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Abstract
Purpose

Current guidelines for patients with HER2+ breast cancer brain metastases (BCBrM) diverge based on the
status of extracranial disease (ECD). An in-depth understanding of the impact of ECD on outcomes in
HER2+ BCBrM has never been performed. Our study explores the implications of ECD status on
intracranial progression-free survival (iPFS) and overall survival (OS) after �rst incidence of HER2+
BCBrM and radiation.

Methods

A retrospective analysis was performed of 153 patients diagnosed with initial HER2+ BCBrM who
received radiation therapy to the central nervous system (CNS) at Duke between 2008 and 2020. The
primary endpoint was iPFS de�ned as time from �rst CNS radiation treatment to intracranial progression
or death. OS was de�ned as time from �rst CNS radiation or �rst metastatic disease to death. Systemic
staging scans within 30 days of initial BCBrM de�ned ECD status.

Results

In this cohort, >70% of patients had controlled ECD with either isolated intracranial relapse (27%) or
stable/responding ECD (44%). OS from initial metastatic disease to death was markedly worse for
patients with isolated intracranial relapse (median=28.4m) compared to those with progressive or
stable/responding ECD (48.8m and 68.1m, respectively, p=0.0035). OS from �rst CNS radiation to death
was signi�cantly worse for patients with progressive ECD (17.8m) versus stable/responding (36.6m) or
isolated intracranial relapse (28.4m, p=0.008). iPFS did not differ statistically.

Conclusion

OS in patients with HER2+ isolated BCBrM was inferior to those with concurrent progressive or
stable/responding ECD. Studies investigating initiation of brain penetrable HER2-targeted therapies earlier
in the disease course of isolated HER2+ intracranial relapse patients are warranted.

Introduction
Breast cancer (BC) is one of the most common causes of brain metastasis from solid tumors [1–4]. The
incidence of breast cancer brain metastases (BCBrM) varies based on tumor biomarker subtype,
occurring in up to 30% of patients in the advanced setting [3, 5]. Amongst human epidermal growth factor
receptor 2 positive (HER2+) BC, the incidence of BCBrM has increased to nearly 50% of patients with
metastatic breast cancer (MBC) [6]. The average time to development of BCBrM in HER2 + MBC is 32
months, and risk factors include estrogen receptor negativity, older age, and number of sites of metastatic
disease [3, 7].
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Despite major advances in the treatment of HER2 + BC, BCBrM remain a substantial challenge for
patients and clinicians. The median survival of HER2 + BCBrM is only 18 months post diagnosis of brain
metastasis [3, 8, 9]. Consensus guidelines for systemic therapy after an initial HER2 + BCBrM depend on
the status of extracranial disease (ECD) [10]. In patients with isolated intracranial recurrence or those with
stable or responding ECD, continuing current systemic therapy after local therapy (radiation +/- surgical
resection) is recommended per 2022 ASCO guidelines [11]. If the patient’s concurrent ECD is progressive,
transition to the next line of systemic therapy per standard algorithms is recommended [11].

Recent studies have demonstrated the role of systemic therapy after local therapy in improving overall
survival (OS) of patients with new BCBrM [1, 3, 12–14]. Speci�cally, the bene�t of systemic therapy post-
local treatment was demonstrated in patients with isolated intracranial metastasis, in the absence of any
concurrent ECD [8]. New therapies in advanced HER2 + BCBrM have improved progression-free and OS in
patients with stable, progressive, or untreated BCBrM [9]. Given these new therapies, there is great interest
in developing clinical studies with highly CNS penetrable agents for primary and secondary BCBrM
prevention in HER2 + MBC. As we begin to focus on intracranial progression free survival as an endpoint
in clinical trial design, we lack historical data to use as a benchmark to examine success with new
agents. Another challenge is understanding the heterogeneity of the HER2 + BCBrM population and
whether iPFS and OS change based on ECD status.

The present study aims to characterize the ECD status and outcomes in patients with newly diagnosed
HER2 + BCBrM after their initial radiation treatment. We also aim to understand the impact of ECD on
iPFS and OS with intention to understand the needs of potentially diverse populations.

Methods

Study design and participants
This study was approved for exemption from IRB review as it used only deidenti�ed patient information
in accordance with federal regulations [15]. Using retrospective analysis, 486 patients were identi�ed that
were treated with either stereotactic radiosurgery (SRS) or whole brain radiation therapy (WBRT) for
BCBrM at Duke University between March 2008 and October 2021. 24 patients were excluded for lack of
biomarker status, non-breast cancer primary, presence of leptomeningeal disease without
intraparenchymal disease, or for being a duplicate record. Of the remaining 462 records, 153 patients had
HER2 + disease and radiation treatment for a �rst HER2 + BCBrM (Fig. 1).

Retrospective descriptive data were extracted from these 153 HER2 + patient charts, including age at �rst
metastatic disease, age at initial diagnosis by biopsy, age at �rst metastatic diagnosis by biopsy (or
imaging, if biopsy unavailable), race, ethnicity, and estrogen receptor (ER)/progesterone receptor (PR) and
HER2 status per ASCO CAP guidelines [16]. HER2-positivity was de�ned by most recent tissue biopsy with
descending preference given to brain biopsy, primary breast biopsy, or another metastatic biopsy. Date of
�rst brain metastasis was collected based on �rst imaging showing BCBrM. MRI was given preference
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over CT. ECD was de�ned as any metastatic disease from breast cancer primary, except for
intraparenchymal brain metastases, found anywhere in the body. Status of ECD at time of initial BCBrM
diagnosis and second intracranial progression was de�ned as responding, stable, progressive, or
unknown. The most recent staging scan had to be within 30 days of �rst BCBrM diagnosis. ECD status
was classi�ed based on RECIST1.1 criteria by investigator assessment. All radiation therapy records were
collected for treatment of the patient’s �rst and second intracranial progressions. Second intracranial
progression was de�ned by investigator assessed RANO-BM criteria [17]. Date of death or last known
contact was collected based on chart review. Cause of death was assessed based on death certi�cates or
most recent notes. The research was approved by the Duke University Institutional Review Board (IRB
Pro00105398).

Statistical Analysis
Patient characteristics are summarized using median and range for continuous variables and categorical
descriptors are summarized using frequencies and percentages. Kaplan-Meier methods are used to
estimate OS and iPFS. OS is evaluated from time from �rst CNS radiation or �rst metastatic disease to
death and censored at last follow-up visit. First metastatic disease was de�ned as the �rst presentation
of ECD, intracranial disease, or both presenting at the same time. Presentation with isolated intracranial
relapse resulted in the same date of initial metastatic disease and initial BCBrM. iPFS is evaluated from
the date of �rst CNS radiation to the subsequent documentation of intracranial progression or death and
is censored at date of last follow-up for those alive without progressive disease. Curves are compared
using the log-rank test. Proportional hazards regression is used for multivariate analyses.

Analyses were conducted using SAS software (Version 9.4; SAS Institute Inc., Cary, NC) and plots were
created in the R language and environment for statistical computing (R Foundation for Statistical
Computing, Vienna, Austria).

Results

Demographics and patient characteristics
153 patients with con�rmed HER2 + breast cancer and a �rst BCBrM with subsequent CNS radiation
treatment at Duke University were included. Clinical characteristics are presented in Table 1. Median age
at �rst metastatic disease was 50 years old (range: 24–75). Two-thirds of patients’ tumors were ER-
positive (ER+).



Page 5/21

Table 1
 Patient Demographics

  Total

(N = 153)

Age at Initial Primary Diagnosis, n (%)  

< 40 27 (17.6%)

40–50 43 (28.1%)

50–60 47 (30.7%)

> 60 36 (23.5%)

Age at Initial MET Diagnosis  

N 153

Mean (SD) 50.6
(11.27)

Median (Range) 50.0 (24.0,
75.0)

Race, n (%)  

American Indian or Alaskan Native 2 (1.3%)

Black or African American 38 (25.0%)

White 107
(70.4%)

Other 5 (3.3%)

Missing 1

When the patient was found to have brain metastasis, was there also extracranial
disease identi�ed at the same time?, n (%)

 

Yes 119
(77.8%)

No 34 (22.2%)

What was the status of extracranial disease at �rst brain metastasis?, n (%)  

Stable/Responding 56 (43.8%)

Progressive 38 (29.7%)

No Extracranial Disease 34 (26.6%)

Missing 25
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  Total

(N = 153)

Were there brain metastasis at the time when the patient was �rst discovered to have
metastatic disease?, n (%)

 

Yes 53 (34.9%)

No 99 (65.1%)

Missing 1

Estrogen Receptor (ER) Result, n (%)  

Positive 93 (63.7%)

Negative 53 (36.3%)

Missing 7

Progesterone Receptor (PR) Result, n (%)  

Positive 62 (42.8%)

Negative 83 (57.2%)

Missing 8

First Type of CNS RT Received, n (%)  

Stereotactic Radiosurgery (SRS) 86 (56.6%)

Whole Brain Radiation Therapy (WBRT) 66 (43.4%)

Missing 1

Brain Met Disease Description, n (%)  

Unifocal 55 (35.9%)

Multifocal 98 (64.1%)

Line of Treatment, n (%)  

1st line metastatic 52 (35.4%)

2nd line metastatic 20 (13.6%)

3rd and beyond line metastatic 15 (10.2%)

Adjuvant 14 (9.5%)

None 46 (31.3%)

Missing 6
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  Total

(N = 153)

What type of systemic therapy was the patient placed on after radiation therapy?, n (%)  

Trastuzumab Based Therapy 29 (19.0%)

Trastuzumab and Pertuzumab Based Therapy 35 (22.9%)

T-DM1 Based Therapy 23 (15.0%)

Lapatinib Based Therapy 29 (19.0%)

Tucatinib Based Therapy 6 (3.9%)

Neratinib Based Therapy 2 (1.3%)

Other 6 (3.9%)

N/A 14 (9.2%)

Unknown 9 (5.9%)

Was the patient placed on systemic therapy after �rst radiation?, n (%)  

No 13 (8.5%)

Yes 140
(91.5%)

Was the patient on HER2-Targeted Therapy Prior to First BrM?, n (%)  

No 70 (45.8%)

Yes 83 (54.2%)

Of the patients in this cohort, 73% had concurrent ECD when initially diagnosed with HER2 + BCBrM.
Twenty-seven percent (27%) of patients presented with isolated intracranial relapse or no evidence of
ECD. Most patients had controlled or absent ECD at time of diagnosis: 44% had stable/responding ECD,
30% had progressive ECD, and 27% had isolated intracranial relapse (Fig. 2). All patients with no ECD
presented with isolated intracranial relapse as �rst metastatic event. A majority of patients (59%)
developed their �rst HER2 + BCBrMs during adjuvant, �rst-, or second-line metastatic therapy. About half
of patients (54%) were receiving trastuzumab-based therapy at time of BCBrM diagnosis. Eighty-�ve
(85)% of patients were on any HER2-directed therapy at the time of developing BCBrM.

CNS radiation treatment modality for �rst HER2 + BCBrM was 57% SRS and 43% WBRT. After radiation,
23% of patients received HER2-targeted therapy with trastuzumab and pertuzumab based therapy, 19%
received trastuzumab based therapy without pertuzumab, 19% received lapatinib based therapy, and 15%
received ado-trastuzumab emtansine (T-DM1) based therapy (Table 1).
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Association of Extracranial Disease Status and Intracranial
Progression Free Survival
In this patient cohort, there was no statistically signi�cant difference in iPFS based on the status of ECD,
though clinically meaningful differences were seen. The median iPFS for patients with progressive ECD
was 7.7 (95% CI: 6.0-13.3) months versus 11.2 (95% CI: 9.2–16.3) months for stable/responding and 8.3
(5.7–12.0) months for patients without ECD (Table 2 and Fig. 3), (p = 0.15). Overall, nearly all patients
with progressive ECD (97%) had a second intracranial progression by 5 years post-initial BCBrM
compared to 82% of patients with stable/responding ECD and 88% with isolated intracranial relapse.

Table 2
 Progression Free Survival from Radiation to Intracranial Progression (iPFS) by Extracranial Disease

Status

  Status of extracranial disease at �rst brain
metastasis?

  Stable/Responding

(N = 56)

Progressive

(N = 38)

No
Extracranial
Disease

(N = 34)

Progression Status, n (%)      

No Event 10 (17.9%) 1 (2.6%) 4 (11.8%)

Event 46 (82.1%) 37 (97.4%) 30 (88.2%)

Time from start of treatment to progression or
death (months)

     

Events 46 37 30

Median (95% CI) 11.17 (9.20–
16.26)

7.72 (5.95–
13.31)

8.26 (5.65–
11.99)

6 month Est (95% CI) 0.78 (0.68–0.90) 0.63 (0.50–
0.81)

0.59 (0.44–
0.78)

12 month Est (95% CI) 0.43 (0.31–0.58) 0.32 (0.20–
0.50)

0.29 (0.17–
0.50)

18 month Est (95% CI) 0.31 (0.21–0.46) 0.15 (0.07–
0.32)

0.21 (0.11–
0.40)

24 month Est (95% CI) 0.24 (0.15–0.40) 0.15 (0.07–
0.32)

0.12 (0.05–
0.30)

30 month Est (95% CI) 0.20 (0.11–0.35) 0.12 (0.05–
0.29)

0.12 (0.05–
0.30)
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In the univariate analysis (Table 3), only use of systemic therapy after �rst radiation was associated with
a signi�cantly prolonged iPFS hazard ratio (HR) (0.45, 95% CI: 0.24–0.82), p = 0.009). ER positivity, age at
diagnosis, and multi-focality of BCBrM were not signi�cantly associated with risk of iPFS.

Table 3
Univariate Analysis of Intracranial Progression Free Survival

Parameter Level p-value HR

Estrogen Receptor (ER) status, result from metastatic site Negative Reference

Positive 0.96 0.96 (0.68,
1.3)

Age at initial metastatic disease diagnosis < 40 Reference

40–50 0.49 0.96 (0.57,
1.62)

50–60 0.87 (0.52,
1.44)

> 60 1.25 (0.73,
2.13)

Brain metastasis disease description Unifocal Reference

Multifocal 0.80 1.05 (0.74,
1.49)

Was the patient placed on systemic therapy after �rst
radiation?

No Reference

Yes 0.009 0.45 (0.24,
0.82)

Association of Extracranial Disease Status and Overall
Survival
OS from �rst metastatic diagnosis to death was markedly worse for patients with isolated intracranial
relapse (Table 4 and Fig. 4). Median survival was 48.8 (95% CI: 40.5–65.0) months for patients with
progressive disease, 68.1 (95% CI: 55.2–85.7) months for stable/responding disease, and 28.4 (95% CI:
18.1 - not reached (NR)) months for patients without ECD (p = 0.0035).
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Table 4
 Overall Survival from First Metastatic Diagnosis to Death

  Status of Extracranial Disease at First Brain Metastasis

  Stable/Responding

(N = 56)

Progressive

(N = 38)

No Extracranial
Disease

(N = 34)

DIED, n (%)      

No Event 22 (39.3%) 6 (15.8%) 13 (38.2%)

Event 34 (60.7%) 32 (84.2%) 21 (61.8%)

Time from First Metastatic Diagnosis to
Death?

     

Events 34 32 21

Median (95% CI) 68.1 (55.2–85.7) 48.8 (40.5–
65.0)

28.4 (18.1 - ∞)

6 month Est (95% CI) 1.00 (1.00–1.00) 1.00 (1.00–
1.00)

0.94 (0.87–1.00)

12 month Est (95% CI) 1.00 (1.00–1.00) 1.00 (1.00–
1.00)

0.76 (0.63–0.92)

18 month Est (95% CI) 0.98 (0.95–1.00) 0.95 (0.88–
1.00)

0.68 (0.53–0.85)

24 month Est (95% CI) 0.93 (0.86–1.00) 0.92 (0.84–
1.00)

0.54 (0.39–0.74)

30 month Est (95% CI) 0.86 (0.77–0.95) 0.86 (0.76–
0.98)

0.44 (0.30–0.65)

36 month Est (95% CI) 0.84 (0.75–0.94) 0.76 (0.63–
0.91)

0.40 (0.26–0.62)

42 month Est (95% CI) 0.80 (0.70–0.91) 0.59 (0.45–
0.77)

0.40 (0.26–0.62)

In the univariate analysis (Table 5a), use of systemic therapy after �rst radiation was associated with a
decreased risk of death (HR: 0.43 (95% CI: 0.2300.82); p = 0.010), while ER positivity, age at diagnosis,
and multi-focality BCBrM were not signi�cantly associated with risk. In the multivariate analysis
(Table 5b), use of systemic therapy after �rst radiation was again associated with a decreased risk of
death (HR: 0.44 (95% CI: 0.23–0.83), p = 0.011) when controlling for ER status.
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Table 5
a Univariate Analysis of Overall Survival from First Metastatic Diagnosis to Death

Parameter Level Pr > 
ChiSq

HR

Estrogen Receptor (ER) status, result from metastatic site Negative Reference

Positive 0.11 0.67 (0.46,
0.99)

Age at initial metastatic disease diagnosis < 40 Reference

40–50 0.16 1.27 (0.69,
2.32)

50–60 1.12 (0.62,
2.05)

> 60 1.84 (1.00,
3.39)

Brain metastasis disease description Unifocal Reference

Multifocal 0.66 1.10 (0.73,
1.64)

Was the patient placed on systemic therapy after �rst
radiation?

No Reference

Yes 0.010 0.43(0.23,
0.82)

Table 5
b Multivariate Analysis of Overall Survival from First Metastatic Diagnosis to Death

Parameter Level Pr > 
ChiSq

HR

Estrogen Receptor (ER) status, result from metastatic site Negative Reference

Positive 0.11 0.68 (0.46,
0.99)

Was the patient placed on systemic therapy after �rst
radiation?

No Reference  

Yes 0.011 0.44
(0.23,0.83)

OS from �rst BCBrM to death was signi�cantly worse for patients with concurrent progressive ECD
(Table 6 and Fig. 5). Median OS was 17.8 (95% CI: 13.7–28.8) months for patients with progressive
disease, 36.6 (95% CI: 29.7–45.2) months for stable/responding, and 28.4 (95% CI: 18.1-NR) months for
patients without ECD (p = 0.0075).
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Table 6
 Overall Survival: Time from First Brain Metastatic Diagnosis to Death

  Status of extracranial disease at �rst brain
metastasis?

  Stable/Responding

(N = 56)

Progressive

(N = 38)

No Extracranial
Disease

(N = 34)

DIED, n (%)      

No Event 22 (39.3%) 6 (15.8%) 13 (38.2%)

Event 34 (60.7%) 32 (84.2%) 21 (61.8%)

Time from First Brain Metastatic Diagnosis
to Death?

     

Events 34 32 21

Median (95% CI) 36.6 (29.7–45.2) 17.8 (13.7–
28.8)

28.4 (18.1 - ∞)

12 month Est (95% CI) 0.94 (0.89–1.00) 0.68 (0.54–
0.85)

0.76 (0.63–0.92)

24 month Est (95% CI) 0.80 (0.70–0.92) 0.36 (0.23–
0.56)

0.54 (0.39–0.74)

36 month Est (95% CI) 0.51 (0.38–0.68) 0.27 (0.16–
0.47)

0.40 (0.26–0.62)

48 month Est (95% CI) 0.30 (0.19–0.49) 0.16 (0.07–
0.37)

0.40 (0.26–0.62)

60 month Est (95% CI) 0.26 (0.15–0.46) 0.12 (0.05–
0.33)

0.28 (0.14–0.55)

From �rst BCBrM to death, the univariate analysis (Table 7) demonstrated a markedly decreased risk of
death in patients treated with systemic therapy post-�rst radiation (HR: 0.11 (95% CI: 0.05–0.22), p < 
0.001). There was a signi�cantly increased risk of death in patients > 60 years old relative to patients < 40
(HR: 2.47 (95% CI: 1.26–4.87), p = 0.032). Compared to patients < 40, there was not a signi�cantly
changed risk in patients 40–50 years old or 50–60 years old. Patients with ER + BCBrM or those with
multifocal BCBrM showed no increased risk of death.
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Table 7
Overall Survival: Time from First Brain Metastases Diagnosis to Death

Parameter Level Pr > 
ChiSq

HR

Estrogen Receptor (ER) status, result from metastatic site Negative Reference

Positive 0.66 0.98 (0.34,
2.79)

Age at initial metastatic disease diagnosis < 40 Reference

40–50 0.032 1.39 (0.73,
2.66)

50–60 1.19 (0.61,
2.31)

> 60 2.47 (1.26,
4.87)

Brain metastasis disease description Unifocal Reference

Multifocal 0.36 1.23
(0.79,1.92)

Was the patient placed on systemic therapy after �rst
radiation?

No Reference

Yes < 0.001 0.11 (0.05,
0.22)

Discussion
In the present study, we describe the outcomes of 153 breast cancer patients newly diagnosed with HER2 
+ BCBrM who received radiation at a single institution. For the �rst time to our knowledge, we describe
ECD status in a large cohort at the time of �rst HER2 + BCBrM. In this patient cohort, most patients had
ECD that was absent or controlled, indicating that therapeutic e�cacy between intracranial and
extracranial disease diverges in modern times. Trastuzumab remains the most commonly used HER2-
targeting agent in neoadjuvant, adjuvant, and �rst-line metastatic HER2 + breast cancer. Trastuzumab has
very limited intracranial activity in an intact blood brain barrier allowing metastatic escape into the CNS.
Antibody drug conjugate, trastuzumab emtansine is now used in the adjuvant early stage setting when
residual disease is present after neoadjuvant trastuzumab and taxane based therapy [1]. In the Katherine
clinical trial, 6% of patient still presented with isolated intracranial relapse as their �rst metastatic event
[18, 19]. These �ndings highlight the need for agents in the curative and early metastatic setting with
robust intracranial e�cacy to prevent brain relapse.

Our �ndings demonstrate that patients with isolated brain relapse as their �rst metastatic event have
inferior OS from metastatic diagnosis to death compared to those that develop BCBrM later in their
metastatic disease course with concurrent ECD (Fig. 4). The current �rst-line systemic therapy for
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advanced HER2 + BC remains a taxane, pertuzumab and trastuzumab regardless of BCBrM status [20].
The intracranial activity of trastuzumab and pertuzumab is minimal compared to newer generation HER2-
targeted therapies [21]. Tucatinib is a highly HER2-selective small-molecule oral tyrosine kinase inhibitor.
When used in combination with trastuzumab and capecitabine in the HER2CLIMB clinical trial, patients
with baseline active, stable or progressive BCBrM had improved CNS-PFS and OS with the addition of
tucatinib [9]. Given the poor OS in patients with isolated brain relapse, we believe clinical trials utilizing
brain penetrable HER2-targeted therapies such as tucatinib combinations in the �rst-line setting are
warranted. Clinical trials utilizing tucatinib added to T-DM1 or trastuzumab/pertuzumab after isolated
brain relapse for secondary BCBrM prevention are underway (NCT05323955).

OS from BCBrM to death also differed signi�cantly depending on ECD status (Fig. 5). Patients with
concurrent progressive ECD had the worst OS from �rst BCBrM to death. Current ASCO guidelines
recommend a change in systemic therapy when there is concurrent intracranial and extracranial disease
progression. Finding robust agents in this setting with both intracranial and extracranial activity are
imperative.

Lastly, in this patient cohort, there was no statistically signi�cant difference in intracranial progression
free survival based on the status of ECD. However, median iPFS for patients with progressive ECD was
7.7 (95% CI: 6.0-13.3) months versus 11.2 (95% CI: 9.2–16.3) months for stable/responding and 8.3 (5.7–
12.0) months for patients without ECD. This data suggests that patients with concurrently progressive
intracranial and extracranial disease may have shorter iPFS than those with controlled or absent
extracranial disease, though further studies are needed. For clinical trials utilizing intracranial
progression-free survival as a primary endpoint, stratifying by extracranial disease status may be
necessary.

This study has several limitations. This study was only performed at one institution, Duke University,
which inherently limits our population of patients. However, with over 150 HER2 + patients, this study
constitutes one of the largest retrospective analyses of HER2 + intracranial metastases. Another
limitation is the retrospective nature of this study. All patients with HER2 + BCBrM treated with any
radiation at Duke between 2008 and 2021 were included, but there may still be confounding factors
uncontrollable in retrospective series. Furthermore, only clinically signi�cant brain metastases leading to
MRI diagnosis were included as is standard practice and implications of asymptomatic brain metastases
are unknown. Also, few patients in this cohort were treated with newer HER2 targeted agents such as
trastuzumab deruxtecan or tucatinib-containing regimens which both prolong survival in HER2 + BCBrM
patients. Finally, it is unknown when these patients may have developed asymptomatic BCBrM as MRI
screening is not standard of care for breast cancer treatment, which could have an impact on the
demonstrated survival in this study.

In conclusion, patients with isolated HER2 + brain relapse had shorter OS compared to those developing
BCBrM later in their treatment course with either controlled or progressive ECD. Clinical trials exploring
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highly brain penetrable HER2 targeting agents after initial �rst brain relapse are warranted in this
population.
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Figures

Figure 1

Patient Selection Diagram
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Figure 2

Status of extracranial disease at �rst brain metastasis. 
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Figure 3

Progression Free Survival from Radiation to Intracranial Progression by Extracranial Disease Status 
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Figure 4

Overall Survival Differences from First Metastatic Diagnosis to Death by Extracranial Disease Status
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Figure 5

Overall Survival: Time from First Brain Metastases Diagnosis to Death


