Proceedings of ICBioMed 2025 Symposium: Al for Healthcare: Advanced Medical Data Analytics and Smart Rehabilitation
DOI: 10.54254/2753-8818/2025.AU28743

Treatment of HER? Positive Breast Cancer with Paclitaxel
and Trastuzumab

Yi Shen

School of Traditional Chinese Pharmacy, China Pharmaceutical University, Nanjing, China
sy61@stu.cpu.edu.cn

Breast cancer is one of the most common cancers among Chinese women,
involving various mechanisms such as gene mutations, hormone stimulation, and abnormal
signaling pathways. This paper focuses on HER2 positive breast cancer and discusses the
use of the chemotherapy drug paclitaxel and the monoclonal antibody trastuzumab.
Paclitaxel is a broad-spectrum anti-cancer drug that primarily acts by targeting microtubules
and has a unique nano-delivery system. Trastuzumab is one of the preferred drugs for
treating HER2 positive breast cancer and specifically binds to HER2 to inhibit tumor cell
growth. The combination of paclitaxel and trastuzumab can enhance the efficacy against
HER2-positive breast cancer to a certain extent, but further research is needed. Additionally,
the resistance to paclitaxel and the cardiotoxicity of trastuzumab are discussed in the paper.
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Breast cancer is one of the most common cancers worldwide, with an estimated 2.3 million new
occurrences in 2024 [1].Its incidence is strongly correlated with the Human Development Index
(HDI), with higher rates in developed countries. However, over half of new cases and two-thirds of
deaths occur in developing countries. In developed countries, higher incidence is linked to longer
life expectancy and higher HDI, while in developing countries, a younger population and shorter life
expectancy result in a lower average age at diagnosis.

Breast cancer symptoms include breast lumps, skin changes, abnormal nipple discharge, nipple
inversion, breast or nipple pain, and changes in breast contour [2]. However, early-stage breast
cancer may present without obvious symptoms, emphasizing the significance of regular screening
and self-examination.
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1.3. Global impact of breast cancer

Globally, breast cancer is the leading cause of cancer-related deaths among women, resulting in
roughly 685,000 female fatalities in 2020 [3], with almost two-thirds occurring in developed
countries. In developed regions, over 80% 5-year survival rates are achieved due to early detection
and effective treatments. In contrast, 5-year survival rates are below 70% in India and below 50% in
South Africa. Late presentation in developed regions leads to poorer survival outcomes and strains
healthcare systems. Breast cancer incidence and mortality rates among women have been rising in
China as well. In 2022, breast cancer ranked top among female malignancies and accounted for
15.6% of all female cancers, with estimated 357,200 cases [4]. Thus, in 2021, the World Health
Organization started the “Global Breast Cancer Initiative” with the goal of raising survival rates by
health promotion, prompt diagnosis and comprehensive treatment.

1.4. Molecular mechanisms of breast cancer

The molecular biological mechanisms of breast cancer are complex and diverse, primarily involving
gene mutations, estrogen stimulation and human epidermal growth factor receptor 2 (HER2)
overexpression [5].

1.4.1. Gene mutations

Genetic mutations are one of the important factors that trigger the formation of breast cancer.
BRCA1/BRCA2 are highly expressed in the breast, and their core function is the repair of DNA
double-strand breaks. When they mutate, the homologous recombination repair function is lost,
leading to genomic instability and significantly raising the chance of developing breast cancer [6].
This is particularly relevant to triple-negative breast cancer and estrogen receptor positive (ER")
breast cancer. In addition, TP53 gene mutations are common in triple-negative breast cancer and are
linked to tumor aggressiveness and poor prognosis.

1.4.2. Estrogen stimulation

Under long-term high-level estrogen stimulation, E2 binds to ER, activating Cyclindl and MYC
overexpression, leading to uncontrolled cell proliferation. This is especially relevant to ER™ breast
cancer.

1.4.3. HER2 positive

The progression of breast cancer is also intimately linked to aberrant signaling pathway activation.
HER?2 is a tyrosine kinase receptor and an important member of the epidemal growth factor receptor
(EGFR) family. HER2 itself does not have a direct binding ligand but conducts signal transduction
by forming homodimers itself or forming heterodimers with other EGFR family members (such as
HERI1, HER3, HER4).

As shown in Figure 1, when HER2 homodimerizes or heterodimerizes with HER3 that has bound
the EGF ligand, PI3K is activated, generating PIP3, which in turn activates AKT, releasing the cell
cycle block, enhancing transcription and translation, promoting cell proliferation, and inhibiting
apoptosis [7]. In Figure 2, when HER?2 is overexpressed, the PI3K/AKT signaling pathway is overly
activated, causing uncontrolled cell growth and leading to HER2-positive breast cancer.
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Figure 1. The homodimer and heterodimer of HER2 [7]
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Figure 2. Comparison between the normal cell and HER2 positive cell

Approximately 20-30% of breast cancers have HER2 overexpression [8], and such cancer cells
expand rapidly and are prone to metastasis. Therefore, the paper mainly focuses on HER2-positive
breast cancer.

2. Paclitaxel
2.1. Chemical properties of paclitaxel

Paclitaxel is a broad-spectrum anticancer drug, primarily extracted from the bark of the Pacific yew
tree. It is later produced on a large scale through semi-synthetic technologies and can also be
extracted from parts of plants such as hazelnuts [9]. Chemically speaking, it belongs to the
diterpenoid taxane class, with a molecular formula of C,,H,NO,, . As exhibited in Figure 3, its
structure consists of a taxane ring, a homochiral ester side chain at position C,;, anda four-membered
oxetane side ring at positions C, and C;. The ester side chain and complete taxane ring are critical
for its cytotoxic activity.
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Figure 3. Structure of paclitaxel

Paclitaxel is a hydrophobic drug with low water solubility, which limits its dissolution in water.
However, its application can be improved by binding to albumin or using specific nanodelivery

systems.
2.2. Pharmacology of paclitaxel

2.2.1. Drug targets

The mechanism of paclitaxel in treating breast cancer mainly involves mitotic arrest and induction
of cell death, which is illustrated in Figure 4.
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Figure 4. Mechanism of paclitaxel [10]

The main target is microtubules. Cell division depends on the dynamic changes of microtubules.
Paclitaxel can tightly bind to it, promote microtubule polymerization, stabilize the microtubule
structure, and inhibit the normal dynamic depolymerization of microtubules, leading to abnormal
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spindle function, thereby stopping mitosis at the M phase and late G2 phase of the cell cycle and
inducing cancer cell death [10].

In addition, paclitaxel can also activate the signaling pathways related to apoptosis, induce
apoptosis; act on NLRP3 protein to induce pyroptosis, and act on LC3B protein to induce
autophagy.

2.2.2. Mode of delivery

Traditional paclitaxel formulations use polyoxyethylated castor oil and ethanol as solvents but have
side effects such as allergic reactions and toxicity. Currently, nanomedicine delivery systems are the
focus, including nanoparticle albumin-bound paclitaxel (Nab-PTX) and paclitaxel polymer micelles
[11], which can enhance drug concentration in tumor tissue, reduce toxicity to normal tissues, and
prolong drug circulation in the body.

Nab-PTX has demonstrated excellent efficacy and safety in clinical trials and practical
applications. Paclitaxel polymer micelles, however, due to their relatively short market availability,
still require the accumulation of long-term efficacy and side effect data.

3. Trastuzumab
3.1. Structure of trastuzumab

Trastuzumab is a humanized monoclonal antibody made using recombinant DNA technology. As
shown in Figure 5, it consists of two Fab segments and one Fc segment. The Fab segments can
specifically bind to the HER2 receptor, while the Fc segment can activate the immune system [12],
such as complement-dependent cytotoxicity (CDC) and antibody-dependent cell-mediated
cytotoxicity (ADCC), to attack HER2-positive tumor cells.
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Figure 5. Structure of trastuzumab
3.2. Pharmacology of trastuzumab
3.2.1. Drug targets

The primary target of trastuzumab is HER2. HER2 is overexpressed in various tumors, especially
breast cancer, and is closely correlated with tumor cell proliferation, differentiation, apoptosis and
other processes. Thus, it's a key target for treating breast cancer.

In breast tumor cells, HER2 is overexpressed. In Figure 6, trastuzumab specifically binds to
HER?2 [13], disrupting the synthesis of HER-2 homodimers and HER2-HER3 heterodimers, thereby
preventing the PI3K/AKT signaling pathway from being activated, inhibiting uncontrolled cell
growth, and exerting anti-tumor effects.
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Figure 6. Trastuzumab acting on HER2

Trastuzumab can also activate ADCC, increase the activity of tumor-associated B cells [14], and
enable immune effector cells to secrete granzymes and perforin, inducing tumor cell apoptosis.

3.2.2. Mode of delivery

Trastuzumab is a lyophilized powder that ranges from white to pale yellow. In order to administer it
by intravenous transfusion, it must be diluted with sterile water for injection first, creating the
colorless to pale yellow and transparent to slightly opalescent solution.

4. Combined use of paclitaxel and trastuzumab

In the clinical treatment of cancer, combined medication is often used to enhance efficacy and
reduce side effects. When treating HER2 positive breast cancer, it may be possible to combine
chemotherapy drug paclitaxel with the targeted drug trastuzumab to form an antibody-drug
conjugate (ADC) as shown in Figure 7, allowing paclitaxel to selectively target HER2-positive
tumor cells, inhibiting their proliferation and promoting their apoptosis [15]. This approach offers
higher precision, reduces harm to normal cells, and also enhances the body's immune response to
tumor cells through trastuzumab, thereby improving efficacy and safety.
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Figure 7. Antibody-drug conjugate (ADC)
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In one study, patients with HER2 were split into two groups: the combination group and the
control group. For three cycles, each lasting 21 days, both groups got continuous treatment. The
control group received an intravenous infusion of paclitaxel every day, while the combination group
had an intravenous infusion of trastuzumab once a week in addition to the paclitaxel injection.
According to the study, the combination group's tumor marker levels were lower than those of the
control group, and their breast cancer control rate was greater [16]. This experimentally indicates
that the combined use of paclitaxel and trastuzumab is more effective than the chemotherapy with
paclitaxel alone.

Nevertheless, no ADC medication that combines paclitaxel and trastuzumab has been authorized
for the clinical treatment of breast cancer as of yet [17]. The conjugated drug's structure,
effectiveness, and safety require further research. ADC consists of an antibody, a cytotoxic payload
and a linker. The design of the drug that conjugates trastuzumab and paclitaxel needs to consider the
ratio of the drug to the antibody (DAR), the bystander effect (whether paclitaxel can kill adjacent
tumor cells that do not express HER2), as well as the stability of the linker and whether the linker
can be cleaved, etc.

In the treatment of breast cancer, resistance to paclitaxel may develop. The enhancement of the drug
efflux mechanism is one of the important reasons: overexpression of ABC transporter family
members such as P-glycoprotein in tumor cells can actively pump paclitaxel out of cells, reduce
intracellular drug concentration, and weaken its killing effect. Furthermore, paclitaxel inhibits cell
division by stabilizing microtubules [18]. However, when the expression of microtubulin subtypes
(such as B-III tubulin) in tumor cells is abnormal, or the function of microtubule dynamic regulation-
related proteins is dysfunctional, the sensitivity of microtubules to paclitaxel decreases.
Consequently, the medication is unable to efficiently block the cell cycle. At the same time,
fibroblasts in the tumor stroma secrete cytokines (such as IL-6 and TGF-B), may promote the drug-
resistant phenotype of tumor cells and further aggravate the development of paclitaxel resistance.

Trastuzumab is a commonly used targeted therapy drug for patients with HER2 positive breast
cancer, but it can cause cardiac toxicity, posing a threat to patients' health. The mechanisms of its
cardiac toxicity mainly include: first, weakening the activity of the neuroregulatory factor-1/tyrosine
kinase receptor signaling pathway; second, increasing the expression of genes related to myocardial
oxidative stress and nitrosative stress; third, inhibiting the signal transduction of human
transmembrane receptor protein 1; fourth, activating the angiotensin receptor 1 signal pathway and
causing myocardial damage. Therefore, when using trastuzumab for treatment, techniques such as
cardiac magnetic resonance(CMR) can be adopted for monitoring, so as to timely and accurately
detect cardiotoxicity and carry out appropriate intervention.

HER2 positive breast cancer has drawn much attention due to its strong invasiveness and high
metastasis risk. Chemotherapy drug paclitaxel and monoclonal antibody trastuzumab can both
effectively treat the cancer and reduce the risk of death to a certain extent when used alone.
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Additionally, the combination of these two drugs for targeted therapy against HER2 positive tumor
cells may bring new hope to this subtype of breast cancer. Nevertheless, challenges such as
paclitaxel resistance and cardiotoxicity of trastuzumab are also encountered. Future investigation
can focus on optimizing the combined treatment mechanism, overcoming drug resistance, and
reducing side effects to support the precision-driven advancement of treatments for HER2 positive
breast cancer.
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