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Intracranial management of
HER-2 overexpression breast
cancer with extensive volume or
symptomatic brain metastases
Juan Li †, Junjie Zhen †, Ruyu Ai, Mingyao Lai,
Hui Wang and Linbo Cai*

Department of Oncology, Guangdong Sanjiu Brain Hospital, Guangzhou, China
Objectives: This study aimed to evaluate the impact of high intracranial burden and

symptomatic presentation of brain metastases on treatment outcomes in patients

with HER-2 positive breast cancer. Through a retrospective analysis, we explored the

intracranial responses following the application of HER-2 targeted therapy alone or

in combination with other modalities and further elucidated the relationship

between treatment efficacy, intracranial progression-free survival (PFS), overall

survival (OS), and the burden of intracranial lesions and symptomatic presentations.

Methods: A retrospective analysis was conducted on cases of HER-2

overexpressing breast cancer patients with brain metastases. Clinical records

were reviewed to extract patient demographics, treatment modalities, and

intracranial disease characteristics. Intracranial tumor burden was quantified at

diagnosis and post-initial treatment. High intracranial tumor burden was defined

as either total metastatic volume >15 cc, or the largest lesion >3 cm. Responses

were assessed using established criteria. The correlation between intracranial

disease parameters and intracranial progression-free survival (PFS) and overall

survival (OS) was determined.

Results: The study comprised 65 patients with HER-2 overexpression breast

cancer and brain metastases. Symptomatic presentation was observed in 69.2%

of patients at the diagnosis of brain metastases. Treatment with HER-2 target

therapy alone or in combination with other modalities resulted in substantial

intracranial responses, with 81.5% achieving at least a partial response at 3

months from therapy initiation. Median intracranial PFS and OS for patients

with high intracranial burden were 9 and 22 months, respectively. Patients with

high intracranial burden and symptomatic presentation at diagnosis

demonstrated worse PFS and OS to those with lower burden and absence of

symptoms (p < 0.05 for each).

Conclusions: Her-2 overexpressing breast cancer and brain metastases face

significant challenges, particularly those with high intracranial tumor burden,

which correlates with poorer outcomes and higher incidence of leptomeningeal

metastasis. Most patients responded positively to initial therapies, especially anti-
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HER-2 treatments combined with radiotherapy. Larger tumors necessitated more

comprehensive treatment approaches, such as WBRT and SRS. Key factors

influencing intracranial tumor control included the Ki-67 index, intracranial

tumor burden, and continuous use of HER-2 targeted therapy post-diagnosis.
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Introduction

Patients with breast cancers overexpressing human epidermal

growth factor receptor 2 (Her-2) bear an increased risk for

developing brain metastases, attributed to longer survival times

(1, 2) and inherent genomic modifications (3). Brain metastases and

systemic disease are often managed distinctly due to the poor

Central Nervous System (CNS) penetration by systemic agents.

Recommended local therapies for brain metastases include surgical

resection, stereotactic radiosurgery (SRS), or whole-brain radiation

therapy (WBRT), depending on the imaging characteristics of the

brain metastases and the severity of neurological symptoms.

Herceptin (trastuzumab), a monoclonal antibody therapy, has

been increasingly used alone or in combination with local therapy

for managing brain metastases in Her-2 overexpressing breast

cancer patients (4). This treatment has demonstrated improved

CNS penetrance and has shown its clinical effectiveness against

brain metastases (3, 5, 6). Current guidelines suggest that treatment

with a systemic agent showing good CNS penetrance can be

considered in selected patients with small and asymptomatic

brain metastases (7). Yet, the management of breast cancer brain

metastases largely differs based on institutional experience and

clinician preferences (8). In the case of large or numerous brain

metastases, the preferred treatment modality isn’t established, and

such situations historically suggest worse intracranial control and

survival (9, 10).

Despite extended survival times, large retrospective studies have

observed no significant difference in overall survival between SRS

and WBRT (11). Another study reported improved outcomes for

patients who received SRS along with trastuzumab in the upfront

management of brain metastases from Her-2 overexpressing breast

cancer, but the selection criteria for SRS eligibility remain unclear,

subjecting their results to selection bias (12). Moreover, no study to

our knowledge has specifically addressed outcomes for those at

higher risk due to larger or symptomatic brain metastases.
Materials and methods

In this study, we aim to correlate clinical and imaging factors

associated with survival in patients with brain metastases from Her-

2 overexpressing breast cancer and treated with trastuzumab. We
02
retrospectively identify and review cases of Her-2 overexpression

breast cancer with brain metastases. Clinical characteristics and

treatment data are abstracted from the medical records, and brain

metastases are contoured to calculate total volume of disease at

diagnosis and after initial therapy. High intracranial load is defined

according to specific criteria, and intracranial response is gauged

according to RANO criteria (13) at the patient level. Our purpose is

to determine prognostic factors to help guide future studies in

defining the optimal upfront therapy for this cohort of patients.
Data collection

With approval from the institutional review board, we reviewed

the medical records of patients with Her-2 overexpressing breast

cancer, diagnosed with brain metastases between March 2013 and

April 2022, and treated at our institution. Inclusion criteria for this

study include individuals aged 18–65 years diagnosed with breast

cancer, specifically HER-2 positive, and confirmed to be free of

brain metastases through cranial magnetic resonance imaging.

Exclusion criteria encompass individuals with incomplete clinical

data, male patients with breast cancer or bilateral breast cancer,

those with poor overall health status unable to tolerate treatment,

and individuals with concomitant other tumors or cranial diseases.

Collected data included the year of birth, gender, Karnofsky

performance status (KPS), score of Zubrod-ECOG-WHO

performance status (ZPS), presence of neurological symptoms,

dates of breast cancer and brain metastases diagnosis, and any

Her-2 targeted therapy use. Brain lesions were contoured in a

Velocity treatment planning system (Varian Medical Systems,

Palo Alto, CA) to calculate maximal tumor diameter and total

volume of disease (cc). High intracranial burden was defined as

either > 10 brain metastases, a volume of brain metastases > 15 cc,

or the largest lesion > 3 cm. These cutoffs were selected based on

eligibility criteria from the Trans-Tasman Radiation Oncology

Group OUTRUN trial (NCT03497767). T1, post-contrast

magnetic resonance imaging (MRI) revealing the first instance of

brain metastases for each patient was used for contouring by a

senior resident in radiation oncology. Follow-up MRI after initial

treatment (>2 months and<4 months post-treatment) was similarly

contoured. Small lesions no longer identifiable were marked as a

100% volumetric response on the post-treatment scan. Treatment
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characteristics, such as surgical resection, systemic agents including

trastuzumab, SRS, and WBRT used in the upfront and salvage

settings were recorded. Toxicities were scored according to the

Common Terminology Criteria for Adverse Events (CTCAE)

Version 5.0 (14).
Treatment

Decisions regarding brain metastases treatment were made by

treating physicians, often in collaboration with multidisciplinary

breast and brain metastases tumor boards. Systemic therapy was

administered by medical oncology based on standards of care at the

time of brain metastasis diagnosis. Treatment options for brain

metastasis include Whole Brain RT (WBRT) for cases with more

than 10 metastases or certain histologies, while Stereotactic

Radiosurgery (SRS) is preferred for cases with 10 or fewer

metastases.For patients treated with SRS, this was performed on

the Novalis treatment System (Brainlab, Heimstetten, Germany).

Treatment plans were generated from thin slice MRI that were

merged with a stereotactic CT scan. The prescription dose was

based on tumor size, location, and prior radiation therapy. The final

plan was developed in collaboration with a neurosurgeon, radiation

oncologist, and medical physicist. The dose selection for stereotactic

radiosurgery (SRS) in the treatment of metastatic tumors is based

on the findings of the Radiation Therapy Oncology Group (RTOG)

90–05 trial, which determined the maximum tolerated doses as

follows: 24 Gy for tumors measuring less than 2.0 cm, 18 Gy for

tumors measuring 2.1–3.0 cm, and 15 Gy for tumors measuring

3.1–4.0 cm. For patients who received WBRT, memantine and

hippocampal avoidance were used at physician discretion. Follow-

up MRI was performed at intervals based on physician discretion.

Our institutional standard for MRI surveillance is typically every 3

months for those treated with trastuzumab and SRS and

without symptoms.
Outcome analysis

The latest available post-treatment MRI within four months of

treatment was used to compute volumetric response. Response was

determined at the patient level, not by individual lesion. Using the

available volumetric data, we utilized the RANO suggested partial

volumetric response definition as a 65% or more decrease in the

sum volume of target lesions, with stable or decreased corticosteroid

use, and stable or improved clinical status (15). A complete

response was the disappearance of all lesions, no corticosteroid

use, and stable or improved clinical status. Progressive disease was

defined as an increase greater than 20% in the diameter of treated

lesion(s), or new brain lesions. Freedom from intracranial

progression was defined as time from brain metastases diagnosis

to intracranial progression (per RANO criteria) as determined by

CNS imaging, and did not use death as an event. Intracranial

progression-free survival (IC-PFS) was defined as time from brain

metastasis diagnoses until intracranial progression (per RANO

criteria) or death. Overall survival was defined as the time from
Frontiers in Oncology 03
brain metastases diagnosis until death from any cause. These were

summarized using Kaplan–Meier methodology. Index cancer

diagnosis date was determined by the original pathology report.

Cox regression univariable and multivariable analyses were

performed to identify prognostic clinical or treatment

characteristics. SPSS Statistics (International Business Machines

Corporation, Armonk, NY) software and the R statistical

computing language (R Foundation for Statistical Computing)

was used for analyses. Results from univariable analyses with a

trend toward significance (p<0.10) were included in the

multivariable models.
Results

Patient and treatment characteristics

A total of 65 eligible patients with Her-2 overexpressing breast

cancer were identified. Median follow-up from initial brain

metastases diagnosis was 24 months (range 1.9–55 months).

Brain metastases and breast cancer diagnosis were synchronous in

14 (21.5%) cases, whereas the remaining were metachronous at a

median of 51 months (range 1.6–156.8 months) after breast cancer

diagnosis. In 51 patients with measurable lesion size, the patients

with high intracranial tumor burden (n = 21) had a median of 3

brain metastases, 26.5 cc volume, and 2.9 cm maximal tumor

diameter. Patients with low intracranial burden (n=30) had a

median of 3 brain metastases, 4.6 cc volume, and 1.2 cm maximal

tumor diameter. Neurological symptoms were present in 54.4% of

cases at brain metastasis diagnosis.

Six patients underwent resection of dominant brain metastasis,

three with high burden and three with low burden. Fifty-two cases

(80%) received anti-HER-2 targeted therapy, including 44 cases

treated with monoclonal antibodies such as trastuzumab or

pertuzumab, and 1 case treated with single-agent tyrosine kinase

inhibitors such as lapatinib or pyrotinib. Additionally, 7 patients

received treatment with a combination of two types of drugs.

Patients with larger diameter tumors were more likely to receive

whole brain radiotherapy and SRS in addition to Her-2 targeted

therapy (odds ratio = 2.3per cm maximal tumor size, p = 0.03 on

regression analysis). All patients received radiotherapy during the

treatment process. Among them, 60% of brain metastases received

treatment, including radiotherapy, as part of their initial treatment.

Following progression of the brain disease after initial treatment,

radiotherapy was administered to all patients. Regarding the

radiotherapy approach for patients, 38 cases (58.5%) received

whole-brain radiation therapy (WBRT) combined with

stereotactic radiosurgery (SRS), 23 cases (35.4%) received SRS

alone, and 4 cases (6.2%) received WBRT alone (Table 1).
Treatment response at 3 months

An intracranial response (partial or complete response) to any

initial therapy was observed in 57 (87.7%) of 65 patients with post-

treatment brain images available at approximately 3 months. Response
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per RANO criteria was complete in 16 (24.6%), partial in 41 (63.1%),

stable in 2 (3.1%), and progressive disease in 6 (9.2%) of the 65 patients.

Salvage/consolidative SRS (n = 2) andWBRT (n = 1) were provided to

those patients with early progressive disease (Figure 1).

Full volumetric response for patients receiving trastuzumab as

part of their therapy is shown in Figure 1. Specifically, two cases

with Her-2 overexpressing breast cancer, treated with trastuzumab

alone had progressive disease at the first post-treatment scan. 2
Frontiers in Oncology 04
cases of progression were following surgery and the other 2 were

with trastuzumab + WBRT.
Occurrences of leptomeningeal metastasis

Among 65 patients, 3 patients were suspected of leptomeningeal

metastasis at initial diagnosis, while 19 patients were diagnosed with

leptomeningeal metastasis during the course of the disease. Among

these, 15 cases (78.9%) occurred in the high tumor burden group,

and 4 cases (21.1%) occurred in the low tumor burden group.
Factors influencing intracranial
tumor control

Using a multivariable Cox regression model, it was analyzed that

the primary tumor Ki-67 index, intracranial tumor burden, and

continuous use of HER-2 targeted therapy after the occurrence of

brain metastasis are factors influencing intracranial tumor control

(Table 2). Both intracranial tumor burden and ECOG performance

status significantly affect intracranial progression-free survival and

overall survival. Higher tumor burdens and poorer performance

status are associated with worse outcomes in terms of both PFS and

OS (Figure 2).
Discussion

Patients with HER-2 positive breast cancer treated with first-line

Trastuzumab, have shown improved survival rates. However, a longer

survival period also raises the likelihood of intracranial metastases (15).

Our study explored the correlation between prognosis and intracranial

metastatic burden, as well as neurological symptoms. We observed a

correlation between the intracranial metastatic burden, the presence of

neurological symptoms, and overall survival. Early use of radiotherapy

in combination with anti-HER-2 targeted drugs for detected

intracranial metastases can significantly reduce tumor volume,

thereby enhancing the patients’ quality of life. Hence, regardless of

intracranial metastatic burden and neurological symptoms, the use of

radiotherapy along with anti-HER-2 targeted drugs may be considered

in the upfront setting.

Previous breast cancer research has indicated a correlation between

the total volume of brain metastases and survival rates (1, 16). In our

study, we aimed to establish a connection between the tumor response

rate of breast cancer brain metastases and the control of intracranial

tumors. Despite this, across the overall population, initial treatment of

metastatic tumors yielded satisfactory outcomes. No significant

differences were observed in tumor regression within three months

across all treatment groups. This result may be due to sample selection

bias, as a majority of our selected patients underwent local treatment

(surgery or cranial radiotherapy) after the onset of brain metastases,

and most did not discontinue systemic treatment. This validates the

effectiveness of continuous systemic treatment combined with more

aggressive local treatment after the occurrence of brain metastases in

HER-2 positive breast cancer (17, 18). This differs from the effective
TABLE 1 Patient characteristics.

n or median % or range

Patients 65

Clinical characteristics

Age at brain metastases diagnosis (years) Median 50 (27-71)

ECOG at brain metastases diagnosis

0-1 41 63.1%

2-4 24 36.9%

Brain metastases at diagnosis

No 59 90.8%

Yes 6 9.2%

Neurologic Symptoms

No 20 30.8%

Yes 45 69.2%

Largest metastasis tumor size (cm) 2.8 0.8-5.5

Total brain metastases volume (cc) 15 0.35-90.8

Number of metastases 2 1-26

Initial Treatment characteristics

System treatment + radiotherapy 28 43.1%

System treatment + surgery 7 10.8%

System treatment without
local treatment

14 21.5%

Radiotherapy alone 11 16.9%

Surgery alone 5 7.7%

Radiotherapy approach

SRS+WBRT 38 58.5%

SRS 23 35.4%

WBRT 4 6.2%

Upfront Surgery

No 53 81.5%

Yes 12 18.5%

Her2 targeted agents 52 80%

Monoclonal antibody (Trastuzumab
or Pertulumab)

44 67.8%

TKI(Lapatinib/Pyrotinib) 1 1.5%

Both 7 10.8%
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control of gene mutation-driven lung cancer brain metastases simply

with TKI treatment. We found that patients with a larger intracranial

tumor burden had shorter intracranial control times and were more

likely to develop meningeal metastases in subsequent follow-ups.

Currently, the treatment of meningeal metastases remains a

challenge in the therapy of breast cancer brain metastases (19).

During the course of targeted therapy, patients with HER-2 positive

breast cancer tend to be more susceptible to brain metastases. Following

the occurrence of brain metastases in these patients, the progression of

the tumor is generally rapid, leading to a larger tumor burden. This

subsequently results in a higher incidence of neurological symptoms. In
Frontiers in Oncology 05
the clinical trials of drugs targetingHER-2 positive breast cancer, patients

presenting with accompanying neurological symptoms are often

excluded (20). This presents a significant gap in our understanding

andmanagement of this patient group, as their treatment experience and

outcomes may differ from those without neurological symptoms. In our

data set, there were 12 patients who were treated with TKI drugs such as

pyrotinib and all belonged to the high tumor burden group. This

provides invaluable real-world experience and evidence of the use of

these novel drugs in patients presenting with neurological symptoms.

These observations emphasize the need for disease management

strategies that consider the unique clinical characteristics and
A B

FIGURE 1

(A) The tumor regression status under different treatment methods. (B) The tumor regression status under different tumor burdens after
initial treatment.
TABLE 2 Analysis of factors associated with intracranial progression free survival following diagnosis of brain metastases.

IC-PFS UVA MVA

Median(m) P value P value HR 95%CI for HR

Lower Upper

Age <40yrs 11.0

>40yrs 14.1 0.493 0.507 0.89 0.123 2.084

ER Positive 17.1

Negative 12.0 0.448 0.833 2.559 0.39 2.13

PR Positive 17.1

negative 13.6 0.389 0.084 2.656 0.169 1.118

Ki-67 ≥50% 7.0

<50% 17.1 0.065 0.012 2.989 0.116 0.761

Her2
targeted therapy

Yes 20

No 14 0.037 0.046 3.998 1.028 15.324

ECOG score 0-1 20

2-4 13.6 0.97 0.204 1.617 0.292 1.3

Tumor burden Low 20

High 9.0 0.003 0.025 4.991 1.129 6.411
Tumor burden means the intracranial tumor.
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treatment challenges associated with brain metastases in HER-2 positive

breast cancer. Additionally, it underscores the potential role of novel TKI

therapies in managing this patient population, particularly those with a

high tumor burden and neurological symptoms. Further studies on the

efficacy of such treatments and strategies for managing neurological

symptoms are warranted.

The criteria for a high tumor burden include either a large tumor

volume or a high number of tumors. Both scenarios necessitate

different treatment strategies. Stereotactic Radiosurgery (SRS) and

Whole Brain Radiation Therapy (WBRT) are two commonly

employed treatment modalities for brain metastases (21). For larger

volume brain metastases, the treatment of choice typically leans

towards local therapies such as stereotactic radiosurgery (SRS) or

surgical intervention. SRS is typically completed in a shorter

duration, often requiring only a single treatment session or a few

fractions, making it convenient for patients. In cases of brainmetastases

located in functional areas, neurological symptoms are often present.

Unlike surgery, which may carry the risk of permanent functional

damage, SRS can rapidly alleviate symptoms in these patients. In

contrast, for patients with more numerous tumors, whole-brain

radiotherapy is usually employed. Whole-brain radiotherapy is also

the basic principle when meningeal metastases occur.

Trastuzumab, an anti-HER2 monoclonal antibody, represents a

class of large molecule monoclonal antibodies. Previous studies

have shown that trastuzumab has difficulty penetrating the blood-

brain barrier, resulting in lower cerebrospinal fluid drug

concentrations within the central nervous system. This could

explain why the effectiveness of trastuzumab is reduced when

used as a standalone treatment for brain metastases. On the other

hand, drugs like pyrotinib, a type of TKI, demonstrate a greater

ability to penetrate the blood-brain barrier. Whether using

pyrotinib alone can delay the initiation of cranial radiotherapy,

especially whole-brain radiotherapy, and thereby preserve patients’
Frontiers in Oncology 06
cognitive abilities, warrants further clinical trials. These findings

highlight the complexities and nuances of treating HER-2 positive

breast cancer patients with brain metastases, and underscore the

need for more tailored and effective therapeutic strategies.

In our study, most HER2-positive patients opted for

Trastuzumab or Pertuzumab as their initial treatment. Upon the

occurrence of brain metastases, oncologists face the decision of

whether to continue using these drugs or to combine them with TKI

or chemotherapy. As it is generally believed that brain metastases

are difficult to control with Trastuzumab alone, and extracranial

targeted drugs can continue to be effective, it is usually

recommended to use local therapy to control brain metastatic

lesions. Anti-HER2 drugs can be continued or replaced with

small molecule TKIs.

Radiotherapy is believed to open up the blood-brain barrier in the

meninges, and it’s worth noting whether the concentration of drugs

such as Trastuzumab could effectively increase after radiotherapy.

This potential increase could enhance the efficacy of these drugs in

treating brain metastases. However, this hypothesis requires further

investigation and if proven, could influence treatment strategies for

patients with HER2-positive breast cancer and brain metastases.

The therapeutic approach following initial treatment failure in

brain metastases poses a significant challenge, as there is currently no

consensus on second and third-line treatments. Apart from traditional

methods such as re-radiation and repeat surgery, the efficacy of

intrathecal injection of targeted drugs remains to be further explored.

Intrathecal administration of drugs, which delivers therapy directly into

the spinal canal, could potentially increase drug concentrations at the

site of the brain metastases and thereby enhance treatment

effectiveness. However, the safety, feasibility, and overall impact on

patient outcomes of this approach require further investigation. This

highlights the pressing need for more research and clinical trials in this

area to establish a standardized approach for the management of brain
A B

DC

FIGURE 2

(A, B) respectively represent the effects of different intracranial tumor burdens on intracranial progression-free survival (PFS) and overall survival (OS).
(C, D) respectively represent the effects of Eastern Cooperative Oncology Group (ECOG) performance status on intracranial PFS and OS.
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metastases following the failure of initial treatment. Ultimately, the goal

is to improve the prognosis and quality of life for patients with

brain metastases.
Limitation

Several limitations in our study need to be considered (1): This

is a single-center retrospective study, which may lead to selection

bias (2). The patients included in our study spanned a decade. In

recent years, there have been significant changes in the systemic

treatment of brain metastases in HER2-positive breast cancer. The

ultimate medical choices of patients depend on the treatment plan

of different medical teams, the patients’ disease and economic

factors, and the availability and tolerance of drugs, all of which

may cause potential bias in treatment (3). Systemic treatment for

HER2-positive brain metastases patients in this study was not

handled in our department, making long-term follow-up and

comprehensive assessment of intracranial lesions challenging,

such as the evaluation of neurotoxicity and cognitive levels.
Conclusion

Her-2 overexpressing breast cancer patients with brain

metastases face significant challenges in disease management. The

study identified a high intracranial tumor burden in a substantial

subset of patients, which was associated with poorer outcomes,

including a higher incidence of leptomeningeal metastasis. Despite

these challenges, the majority of patients exhibited a positive

response to initial therapies, particularly those involving anti-

HER-2 targeted treatments combined with radiotherapy. Patients

with larger tumors were more likely to receive comprehensive

treatment approaches, such as whole-brain radiotherapy (WBRT)

combined with stereotactic radiosurgery (SRS). Key factors

influencing intracranial tumor control included the Ki-67 index

of the primary tumor, the extent of intracranial tumor burden, and

the continuous use of HER-2 targeted therapy after the diagnosis of

brain metastasis. These findings underscore the importance of

personalized and aggressive treatment strategies to improve

intracranial tumor control and patient outcomes.
Data availability statement

Users may be required to cite the dataset or provide

acknowledgment to the data provider when using the dataset.

Requests to access the datasets should be directed to

lijuangz@foxmail.com.
Frontiers in Oncology 07
Ethics statement

This study was approved by the Ethics Committee of

Guangdong Sanjiu Brain Hospital. Written informed consent was

obtained from all patients included in the study.
Author contributions

JL: Writing – original draft, Writing – review & editing. JZ:

Conceptualization, Data curation, Writing – original draft. RA:

Formal analysis, Funding acquisition, Writing – original draft. ML:

Investigation, Methodology, Project administration, Writing –

original draft. HW: Resources, Software, Writing – original draft.

LC: Validation, Visualization, Writing – original draft.
Funding

The author(s) declare financial support was received for the

research, authorship, and/or publication of this article. This work

was supported by Guangzhou Science and Technology

Project (202002030086).
Acknowledgments

Thanks for all patients who participated in our study.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.
frontiersin.org

https://doi.org/10.3389/fonc.2024.1386909
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Li et al. 10.3389/fonc.2024.1386909
References
1. Lin NU, Amiri-Kordestani L, Palmieri D, Liewehr DJ, Steeg PS. CNSmetastases in
breast cancer: Old challenge, new frontiers. Clin Cancer Res. (2013) 19:6404–18.
doi: 10.1158/1078–0432.CCR-13–0790

2. Hu Z, Li Z, Ma Z, Curtis C. Multi-cancer analysis of clonality and the timing of
systemic spread in paired primary tumors and metastases. Nat Genet. (2020) 52:701–8.
doi: 10.1038/s41588-020-0628-z

3. Hosonaga M, Saya H, Arima Y. Molecular and cellular mechanisms underlying
brain metastasis of breast cancer. Cancer Metastasis Rev. (2020) 39:711–20.
doi: 10.1007/s10555-020-09881-y

4. Goddard KA, Weinmann S, Richert-Boe K, Chen C, Bulkley J, Wax C. HER2
evaluation and its impact on breast cancer treatment decisions. Public Health
Genomics. (2012) 15:1–10. doi: 10.1159/000325746

5. Garcia-Alvarez A, Papakonstantinou A, Oliveira M. Brain metastases in HER2-
positive breast cancer: current and novel treatment strategies. Cancers (Basel). (2021)
13:2927. doi: 10.3390/cancers13122927

6. Sperduto PW, Mesko S, Li J, Cagney D, Aizer A, Lin NU, et al. Estrogen,
progesterone and HER2 receptor discordance between primary tumor and brain
metastases in breast cancer and its effect on treatment and survival. Neurooncology.
(2020) 22:1359–67. doi: 10.1093/neuonc/noaa025

7. Leone JP, Lin NU. Systemic therapy of central nervous systemmetastases of breast
cancer. Curr Oncol Rep. (2019) 21:49. doi: 10.1007/s11912–019-0802–6

8. Ording AG, Jørgensen US, Christiansen CF, Nørgaard M, Acquavella J, Sørensen
HT. Site of metastasis and breast cancer mortality: A Danish Nationwide registry-based
cohort study. Clin Exp Metastasis. (2017) 34:93–101. doi: 10.1007/s10585–016-9824–8

9. Sperduto PW, Wang M, Robins HI, Schell MC, Werner-Wasik M, Komaki R,
et al. A phase 3 trial of whole brain radiation therapy and stereotactic radiosurgery
alone versus WBRT and SRS with temozolomide or erlotinib fornon-small cell lung
cancer and 1 to 3 brain metastases: Radiation Therapy Oncology Group 0320. Int J
Radiat. Oncol Biol Phys. (2013) 85:1312–8. doi: 10.1016/j.ijrobp.2012.11.042

10. Soffietti R, Kocher M, Abacioglu UM, Villa S, Fauchon F, Baumert BG, et al. A
European Organisation for Research and Treatment of Cancer phase III trial of
adjuvant whole-brain radiotherapy versus observation in patients with one to three
brain metastases from solid tumors after surgical resection or radiosurgery: quality-of-
life results. J Clin Oncol. (2013) 31:65–72. doi: 10.1200/JCO.2011.41.0639

11. Brown PD, Ballman KV, Cerhan JH, Anderson SK, Carrero XW, Whitton AC,
et al. Postoperative stereotactic radiosurgery compared with whole brain radiotherapy
for resected metastatic brain disease (NCCTG N107C/CEC·3): a multicentre,
Frontiers in Oncology 08
randomised, controlled, phase 3 trial. Lancet Oncol. (2017) 18:1049–60. doi: 10.1016/
S1470-2045(17)30441-2

12. Patel KR, Burri SH, Asher AL, Crocker IR, Fraser RW, Zhang C, et al.
Comparing preoperative with postoperative stereotactic radiosurgery for resectable
brain metastases: a multi-institutional analysis. Neurosurgery. (2016) 79:279–85.
doi: 10.1227/NEU.0000000000001096

13. Lin NU, Lee EQ, Aoyama H, Barani IJ, Barboriak DP, Baumert BG, et al.
Response assessment criteria for brain metastases: proposal from the RANO group.
Lancet Oncol. (2015) 16:e270–8. doi: 10.1016/S1470–2045(15)70057–4

14. Freites-Martinez A, Santana N, Arias-Santiago S, Viera A. Using the common
terminology criteria for adverse events (CTCAE - version 5.0) to evaluate the severity of
adverse events of anticancer therapies. Actas Dermosifiliogr (Engl Ed). (2021) 112:90–2.
doi: 10.1016/j.ad.2019.05.009

15. Sperduto PW, Kased N, Roberge D, Xu Z, Shanley R, Luo X, et al. Effect of tumor
subtype on survival and the graded prognostic assessment for patientswith breast
cancer and brain metastases. Int J Radiat. Oncol Biol Phys. (2012) 82:2111–7.
doi: 10.1016/j.ijrobp.2011.02.027

16. Maurer C, Tulpin L, Moreau M, Dumitrescu C, Azambuja ED, Paesmans M, et al.
Risk factors for the development of brain metastases in patients with HER2-positive breast
cancer. ESMO Open. (2018) 3:e000440. doi: 10.1136/esmoopen-2018–000440

17. Dawood S, Broglio K, Esteva FJ, Ibrahim NK, Kau SW, Islam R, et al. Defining
prognosis for women with breast cancer and CNS metastases by HER2 status. Ann
Oncol. (2008) 19:1242–8. doi: 10.1093/annonc/mdn036

18. Altundag K, Bondy ML, Mirza NQ, Kau SW, Broglio K, Hortobagyi GN, et al.
Clinicopathologic characteristics and prognostic factors in 420 metastaticbreast cancer
patients with central nervous system metastasis. Cancer. (2007) 110:2640–7.
doi: 10.1002/cncr.23088

19. Franzoi MA, Hortobagyi GN. Leptomeningeal carcinomatosis in patients with breast
cancer. Crit Rev Oncol Hematol. (2019) 135:85–94. doi: 10.1016/j.critrevonc.2019.01.020

20. Awada A, Colomer R, Inoue K, Bondarenko I, Badwe RA, Demetriou G, et al.
Neratinib plus paclitaxel vs trastuzumab plus paclitaxel in previously untreated
metastatic ERBB2-positive breast cancer: the NEfERT-T randomized clinical trial.
JAMA Oncol. (2016) 2:1557–64. doi: 10.1001/jamaoncol.2016.0237

21. Brown PD, Gondi V, Pugh S, Tome WA, Wefel JS, Armstrong TS, et al.
Hippocampal avoidance during whole-brain radiotherapy plus memantine for
patients with brain metastases: phase III trial NRG oncology CC001. J Clin Oncol.
(2020) 38:1019–29. doi: 10.1200/JCO.19.02767
frontiersin.org

https://doi.org/10.1158/1078&ndash;0432.CCR-13&ndash;0790
https://doi.org/10.1038/s41588-020-0628-z
https://doi.org/10.1007/s10555-020-09881-y
https://doi.org/10.1159/000325746
https://doi.org/10.3390/cancers13122927
https://doi.org/10.1093/neuonc/noaa025
https://doi.org/10.1007/s11912&ndash;019-0802&ndash;6
https://doi.org/10.1007/s10585&ndash;016-9824&ndash;8
https://doi.org/10.1016/j.ijrobp.2012.11.042
https://doi.org/10.1200/JCO.2011.41.0639
https://doi.org/10.1016/S1470-2045(17)30441-2
https://doi.org/10.1016/S1470-2045(17)30441-2
https://doi.org/10.1227/NEU.0000000000001096
https://doi.org/10.1016/S1470&ndash;2045(15)70057&ndash;4
https://doi.org/10.1016/j.ad.2019.05.009
https://doi.org/10.1016/j.ijrobp.2011.02.027
https://doi.org/10.1136/esmoopen-2018&ndash;000440
https://doi.org/10.1093/annonc/mdn036
https://doi.org/10.1002/cncr.23088
https://doi.org/10.1016/j.critrevonc.2019.01.020
https://doi.org/10.1001/jamaoncol.2016.0237
https://doi.org/10.1200/JCO.19.02767
https://doi.org/10.3389/fonc.2024.1386909
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Intracranial management of HER-2 overexpression breast cancer with extensive volume or symptomatic brain metastases
	Introduction
	Materials and methods
	Data collection
	Treatment
	Outcome analysis

	Results
	Patient and treatment characteristics
	Treatment response at 3 months
	Occurrences of leptomeningeal metastasis
	Factors influencing intracranial tumor control

	Discussion
	Limitation

	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


