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Abstract: In 2020, 10 million individuals have died of cancer worldwide, with 11.7 % of those dying
from breast cancer. Breast cancer is a very common disease in the worldwide. People have been
looking for a cure for HER2 breast cancer for years. Surgery, radiation, chemotherapy, and
immunotherapy are all options. However, the recurrence rate of tumors and the traumatic problems
of surgery have not been resolved. Studies have shown that about 20%-30% is HER2 breast cancer
and associated with poor prognosis. At the same time, HERZ2 also provides intervention points for the
treatment of breast cancer. Molecular targeted therapy has gradually become a standard therapy and
has achieved some success in clinical practice in the past 20 years. Phase Il clinical data show that
trastuzumab has good safety in the treatment of breast cancer patients with HER2 overexpression, is
effective as a single treatment, and can cause a prolonged objective tumor response. Trastuzumab
cannot, however, be used to treat all cases of HER2 overexpression. Therefore, drugs of the next
generation have also been approved, such as pertuzumab and ado-trastuzumab emtansine. This review
will focus on elucidating the mechanism and clinical effects of trastuzumab in the treatment of HER-
2 breast cancer, and briefly describe its toxicity and drug resistance.

1. Introduction

Hormones and the presence or absence of the human epidermal growth factor receptor 2
(HER2/neu) receptor are prognostic and predictive factors in breast cancer (BC) and can help
determine therapy options [1]. The HER2 receptor usually function in normal tissues, however, it is
overexpressed or amplified in cancer cells, and is linked to clinically aggressive tumors and a poor
prognosis [2].

Trastuzumab is a modified antibody that attacks the erythroblastic leukemia virus's gene homolog
2 (ErbB2), also known as human epidermal growth factor receptor-2 (HER-2). Overexpression of it
has been associated to aggressive growth and a poor prognosis in 20% to 25% of human breast tumors.
It's assumed to work in the etiology of HER2-positive cancers as well as their clinical aggressiveness.
A murine antibody against the extracellular domain of HER2, 4D5, suppresses the growth of human
breast cancer cells overexpressing HER2 in vitro and in xenograft models. To aid clinical research,
the complementarity defining region of 4D5 was introduced into the framework of common human
IgG1. According to phase Il trial data from breast cancer women whose tumors overexpress HER2,
trastuzumab has favorable safety qualities, is active as a single treatment, and can cause a prolonged
objective tumor response.

In a multicenter phase Il clinical trial, chemotherapy (based on doxorubicin or paclitaxel)
combined with trastuzumab showed that chemotherapy has an effect on the time and response of
disease progression when compared to chemotherapy alone. The drug's action greatly increased the
rate of trastuzumab co-administration and survival, whereas overall serious adverse events did not
rise. Myocardial dysfunction syndrome is comparable to that seen with anthracyclines, with
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chemotherapy combined with trastuzumab being the most prevalent treatment. In October 1998, the
United States approved trastuzumab for the treatment of individuals with metastatic breast cancer
who overexpress HER2. This was based on the positive findings of clinical trials. MAb has also been
listed in Switzerland and Canada since then [3].

The first HER-2 monoclonal antibody to be used in clinical trials was trastuzumab. The drug
operates by physically blocking HER-2 molecules, forcing them to form dimers with other HER/ErbB
family members and interrupting normal ErbB signaling. To provide a highly selective therapeutic
alternative for patients with HER-2 positive breast cancer, ultimately using a chemical that produces
fewer or no adverse effects than traditional chemotherapy.

This review briefly introduces HER-positive breast cancer, focusing on the clinical trials of
trastuzumab properties and its treatment application of patients overexpressing HER2 receptors.

2. Background of The anti-HER2 antibody
2.1 The anti-HER2 antibody for HER2 breast cancer

Breast cancer cells that carry the HER2 protein receptor are referred to as HER2-positive. In
general, this protein aids breast cells in their growth, division, and repair. However, there are
situations when the gene that controls the HER2 protein malfunctions, and your body produces an
excess of these receptors. This can cause your breast cells to divide and expand out of control. Cancer
cells carry an extra copy of the gene that generates the HER2 protein in roughly 1 in 5 breast tumors.
Breast cancer that is HER2-positive is more aggressive than other kinds of breast cancer [4].

The treatment for HER2 is successful and these medicines are so effective that HER2-positive
breast cancer patients have a very excellent prognosis. Although these medications do not directly
target the HER2 protein, certain regular chemotherapy treatments can be useful in treating HER2-
positive breast cancer. HER2 testing is recommended for different invasive breast cancer, according
to experts, because the results might have a substantial impact on treatment choices and decisions.
Except as part of a clinical trial, detection of HER2 ductal carcinoma in situ is not commonly
performed.
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Figure 1. The signal transduction and potential mechanism of the HER family [Hudis, Clifford, &
A. (2007). Trastuzumab — mechanism of action and use in clinical practice. New England Journal
of Medicine, 357 (1), 39-51.]

Patients with HER2-positive breast cancer are living longer thanks to advances in HER2-targeted
therapy. Chemotherapy plus a year of adjuvant HER2-targeted therapy, usually with the anti-HER2
antibody trastuzumab, have become the standard of care for localized illness (Figure 1).

2.2 Second generation and Third generation monoclonal antibodies used as HER?2 breast cancer
therapy

Kadcyla: ado-trastuzumab emtansine

Ado-trastuzumab emtansine (T-DM1) is an antibody medication that combines trastuzumab and
emtansine. Due to improved progression-free and overall survival when compared to lapatinib with
capecitabine, it was authorized in 2013 as a second-line therapy for metastatic BC. [3] T-DML1 is an
antibody drug combination that is created when trastuzumab is chemically bonded to a potent
microtubule inhibitor [5]. T-DML1 is ingested by HER2 cancer cells via endocytosis. The chemical
connection is destroyed in the lysosome, and emtansine is released into the cell to hinder replication
by binding to tubulin [6].
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Perjeta: pertuzamab

The goal is to develop a recombinant humanized 1gG1 monoclonal antibody that targets HER2's
extracellular dimerization domain (subdomain I1). Pertuzamab operates by blocking the formation of
a distinction between HER2 and other members. Source dimerization, ADCC, and other immune
mechanisms are examples of alternative immunological routes [7]. As clinical trials have shown that
combining pertuzumab with trastuzumab-based therapy improves clinical outcomes, basic science
research into the mechanisms underlying this synergy has become a hot issue in the quest to better
understand HER2 biology [8].

3. Mechanism of action of Trastuzumab

Trastuzumab is a drug that is used to treat cancers of the breast, stomach, and esophagus. This
medication is used to treat cancers that produce excessive quantities of the HER2 protein.
Trastuzumab belongs to the monoclonal antibody class of medicines. Its job is to halt or stop cancer
cells from growing [9].
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Figure 2. Trastuzumab mechanism of action [Pohlmann, P. R., Mayer, I. A., &amp; Mernaugh, R.
(2009). Resistance to trastuzumab in breast cancer. Clinical Cancer Research, 15(24), 7479-7491.].

Trastuzumab is a recombinant humanized 1gG1 monoclonal antibody that targets the extracellular
domain of the HER-2 receptor (ErbB-2). The HER-2 receptor is made up of an extracellular ligand
binding domain, a transmembrane domain, and an intracellular or cytoplasmic tyrosine kinase domain.
Trastuzumab binds to the HER-2 extracellular domain and inhibits it from being lyzed, preventing the
receptor from being activated, impeding HER-2 dimerization, and facilitating antibody-dependent
cell-mediated cells. Tumor cells lyse as a result of toxic activation, which enhances HER-2
internalization (Figure 2).

Trastuzumab's mechanism of action is thought to involve the suppression of constitutive HER2
signaling as well as the stimulation of immune effector cells. In HER2 amplified cells, trastuzumab
impairs the ligand-independent HER2/HERS3 interaction. This separation causes the PI3K-AKT
signal to be uncoupled, which is linked to trastuzumab'’s anti-proliferative impact. Trastuzumab binds
to FccRII on immune effector cells as a humanized IgG1 and is an efficient mediator of antibody-
dependent cell-mediated cytotoxicity (ADCC).

According to studies on animal models of breast cancer overexpressing HER2, trastuzumab
inhibits angiogenesis and accelerates the normalization and degeneration of the vascular system
through modulating pro-angiogenic and anti-angiogenic proteins. Heregulin (the ligand of HER3 and
HER4) regulates the synthesis of vascular endothelial growth factor (VEGF), and blocking HER
family receptors induces a decrease in VEGF [11]. Preliminary clinical trials utilizing a combination
of trastuzumab and bevacizumab, which inhibits VEGF, have shown promise in HER2-positive
aggressive breast cancer.
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4. Pharmacokinetics, Pharmacodynamics, Dosage and preparation of trastuzumab

Trastuzumab has a dose-dependent pharmacokinetics when given as a 500 mg intravenous infusion
for a short period of time per week. The standard dose is 0.004g/kg at first, followed by 0.002g/kg/wk
for 20 weeks to achieve a steady-state blood concentration. The estimated average area under the
concentration-time curve is about 580 mg/L day, and the average maximum serum concentration
(Cmax) and average minimum serum concentration (Cmin) are about 0.11 and 0.066 g/L,
respectively.

In patients with metastatic breast cancer, the weekly intravenous trastuzumab dose increases, the
average serum elimination half-life (t1/2) increases, and the clearance rate decreases. At initial normal
dosages of 0.004 g/kg and 0.002 g/kg/week, the usual t1/2 is around 30 days, with a washout period
of up to 140 days. In clinical trials, the average clearance rate after the standard dose was 0.225 L/day
[12].

The adjuvant or metastatic setting used in monotherapy and trastuzumab combination with
chemotherapy is the recommended dose of trastuzumab (neo). The conventional dose schedule had
no clear benefit at high doses or long dosing intervals. If substantial toxicity develops, there is no
algorithm for reducing the trastuzumab dose [13].

Trastuzumab dosing schedule for surgical adjuvant therapy or metastatic disease. According to the
official label, trastuzumab is administered via intravenous infusion at a dose dependent on body
weight, once a week (metastatic, adjuvant) or once every three weeks (non-metastatic, adjuvant)
(adjuvant). The regimen also includes the loading dose given at the start of treatment. Treatment is
recommended for a year (adjuvant) or until the disease progresses (metastasis). In the auxiliary
context, many dose regimens have been examined, but the optimal treatment period is uncertain.

Furthermore, by incorporating pharmacokinetic parameters into the dosing regimen, the dosing
regimen can be improved. Due to the more favorable dynamics (no tumor penetration) in adjuvant
therapy, a lower intensity dosage regimen compared to those utilized in metastatic disease may be
appropriate. Furthermore, body weight has just a modest relationship with trastuzumab exposure and
hasn't been found to have a major impact on clinical activity. In the short run, these pharmacokinetic
factors may support the use of a set monthly dose to treat early breast cancer [14].

5. Clinical research
5.1 Early phase I single-agent trial

The higher dose of trastuzumab (intravenous 10-500mg single dose or once a week) did not result
in greater toxicity, and its pharmacokinetics was dose-dependent, according to phase | trials.
Tratuzumab is well tolerated and has no major side effects, but nausea and vomiting are common side
effects, especially after the first dosage. The number and nature of adverse effects during co-
administration with cisplatin were similar to those previously reported when cisplatin was used alone.
In Phase 1I/111 clinical studies, these tests were used to establish the best trastuzumab dose and schedule
[15].

5.2 Phase 11 single-agent trial

Trastuzumab was studied in 222 HER2-positive women in a large-scale, multinational, and
multicenter research. The overall response rate was the primary efficacy endpoint in this trial, with
duration of reaction, TTP, QoL, 1-year survival rate, and treatment failure time as secondary
endpoints. Intravenous trastuzumab was given to the patients in doses of 0.004 g/kg at first, then
0.002 g/kg every week. Patients have a wide range of disorders, according to patient demographics.
In an IHC test, all patients showed double or overexpression of HER2, with the majority (78%)
showing overexpression. Adjuvant chemotherapy (69 percent), single chemotherapy (2 percent),
double chemotherapy (68 percent), or high-dose chemotherapy were among the previous therapies
(26 percent). The overall response rate (evaluated by the independent response evaluation Committee)
of patients treated with trastuzumab was 15% (95 percent CI, 11-21 percent), with 8 CR and 26 PR;
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the median survival duration was one month. TTP was 0.1 months on average. The average time it
took for a reaction was 9.1 months. Patients with objective tumor reaction after receiving trastuzumab
have improved their physical and social functions, according to QoL data [16].

5.3 Phase 111 comparative trial

The efficacy and safety of adding trastuzumab to HER2 positive metastatic breast cancer patients.
TTP and safety were the study's key efficacy objectives. Overall response rate, response duration,
QolL, survival rate, and time to failure were the study's secondary objectives (TTF). Around 470
women were given adriamycin or epirubicin plus cyclophosphamide as first-line intravenous
chemotherapy, or paclitaxel if they had previously had anthracycline adjuvant therapy. For a total of
six cycles, all members were given the drug once every three weeks. Half of the patients were given
intravenous trastuzumab (at first 4 mg/kg, then 2 mg/kg); 43 patients (30%) received anthracycline
with trastuzumab; and 138 patients (29%) received only anthracycline. Paclitaxel plus trastuzumab
was given to 92 percent of the patients, while paclitaxel alone was given to 96 percent.

The chemotherapeutic effect of patients taking trastuzumab was greatly improved, as measured by
TTP, remission rate, and 1-year survival rate. TTP was significantly prolonged when Trazumab was
paired with chemotherapy. The overall absolute rise in TTP of trastuzumab was similarly evident in
the two therapy groupings, however the individuals receiving paclitaxel were greater. After adding
trastuzumab to all patients with objective remission, the median duration of remission rose by several
months (49 percent). 75% patients in the trastuzumab plus anthracycline subgroup and 4/6 patients
who had trastuzumab plus paclitaxel and were completely alleviated had no disease progression at
the conclusion of the data (follow-up for 29 months).

Table 1. Effacacy Of Trastuzumab Combined With Other Therapies [16].

Paclit
Trastuzum I Trastuzumab+ axel  Trastuzumab+che Chemoth
alone . erapy
ab+AC (n=1 paclitaxel alone motherapy Alone
= R = n=96 =
(n=143) 38) (n=92) ( ) (n=235) (n=234)
Median
TTP(mont 7.8 6.1 6.9 3.0 7.4 4.6
h)
Response
rate(%) 56 42 41 17 50 32
Median
duration of 9.1 6.7 105 45 9.1 6.1
reponse(m
onths)
Median
TTF(mont 7.2 5.6 5.8 2.9 6.9 45
hs)
1-Year
survival(% 83 72 72 60 79 68
)
Median
survival(m 26.8 22.8 22.1 18.4 25.4 20.3
onths)

Note: AC: anthracycline; TTP:time to disease progression; TTF:time to treatment failure

6. Safety evaluation
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Chemotherapy-treated individuals with metastatic breast cancer frequently have side effects. The
incidence of various mild to moderately severe side events increased in patients treated with
trastuzumab. Patients have a higher incidence of transfusion-related signs and symptoms, as well as
infection, as compared to chemotherapy alone. Trastuzumab was added to chemotherapy, however
the findings of laboratory tests did not change significantly. Furthermore, patients who received
trastuzumab in combination with chemotherapy had fewer abnormal liver function laboratory tests
than those who received chemotherapy alone. Antibodies to trastuzumab were not generated in any
of the participants in this research.

The most significant adverse event observed in the study of trastuzumab was cardiac dysfunction
similar to that observed with anthracyclines. Signs and symptoms of patients with cardiac
insufficiency include decreased ejection fraction, galloping horse rhythm, laboring dyspnea, cardiac
hypertrophy, cough, tachycardia and peripheral edema, etc. Daniel Eiger et al. made a comprehensive
analysis of the 12-month trial of auxiliary trastuzumab and the short-term trial, and reported the
cardiac results of HER2-positive BC patients, using a random effect model weighted by inverse
variance [17]. Three trials compared the results of the 9-week and 12-month auxiliary trastuzumab
3-5 schedules, while two trials (Short-HER and SOLD) compared the results of the 9-week and 12-
month auxiliary trastuzumab 3-5 schedules [18]. As a result, clinical cardiac insufficiency was
identified in five trials. 459 patients developed clinical cardiac dysfunction after receiving
trastuzumab for 12 months, with a combined incidence of 8.2 percent (95 percent CI 7.5 percent to
8.9 percent), while 273 patients who received shorter treatment developed clinical cardiac
dysfunction with a combined incidence of 4.8 percent (95 percent Cl 4.3 percent to 8.9 percent).

Table 2. Pooled incidences of cardiac outcomes according to treatment arms [17].

Arm Numbers ., - dence (95%CI) Short Numbers i dence (959%CI)
of events regimens of events
Trastuzumab 0 0 0 - i )
12 months 459/5615  8.2%(7.5% to 8.9%)
Trastuzumab oo 560n 4 804,306 10 5.406) | TASNZUMAD G 5000900 5 706(5.0% to 6.5%)
short regimen months
- - - Trasuzumab 9 19/1719 2 904(2.29% to 3.8%)
weeks
Low LVEF
Trastuzumab
12 months 323/3730  8.7%(7.8% to 9.6%) - - -
Trasuzumab 5540058 306(5.5% t0 7.106) | TOSMZUMAD 6 5o /0708 6.306(5.5% to 7.1%)
short regimen months
CHF
Trastuzumab 0 0 0 i i i
12 months 51/2896 1.8%(1.3% to 2.3%)
Trastuzumab - ga5099 1 105(0.80 t0 1.6%) | ESMZUMADE g0600  0506(0.3% to 1.0%)
short regimen months
Trastuzumab 0 0 0
- - 9-12 weeks 24/1202 2.0%(1.4% to 3.0%)

Premature Trastuzumab discontinuation

Trastuzumab . . .

12 months 249/3825  6.5%(5.8% to 7.3%) - } )
Trastuzu_mab 95/3869  2.506(2.0% to 3.0%) Trastuzumab 6 053860 2.59%6(2.0% to 3.0%)
short regimen months

Note: cHr: congestive heart failure; LVEF: left ventricular ejection fraction.

7. Data extraction and quality assessment

Sarah Cargnin et al. evaluated the effectiveness and safety of trastuzumab biosimilars compared
with reference drugs through systematic evaluation and comprehensive analysis of randomized
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controlled trials (RCT) [19]. The following inclusion criteria had to be met by eligible studies: (1)
RCT comparing trastuzumab originator to any trastuzumab biosimilar in terms of efficacy or safety;
(2) providing sufficient data for generating a risk ratio (RR) for dichotomous outcomes. Eight stage
111 RCTs were ruled out, and 3913 HER2+ breast cancer patients were found to meet the criteria for
inclusion. The summary results of trastuzumab biosimilars showed that the objective response rate
(ORR) and overall survival time were in the people who intended to treat and in accordance with the
plan, when compared to reference drugs. Similarly, no significant difference was seen between any
serious adverse responses during therapy and heart failure reported in at least three RCTs. This meta-
analysis shows that trastuzumab biosimilars and the original product are clinically comparable.

8. Drug toxicity (IRRs)

Bone marrow suppression, nausea, and vomiting were uncommon when trastuzumab was
administered alone, and no hair loss was noted. Antihistamines, anti-inflammatory medications, and
corticosteroids can avoid acute allergic-like reactions, which occur in less than 10% of patients [20].
Although occasional cases of congestive heart failure were reported in early trastuzumab studies, the
relationship between low left ventricular ejection fraction (LVEF) and trastuzumab was established
during the aforementioned randomized study [21]. Cardiotoxicity was seen in 27% of patients who
received trastuzumab and anthracyclines, 13% of patients who received trastuzumab and paclitaxel,
and 5% of patients who received trastuzumab alone [22].

Trastuzumab has transformed the field by becoming a standard treatment for HER2-positive breast
cancer. Since it was originally utilized, however, there have been concerns about its cardiac safety.
Trastuzumab has the potential to produce cardiac toxicity, which could lead to medication
discontinuation in rare cases. Cardiomyocytes have now proven to be an effective technique for
assessing cardiotoxicity of therapeutically relevant drugs in people [24]. Biomarkers of cardiotoxicity
caused by trastuzumab. According to new studies, trastuzumab toxicity can be detected early and
avoided by using new chemotherapy regimens that use alternate anthracycline formulations or
altogether skip anthracyclines [23]. According to the data above, the medicine still has a very low
death rate in clinical use, but the overall treatment rate is relatively optimistic, so it can be utilized in
clinical therapy (figure 3).

9. Drug Resistance

Resistance to HER2 medications must be improved, as well as their efficacy in treating HER2
breast cancer. According to experimental studies, 30% of patients will develop trastuzumab
resistance, and the cause is thought to be connected to defective HER2 downregulation, dissociation
from CBL, and impaired endocytosis.

149



Diagosis
Local deternubatiob of HER2-positive invasive breast cancer

v

Primary Treatment
Surgery and adjuvant or neoadjuvant. or both, with or without radiationtherapy.

Confrimation of HER2-postive breast cancer(IHC+OR FISH+by cebiral review
labtory) and LVEF greater and cqual to 55% after primary treayment

v

5102 patients randomly assigned

Y Y v

1710 assigned to 2 1710 ssigned to |

years Trastuzumab years Trastuzumab

initial dose 8mg/kg initial dose 8mg/kg 1698 assignede to

maintance dose maintance dose observation

6mg/kg every 3 weeks omg/ke every 3

for 2 years weeks for 1 years
1 excluded 1 excluded 1 excluded
1 no 1 no 1no

|| documentation || documentation |__| documentation
in informed in informed in informed
consent consent consent

Y Y Y

[ 1700 in ITT population ] [ 1700 in ITT population ] [ 1700 in ITT population ]

Y
1673 in safety analysis 1679_m ?TT population
% 884(52%) crossed over
population

to trastuzumab
after release of
interim analysis

25 did not reseuve
trastuzumab
before recurrence

3 initially refused K results 2005;
mnitially refusc 1673 in safety analysis hedian tiitie
l\‘;bl_u‘uumfl?. ?L‘H population form ranmomisation
choseiojrecive 25 did not reseuve toselective
trastuzumab (?tter trastuzumab Gidssaver A 00T
tigjrclcase ofithe before recurrence months(range 4.5-
study results 52.7) -

Figure 3. Clinical drug toxicity.

Patients developed resistance to trastuzumab as the research proceeded because it was identical to
long noncoding RNAs (long Noncoding RNAs), which had no protein-coding ability over 200
nucleotides. In breast cancer, LNCRNA is a crucial regulator of trastuzumab resistance. By sponging
Mir-18a causes it, leading in medication resistance [25, 27].

Understanding resistance pathways is critical for the development of T-DM1-targeted treatments
in the future. Resistance mechanisms are unknown, although they could include processes that inhibit
trastuzumab from binding to cancer cells. T-lethal DM1 activity may be limited by lysosomal
degradation of trastuzumab or diminished intracellular trafficking of HER2, as well as poor
internalization or increased circulation of the HER2-T-DM1 complex in cancer cells. Multidrug-
resistant proteins that eject DM1 from cancer cells may also have an impact on its effectiveness.
Aside from low HER2 expression in cancer, clinical, biological, and pharmacological features of T-
poor DML1 effectiveness are unknown. T-DML1 resistance, on the other hand, may be influenced by
characteristics associated to the mechanism of action of T-biological DM1. DM1 and its metabolite
(lysine-MC-DM1) must accumulate in cancer cells at amounts above the threshold to trigger cell
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death. We propose a set of settings that could change intracellular DM1 concentration and result in
T-DML1 resistance.

Apart from low HER2 expression in cancer, clinical, biological, and pharmacological
characteristics of T-poor DM1 effectiveness are unknown. T-DML resistance, on the other hand, may
be influenced by characteristics associated to the mechanism of action of T-biological DM1. DM1
and its metabolite (lysine-MC-DM1) must accumulate in cancer cells at amounts above the threshold
to trigger cell death [26].

After completing all primary therapy, patients were randomly randomized (1:1:1) to receive
trastuzumab for 1 year (once at 8 mg/kg of bodyweight intravenously, then 6 mg/kg once every 3
weeks), 2 years (with the same dose schedule), or even to the observation group (including surgery,
chemotherapy, and radiotherapy as indicated). In the intention-to-treat population, a total of 5099
patients were followed up on (1697 in observation, 1702 in 1-year trastuzumab, and 1700 in 2-years
trastuzumab groups). After a median follow-up of 11 years (IQR 10.09-11.53), random assignment
to 1 year of trastuzumab significantly reduced the risk of a disease-free survival event (HR 0.76, 95
percent Cl 0.68-0.86) and death (0.74, 0.64-0.86) when compared to observation. Two years of
adjuvant trastuzumab had no effect on disease-free survival when compared to one year of the drug
(HR 1.02, 95 percent CI 0.89-1.17).Disease-free survival rates were 63 percent after observation, 69
percent after one year of trastuzumab, and 69 percent after two years of trastuzumab. Patients in the
observation group crossed over to receive trastuzumab on a selective basis, accounting for 884 (52%)
of the total. Cardiac toxicity was infrequent in all groups and mostly happened during treatment.
Secondary cardiac endpoints were seen in 122 (7.3%) of the 2-year trastuzumab patients, 74 (4.4%)
of the 1-year trastuzumab patients, and 15 (0.9%) of the observation patients. Adjuvant trastuzumab
following chemotherapy for patients with HER2-positive early breast cancer improves long-term
disease-free survival significantly when compared to observation [25]. According to the data above,
the medicine still has a very low death rate in clinical use, but the overall treatment rate is relatively
optimistic, so it can be utilized in clinical therapy.

10. The Future And Development

Trastuzumab is a humanized monoclonal antibody (mADb) that targets the extracellular region of
the HER2 tyrosine kinase receptor. Trastuzumab was the first molecular target therapy medicine used
to treat breast cancer, and it is a highly common condition. It does, however, have the potential to
cause cardiotoxicity and medication resistance. This medicine has been successful in treating HER-2
breast cancer over the past two decades. Trastuzumab still has a number of issues to work out, such
as its connection with drugs that target pathways, toxicity, and drug resistance. As a result, researchers
can focus on these places in the future to alter the drug [28,29].

11. Conclusion

Breast cancer is a huge threat to the health of women around the world because of its high
incidence. Conventional surgical treatment may be able to treat the disease, but with it, mental health
and prognosis once again trouble patients and doctors. Under such circumstances, chemotherapy and
small molecule targeted therapy have gradually become hot spots in this field. A large number of
studies have shown that trastuzumab as a HER2 antibody has a significant therapeutic effect on breast
cancer, greatly improving the cure rate of patients and reducing the risk of cancer recurrence after
surgery. Trastuzumab combined with chemotherapy for the treatment of breast cancer patients with
HER2 overexpression has good safety, and the single-agent therapy has a good effect, which can
cause a prolonged objective tumor response. In clinical trials, trastuzumab has shown good
therapeutic effects, and few patients have reported side effects. Through trastuzumab for the treatment
of HER2-positive breast cancer, it may be possible to glimpse the future direction of disease treatment.
In the future, for different types of breast cancer, it is still necessary to explore the mechanisms and
find specific molecular tags to gradually explore targeted drugs for curing.
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