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ARTICLE INFO ABSTRACT
Keywords: Background: Leptomeningeal metastases (LM) in patients with breast cancer (BC) are associated with a dismal
Leptomeningeal metastasis prognosis. We explored clinical characteristics and prognostic factors in patients with BC and LM in the German

Breast cancer

! Brain Metastases in Breast Cancer Registry.
Registry

Methods: All patients with histologically confirmed BC and diagnosis of LM (defined as the presence of tumor
cells in the cerebrospinal fluid, or presence of typical clinical symptoms in combination with typical magnetic
resonance imaging findings) were included.
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Results: A total of 3857 patients were included in the analysis (n = 859 (22.3 %) with LM). Among patients with
LM a median progression-free survival was 4.2 months (95 % CI 3.6-4.8), and median overall survival was 5.7
months (95 % CI 4.9-6.7). In the multivariate analysis older age ( > 60 vs. <60 years, Hazard ratio (HR): 1.65,
95 %CL: 1.25-2.18), worse performance status (ECOG 2-4 vs. 0-1 HR: 2.15, 95 %CIL: 1.63-2.82), hormone re-
ceptor positive/HER2-negative (HR+/HER2-) or triple-negative subtype (HR: 1.54 95CI%: 1.07-2.23 and HR:
1.87, 95 %CI: 1.25-2.81), and higher number of BM (2-3 vs. 1, HR: 1.49, 95 %CI: 1.05-2.11 4) were significantly
associated with a higher risk of death. Stereotactic radiotherapy (HR 0.49 95 %CI 0.30-0.79) and whole brain
irradiation (HR: 0.58, 95 %CI: 0.42-0.80), endocrine therapy in patients with HR + BC (HR: 0.31, 95 %CI:
0.21-0.45) as well as HER2-targeted therapy for patients with HER2+ BC (HR 0.41, 95 %CI: 0.25-0.68) were
associated with a significantly longer survival.

Conclusions: Clinicopathological factors associated with survival can help clinicians identify patients who are
candidates for treatment (de)escalation in clinical trials.

Key points

- Prognosis of patients with BC and LM is significantly worse in
comparison to patients with BC and BM without LM.

- The identified clinicopathological factors can help to identify
patients who are candidates for treatment (de)escalation in
clinical trials.

Importance of the study

Patients with LM have a short survival, which indicates an unmet
clinical need for the optimization of the treatment of LM and
development of strategies to prevent LM. Analysis of the large
cohort of patients from the BMBC registry shows that the prog-
nosis of patients with BC and LM is significantly worse in com-
parison to patients with BC and BM without LM. The identified
prognostic factors for patients with LM can support the clinicians
to identify groups of patients with potential for better survival
who could possibly benefit from a more intense treatment regime
and on the other hand to identify patients with a worse survival for
whom a best supportive care concept would be a reasonable op-
tion. Also, our data provides a rationale to more often consider
HER2-targeted therapy for patients with LM and HER2+ disease,
because of its shown favorable effect on survival.

1. Introduction

Leptomeningeal metastases (LM) are defined as the spread of tumor
cells within the leptomeninges and the subarachnoid space [1].

Up to 5 % of patients with breast cancer (BC) develop LM during the
course of the disease. The risk is higher for patients with lobular BC or
triple-negative BC (TNBC) [2]. The development of LM is associated
with poor prognosis, with a median survival of 4 months [3,4].
Furthermore, the incidence of LM is rising, possibly due to longer sur-
vival of patients with metastatic BC and due to more sensitive diagnostic
tools [1,5,6].

Nowadays, limited evidence is available concerning the specific
clinical characteristics and optimal therapeutic approach in patients
with BC and LM. Most of the published data on LM evaluated mixed
cohorts of patients with different primary tumors. Specific factors
associated with prognosis of patients with BC and LM have not been
characterized in a large patient cohort.

The aims of this retrospective, cohort study were to characterize
patients with BC and LM within the German Brain Metastases in Breast
Cancer Registry (BMBC), to explore their survival outcomes and to
identify potential features to allow for a better prognostic stratification.

2. Materials and methods
2.1. Patient population/data source

The BMBC registry collects clinical data and tumor samples of pa-
tients with brain metastases (BM) and BC [7-10].

Clinical data of over 4000 patients with central nervous system
metastases (CNS) and BC from 113 centers in Germany were included in
the registry, between 01.01.2014 and 07.01.2023. The project is coor-
dinated by the University Medical Center Hamburg-Eppendorf and the
German Breast Group, in collaboration with the German AGO Breast
study and TRAFO translational research groups.

In the present analyses, patients included in the BMBC registry before
07.01.2023 (taking a data snapshot from June 4, 2023 after data
cleaning) were screened for eligibility. All patients with histologically
confirmed BC and diagnosis of LM and/or BM were included (diagnosis
of LM was defined as the presence of tumor cells in the cerebrospinal
fluid, or presence of typical clinical symptoms in combination with
typical magnetic resonance imaging (MRI) findings, as per EANO-ESMO
criteria [10,11]

2.2. Objectives

The main objectives of this retrospective, cohort study were to
describe the clinico-pathological characteristics and the treatment mo-
dalities of BC patients with LM versus patients without LM (but with
BM), and to evaluate and compare their survival outcomes of overall
survival (OS) and progression-free survival (PFS). OS was defined as the
time from date of diagnosis of BM or LM, whichever occurred first, to the
date of death; PFS was defined as the time from the date of first diagnosis
of BM or LM to disease progression (either intracranial or extracranial)
or death, whichever occurred first.

Further objective was to analyze the PFS and OS in the subgroup of
patients with LM adjusting for the following covariates:

- Age at diagnosis of BM

- Hormone receptor (HR)-status

- Eastern Cooperative Oncology Group (ECOG) performance status

- Biological subtype (HR+/HER2+ vs. HR-/HER2+ vs. Luminal A/B-
like vs. TNBC)

- Number, maximal size and clinical signs of BM at diagnosis

- Extracranial metastases (ECM) at the diagnosis of BM

- Type of radiotherapy

- Cytologically confirmed LM at diagnosis of BM

- Systemic therapy

In the presented analysis, hormone receptor (HR) and Human
Epidermal Growth Factor Receptor 2 (HER2) status were defined ac-
cording to American Society of Clinical Oncology (ASCO)/College of
American Pathologists (CAP) guidelines [12,13].
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2.3. Statistical analyses

Patient characteristics were summarized using descriptive statistics.
Clinical and pathological characteristics of patients with and without LM
were compared by Wilcoxon rank-sum test for continuous variables and
the Fisher’s exact test or Pearson y>-test, whenever appropriate, for
categorical variables.

OS and PFS were estimated using Kaplan-Meier method and
compared between patients with vs without LM by using the log-rank
test. Median survival times and survival rates after 1,2,3 and 4 years
were reported.

Univariate and multivariate Cox hazard modes were performed to
report hazard ratios (HR) with the corresponding 95 % confidence in-
tervals (CI) and to adjust for covariates.

All reported p-values were two-sided, the significance level was set to
0.05. The data was analyzed using SAS® (Statistical Analysis Software)
version 9.4 with SAS Enterprise Guide Version 8.3 on Microsoft Win-
dows 10 Enterprise.

3. Results
3.1. Characteristics of patients with leptomeningeal metastases

Clinical data of 3857 patients from the BMBC registry was available
for the analysis. Overall, 859 (22.3 %) patients had a diagnosis of LM, of
whom 365 (42.5 %) had isolated leptomeningeal disease without BM
(Fig. 1). Leptomeningeal disease was cytologically confirmed in 396
(46.1 %) patients. In 463 (53.9 %) patients, the diagnosis of LM was
based on clinical symptoms in combination with MRI results and based
on the clinical information of patients who were documented to have
received intrathecal therapy.

Median time between primary BC diagnosis and disease detection in
CNS (BM and/or LM) in the overall cohort was 36.3 months (95 %CI
34.9-38.0); 35.9 months (95 %CI 34.0-37.4) in the cohort without LM
and 39.1 (95 %CI 35.7-43.8) months in the cohort with LM.

Among patients with LM, the median age at diagnosis of BC was 51
years (range 24-85 years), while median age at diagnosis of any CNS
metastases was 58 years (range 25-86 years). Of 408 patients with
available performance status according to the ECOG, 345 (84.6 %) had a
good or moderately restricted performance status (i.e. PS of 0-2) at
diagnosis of CNS metastases. Of the patients with LM and available
primary tumor features 173 (22.2 %) patients had HR+/HER2+ BC, 92
(11.8 %) HR-/HER2+, 349 (44.8 %) HR+/HER2-, and 165 (21.2 %)
triple-negative BC (TNBC). An overview of the HER2 IHC Status at
timepoint of BC and CNS Metastases is provided in the Supplementary
Table 1. The majority of patients (80 %) had distant extracranial me-
tastases at the time of first diagnosis of CNS metastases. Detailed in-
formation concerning clinical characteristics of patients with and
without LM is shown in Table 1 and supplementary material (Suppl.

Patients with BM

N=3857
I

|
With LM
N=859 (22.3%)

1
With BM, without LM
N=2998 (77.7%)

With LM and BM
N=494 (57,5%)

With LM, without BM‘
N=365 (42,5%)

Legend: BM: brain metastases, LM: leptomeningeal metastases

Fig. 1. Distribution of patients with and without LM in the BMBC registry.
Legend: BM: brain metastases, LM: leptomeningeal metastases.
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Table 1
Baseline characteristics.
Parameter Category Patients Patients Overall p-
without with LM N= value*
LMN = N = 859 3857 N
2998 N N (%) (%)
(%)
Age at first Median 52.0 51.0 52.0 0.321
diagnosis of Min, Max 20.0, 98.0 24.0, 85.0 20.0,
BC, years 98.0
Age at diagnosis ~ Median 57.0 58.0 57.0 0.771
of BM, years Min, Max 22.0, 99.0 25.0, 86.0 22.0,
99.0
Max diameter Mean 2.3 2.1 2.2 0.003
of BM, cm
ECOG/ ECOG 228 53 (13.0) 281 0.010
Karnofsky 0 (100 %) (16.7) (15.8)
performance ECOG 1 621 168 789
status at (80-90 %) (45.5) (41.2) (44.5)
diagnosis of ECOG 2 366 124 490
BM (60-70 %) (26.8) (30.4) (27.6)
ECOG 3 122 (8.9) 45 (11.0) 167
(40-50 %) 9.4
ECOG 4 29 (2.1) 18 (4.4) 47 (2.6)
(10-30 %)
HER2-status at negative 270 70 (43.8) 340 0.721
BM (42.1) (42.9)
positive 372 90 (56.3) 462
(57.9) (57.6)
HER2-status no switch 736 186 922 0.907
switch (87.9) (87.7) (87.9)
switch of 101 26 (12.3) 127
HER2-Status ~ (12.1) (12.1)
from
Histology of
BC to BM
Biological HR+/ 800 173 973 <.001
subtype of HER2+ (29.3) (22.2) (27.7)
primary BC**  HR-/HER2+ 451 92 (11.8) 543
(4 categories) (16.5) (15.5)
HR+/HER2- 849 349 1198
(31.1) (44.8) (34.1)
TNBC 631 165 796
(23.1) (21.2) (22.7)
Pathological pTO-T2 1414 413 1827 0.712
stage (pT) (79.6) (78.8) (79.4)
pT3-T4 362 111 473
(20.9) (21.2) (20.6)
NO 638 162 800 0.064
(37.1) (32.5) (36.1)
N1 1080 336 1416
(62.9) (67.5) (63.9)
Pathological ypNO 980 245 1225 0.026
stage (ypN) (39.0) (34.3) (37.9)
ypN+ 1535 469 2004
(61.0) (65.7) (62.1)
Tumor grading G1 58 (2.2) 10 (1.3) 68 (2.0) <.001
of primary BC G2 1061 368 1429
(39.7) (47.3) (41.4)
G3 1551 400 1951
(58.1) (51.4) (56.6)
Number of BM 1 852 253 1105 <.001
(29.9) (38.2) (31.5)
2-3 771 160 931
(27.1) (24.1) (26.5)
>4 1223 250 1473
(43.0) (37.7) (42.0)
Neurological no 704 150 854 <.001
symptoms at (23.5) (17.5) (22.1)
diagnosis of yes 2294 709 3003
BM (76.5) (82.5) (77.9)
ECM at no 572 170 742 0.659
diagnosis of (19.1) (19.8) (19.3)
BM ¥ yes 2422 689 3111
(80.9) (80.2) (80.7)

Legend: LM leptomeningeal metastases, ECOG Eastern Cooperative Oncology
Group, ECM extracranial metastases, BC breast cancer, BM brain metastases.
*Fisher’s exact test resp. Chi-squared test between patients with vs. without LM.
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**If HER2-Status at diagnosis of BC was unknown, but Anti-HER2-targeted
therapy was given, the subtype was set to HR+/HER2+ resp. HR-/HER2+ (if
information about HR-status was given).

*** Diagnosis of ECM not later than 60 days after diagnosis of BM.

Table 2).

Patients with LM had a significantly worse ECOG performance status
at diagnosis of CNS metastases, compared to patients without LM (ECOG
2-4, 45.8 % vs. 37.8 %, P = 0.010). Concerning the tumor biology,
patients with LM had significantly more often HR+/HER2-disease (45.2
vs. 31.8 %, P < 0.001), significantly more often an invasive-lobular
tumor biology (13.4 % vs. 6.3 %, P < 0.001), significantly less com-
mon HER2+ tumors (34.2 % vs. 46.3 %, P < 0.001) and significantly less
common G3 tumor differentiation grade (51.4 vs. 58.1 %, P < 0.001).
Furthermore, patients with LM had a significantly lower number of BM
(38.2 % vs. 29.9 % with 1 BM, P < 0.001) but a significantly higher rate
of neurological symptoms (82.5 vs. 76.5 %, P < 0.001). In those who
have received a neoadjuvant chemotherapy, the percentage of patients
with positive locoregional lymph nodes after treatment for early BC was
significantly higher in patients with LM in comparison to patients
without LM in the follow-up (ypN+ 65.7 vs. 61.0 %, P = 0.026). There
was no statistically significant difference in the tumor size of the primary
BC, nor the presence of extracranial metastases between patients with
and without LM. However patients with bone metastases as first site of
ECM developed LM more often (Supplementary Material Table 2).

3.2. Therapy modalities of patients with LM

After the diagnosis of CNS metastases patients with LM were
significantly more often treated with chemotherapy than patients with
BM only (39.2 % versus 35.3 %, P = 0.036). Endocrine therapy (in pa-
tients with HR + BC) was administered at a similar rate in patients with
versus without LM (23.6 % versus 22.6 %, P = 0.654). Concerning
further targeted treatment options, CDK4/6 inhibitors were used at a
similar rate between those with a HR + LM (5.2 %, 31 of 598 patients)
and with a HR + BM (4.4 %, 83 of 1866 patients).

In patients with HER2-positive tumors, HER2-targeted therapy was
significantly less common administered in patients with LM compared to
patients with BM but absence of LM (34.6 vs. 42.3 %, P = 0.015). An
overview of the different applied HER2-targeted treatments after diag-
nosis of BM is presented in Table 3.

Sixty-two (7.2 %) patients with LM were treated with intrathecal
therapy (Table 2).

3 patients with LM and 19 patients with CNS metastases without LM
were treated with an immune checkpoint inhibitor. Sacituzumab govi-
tecan was applied in 3 patients with LM and 7 patients with CNS me-
tastases without LM.

Furthermore, the application of the HER2 targeted therapy was

Table 2
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Table 3
Distribution of systemic HER2-targeted treatment after the diagnosis of BM in
patients with HER2-positive BC.

Overall HER2+
patients”l N =
1731 N (%)

Patients Patients with
without LM N LMN=309N
= 1422 N (%) (%)

Parameter Category

HER2-targeted yes 601 (42.3) 107 (34.6) 708 (40.9)
therapy

Specification of HER2-targeted therapy”

Trastuzumab yes 334 (55.6) 61 (57.0) 395 (55.8)

Trastuzumab + yes 25 (4.2) 1(0.9) 26 (3.7)
Pertuzumab

Lapatinib- yes 271 (45.1) 51 (47.7) 322 (45.5)
containing
therapy

T-DM1 yes 264 (43.9) 45 (42.1) 309 (43.6)

Tucatinib- yes 33(5.5) 7 (6.5) 40 (5.6)
containing
therapy

Trastuzumab yes 27 (4.5) 7 (6.5) 34 (4.8)
Deruxtecan

Legend. LM: leptomeningeal metastasis.
# HER2-positive patients either at diagnosis of BC, at diagnosis of BM or at
diagnosis of ECM.

analyzed for two different time periods (before and after 2018). Before
2018 41.4 % of patients (n = 465) without LM were treated with a
HER2-targeted therapy vs. 34.5 % (n = 77) with LM (P = 0.062). After
2018 45.5 % (n = 136) patients without LM were treated with a HER2-
targeted agent vs. 34.9 % (n = 30) with a LM (P = 0.085).

Among LM patients who also had BM, 38 (6.2 %) had undergone BM
resection. 134 (21.9 %) patients received both BM resection and
radiotherapy of the brain. A total of 440 patients (71.9 %) were treated
with radiotherapy only. The applied radiotherapy type is shown in the
Supplementary Table 3.

3.3. Survival analysis of patients with versus without leptomeningeal
metastases

Median follow-up time in the overall cohort was 19.1 years from the
diagnosis of BC and 5.3 years from diagnosis of CNS metastases. Median
PFS was 4.2 (95 % CI 3.6-4.8) months in patients with LM and 5.6 (95 %
CI 5.2-5.9) months in the cohort of patients without LM (Fig. 2). The
difference between the PFS in both cohorts was statistically significant
(P < 0.001). Median OS of patients with LM was 5.7 months (95 % CI
4.9-6.7) and was significantly shorter compared to median OS of pa-
tients without LM (8.7 months (95 % CI 8.0-9.4; P < 0.0001, Fig. 2 A
and 2 B).

The estimated 1-year OS in patients with LM was 32.7 % (95 %CI
29.5-36.0) and 42.4 % (95 %CI 40.5-44.2) among patients without LM.

Distribution of intrathecal therapies in patients who received intrathecal therapies after diagnosis of BM.

Intrathecal (i.t.) Category HR+/HER2+ N =11 N HR-/HER2+ N =6 N (%) Luminal A/Blike N = 29 N (%) TNBCN =13 N (%) Overall N = 59" N (%)

therapy (%)

Cytarabine i.t. no 5 (50.0) 4 (80.0) 16 (55.2) 9 (69.2) 37 (61.7)
yes 5 (50.0) 1 (20.0) 13 (44.8) 4 (30.8) 23 (38.3)
missing 1 1 0 0 2

Trastuzumab i.t. no 9 (90.0) 4 (80.0) 29 (100) 13 (100) 58 (96.7)
yes 1(10.0) 1 (20.0) 0 (0.0) 0 (0.0) 2(3.3)
missing 1 1 0 0 2

MTX i.t. no 4 (40.0) 2 (40.0) 11 (37.9) 2(15.4) 19 (31.7)
yes 6 (60.0) 3 (60.0) 18 (62.1) 11 (84.6) 41 (68.3)
missing 1 1 0 0 2

Thiotepa i.t. no 10 (100) 5(100) 28 (96.6) 13 (100) 59 (98.3)
yes 0 (0.0) 0 (0.0) 1(3.4) 0 (0.0) 11.7)
missing 1 1 0 0 2

The percentages do not sum up to 1. In 10 patients more than one intrathecal therapy was documented (N = 9 with MTX and Cytarabine, N = 1 MTX and Thiotepa).
# According to Statistical Report v3.0 62 patients received an intrathecal therapy, but no information about type of i.t. therapy was given in 3 patients.
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A: Progression-free survival in patients with vs. without leptomeningeal metastases

100% - . g
+ Censore
90% N noLM 2568/2710 events
80% 1} LM 775/803 events
70% Logrank p<.0001
60% - \l HRLMto no LM =127, 95% Cl (1.17, 1.37), p<.0001

Progression-free Survival Rate (%)

0% T T T T T T
0 12 24 36 48 60 72
Time from diagnosis of BM/LM to progress, months
— nolM 2710 706 287 156 92 62 46
— M 803 149 47 17 8 5 4

B: Overall survival of patients with vs. without leptomeningeal disease.

100% -} ¢ d
+ Censore

g 9%\ noLm 2344/2708 events

o 80% LM 728/803 events

5 70%- \\ Logrank p<.0001

T 60% - HR LM to no LM = 1.33, 95% Cl (1.22, 1.44), p<.0001

E

5

a

T

[

>

[¢)

0% T T T T T T
0 12 24 36 48 60 72
Time from diagnosis of BM/LM to death, months

— nolM 2708 1094 589 345 209 141 92
— M 803 246 110 54 25 16 10

Fig. 2. A: Progression-free survival in patients with vs. without leptomeningeal
metastases. B: Overall survival of patients with vs. without leptomeningeal
disease.

Legend. LM: leptomeningeal metastasis; BM: brain metastasis; HR: hazard ratio
for progression-free survival; CI: confidence interval.

The 4-year survival rate was 5.5 % (95 % CI 3.8-7.5) in patients with LM
and 11.8 % (95 %CI 10.5-13.2) in patients without LM (Supplementary
Fig. 1).

3.4. Survival analysis of patients with leptomeningeal metastases

In univariate analyses, several factors were associated with a
significantly worse prognosis in patients with a LM; namely, older age at
diagnosis of BC, older age at diagnosis of BM, HR+/HER2-or TNBC
subtypes, higher number of BM, worse ECOG, neurological symptoms at
time of CNS metastases diagnosis and ECM at time of BM diagnosis.
HER2-positivity of the primary breast cancer, radiotherapy of the brain
as well as systemic chemotherapy, endocrine therapy for HR+ and
HER2-targeted therapy for HER2+ tumors after the diagnosis of CNS
metastases were significantly associated with a longer survival
(Supplementary Table 4). The estimated OS rates in the cohort of pa-
tients with and without cytological confirmation of LM did not differ
significantly (Supplementary Fig. 2). The use of an intrathecal therapy
did not show a significant correlation with OS. More details are reported
in Fig. 2 (supplementary material).

In the multivariate analysis, the following factors were significantly
associated with a higher risk of death: age ( > 60 vs. <60 years, HR:
1.65, 95 %CIL: 1.25-2.18, P < 0.001), worse performance status at
diagnosis of CNS metastases (ECOG 2-4 vs. 0-1 HR: 2.15, 95 %CL:
1.63-2.82), a HR+/HER2-or triple-negative tumor biology vs. triple-
positive (HR: 1.54 95CI%: 1.07-2.23, P = 0.02 and HR: 1.87, 95 %CIL:
1.25-2.81, P = 0.003, respectively) as well as a higher number of BM

The Breast 81 (2025) 104433

(2-3vs. 1, HR: 1.49, 95 %CI: 1.05-2.11, P = 0.03). The following factors
were significantly associated with a longer survival: stereotactic therapy
of BM (HR 0.49 95 %CI 0.3-0.79, P = 0.004) and whole brain irradiation
(WBRT) (HR: 0.58, 95 %CI: 0.42-0.80, P = 0.001) vs. no radiotherapy of
the CNS metastases, endocrine therapy in patients with a HR + BC (HR:
0.31, 95 %CI: 0.21-0.45, P < 0.001) as well as HER2-targeted therapy
for patients with a HER2+ BC (HR 0.41, 95 %CI: 0.25-0.68, P < 0.001,
Table 4).

3.5. Survival analyses in patients with versus without LM according to
different time periods of BM diagnosis

Patients with BM without LM experienced a better OS regardless of
the time period of diagnosis, as compared to patients with LM. A more
pronounced numerical survival benefit in patients with BM without LM,
as compared to patients with LM was observed in the decade
2010-2019, as compared to 2000-2009 and 2020-2022. Namely, me-
dian OS for BM without LM vs. median OS for LM: 8.1 (95 %CI: 7.2-9.6)

Table 4
Multivariate Cox Regression of the time from BM/LM to death in patients with
LM.

Parameter Category Hazard 95 % CI p-
ratio value
Age at BM diagnosis <60
>60 1.65 (1.25, <.001
2.18)
ECOG at BM diagnosis ECOG 0-1
ECOG 2-4 2.15 (1.63, <.001
2.82)
Biological subtype® HR+/HER2+ .004
HR-/HER2+ .784 (.452, .387
1.36)
HR+/HER2- 1.54 (1.07, .021
2.23)
TNBC 1.87 (1.25, .003
2.81)
Number of BM 1 .076
2-3 1.49 (1.05, .025
2.11)
>4 1.29 (.929, 129
1.78)
Clinical Symptoms no
yes 1.45 (.969, .070
2.18)
ECM at BM diagnosis no
yes 1.20 (.827, .340
1.73)
Radiotherapy No RTH .001
Stereo RT only .488 (.301, .004
.793)
WBRT only .582 (.424, .001
.798)
WBRT and .433 (.169, .082
Stereo RT 1.11)
RTH unknown 2.88 (.637, .169
13.0)
Chemotherapy after no
diagnosis of BM yes .765 (.585, .050
1.00)
Hormone therapy after no
diagnosis of BM yes .305 (.207, <.001
.450)
Targeted therapy after no
diagnosis of BM yes .408 (.247, <.001
.675)

Legend. BM: brain metastasis; FU: follow-up; WBRT: whole breast radiotherapy;
RT: radiotherapy; HR: hormone receptor; +: positive; -: negative; ECM: extra-
cranial metastases; ER: estrogen receptor; PgR: progesterone receptor; BC: breast
cancer.

@ If HER2-Status at diagnosis of BC was unknown, but Anti-HER2-targeted
therapy was given, the subtype was set to HR+/HER2+ resp. HR-/HER2+ (if
information about HR-status was given, too).
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vs. 4.7 months (95 %CI: 3.5-7.1) in 2000-2009, 9.1 (95 % 8.3-10.0) vs.
6.2 months (95 %CI: 5.0-7.1) in 2010-2019 and 7.8 (95 %CI: 5.8-9.9)
vs. 4.9 months (95 %CI: 3.6-9.2) in 2020-2022.

4. Discussion

In this study we analyzed data of patients with BC and BM with or
without leptomeningeal involvement. Patients who developed LM had
more often HR+/HER2-primary tumors and a histological grade 1-2,
suggesting that development of LM may occur independently of the
aggressiveness of the primary BC features. Furthermore, we observed no
clear correlation with the extent of the extracranial metastatic disease.
Further working groups made similar observations [9,10,14-17]. These
findings support the hypothesis that LM has a unique tumor biology, as
recently shown in genomic studies [18] and is not simply a manifesta-
tion of widespread advanced disease.

Translational research projects within the BMBC Registry are plan-
ned to better understand the biology of LM.

The survival data of patients with a LM is in line with previous
published evidence of poor survival associated with LM, with a median
OS of 5.7 months in our LM cohort. No improvement of survival was
observed in the recent time period. A slight decrease in survival could be
explained by the lower number of patients with LM included in BMBC
registry at this time period. The poor survival emphasizes the need to
better understand this disease entity and to preferably include these
patients in clinical trials to find treatment strategies that may increase
survival and preserve quality of life [6,10,11,19-21]. In addition, we
showed that HER2-targeted treatment was significantly less often
applied in patients with HER2-positive BC and LM compared to patients
with BM but without LM, while HER2-targeted therapy was associated
with a significant improvement in survival. This information provides a
rationale to rethink the clinical routine and to consider HER2-targeted
therapy for patients with LM more often in appropriate cases, particu-
larly those which have shown CNS activity (trastuzumab deruxtecan and
tucatinib). The relatively low rate of HER2-targeted treatment in our
cohort reflects the real-world situation regarding the use of targeted
agents in patients with CNS metastases.

Unfortunately, only a very small proportion of patients in this reg-
istry was treated with novel HER2-targeted agents like antibody-drug
conjugates or tyrosine kinase inhibitors, which are extremely active
drugs, also effective in central nervous system level [22-24]. Whether
these and other promising new drugs might be associated with improved
outcomes in patients with LM should be a priority area of investigation,
considering the dismal prognosis of this patient subgroup and the po-
tential of these drugs to be a gamechanger in this scenario [25]. A
possible explanation of a relatively low rate of the application of
(modern) HER2-targeted agents in patients with a LM in our registry is
that the majority of the patients were included in the retrospective part
of the registry.

We could not identify a better survival in patients with intrathecal
therapy, but the number of patients treated with intrathecal therapy was
maybe too low to find a significant association. The use of intrathecal
treatment in addition to systemic treatment versus systemic treatment
alone was tested in several clinical trials, which showed heterogeneous
results [10,11,26,27]. This topic should be further evaluated in ran-
domized prospective trials.

Furthermore, we could identify a patient cohort with LM with a
better prognosis, i.e. patients at younger age, better performance status,
triple-positive tumor biology, low number of BM as well as patients
receiving endocrine therapy (if HR + tumor biology), HER2-targeted
therapy (if HER2+ tumor) or radiotherapy of the brain. Prospective
interventional studies are urgently needed to evaluate if this patient
cohort might gain benefit from a more intense therapeutic approach.
The better survival of patients who received whole brain radiotherapy
must be interpreted with caution. Whole brain irradiation was
commonly used in patients treated for several years. In contrast, patients
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with a poor prognosis were commonly advised for a best supportive care
concept. Furthermore a possible benefit of a stereotactic radiotherapy
could be an effect of limited CNS disease.

It is important to acknowledge the limitations of this study, primarily
related to its retrospective nature. All data were extracted from multiple
centers in Germany, each with its own standards of care. Over the course
of the study period, advancements in BC treatment have been made, and
may have influenced patient clinical outcomes. This is especially rele-
vant for the interpretation of survival data, that should be considered
with caution.

However, our study is the first to include such a uniquely large
number of patients with BC-specific BM and LM, providing insights on
clinicopathological features and outcomes, as well as hints suggesting
the role of a diverse range of treatment modalities.

Overall, an especially unfavorable outcome for patients with LM, as
compared to patients with BM without LM seems to be unquestionable;
our study supports the urgent need of including LM patients in clinical
trials testing novel therapeutic strategies, so to improve the outcomes of
this prognostically unfavorable patient subset.

Further collaboration in the presented topic is planned in our inter-
national working group BrainMet BC international.
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