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Abstract

BACKGROUND

Breast cancer brain metastasis (BCBM) is an advanced breast disease that is
difficult to treat and is associated with a high risk of death. Patient prognosis is
usually poor, with reduced quality of life. In this context, we report the case of a
patient with HER-2-positive BCBM treated with a macromolecular mAb (ine-
tetamab) combined with a small molecule tyrosine kinase inhibitor (TKI).

CASE SUMMARY

The patient was a 58-year-old woman with a 12-year history of type 2 diabetes.
She was compliant with regular insulin treatment and had good blood glucose
control. The patient was diagnosed with invasive carcinoma of the right breast
(T3N1MO stage IIla, HER2-positive type) through aspiration biopsy of the
ipsilateral breast due to the discovery of a breast tumor in February 2019.
Immunohistochemistry showed ER (-), PR (-), HER-2 (3+), and Ki-67 (55-60%+).
Preoperative neoadjuvant chemotherapy, i.e., the AC-TH regimen (epirubicin,
cyclophosphamide, docetaxel-paclitaxel, and trastuzumab), was administered for
8 cycles. She underwent modified radical mastectomy of the right breast in
November 2019 and received tocilizumab targeted therapy for 1 year. Brain
metastasis was found 9 mo after surgery. She underwent brain metastasectomy in
August 2020. Immunohistochemistry showed ER (-) and PR. (-), HER-2 (3+), and
Ki-67 (10-20%+). In November 2020, the patient experienced headache symptoms.
After an examination, tumor recurrence in the original surgical region of the brain
was observed, and the patient was treated with inetetamab, pyrotinib, and
capecitabine. Whole-brain radiotherapy was recommended. The patient and her
family refused radiotherapy for personal reasons. In September 2021, a routine
examination revealed that the brain tumor was considerably larger. The original
systemic treatment was continued and combined with intensity-modulated
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radiation therapy for brain metastases, followed by regular hospitalization and routine examinations. The patient’s
condition is generally stable, and she has a relatively high quality of life. This case report demonstrates that in
patients with BCBM and resistance to trastuzumab, inetetamab combined with pyrotinib and chemotherapy can
prolong survival.

CONCLUSION
Inetetamab combined with small molecule TKI drugs, chemotherapy and radiation may be an effective regimen for
maintaining stable disease in patients with BCBM.

Key Words: Breast cancer brain metastasis; Resistance to trastuzumab; Macromolecule inetetamab; Small molecule tyrosine
kinase inhibitor; Radiation therapy; HER2-positive; Case report

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Herein, we report the case of a patient with complex breast cancer brain metastasis. She underwent brain metastasis
resection and received macromolecular mAbs, small molecule tyrosine kinase inhibitors, combination chemotherapeutic
drugs, and radiation therapy. The overall condition of the patient was controlled and stabilized. We propose that combined
macromolecule and small molecule chemotherapy and radiotherapy can provide a new option for the treatment of patients
with breast cancer brain metastases. Magnetic resonance imaging of the brain of the patient showed that the tumor size was
stable, and all the tumor indicators were within the normal range.

Citation: Dou QQ, Sun TT, Wang GQ, Tong WB. Inetetamab combined with pyrotinib and chemotherapy in the treatment of breast
cancer brain metastasis: A case report. World J Clin Cases 2024; 12(3): 575-581
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INTRODUCTION

Among malignancies, breast cancer has the highest incidence among women worldwide[1], and most causes of death
from breast cancer are attributed to distant metastasis. Common distant metastasis sites of breast cancer include the
lungs, bones, liver and brain. In recent years, with improvements in diagnosis and treatment, an increase in the diversity
of treatment drugs and an increase in patient survival, the incidence of breast cancer brain metastasis (BCBM) has
increased each year, and the probabilities of brain metastases from Her-2-positive breast cancer and triple-negative breast
cancer are increasing. Approximately 34% of HER2-positive breast cancers metastasize to the brain[2]. The prognosis of
patients with BCBM is poor, with negative impacts on survival time and quality of life, for example, severe neurocog-
nitive impairment and poor physical prognosis. The common treatments for BCBM include local treatment and systemic
therapy. Local treatment includes surgery, whole-brain radiotherapy and stereotactic radiotherapy; systemic treatment
includes chemotherapy, targeted therapy, endocrine therapy, immunotherapy and other systemic drug treatments. The
selection of treatment for patients depends on neuropsychiatric symptoms, the number and size of brain metastatic
lesions and previous treatments[3]. Although some progress has been made in the systemic treatment of BCBM, the
blood-brain barrier still poses challenges for effective treatment, and the overall results of systemic treatment are unsatis-
factory. Current treatments rarely result in substantial prolongation of the life of patients and only provide palliation.
There are enormous treatment challenges, and the prognosis of and benefits to patients need to be considered as a whole.

We describe the case of a patient with BCBM who, after trastuzumab treatment failure, was administered inetetamab
combined with pyrotinib, capecitabine and radiation therapy; the disease was controlled and remained stable.

CASE PRESENTATION

Chief complaints

A 58-year-old female patient with a 2-year history of breast cancer, a 3-mo history of BCBM and a history of type 2
diabetes mellitus was admitted to our hospital for further evaluation and treatment after modified radical mastectomy for
breast cancer.

History of present illness

The patient was diagnosed with BCBM at the time of admission. One year prior, the patient underwent modified radical
mastectomy and, 3 mo ago, underwent unilateral resection of BCBM. The results of an aspiration biopsy of the ipsilateral
breast at the first visit were as follows: ER (-), PR (-), HER-2 (3+), HER-2 (3+), and Ki-67 (55%-60%+) (Figure 1A). The
results of the biopsy after modified radical mastectomy were as follows: ER (1+, approximately 1%), PR (-), HER-2 (3+),
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Figure 1 High power microscopic view of lesion tissue. A: Aspiration biopsy tissue of the ipsilateral breast (40 x); B: Lesion tissue from modified radical
mastectomy after preoperative neoadjuvant treatment (10 x); C: Lesion tissue from modified radical mastectomy after preoperative neoadjuvant treatment (20 x); D:
Lesion tissue from resected brain metastasis (20 x).

and Ki-67 (approximately 60%+) (Figure 1B and C). The results of the pathological biopsy after brain metastasis resection
were as follows: ER (-), PR (-), HER-2 (3+), and Ki-67 (10%-20%+) (Figure 1D). After the resection of brain metastases,
routine magnetic resonance imaging (MRI) of the brain showed irregular and abnormal signals in the right cerebellar
hemisphere (original surgical area) with unclear boundaries (size, approx. 25 mm x 20 mm). An enhanced scan showed
heterogeneous enhancement. The signal in the right cerebellar hemisphere was abnormal, and metastasis was considered.

History of past illness
The patient had a 12-year history of diabetes, was compliant with diabetes treatment (regular insulin injections), and had
good blood glucose control.

Personal and family history
The patient denied a family history of malignant tumors.

Physical examination

The breasts were asymmetrical. The right breast was absent, and a well-healed surgical scar (approximately 20 cm in
length) was visible on the right chest wall. The left breast showed normal development. There was no obvious tumor
palpable in the left breast, and no superficial swollen lymph nodes were palpable. The patient had an unstable gait and
slightly slurred speech, physiological reflexes were present, pathological reflexes were not elicited, and the meningeal
irritation sign was weakly positive.

Laboratory examinations
The levels of tumor markers in the blood did not markedly exceed the normal range during the entire treatment process.

Imaging examinations

MRI of the brain metastasis, with recurrence in the original brain surgical area, is shown in Figure 2A. After 10 cycles of
systemic drug treatment, the tumor size decreased considerably (Figure 2B). The brain tumor was larger after the 16"
cycle of treatment (Figure 2C). Although the treatment plan was adjusted, the original systemic treatment regimen was
generally unchanged; radiotherapy for 12 cycles was added. Brain MRI showed that the tumor was in a stable state
(Figure 2D-G). The size of the tumor remained stable at 15 mm x 10 mm (Figure 2E).

FINAL DIAGNOSIS

After comprehensive laboratory and imaging examinations, the final diagnosis was BCBM (T2N2bM1 stage IV, Her-2
positive type).
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Figure 2 Magnetic resonance imaging. A: Recurrence after brain metastasis resection, tumor size, 25 mm x 20 mm (October 29, 2021); B: After 10 cycles of
systemic treatment, the tumor shrank considerably (January 26, 2021); C: After 16 cycles of treatment, before 6 cycles of radiation therapy, the tumor size was
approximately 27 mm x 18 mm (October 8, 2021); D: The tumor size was approximately 9 mm x 7 mm (May 7, 2022); E: After 10 cycles of treatment, the size of the
tumor had not changed notably, i.e., approximately 10 mm x 8 mm (August 1, 2022); F: After 19 cycles of treatment, the size of the tumor was approximately 11 mm
x 10 mm (February 8, 2023); G: After 31 cycles of treatment, the tumor size was approximately 11 mm x 9 mm (April 2, 2023).

TREATMENT

The recommended regimen for patients with brain metastasis and recurrence of breast cancer is the intravenous injection
of 400 mg of inetetamab for 21 d and 400 mg of oral pyrotinib; due to severe gastrointestinal reactions to the drug, the
recommended regimen was changed to 320 mg of oral pyrotinib and capecitabine (2.0 g/time 3 times/day) for the patient
in this case study. After consultation with the radiotherapy department, whole-brain radiotherapy was recommended,
but the patient and her family refused this option.

Brain metastasis progressed, and the regimen was adjusted: intravenous injection of inetetamab 400 mg for 21 d,
pyrotinib 320 mg, and capecitabine 1.5 g bid (reduced from 2.0 g bid because of patient intolerance). Intensity-modulated
radiation therapy was administered to the intracranial metastatic lesions: 6 MV X-ray IGRT 95% PGTV 52.5 Gy/3.5 Gy/
15F.

OUTCOME AND FOLLOW-UP

After 47 cycles of systemic drug treatment and 31 cycles of radiation therapy, no progression or recurrence of the primary
lesions was observed, and the brain metastatic lesions were controlled. Brain MRI showed that the tumor was stable, with
no substantial changes from the previous images of the tumor (Figure 2D-G).

DISCUSSION

Breast cancer is a highly heterogeneous disease. Compared with primary tumors, the HER2 and HR statuses of metastatic
lesions are not completely the same[4]. Reevaluations of the molecular typing of brain metastases are key for treatment.
Inconsistencies in molecular expression suggest that care needs to be taken when considering the treatment strategy.
Additionally, a meta-analysis of patients with HER-2-positive breast cancer found that patients who had previously
received adjuvant trastuzumab treatment were more likely than patients who did not receive treatment to develop
metastatic recurrence in the central nervous system[5]. At present, anti-HER?2 targeted drugs mainly include monoclonal
antibodies, small molecule TKIs, and antibody-drug conjugates. For economic reasons in China, the former two are the
main drugs used. Trastuzumab is a humanized anti-HER-2 monoclonal antibody that acts on the extracellular portion of
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the HER-2 receptor to prevent the activation of intracellular tyrosine kinases and inhibit the proliferation and survival of
HER-2-dependent tumor cells; additionally, trastuzumab can mediate the antibody-dependent cellular cytotoxicity
(ADCC) effect and kill tumor cells. The ADCC effect is a mechanism in which the Fab fragment of a mAb recognizes and
binds to tumor cell surface antigens, and the Fc fragment binds to the Fcy receptor of NK cells, thereby activating and
mediating the killing of tumor cells by NK cells. Studies have shown[6] that compared with trastuzumab, the optimized
Fc region has an enhanced ADCC effect on HER2+ tumor cells, including cells that are resistant to trastuzumab and have
low HER2 expression. The SOPHIA study[7] showed that in a population with progression after trastuzumab,
pertuzumab and T-DM1 treatment, margetuximab, with an optimized and modified Fc region, had a stronger ADCC
effect. In patients with advanced breast cancer after multiple lines of treatment, margetuximab, compared with che-
motherapy with trastuzumab combined with chemotherapy, improved the progression-free survival (PFS) of HER2-
positive advanced breast cancer patients, reducing the risk of disease progression by 24%. To a certain extent, the ADCC
effect translates into survival benefits for patients. Inetetamab is an innovative anti-HER2 antibody produced in China. Its
Fab fragment is the same as that in trastuzumab, with amino acid modifications of the Fc fragment; the antibody-
dependent cell-mediated ADCC effect of inetetamab is better than that of trastuzumab[8]. The HOPES study[9] showed
that compared with chemotherapy alone, in first-line advanced breast cancer patients with recurrence and metastasis
after surgery, the median PFS was significantly prolonged by 7.8 mo, and the disease control rate was 93.8%, which was
34.4% higher than that in the control group. Inetetamab, which optimizes the ADCC effect, has become a second-line
treatment option after trastuzumab failure and has shown good survival benefits. Studies have shown[10,11] that small-
molecule TKI-targeted drugs can significantly improve the ADCC effect of macromolecular mAbs. The HER2CLIMB
study[12] on chemotherapeutic drugs combined with TKIs and mAbs confirmed that compared with trastuzumab
combined with capecitabine, tucatinib combined with trastuzumab and capecitabine significantly prolonged the OS and
PFS of patients with HER-2-positive advanced breast cancer recurrence and metastasis; additionally, cancer progression
was reduced by 43%, and the risk of death was reduced by 27%. That study illustrates the effectiveness of chemotherapy
combined with macromolecular antibodies and small molecule TKIs; however, tucatinib is not available in China.
Pyrotinib is a drug similar to tucatinib and was developed in China. The PHOEBE study[13] was a randomized,
controlled phase III study of HER2-positive metastatic breast cancer patients who had previously used trastuzumab and
taxanes. The results of the PHOEBE study[13] showed that pyrotinib in combination with lapatinib and chemotherapy
significantly prolonged PFS by 5.7 mo. Pyrotinib, a representative TKI, not only has powerful HER-2 antagonistic effects
but can also synergize with inetetamab to exert a more powerful ADCC effect. The patient in this case study developed
recurrence and metastasis 1 year after surgery and was trastuzumab sensitive. For patients in whom trastuzumab
treatment fails, the Chinese Society of Clinical Oncology guidelines recommend pyrotinib + capecitabine at level I or level
IB T-DM1[14]. Additionally, based on an understanding of the pathological characteristics of brain metastases, in this
case, when brain metastases were found, the patient underwent surgical treatment, and histopathology of the lesions was
obtained. ADC drugs were not available due to economic conditions; therefore, the macromolecule inetetamab and small
molecule TKIs were administered in combination with chemotherapy and radiotherapy. Inotuzumab binds to the
extracellular domain of the HER2 molecule, and small molecule TKIs bind to the transmembrane domain of HER2 to
block signal transduction, resulting in considerable toxicity related to the inhibition of the epidermal factor growth
receptor, thus exerting antitumor effects. The use of TKIs for BCBM patients can improve the survival rate and local
control and may reduce distant metastasis[15]. In addition, a review of the entire treatment process of the patient in this
case study revealed that the addition of treatment at two key time points may provide benefits. First, anti-HER?2 therapy
should be added after the first BCBM resection. In addition, patients should receive radiation therapy for breast cancer
recurrence after brain metastases. Some studies have shown that radiotherapy after surgical resection may provide a
survival benefit for some patients with solitary BCBM[16]. Surgery and systemic treatment can delay disease progression,
but it is difficult to remove tumor cells from the body; therefore, the combination of treatment methods is very important.
The patient in this case study received radiotherapy after the second MDT, and brain metastases were controlled, yielding
a better treatment result. During the follow-up and treatment period, no recurrence was observed. BCBM is a systemic
disease, and local treatment combined with systemic treatment can not only improve the control rate of intracranial
tumors but also relieve systemic symptoms. In this case, the extracranial treatment was stable, and intracranial treatment
progressed. After the first MDT discussion, we continued the original systemic treatment and the same overall plan, with
the addition of adjuvant local treatment (radiotherapy). The advantages of interdisciplinary cooperation include the
comprehensive evaluation of the actual physical and economic conditions of the patient to focus on improving quality of
life, prolonging survival, reducing drug toxicity, and developing a treatment plan that suits each individual patient to
achieve disease-free progression. However, the current treatment options are generally not well developed. Our goal is to
explore different methods for effectively treating BCBM. However, the overall principle that needs to be followed is
precise individualized treatment of patients through the development of optimal plans based on multiple factors to bring
maximum benefits to each patient.

CONCLUSION

Inetetamab combined with small molecule TKI, chemotherapy and radiotherapy may be an effective adjuvant therapy for
the treatment of BCBM. Clinicians should provide reasonable treatments based on the real-time condition of each patient.
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