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Abstract. This paper aims to study the synthetic route, mechanism of action and application of 

lapatinib in breast cancer. As a common malignant tumor, breast cancer poses a serious threat to 

the life and health of patients. As an effective targeted drug, lapatinib is significant in treating 

breast cancer. Its pharmacological effects can block the growth and metastasis of tumor cells by 

inhibiting specific signaling pathways and affect cancer cells’ metabolism and drug efficacy. Its 

molecular mechanism is mainly through targeting the epidermal growth factor receptor (EGFR) 

to inhibit the proliferation and survival of tumor cells. Studies on lapatinib’s drug metabolism 

and pharmacodynamics also described its metabolism and therapeutic effect in vivo. Secondly, 

the pathophysiology of breast cancer was summarized, including the pathogenesis, clinical 

manifestations, and molecular biological characteristics of breast cancer. The therapeutic effect, 

application, efficacy evaluation, and adverse reaction management of lapatinib were analyzed 

for the application of lapatinib in the treatment of breast cancer. Moreover, the existing lapatinib 

synthetic routes were described. Lapatinib has a substantial treatment influence and may 

effectively decrease harmful reactions when used to treat breast cancer. Nevertheless, additional 

study is required to ascertain its optimal application and possible mechanism of action in breast 

cancer treatment. 
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1.  Introduction 

Malignant tumors have become the leading killer threatening human health, and breast cancer has ranked 

first in the incidence rate of female malignant tumors [1]. Surgical procedures, radiotherapy, 

chemotherapy, molecular-targeted therapies, and endocrine therapy are used to treat breast cancer. 

Drugs that are molecularly targeted particularly aim highly-expressed molecules in tumor cells but are 

not or are only minimally expressed in healthy cells, thereby effectively achieving the goal of killing 

tumor cells. Patients with different breast cancer subtypes’ survival rates vary considerably [2]. The 

mortality rate of HER2-positive breast cancer is higher, followed by three negative, Luminal A, and 

Luminal β subtypes [3]. Breast cancer positive for Human Epidermal Growth Factor Receptor 2 (HER2, 

also called ERBB2) accounts for approximately 15-20% [4, 5]. Although there are anti-HER2 targeted 

therapies at present and sound effects have been achieved at the initial stage, many patients have 

experienced treatment resistance, tumor recurrence, and disease progression. Therefore, it is urgent to 
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find new methods to treat HER2-positive breast cancer and improve the survival rate of patients [6]. 

HER2 has become a key target for developing HER2-positive breast cancer drugs. 

Lapatinib is a drug used to treat breast cancer. The targets of lapatinib mainly include epidermal 

growth factor receptor (EGFR) and its mutants, HER2, and anaplastic lymphoma kinase (ALK), which 

are often mutated or overexpressed in tumor cells, leading to abnormalities in cell proliferation, growth, 

angiogenesis, and other aspects. Furthermore, lapatinib can selectively target these abnormal proteins, 

thereby blocking abnormal signal transduction in cells and achieving the effect of treating cancer. Its 

action mechanism blocks the intracellular domain of HER2 in breast cancer and plays an anti-cancer 

role. However, lapatinib’s poor solubility limits its clinical application. In order to enhance the anti-

tumor effect of lapatinib, studies have proposed using pegylated liposome formulations of lapatinib, 

which can reduce tumor volume to a greater extent and significantly reduce cardiac and hepatic toxicity. 

The Food and Drug Administration of the United States authorized lapatinib for metastatic breast cancer 

treatment in 2007. 

HER2 is the second member of the EGFR family, which includes four different tyrosine kinase 

receptors (TKRs): HER1, HER2, HER3, and HER4 [7]. HER2, unlike other members of the EGFR 

family, lacks a ligand-binding domain and is an orphan receptor. When other family members 

(especially HER1 and HER3) bind to ligands, HER2 can form heterodimers, promoting self-

phosphorylation of the tyrosine kinase domain and activation [8, 9]. The unique dimeric properties of 

HER2 are considered practical amplifiers for other receptor signals in the EGFR family. The dimer-

activated HER2 promotes cell growth, proliferation, and metastasis by regulating intracellular 

downstream signaling pathways such as PI3K, SRC, AKT, and MAPKs (see Figure 1) [10, 11]. 

Based on the above research background, the study of lapatinib aims to enhance its anti-tumor effect 

further and reduce its cardiotoxicity and hepatotoxicity. This paper summarizes the mechanism of action, 

related clinical studies, and drug resistance mechanisms of lapatinib. 

 

Figure 1. The HER2 receptor activates downstream signaling pathways, promoting cell growth, 

proliferation, and survival [12]. 
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2.  Target receptor in breast cancer treatment 

2.1.  EGFR 

EGFR is a receptor tyrosine kinase on the surface of tumor cells [7]. When EGFR binds to its ligand, 

various signaling pathways that promote cell growth and proliferation are initiated. EGFR gene 

mutations may be contained in some tumor cells, causing undue pathway activation and speeding up 

tumor progression. Lapatinib achieves therapeutic effects by selectively inhibiting the activation of 

EGFR and its mutants and inhibiting the growth of tumor cells. 

2.2.  HER2 

As a receptor tyrosine kinase, HER2 plays a distinct role than EFGR in tumor cell survival and 

proliferation [8]. HER2 overexpression or mutation is common in many leukemias, breast cancers, and 

other tumors. Lapatinib can bind to HER2, inhibit its activation, and block the transmission of related 

signaling pathways, thereby preventing the proliferation and survival of tumor cells and playing a 

therapeutic role. 

2.3.  ALK 

ALK mutations are widely found in lung and malignant tumors [8]. These mutations activate the ALK 

protein, leading to inflammation and abnormal proliferation. One of the mechanisms of action of 

lapatinib is to inhibit the activation of ALK, preventing normal proliferation and survival of tumor cells, 

thereby achieving anti-tumor effects. 

3.  Mechanism of lapatinib in breast cancer treatment 

Lapatinib is an efficient tyrosine kinase inhibitor, and its molecular mechanism of action mainly 

involves the interaction with HER2 receptors and the regulation of signal transduction pathways [9]. 

Lapatinib can bind to the HER2 receptor, blocking the interaction between HER2 and its downstream 

signaling molecules. In breast cancer, the HER2 receptor is essential; its overexpression is associated 

with the disease’s onset and progression. Lapatinib can selectively bind to HER2 receptors, blocking 

the transmission of HER2 signals and thereby preventing the growth and spread of cancer cells. 

Lapatinib exerts its effect by inhibiting the phosphorylation process of HER2 receptors [7]. The 

phosphorylation of HER2 receptors is a crucial step in their activation, activating signaling pathways at 

the downstream and facilitating cell survival and proliferation. Lapatinib binds to the extracellular 

domain of the HER2 receptor, blocking its phosphorylation process and thereby inhibiting the activation 

of downstream signaling. Lapatinib can also play a role by promoting the internalization and degradation 

of HER2 receptors [10]. The expression level of HER2 receptors on cell membranes is closely related 

to tumor invasion and metastasis. One of the mechanisms of action of lapatinib is to promote the 

internalization and degradation of the HER2 receptor and reduce its expression level on the cell 

membrane, thus inhibiting the invasion and metastasis of breast cancer cells. In addition to affecting the 

activity and expression level of HER2 receptors, lapatinib can also regulate other signaling pathways. 

The occurrence and development of breast cancer involve abnormal activation of multiple signal 

pathways, including the Ras/MAPK and PI3K/Akt pathways (Figure 1). Through modulating these 

signaling pathways’ activities, lapatinib can inhibit tumor cell proliferation and survival. Specifically, 

lapatinib can inhibit the activation of the Ras/MAPK pathway and reduce cell proliferation ability. At 

the same time, it can also inhibit the activation of the PI3K/Akt pathway and cell viability [12]. 

Moreover, lapatinib can induce cell apoptosis [12]. Important in malignant tumor treatment, 

apoptosis is the normal process of cell self-destruction. By hindering HER2 signaling pathway activation, 

lapatinib induces apoptosis in breast cancer cells, leading to the tumor cells’ demise. 

Lapatinib can also inhibit tumor angiogenesis. Tumor cells obtain sufficient nutrients and oxygen 

through angiogenesis, promoting tumor growth and diffusion. Lapatinib reduces the dependence of 

tumor cells on angiogenesis by inhibiting the expression and activity of angiogenic factors such as 

VEGF, thereby inhibiting the angiogenesis process of tumors. 
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Therefore, the pharmacological effects of lapatinib mainly include blocking the HER2 signaling 

pathway, inhibiting the activation of downstream signaling molecules, inducing cell apoptosis, and 

inhibiting tumor angiogenesis. As a tyrosine kinase inhibitor, lapatinib treats breast cancer through the 

inhibition of HER2 receptor internalization and phosphorylation and by modulating several signaling 

pathways’ activities. Such mechanisms enable lapatinib to be a crucial drug in breast cancer treatment, 

and it offers a vital treatment alternative to breast cancer patients who are HER-2 positive. 

4.  The synthetic routes of lapatinib 

4.1.  Synthetic route 1 

Figure 2 shows that 4-chloro-6-iodoquinazoline (6) was synthesized from 6-iodoquinazolone (5) and 

thionyl chloride. Then, it reacted with 3-chloro-4-((3-fluorophenyl)methoxy)aniline (7) to obtain K(3-

chloro-4-((3-fluorophenyl)methoxy)phenyl)-6-iodo-4-quinazolimine (2). N-(3-chloro-4-(3-

fluorobenzyloxy)phenyl)-6-((5-formyl) furan-2-yl)-4-quinazolin amine (3) was synthesized by Suzuki 

coupling reaction with 5-formylfuran-2-boric acid catalyzed by palladium carbon. Lapatinib base was 

obtained by substitution reaction with 2-methylsulfonyl ethylamine hydrochloride, reduction with 

sodium triacetoxyborohydride, and reaction with p-toluenesulfonic acid to obtain lapatinib di-p-

toluenesulfonic acid (4). Lapatinib di-p-toluenesulfonic acid monohydrate (1) was refined by 

tetrahydrofuran/water [13]. 

 

Figure 2. Synthetic route 1 [13]. 

4.2.  Synthetic route 2 

In one study, 4-hydroxy-6-iodoquinazoline was synthesized by cyclization of 2-amino-5-iodobenzoic 

acid with formamidine acetate (Figure 3) [14]. After chlorination, it was condensed with 3-chloro-4-[(3-

fluorophenyl)methoxy]aniline (4) to obtain n-[3-chloro-4-[(3-fluorophenyl) methoxy]phenyl]-6-iodo-4-

quinazoline amine (5). The solubility of 4-hydroxy (chloro)-6-iodoquinazoline was poor, and excessive 

thionyl chloride or phosphorus oxychloride was required during chlorination, which was not easy to 

Proceedings of the 2nd International Conference on Modern Medicine and Global Health
DOI: 10.54254/2753-8818/17/20240626

44



post-treatment and has great environmental pollution. In this study, (1) was prepared by the route shown 

in Figure 2 concerning relevant literature, and the reaction conditions were optimized; 2-amino-5-

iodobenzonitrile (2) was obtained by iodization with 2-aminobenzylnitrile as raw material. (2) was 

condensed with N, N-dimethylformamide dimethylacetal (DMF·DMA) to obtain (3). After the excess 

DMF·DMA was evaporated under reduced pressure, glacial acetic acid and (4) were directly added for 

dimroth rearrangement to obtain (5) in 69.6% yield (based on 2-aminobenzylnitrile). (5) then reacted 

with 5-formylfuran-2-boric acid by Suzuki coupling reaction to obtain n-[3-chloro-4-[(3-

fluorophenyl)methoxy]phenyl]-6-[(5-formyl)furan-2-yl]-4-quinazolin amine (6). (6) then reacted with 

2-(methanesulfonyl) ethylamine (7) to obtain lapatinib (8), finally forming a salt with p-toluenesulfonic 

acid to obtain (1). This improved route avoided using thionyl chloride or phosphorus oxychloride and 

could reduce environmental pollution. The total yield was 10% (based on 2-aminobenzylnitrile). 

 

Figure 3. Synthetic route 2 [14]. 

5.  Applications of lapatinib in breast cancer treatment 

Regarding breast cancer treatment, the application of lapatinib varies, covering treatment stages, use 

modes, and combined use with other drugs. As a targeted drug for breast cancer, lapatinib demonstrates 
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notable therapeutic efficacy. Notably, it substantially improves patient survival rates and overall 

outcomes. Concurrent lapatinib administration in clinical trials has consistently resulted in substantially 

prolonged survival without progression and overall survival incidences than separate agents for 

chemotherapy [15]. It highlights lapatinib’s significance in such treatment. In treating breast cancer that 

is HER2-positive, lapatinib also demonstrates encouraging results. By selectively inhibiting the 

activation of the HER2 receptor, lapatinib effectively hinders cancer cell proliferation and metastasis 

[16]. Clinical trial data indicate that patients benefiting from combination chemotherapy involving 

lapatinib experience notably enhanced effectiveness compared to those receiving single-agent 

chemotherapy [17]. At the same time, lapatinib can be used as a first-line treatment option. For patients 

with early HER2-positive breast cancer, lapatinib combined with other chemotherapy drugs can be used 

as a first-line treatment plan to eliminate early tumor cells and reduce the risk of tumor recurrence and 

metastasis [18]. Additionally, lapatinib is frequently used to treat advanced breast cancer. Patients with 

advanced breast cancer frequently combine lapatinib with endocrine therapy or chemotherapy 

medications to promote the drug’s therapeutic consequence. One research discovered how combining 

lapatinib can substantially improve efficacy on advanced breast cancer patients, prolong patient 

longevity, and slow the development of the disease. Lapatinib has therefore become indispensable for 

advanced breast cancer treatment. 

In addition, the application of lapatinib includes various situations, such as neoadjuvant therapy and 

adjuvant therapy. Lapatinib is administered prior to breast cancer surgery to mitigate tumor mass and 

halt its progression, thereby making surgery more effective. Lapatinib can likewise be administered 

alongside other medications, such as chemotherapy and endocrine therapy drugs to enhance treatment 

effectiveness and reduce patient tolerance to side effects [19]. 

It is important to note that patient differences also affect the therapeutic effect of lapatinib. Factors 

such as different subtypes of breast cancer, the patient’s condition, and gene mutations will affect the 

therapeutic effect of lapatinib. Therefore, in clinical applications, careful consideration should be given 

to the individual characteristics of patients and genetic testing results to develop personalized treatment 

plans and improve treatment effectiveness. 

Generally, in breast cancer treatment, there is an intense and extensive lapatinib application, and an 

individualized treatment plan can be designed according to the patients’ specific conditions. Whether it 

is early breast cancer or late breast cancer, applying lapatinib can provide effective treatment strategies 

and bring hope to patients. However, although lapatinib has shown promising efficacy in treating breast 

cancer, attention should be paid to its adverse reactions and management to ensure patients’ safety and 

quality of life. 

6.  Conclusion 

Lapatinib is a promising targeted drug for breast cancer treatment, demonstrating notable therapeutic 

efficacy. Clinical trials have shown that its administration significantly increases patient and overall 

survival rates. Patients obtaining chemotherapy alongside lapatinib had substantially prolonged their 

survival without cancer progression as well as overall survival than those obtaining chemotherapy alone. 

These findings substantiate lapatinib’s substantial impact on breast cancer treatment outcomes. 

Furthermore, lapatinib exhibits particular efficacy in addressing HER2-positive breast cancer cases. By 

selectively inhibiting the activation of the HER2 receptor, lapatinib effectively hinders cancer cell 

proliferation and metastasis. Clinical trials reinforce this observation, indicating that patients benefiting 

from a combination chemotherapy regimen involving lapatinib exhibit significantly higher response 

rates than those on single chemotherapy drugs. 

While significant strides have been made in understanding lapatinib’s mechanisms of action, areas 

still require further exploration. A comprehensive comprehension of the full spectrum of signaling 

pathways and molecular mechanisms influenced by lapatinib is essential. Moreover, the clinical 

application of lapatinib necessitates additional research data to validate its efficacy and safety and assess 

patient tolerance and responsiveness to treatment. Future research efforts should encompass a 

multifaceted approach. It includes conducting experiments such as gene expression profiling and protein 

Proceedings of the 2nd International Conference on Modern Medicine and Global Health
DOI: 10.54254/2753-8818/17/20240626

46



interaction network analysis to thoroughly investigate the intricate mechanisms in breast cancer cells 

under lapatinib influence. Furthermore, designing and executing comprehensive animal experiments and 

clinical trials will be pivotal in validating the efficacy and safety of lapatinib across diverse patient 

populations. Exploring potential combinations of lapatinib with other drugs, including chemotherapy 

agents or immunotherapy drugs, will be instrumental in enhancing treatment effectiveness while 

minimizing potential side effects. Finally, investigating lapatinib’s application potential in preventing 

breast cancer occurrence and recurrence and its role in screening and early diagnosis holds promise for 

more effective breast cancer management strategies. 

In conclusion, future research should deepen the understanding of lapatinib’s mechanism of action 

and further validate its efficacy and safety. In addition, research into combined therapies and 

preventative mechanisms can enable the development of more efficient breast cancer prevention and 

treatment strategies. 
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