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Abstract: Breast cancer with brain metastasis accounts for the second largest number of brain metastases among solid malignancies. 
Despite advances in HER2-targeted therapy, 50% of patients with human epidermal growth factor receptor 2-positive (HER2+) breast 
cancer develop brain metastases and are associated with poor outcomes. In this article, we report the case of a patient with HER2+ 
metastatic breast cancer who developed brain metastases, despite experiencing a durable effect on extracranial metastases after 
treatment with trastuzumab and pertuzumab. The patient exhibited intracranial progression while receiving treatment with trastuzumab 
deruxtecan monotherapy after secondary brain radiotherapy and multiple lines of therapy with anti-HER2 agents, such as pyrotinib, 
lapatinib, tucatinib, and ado-trastuzumab emtansine. However, the administration of anlotinib (an antiangiogenesis medication) and 
trastuzumab deruxtecan resulted in intracranial and extracranial partial response and was linked to manageable side effects. The 
present case indicates that the combination of anlotinib and trastuzumab deruxtecan may be a promising treatment option for patients 
with HER2+ breast cancer with brain metastasis. Nevertheless, further studies are warranted to verify the present findings. 
Keywords: HER2 positive, breast cancer, brain metastases, anlotinib, trastuzumab deruxtecan

Introduction
Breast cancer (BC) is the most common type of cancer in women and the second leading cause of cancer-related deaths 
after lung cancer.1 The progress achieved in the development of diagnostic technologies and systemic therapies, has 
significantly improved the outcomes of metastatic BC. However, 10–30% of patients with BC develop brain metastases 
(BMs), which are associated with poor prognosis and impaired cognitive and sensory functions. Patients with human 
epidermal growth factor receptor 2-positive (HER2+) BC have a higher incidence of BMs compared with those with 
HER2-negative (HER2−) BC.2

Local intervention, such as brain radiotherapy and neurosurgery, is currently the initial treatment for BMs. However, 
the rate of intracranial progression in patients receiving these therapies is high.3 The development of HER2-targeted 
therapies has prolonged the survival of patients with HER2+ breast cancer with brain metastasis (BCBM). Small- 
molecule tyrosine-kinase inhibitors (TKIs), including pylotinib, lapatinib, neratinib, and tucatinib, have exhibited good 
blood–brain barrier(BBB) penetration and efficacy in patients with BMs.4 Antibody–drug conjugates, such as ado- 
trastuzumab emtansine (T-DM1) and trastuzumab deruxtecan (T-DXd) are also efficacious against BMs.5,6 Despite 
advancements in the treatment of HER2+ BCBM with both TKIs and antibody–drug conjugates, the prognosis for 
these patients remains unfavorable.

In this article, we report the case of a patient with BCBM who experienced intracranial progression while receiving 
monotherapy with T-DXd after secondary brain radiotherapy and multiple lines of treatment with anti-HER2 agents, such 
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as pyrotinib, lapatinib, tucatinib, and T-DM1. Subsequently, the patient received anlotinib plus T-DXd and achieved 
partial response. The treatment resulted in > 13-month progression-free survival (PFS).

Case Presentation
A 37-year-old primigravid woman at 25 weeks of gestation presented with a self-detected left-sided breast mass in the 
upper inner quadrant. Ultrasound-guided core biopsies of the breast mass showed grade 3 invasive ductal carcinoma of 
the left breast, and immunohistochemistry staining revealed positivity for estrogen receptor (ER;50%+), progesterone 
receptor (PR;50%+), HER2(3+), and Ki-67(30%+). The patient was diagnosed with left-side BC during pregnancy 
(cT3N2Mx luminal B2 subtype), and received four cycles of treatment with epirubicin and cyclophosphamide from 
March 6, 2017 to May 9, 2017. She underwent cesarean section surgery at 37 weeks of gestation. Subsequently, she 
received four cycles of therapy with docetaxel and trastuzumab. On September 12, 2017, she underwent a modified 
radical mastectomy, followed by postoperative adjuvant radiotherapy, targeted therapy with trastuzumab for 1 year, and 
endocrine therapy with goserelin and letrozole. Unfortunately, on June 22, 2019, chest and abdominal enhanced 
computed tomography(CT) revealed the presence of multiple extracranial metastases in the vertebral bones, lungs, 
live, and bilateral supraclavicular mediastinum. Bronchial brushing under bronchoscopy confirmed metastatic BC. She 
received 21 cycles of therapy with albumin-bound paclitaxel, trastuzumab, and pertuzumab every 3 weeks, with routine 
follow-up using CT.

Due to complaints of dizziness and an unsteady gait, a brain contrast-enhanced magnetic resonance imaging (MRI) 
was conducted on October 22, 2020. The results revealed the presence of multiple BMs in the frontal and parietal lobes, 
as well as the left temporal lobe. We administered whole brain radiotherapy (30GY/10F) along with combination therapy 
with pyrotinib, trastuzumab, pertuzumab, and capecitabine. On April 9, 2021, brain MRI and chest CT images revealed 
progressive disease (PD) of BMs and stable disease of extracranial metastases, she received two cycles of treatment with 
T-DM1. The patient experienced an epileptic episode on May 19, 2021. Hence, she underwent brain-enhanced MRI 
which further indicated intracranial PD. In response to this observation, she was treated with oral navelbine chemother
apy, bevacizumab, trastuzumab and anti-epilepsy therapy.

On December 10, 2021 examinations using MRI and CT revealed disease progression within BMs and lung 
metastases. Therefore, the patient received stereotactic body radiotherapy, as well as systemic therapy with lapatinib, 
trastuzumab, and eribulin. On June 15, 2022, administration of tucatinib and disitamab vedotin (RC48) was initiated 
because of intracranial and extracranial PD. On July 28, 2022, brain MRI showed enlargement of some BMs, while CT 
scans revealed enlargement of the former lung lesions. Thus, we recommended switching the treatment with two cycles 
of T-DXd.

On September 13, 2022, brain MRI indicated new metastatic lesion in the left basal ganglia area and enlargement of 
lesions in the left frontal lobe and right parietal lobe (Figure 1A), and chest CT showed a reduction in the size of lung 
lesions (Figure 2A). Hence, we administered anlotinib to control the BMs. After two cycles of treatment with anlotinib 
and T-DXd, the patient achieved partial response of BMs (Figure 1B) and lung metastases (Figure 2B), with tolerable 
side effects including grade 2 thrombocytopenia and grade 2 leukopenia. The PFS of the patient exceeded 13 months. 
The patient continues to receive treatment with anlotinib plus T-DXd. Figure 3 outlines the medical history of this 
patient.

Discussion
BCBM accounts for the second largest number of BMs among solid malignancies. The occurrence of BMs in BC is 
closely linked to a grim prognosis, as it often results in neurological deterioration, thereby significantly reducing the 
quality of life and shortening the average survival time7. Up to 50% of all patients with HER2+ metastatic BC develop 
BM despite achieving control of their extracranial lesions.8 At the time of detection, >80% of patients have multiple 
parenchymal BMs, thus missing the opportunity for surgical treatment.9 Whole-brain radiotherapy yields symptomatic 
and clinical responses in BC patients with multiple BMs, though survival prognosis remains dismal.9 As a systemic 
treatment, HER2-targeted therapy has become an increasingly important part option for patients with HER2+ BCBM. 
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Figure 1 Brain contrast-enhanced magnetic resonance imaging (MRI) scans show brain metastases before and after anlotinib and T-DXd therapy. (A) brain metastases 
before anlotinib and T-DXd therapy; (B) partial response in brain metastases after anlotinib and T-DXd treatment.

Figure 2 Chest and abdominal enhanced computed tomography(CT) scans show lung metastases before and after anlotinib and T-DXd therapy. (A) lung metastases before 
anlotinib and T-DXd therapy; (B) partial response in lung metastases after anlotinib and T-DXd treatment.
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However, traditional anti-HER2 agents such as trastuzumab and pertuzumab, are considered ineffective against BCBM 
because they are unable to cross the BBB.10

As small molecules, TKIs offer the advantage of effective BBB penetration, and have demonstrated efficacy in 
patients with HER-2+ BCBM. Lapatinib, as a small dual TKI targeting HER1 and HER2, brought CNS objective 
responses in 6% of patients with HER2+ BCBM.11 When combined with capecitabine, lapatinib can enhance the 
objective response rate (ORR) of CNS and extend the median PFS in patients with HER2+ BCBM.12,13 Tucatinib 
monotherapy or in combination with trastuzumab and capecitabine improved the survival of patients with HER2+ 
BCBM.14,15 Additionally, pyrotinib-based therapies have shown potential benefits in the treatment of patients with 
HER2+ BCBM.16–18 Neratinib-containing regimens have demonstrated relatively favorable efficacy in terms of prolong
ing PFS.19–21

Antibody-drug conjugates have shown promising therapeutic prospects in patients with HER2+ BCBM. The 
KAMILLA trial revealed that treatment with T-DM1 exerted beneficial effects on the central nervous system in patients 
with HER-2+ BCBM.5 Subgroup analysis in the DESTINY-Breast01 trial revealed that treatment with T-DXd brought 
intracranial ORR of 58.3%, and offered a notable advantage in patients with stable BM.22 DEBBRAH and TUXEDO-1 
trials showed T-DXd also exhibited promising effectiveness in treating active HER2+ BCBM patients, with promising 
intracranial ORR and generally manageable side effects.8,23 The present patient had both intracranial and extracranial PD 
after six lines of therapy. After two cycles of treatment with T-DXd, we recorded therapeutic efficacy against lung 
metastases and lack of efficacy against BMs. The summary of current clinical trials using targeted agents in Her2+ 
BCBM was listed in Table 1.

Therefore, it is necessary to utilize new drugs that can cross the BBB. Anlotinib (an oral TKI), targets several receptors, 
including vascular endothelial growth factor receptor (VEGFR), platelet-derived24 growth factor receptor (PDGFR), fibroblast 
growth factor receptor (FGFR), MET, RET, and C-Kit. At present, it has been approved for the treatment of non-small cell lung 
cancer.24,25 Pharmacokinetic study reveals that Anlotinib exhibits favorable tissue distribution, with concentrations in the central 
nervous system (CNS) paralleling those in plasma.26 This characteristic is particularly significant for cancers with CNS 
metastases, such as glioblastoma and non-small cell lung cancer with brain metastases, where Anlotinib has shown promising 
antitumor activity.27,28 Furthermore, anlotinib has demonstrated objective efficacy with manageable toxicity in advanced/ 
metastatic triple-negative or HER2− BC.29,30 The combined administration of anlotinib and T-DXd resulted in significant 
efficacy against both intracranial and extracranial areas of the patient with HER2+ BCBM. Importantly, this treatment was 
associated with acceptable toxicity. This case study is limited by the absence of histopathological confirmation for the brain 
metastases in the patient.

Conclusion
Despite advancements in anti-HER therapy may significantly prolong the survival of patients with HER2+ BCBM, the 
prognosis for these patients remains unfavorable. Combination therapy with anlotinib and T-DXd is available for patients 

Figure 3 Timeline of the clinical course in this patient. 
Abbreviations: NAT, Neoadjuvant therapy; AT, adjuvant therapy; M, months; ECMs, extracranial metastases; BMs, brain metastases; PR, partial response; PD, progress 
disease; SD, stable disease; THP, albumin-bound paclitaxel, trastuzumab and pertuzumab; WBRT, whole brain radiotherapy; HP, trastuzumab and pertuzumab; Cap, 
capecitabine; Bav, bevacizumab; NVB, navelbine; SBRT, stereotactic radiotherapy; RC48, disitamab vedotin; T-DXd, trastuzumab deruxtecan.
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Table 1 Summary of Current Clinical Trials Using Targeted Agents in Her2+ BCBM

Author & Published 
Time

Study Therapy Phase Intracranial ORR mPFS (Months) mOS (Months)

Guy Jerusalem et al 2022 
Oct22

DESTINY-Breast01 
NCT03248492

T-DXd II 58.3% 18.1 NA

José Manuel Pérez-García et 

al 2023. Jan8

DEBBRAH 

NCT04420598

T-DXd II 46.2% NA NA

Rupert Bartsch et al 2022. 

Sep23

TUXEDO-1 

NCT04752059

T-DXd II 73.3% 14 NA

F Montemurro et al 2020 
Oct5

KAMILLA 
NCT01702571

T-DM1 IIIb 21.4% 5.5 18.9

Nancy U Lin et al 2020 

Aug14

HER2CLIMB 

NCT02614794

Tucatinib versus Placebo+Trastuzumab 

+ Capecitabine

III 47.3% versus 20.0% (P=0.03) 9.9 versus 4.2 (P<0.0001) 18.1 versus 12.0 (P=0.005)

Min Yan et al 2022 Mar16 PERMEATE 

NCT03691051

Pyrotinib + capecitabine II 74·6% in cohort A and 42·1% 

in cohort B

NA NA

Sara A Hurvitz et al 2021 
Aug20

NALA NCT01808573 Neratinib + capecitabine versus 
lapatinib + capecitabine

III 26.3% versus 15.4% 7.8 versus 5.5 (P=0.074) 16.4 versus 15.4 (p=0.635)

Thomas Bachelot et al 2013 

Jan12

LANDSCAPE 

NCT00967031

Lapatinib + capecitabine II 65·9% 5·5 17·0

Nancy U. Lin et al 2009 

Feb11

NCT00263588 Lapatinib II 6% 2.40 6.37

Rachel A Freedman et al 
2019 May19

TBCRC 022 
NCT01494662

Neratinib and Capecitabine II 49% in cohort 3A and 33% in 
cohort 3B

5.5 in cohort 3A and 3.1 in 
cohort 3B

13.3 in cohort 3A and 15.1 
in cohort 3B

Notes: cohort A: radiotherapy-naive HER2-positive brain metastases; cohort B: progressive disease after radiotherapy; cohort 3A: Lapatinib-naïve, cohort 3B: lapatinib-treated. 
Abbreviations: ORR, objective response rate; mPFS, median progression-free survival; mOS, median overall survival; NA, not available; T-DXd, trastuzumab deruxtecan; T-DM1, ado-trastuzumab emtansine.
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with HER2+ BCBM. However, studies are required to assess the efficacy and toxicity of this combination regimen in this 
setting.
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