5) 2(3) 3 (6) 1(2) 14 (4)
2 73 (43) 18 (27) 19 (35) 11 (22) 122 (35)
3 58 (34) 35(52) 19 (35) 31(61) 144 (42)
Unknown 31(18) 13(19) 13 (24) 8 (16) 66 (19)
Previous treatment for EBC, n (%)
Neoadjuvant 5 (4) 3(8) 4(13) 10 (26) 23(10)
Adjuvant 78 (61) 19 (48) 13 (41) 18 (47) 129 (54)
Neoadjuvant and adjuvant 41 (32) 17 (43) 15 (47) 7(18) 80 (34)
Unknown 31(2) 1(3) 0 318 7 (3)
Time to ABC from EBC diagnosis, n (%)
<lyear 9(7) 3(8) 26 0 14 (6)
>1to <3years 28 (22) 10 (25) 12 (38) 25 (68) 76 (32)
[Continued]
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Table 1. (Continued)

Patient characteristics HR+ HER2- HR+ HER2+ HR- HER2+ TN Total
n=170 (49%) n=68(20%) n=54(16%) n=51(15%) n=3462
>3 to <5years 35 (28) 13 (33) 9 (28) 7(19) 64 (27)
>5 to <9years 33 (26) 6 (15) 4(13) 4(11) 47 (20)
>9years 22(17) 8 (20) 5(16) 1(3) 37(16)
Median (IQR) 64 (29-106) 48 (30-109) 45 (18-75) 20 (17-42) 49 (24-100)
Demographic and tumor characteristics at ABC diagnosis
Age at ABC diagnosis (years)
Median (range) 54 (46-66) 53 (45-60) 59 (51-69) 56 (49-64) 55 (47-65)
Menopausal status at ABC diagnosis, n (%)
Postmenopausal 107 (63) 40 (59) 37 (69) 35 (69) 221 (64)
Premenopausal 63 (37) 28 (41) 16 (30) 16 (31) 124 (36)
Morphological type in patients with de novo metastatic disease, n (%)
Ductal 34(79) 18 (64) 20 (91) 9 (69) 82 (77)
Lobular 8(19) 5(18) 15 2(15) 16 (15)
Other 1(2) 2(7) 0 1(8) 4 (4)
Histological grade in patients with de novo metastatic disease, n (%)
1 31(7) 0 0 0 3(3)
2 18 (42) 9 (32) 10 (46) 1(8) 38 (36)
3 16 (37 13 (46) 9 (41) 9 (69) 48 (45)
Unknown 6(14) 6(21) 3(14) 3(23) 18(17)
Type of organs involved, n (%)
Visceral 110 (65) 57 (84) 47(87) 44 (86) 260 (75)
Bone without visceral involvement 58 (34) 10 (15) 4(7) 1(2) 74 (21)
Soft tissue only 2(1) 1(2) 3(6) 6(12) 12 (4)
More frequent metastatic locations at ABC diagnosis, n (%)
Bone 116 (68) 42 (62) 19 (35) 14 (28) 194 (56)
Lymph nodes 74 (44) 35 (52) 30 (56) 29 (57) 169 (49)
Liver 45 (27) 27 (40) 16 (30) 8(16) 97 (28)
Lung 55 (32) 24 (35) 26 (48) 31 (61) 138 (40
Pleura 17 (10) 4 (6) 9(17) 4(8) 34 (10)
Peritoneum 7 (4) 2(3) 1(2) 2(4) 12 (4)
Brain 35(21) 15 (22) 12 (22 22 (43) 85 (25)
Number of metastatic locations, n (%)
Only 1 52 (31) 13(19) 11 (20) 8(16) 85 (25)
=2 118 (69) 55 (81) 43 (80) 43 (84) 261 (75)

aThree patients had subtype unknown.
bThirty patients were clinical subtype-converted.

ABC, advanced breast cancer; BC, breast cancer; BCBM, brain metastases due to breast cancer; EBC, early-stage breast cancer; HER2, human
epidermal growth factor receptor 2; HR, hormone receptor; IQR, interquartile range; TN, triple negative; ULABC, unresectable locally advanced

breast cancer.
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Table 2. Characteristics of patients according to the time of BCBM diagnosis in the ABC setting.

Patient characteristics

BM at ABC diagnosis (BCBM1)

BM after ABC diagnosis (BCBM2)

n=85 (25%)

n=261 (75%)

Characteristics at BC diagnosis
Extension of disease, n (%)
Early-stage BC
De novo metastatic ABC
ULABC
Age at BC diagnosis, years
Median (range)

cT in patients with neoadjuvant therapy, n (%2)

T1c
T2
T3
T4

68 (80)
17 (20)

54 (45-64)

n=31
(missing n=1)

6 (20)
18 (60)
2(7)

4(13)

Clinical lymph node status in patients with neoadjuvant therapy, n (%?)

NO
N1
N2
N3
NX

n=31
(missing n=3)

7 (25)
13 (46)
2(7)
5(18)
1(4)

Pathological tumor size in patients with adjuvant therapy, n (%?)

T
T2

T3
T4

n=33
(missing n=3)

11 (37)
18 (60)

1(3)
0

Pathological lymph node status in patients with adjuvant therapy, n (%2

NO

n=33
(missing n=4)

11 (38)

170 (65)
90 (35)

1(<1)

51 (44-58)

n=72
(missing n=1)

8 (11)
42 (59)
12(17)
9 (13)

n=72
(missing n=9)

6(10)
43 (68)
7011)
4(6)
3 (5)

n=96
(missing n=5)

42 (46)
45 (50)

2(2)
2(2)

n=96
(missing n=11)

29 (34)

(Continued)
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Table 2. (Continued)

Patient characteristics

BM at ABC diagnosis (BCBM1)  BM after ABC diagnosis (BCBM2)

n=85 (25%) n=261(75%)
N1 15 (52) 39 (46)
N2 1(3) 6(7)
N3a 2(7) 11(13)
Stage at diagnosis in early-stage BC patients, n (%)
| 4(6) 18 (11)
I 45 (66) 91 (53)
I 14 (21) 49 (29)
Unknown 5(7) 13 (8)
Previous radiation therapy for early-stage BC, n (%)
53/68 (78) 127/171 (74)

Type of breast and regional lymph nodes surgery at early-stage BC, n (%2)

Breast surgery at early-stage BC

Breast conservative surgery

Breast conservative surgery + mastectomy

Mastectomy

Lymph nodes surgery at early-stage BC

SLNB
ALND
SLNB + ALND

Histological grade, n (%)

1
2
3
X

Previous treatment for patients with early-stage BC, n (%)

Neoadjuvant
Adjuvant
Neoadjuvant and adjuvant

Unknown

n=68 n=171
(missing n=0) (missing n=6)
33 (49) 63 (38]
3 (4) 8 (5)

32 (47) 94 (57)
19 (28] 32(19)
26 (38) 92 (54)
14 (21) 23 (14)
n=85 n=261
4 (5) 10 (4)
25(29) 97 (37)
43 (51) 101 (39)
13 (15) 53 (20)
9(13) 14 (8)
33 (49) 96 (56)
22(32) 58 (34)
4 (6) 3(2)

(Continued)
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Table 2. (Continued)
Patient characteristics BM at ABC diagnosis (BCBM1)  BM after ABC diagnosis (BCBM2)
n=85 (25%) n=261(75%)
Time to ABC from early-stage BC diagnosis, n (%)
- 619) 8 (5)
>1to <3years 28 (41) 48 (28)
>3 to <5years 12 (18] 52 (31)
>5 to <9years 12 (18) 35(21)
>9years 10 (15) 27 (16)
Median (IQR), mo 36 (16-89) 52 (27-101)
Demographic and tumor characteristics at ABC diagnosis
Age at ABC diagnosis, years
Median (range) 59 (47-68) 54 (47-64)
Menopausal status at ABC diagnosis, n (%)
Postmenopausal 56 (66) 165 (63)
Premenopausal 29 (34) 95 (36)
NA 0 1 (<)
BC clinical subtype, n (%)
HR+ HER2- 35 (41) 135 (52)
HR+ HER2+ 15 (18) 53 (20)
HER2+ 12 (14) 42 (16)
TN 22 (26) 29 (1)
Unknown 1(1) 2(1)
More frequent metastatic locations at ABC diagnosis, n (%)
Bone 30 (35) 164 (63)
Lymph node 31(37) 138 (53)
Liver 17 (20) 80 (31)
Lung 33(39) 105 (40)
Soft tissue 8(9) 15 (6)
Pleura 7(8) 27 (10)
Brain 85 (100) 0
Only CNS metastases 22 (26) 0
Number of metastatic locations, n (%)
Only one 22 (2¢6) 63 (24)
=2 63 (74) 198 (76)

aThe percentages for each variable were calculated excluding missing data.

ABC, advanced breast cancer; ALND, axillary lymph node dissection; BC, breast cancer; BCBM, breast cancer with brain metastases; BCBM1,
brain metastases at advanced breast cancer diagnosis; BCBM2, brain metastases after advanced breast cancer diagnosis; BM, brain metastases;
CNS, central nervous system; HER2, human epidermal growth factor receptor 2; HR, hormone receptor; IQR, interquartile range; NA, not available;
SLNB, sentinel lymph node biopsy; TN, triple negative; ULABC, unresectable locally advanced breast cancer.
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7-16.5

11.73

21

16.7-32.9

24.77

7.6-16.5 27 16

12.08

52 28 4.09 3-5.2 25

24 months

10.8-21.6

16.20

8

29

25.1-42.8

33.94

37 10

13.1-23.6

18.36

5-7.7 38

6.37

29

36 months

10.8-21.6

16.20

29

35.78 26.8-44.8

39 2

23.19  17.4-28.9

48 10

8.3-11.6

9.91

45

126

60 months

10.8-21.6

16.20

29

38.53 29.4-47.7

42 3

19.7-31.6

25.60

53

10.53 8.9-12.2

8

34

1

>60months

ABC, advanced breast cancer; BC, breast cancer; BCBM, breast cancer with brain metastases; BCBM2, brain metastases after advanced breast cancer diagnosis; BM, brain metastases; Culn, cumulative

incidence; HER2, human epidermal growth factor receptor; HR, hormone receptor.

Based on the cutoff date for this analysis and after
a median follow-up of 35months for the BCBM
population, death was reported in 288/346 (83%)
patients, 14 (4%) were lost to follow-up, and PD
was the primary cause of death in 246/288 (85%)
patients.

The median survival from BCBM diagnosis dif-
fered significantly between the cohorts: 26 months
(95% CI, 20-35) in the BCBMI1 cohort (n=285)
versus 9months (95% CI, 7-12) in the BCBM2
cohort (n=261; Figure 2). Statistically significant
differences were also observed across BC sub-
types (p<0.001): Patients with TN had a median
survival of 6months (95% CI, 3—-13), HR+/
HER2- of 9months (95% CI, 6—13), HR+/
HER2+ of 21months (95% CI, 17-29), and
HR-/HER2+ of 23months (95% CI, 14-26;
Figure 3). In addition, the analysis of each sub-
type comparing BCBM1 and BCBM2 cohorts
showed statistically significant differences in
HR+/HER2- and HR—-/HER2+ subtypes
(»p<0.001 and p=0.012, respectively; Figure
4(a)—(d)). Furthermore, survival varied based on
the pattern of CNS involvement: patients with
LMD plus parenchymal disease had a median
survival of 14 months (95% CI, 3—28), those with
isolated LMD had 4months (95% CI, 2—-11),
and those with isolated parenchymal metastases
had 15months (95% CI, 10—18; Wilcoxon test;
»=0.001).

In the multivariate Cox regression analysis, sev-
eral factors were independently associated with
worse survival following BCBM diagnosis. These
included BCBM development during the course
of advanced disease (BCBM2 cohort) versus at
the time of ABC diagnosis (BCBMI1 cohort; HR,
2.6; 95% CI, 1.9-3.6); the presence of two or
more CNS lesions compared to a single lesion
(HR, 1.6;5 95% CI, 1.2-2.1); age (HR, 1.015;
95% CI, 1.01-1.03); and HER2- status com-
pared to HER2+ disease (HR, 2.3; 95% CI,
1.8—=3.1). The results of the univariate and multi-
variate Cox regression analyses are presented in
Table 5.

We aimed to characterize patterns of endocrine
resistance in the subgroup of patients with HR+/
HER2- BCBM. Among all patients with the
HR+/HER2- subtype included in the RegistEM
study, 1180 (90%) exhibited endocrine resist-
ance, with 286 (22%) having primary resistance
and 894 (68%) secondary resistance, according
to the 5th international consensus guidelines for
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Abbreviations: ABC: advanced breast cancer; BCBM breast cancer with brain metastases; HER2: human epidermal growth factor

receptor 2; HR: hormone receptor.

Figure 1. Cumulative incidence of BCBM from ABC diagnosis by surrogate BC clinical subtype in patients

without BCBM at diagnosis of ABC (n=1272).

ABC, advanced breast cancer; BC, breast cancer; BCBM, breast cancer with brain metastasis.

the management of ABC. Among patients with
the HR+/HER2- subtype (#=170), primary
endocrine resistance was identified in 54 (32%)
patients, while secondary endocrine resistance
was observed in 112 (66%) patients.

In the BCBMI1 cohort (z=35), primary and sec-
ondary endocrine resistance were identified in 9
(26%) and 25 (71%) patients, respectively,
whereas in the BCBM2 cohort (n=135), these
were observed in 45 (33%) and 87 (64%) patients,
respectively. The median time to BCBM from
ABC diagnosis for the BCBM?2 cohort was
22months (IQR, 11-35) for patients with pri-
mary endocrine resistance and 36 months (IQR,
22-47) for those with secondary endocrine resist-
ance. There were no statistically significant differ-
ences in survival after BCBM diagnosis based on
the pattern of endocrine resistance (Wilcoxon
test; p=0.146). The median survival from BCBM
diagnosis was 6months (95% CI, 3-12) for
patients with primary endocrine resistance and
11 months (95% CI, 7-17) for patients with sec-
ondary endocrine resistance (Figure 5).

Among 135/261 (52%) patients with the HR+/
HER2- subtype in the BCBM2 cohort, 92 (68%)
received CDK4/6 and/or PI3K signaling pathway
inhibitors prior to their BCBM diagnosis. The
median time from ABC to BCBM diagnosis was

significantly longer in patients who received these
targeted therapies, 16 months (Q1-Q3, 7-30)
comparedto 36 months (Q1-03,23-46; Kruskal—
Wallis test; p<<0.001). Two sensitivity analyses
were conducted using patients treated with
CDK4/6 and mTOR inhibitors before the diag-
nosis of BCBM. In both analyses, patients who
received these treatments had a longer interval
between ABC and BCBM diagnoses. Additional
analyses are required to confirm these findings.
The proportion of patients treated with PIK3CA
and PARP inhibitors was 4% and 2%, respec-
tively; therefore, no further analyses were con-
ducted for these groups. In the HER2+ BCBM2
subgroup, 27 patients (28%) were treated with
newer anti-HER2 agents (afatinib, T-DMI, tras-
tuzumab, deruxtecan, tucatinib, or neratinib)
before BCBM development, whereas 65 patients
(68%) received other anti-HER2 drugs (trastu-
zumab, trastuzumab plus pertuzumab, or lapat-
inib). The median time from ABC to BCBM
diagnosis was 30 months (Q1-Q3, 16—40 months)
in patients treated with newer anti-HER2 agents,
compared to 18 months (95% CI, 11-32 months)
in patients receiving conventional anti-HER2
therapies (Kruskal-Wallis test; p=0.0664). Only
three patients with TN in the BCBM2 cohort
received immune checkpoint inhibitors prior to
BCBM diagnosis, and no further analysis was
conducted owing to the limited sample size.
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Table 4. Metastatic disease burden in patients with BCBM at ABC diagnosis (BCBM1) and after ABC diagnosis (BCBM2] by breast
cancer clinical subtype.

Patient characteristics HR+/HER2- HR+/HER2+ HR-/HER2+ HR-/HER2-
BCBM1 BCBM2 BCBM1 BCBM2 BCBM1 BCBM2 BCBM1 BCBM2
N 35 135 15 53 12 42 22 29

Extension of disease, n (%)
Early-stage BC, n 24 (69) 103 (76) 12 (80) 28 (53) 10 (83) 22 (52) 22 (100) 15 (52)
De novo metastatic BC, n 11 (31) 32 (24) 3(20) 25 (47) 2(17) 20 (48) 0 14 (48)

Type of CNS involvement at BCBM diagnosis, n (%?)

Leptomeningeal 21(6) 26 (19) 1(7) 0 0 1(2) 21(9) 4114)
Leptomeningeal + Parenchymal 1 (3) 121(9) 0 6 (1) 1(8) 1(2) 1(5) 21(7)
Only CNS 2 (6) 4(3) 0 1(2) 0 0 0 1(3)
Parenchymal 30 (86) 93 (69) 14 (93) 46 (87) 11 (92) 40 (95) 19 (86) 22 (76)

Location of metastatic lesions at ABC diagnosis, n (%)

Brain 85 0 15 0 12 0 22 0
Bone 14 (40) 102 (76) 5 (33] 37(70) 1(8) 18 (43) 9 (41) 5(17)
Lymph nodes 14 (40) 60 (44) 6 (40) 29 (55) 3(29) 27 (64) 7(32) 22 (76)
Liver 9 (26) 36 (27) 2(13) 25 (47) 1(8) 15 (36) 4(18) 4(14)
Lung 10 (29) 45 (33) 5 (33) 19 (36) 4(33) 22(52) 13 (59) 18 (62)
Soft tissue 5(14) 6 (4) 0 2 (4) 0 5(12) 3(14) 2(7)
Pleura 4(11) 13(10) 0 4(8) 2(17) 7(17) 1(5) 3(10)
Peritoneum 3(9) 4 (3) 0 2 (4) 0 1(2) 0 2(7)

Time to ABC (patients with early-stage BC) months, %
Median 68 63 69 46 17 52 18 23
IQR months 27-117 29-102 19-123 32-75 15-56 26-80 16-68 19-42

Time to BCBM from ABC months, %

Median 30 29 18 13
IQR months 17-43 13-40 12-28 9-24
Survival from BCBM diagnosis 34 6 23 21 32 16 13 3

(months), median (95% Cl)
(20-54) (4-8) (7-51) (11-28) (24-54) (10-23) (6-22) (2-12)

aln 36 (10%) patients, the CNS involvement was only leptomeningeal.

ABC, advanced breast cancer; BC, breast cancer; BCBM, breast cancer with brain metastases; BCBM1, brain metastases at advanced breast
cancer diagnosis; BCBM2, brain metastases after advanced breast cancer diagnosis; Cl, confidence interval; CNS, central nervous system; HER2,
human epidermal growth factor receptor; HR, hormone receptor; IQR, interquartile range; mo., months.
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Figure 2. Survival from BCBM diagnosis by temporal pattern of BCBM diagnosis.
BCBM, breast cancer with brain metastases; BCBM1, brain metastases at advanced breast cancer diagnosis; BCBM2, brain
metastases after advanced breast cancer diagnosis.
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Figure 3. Survival from BCBM diagnosis by subtype.

BCBM, breast cancer with brain metastases; HER2, human epidermal growth factor receptor; HR, hormone receptor.
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(a) Survival from BCBM diagnosis in HR+ HER2- by BCBM cohort
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Figure 4. (a-d) Survival from BCBM diagnosis by subtype and BCBM cohort.

BCBM, breast cancer with brain metastases.

Discussion

CNS recurrence of breast cancer is a major
cause of patient morbidity and remains a major
challenge in the ABC setting.'* Improving the
treatment strategies requires a thorough under-
standing of biology, clinical features, treatment
modalities, and expected outcomes. Our study
draws insights from the GEICAM/2014-03
(RegistEM) database, offering contemporary data
on ABC across all subtypes. This dataset, together
with previously published evidence,!:3:11:15-20 may
inform future clinical trial designs aimed at
improving outcomes in patients with BCBM.

In our registry, the incidence is 18%, similar to
that reported in the U.S.A. Flatiron cohort, which
included more than 18,000 patients: 6% had
BCBM at the index date and 13% developed inci-
dent BCBM during follow-up.2° Breast cancer
developed de novo metastatic disease in one-third
of our patients, and 25% presented with BCBM
at ABC diagnosis, similar to the ESME data-
set.17,21 Among BCBM patients in our registry,
the HR+/HER2- subtype predominated (49%),
HR+/HER2+, HR-/HER2+, and TN accounted
for 20%, 16%, and 15% of cases, respectively.

These trends aligned with the ESME dataset??
and captured the changing subtype distributions
observed in the retrospective German BCBM
registry from 2000 to 2016.!® Notably, among
patients with the HER2+ subtype, regardless of
HR status, 36% developed BCBM over a longer
follow-up period in our registry, which is similar
to the 31% reported in the US-SystHER2 cohort
study.!® In the RegistEM population, patients
with HR—/HER2+ breast cancer had the highest
BCBM incidence, while those with the HR+/
HER2- subtype had the lowest rate (13%), con-
sistent with the recent real-world U.S.A.-Flatiron
dataset.2? Regarding BCBM diagnosis in Spain, it
is important to mention that the latest update of
the SEOM-GEICAM-SOLTI clinical guide-
lines?? from 2022 was the first national consen-
sus, aligned with previous ESMO guidelines?4;
while CNS screening in asymptomatic patients is
not routinely recommended, it might be consid-
ered in patients at a higher risk (HER2+ and TN)
if its detection may influence treatment deci-
sions.?> The impact of this pragmatic approach
will merit further attention in parallel with ongo-
ing prospective clinical trials (NCT04030507) in
the near future. Although the RegistEM study
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Table 5. Univariate and multivariate Cox regression analyses for survival from BCBM diagnosis.

Parameter Univariate analysis Multivariate analysis®
(n=345)
N Hazard ratio Median survival from p-Value Hazard ratio p-Value
BCBM diagnosis (months)
(95% Cl) (95% Cl) (95% Cl)
Time of BCBM diagnosis
BCBM1 cohort (BCBM 85 26.2 <0.0001
at ABC diagnosis) (19.5-34.7)
BCBM2 cohort (BCBM 261 2.261 9.0 2.625 <0.001
after ABC diagnosis) (1.701, 3.005) (6.7-11.8) (1.914, 3.599)
Number of BCBM lesions
Only 1 118 22.0 0.0007
(14.5-27.4)
2 or more 197 1.557 8.7 1.614 0.0006
(1.205, 2.013) (6.1-13.7) (1.230, 2.118])
Age at BCBM diagnosis 345 1.006 0.1832 1.015 0.0041
(0.997, 1.016) (1.005, 1.026)
HER2
Positive 108 23.4 <0.0001
(18.5-28.0)
Negative 219 1.880 8.0 2.342 <0.001
(1.442, 2.453) (6.0-12.2) (1.763,3.111)
HR
Positive 240 12.2 1
(8.7-16.9)
Negative 105 1.000 14.2 1.230 0.1314
(0.778, 1.285) (9.0-21.3) (0.940, 1.609)

aSaturated model.

ABC, advanced breast cancer; BCBM, breast cancer brain metastases; BCBM1, brain metastases at advanced breast cancer diagnosis;
Cl, confidence interval; HER2, human epidermal growth factor receptor 2; HR, hormone receptor.

reported LMD (11% of CNS recurrences), fur-
ther granularity is needed to fully understand this
type of involvement.2¢ In fact, in our clinical prac-
tice, confirmation by positive CSF cytology is
scarce, and neuroimaging findings represent an
elective method.

Regarding the first breast cancer recurrence in the
CNS, the BCBMI1 cohort revealed that 26% of
the patients experienced isolated BCBM, while
51% had concurrent visceral metastases.
Interestingly, 30% of these patients had the TN
subtype and 12% had the HR—/HER2+ subtype.

Examining outcomes with the current standard of
care for patients with HER2+ and TN subtypes
treated in the neoadjuvant setting, the
KATHERINE trial?” indicated that 5%—7% of
patients with residual disease treated with trastu-
zumab and T-DM1 in the post-neoadjuvant set-
ting experienced CNS recurrence. Similarly, in
the KEYNOTE-522 trial, 2% of patients with TN
treated with pembrolizumab experienced CNS
recurrence, regardless of the pathological
response.2?8 These rates, although lower than those
in real-world settings, underscore the persistence
of CNS recurrence despite modern therapies.2%30
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Figure 5. Survival from BCBM diagnosis in patients with the HR+/HER2- subtype by endocrine resistance

patterns.

BCBM, breast cancer with brain metastases; HER2, human epidermal growth factor receptor; HR, hormone receptor.

Recent CNS-active therapy trials, such as those
of trastuzumab deruxtecan in the DESTINY-
Breast program3932 and tucatinib in the
HER2CLIMB CNS subset,?3 have demonstrated
clinically meaningful activity in patients with
BCBM, reflecting the rapid evolution of thera-
peutic options in this setting. As RegistEM is a
prospective and ongoing registry, it offers the pos-
sibility of capturing how the integration of these
novel agents modifies treatment patterns, disease
courses, and outcomes in patients with ABC and
CNS involvement in future analyses.

In this analysis of the RegistEM study, we provide
preliminary real-world data on patterns of endo-
crine resistance in patients with HR+/HER2-
BCBM, using the ABC5 clinical classification.!?
A high prevalence of endocrine resistance was
observed, with primary resistance associated with
a shorter time to CNS involvement and a trend
toward poorer survival. Although not statistically
significant, this trend may have important clinical
implications and warrants further investigation.
These findings could support the relevance of
endocrine resistance profiling to guide treatment
sequencing and CNS surveillance in the evolving
landscape of endocrine- and targeted therapy-
based strategies increasingly used prior to chemo-
therapy or ADCs in HR+/HER2- breast cancer.

The perspective of cumulative BCBM incidence
in the RegistEM study aligns with findings from
larger cohorts,!7:20 reassuring that the dynamic

evolution of breast cancer recurrence throughout
the disease depends on the biological subtype.

Survival after BCBM diagnosis in the RegistEM
dataset differs from that in some previously
reported series.!7:18 These differences likely reflect
the introduction of novel therapies, especially for
HR-+/HER2- and HR-/HER2+ subtypes, into
clinical practice since 2016. It is important to note
that our study did not specifically evaluate CNS
metastases, and certain variables with potential
prognostic impact, such as PS or BCBM-related
symptoms, could not be assessed. When compar-
ing survival outcomes between the BCBMI1 and
BCBM2 cohorts with those of patients without
CNS involvement by breast cancer subtype, the
results for patients with TN highlight the chal-
lenges posed by this hard-to-treat disease.

We offer a contemporary perspective from an
ABC registry, focusing on patients with BCBM.
Expanding on prior research, we analyzed meta-
static scenarios since 2016. The RegistEM study,
a national multicenter database in Spain, reflects
the dynamic healthcare landscape, ensuring
patients’ follow-up post-ABC diagnosis for ongo-
ing updates and a comprehensive understanding
of the evolving ABC landscape. While our results
provide practice-oriented information relevant
from a clinical perspective, they should be inter-
preted with caution, given the inherent limita-
tions of observational data and the specificity of
the cohort. Some limitations and potential biases
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must be acknowledged when putting our findings
into context. Qur study lacks information on the
reasons for BCBM diagnosis, whether due to
clinical manifestations or screening procedures;
therefore, the potential lead time bias between the
BCBM1 and BCBM2 cohorts could not be
addressed. We also did not collect data on
patients’ PS, detailed BCBM anatomical loca-
tion, or specific local treatments; given the obser-
vational nature of the RegistEM study, adverse
events could not be recorded. Specifically, we
noted that late diagnosis of BCBM in the BCBM2
cohort could lead to an underestimation of sur-
vival compared with that of the BCBMI1 cohort.
Second, a multivariate Cox regression model was
used to identify the prognostic factors for survival
after BCBM diagnosis. The evaluation of the
CNS response was not protocolized for each sys-
temic PD and relied on the standard of care
within clinical practice management. Third, the
RegistEM population may also underrepresent
patients with rapidly deteriorating conditions,
particularly those with poor PS. Despite the
inclusion criteria requiring all patients to be diag-
nosed with ABC within a given year, and regular
reminders to study investigators to include
deceased patients, the possibility of residual bias
cannot be entirely ruled out. Another important
limitation was the lack of ethnic and geographic
diversity, as the cohort was predominantly
Caucasian, which did not allow us to generalize
our findings. Finally, the exploratory analysis of
primary versus secondary endocrine resistance,
aimed at capturing insights into the underlying
biology of HR+/HER2- breast cancer, was
underpowered and not statistically prespecified.
Therefore, these findings should be interpreted
with caution and considered hypothesis-generat-
ing rather than conclusive.

Nevertheless, the comprehensive clinical infor-
mation and long-term follow-up provided by
RegistEM offer meaningful insights into the
real-world patterns and outcomes of BCBM.
Continued efforts through observational regis-
tries and prospective clinical trials are essential to
improve CNS management strategies adapted to
each breast cancer subtype.

Conclusion

CNS metastases represent a significant healthcare
burden for patients with ABC, with a Culn that
increases over time in a subtype-dependent man-
ner. Patients with TN or HER2+ disease develop

BCBM cearlier and have poorer outcomes than
those with other breast cancer subtypes. In our
cohort, patients with BCBM at the time of ABC
diagnosis had markedly longer survival than those
who developed it later. An exploratory analysis of
patients with HR+ breast cancer revealed that
endocrine resistance, particularly primary resist-
ance, was frequently associated with earlier
BCBM and shorter survival. Further investiga-
tions are warranted to explore novel strategies for
preventing BCBM and improving outcomes in
this population.

Authors’ note
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2021 in a poster spotlight session on brain metas-
tases (Cancer Res (2022) 82 (4_Supplement):
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