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Abstract
Breast cancer is one of the most common malignant tumors among women worldwide. Since the 1970s, the incidence of breast

cancer has always been the highest in women with tumors. Its incidence has shown an upward trend. Clinical medication for breast

cancer has also been updated owing to social progress and development, particularly in the current mobile data networks. The mobile data network evolved from the 1G to the 5G era. Upon consulting literature, combined with the current understanding of the

clinical application of breast cancer, the developmental changes and prospects of the clinical application of breast cancer in the 5G
era were summarized. This review focused on the development of breast cancer from the 1G to 5G era. Beginning from the advent of

the era of efficacy of the 1G era, represented by the introduction of paclitaxel and doxorubicin, to changes in docetaxel and epirubicin, with the arrival of the transitional era represented by chemical structure. With the advancement of science and technology, we

entered the targeted era, represented by nano-preparations such as albumin paclitaxel and liposomal adriamycin. Currently, we are
utilizing multi-drug combination therapy.
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Introduction
Approximately 17% of new tumors in women are diagnosed as

breast cancer. In 2018, 2.09 million patients were diagnosed with

breast cancer [1]. Clinical manifestations of this disease include
breast lumps, pain, surface ulcers, nipple discharge, and axillary

lymphadenopathy. These manifestations threaten the physical and

mental health of female patients [2]. The etiology of breast cancer
is complex and its pathogenesis is not well understood. However,

some etiological studies have shown that the incidence of breast

cancer was closely related to multiple factors. First, having a family
history of this disease was a high-risk factor [3]. In 1974, Anderson [4] noted that women with first-degree relatives, with breast

cancer, are two to three times more likely to develop the disease.

Second, the occurrence of breast cancer was related to the patient’s

reproductive factors and the levels of estrogen in the body. This
may be affected by early menarche, late menopause, absence of

childbearing, withholding breastfeeding, and intake of exogenous
hormones [5]. Third, smoking and drinking habits also increased

the risk of developing breast cancer [6] because alcohol increases
the levels of plasma estrone and estradiol thus altering its hormone

balance. Additionally, burning of tobacco produces carcinogens

such as nicotine. Recent research shows that BRCA gene mutation
was also an important risk factor for the development of breast
cancer [7].

The treatment of breast cancer includes surgical treatment, en-

docrine therapy, chemotherapy and radiotherapy, and combination
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therapy. The treatment methods are continuously being improved,

treatment of ovarian and breast cancers, as the best natural anti-

mize patient benefits. Scientists have come to terms with the ad-

tubulin polymerization, thereby inhibiting tumor cell mitosis and

although drug treatment has always been an important treatment

method. Medication therapy is currently being improved to optivancing science and technology. Mobile communication technol-

ogy, which initially developed from the 1G era, consisting of only
calls, has been inseparable from us. However, currently, we live in
the 5G era, an era with faster, stronger, and smarter communication

options. Similarly, as the physician’s clinical experience increases,
the understanding of breast cancer continues to deepen with more

drugs for the treatment of breast cancer being made available. Clinical medications are progressing and evolving to be more efficient,
beneficial, and tolerable.

This article compares the development of clinical treatment

drugs for breast cancer with the changes from the 1G to 5G era of
mobile communication technology. Further, it provides an overview of the representative drugs in breast cancer treatment. This
article uses doxorubicin and paclitaxel as representative drugs.

1G era of clinical medication for breast cancer-paclitaxel, adriamycin
Earlier, drugs for the treatment of breast cancer mainly involved

non-anthracyclines and anthracyclines [8]. Prior to adriamycin

treatment, non-anthracyclines, cyclophosphamide, methotrexate,

and fluorouracil occupied the market for breast cancer treatment.

However, none of them were ideal and effective. The emergence of
anthracycline chemotherapeutics, represented by doxorubicin, has

epoch-making significance in breast cancer chemotherapy and sig-

cancer drug discovered. This was approved by the US FDA in 1992

[12]. The anti-cancer mechanism of PTX induced and promoted
triggering cell apoptosis to achieve anti-tumor effects [13]. The sol-

ubility of paclitaxel in water is less than 0.004 mg/mL [14]. In the
clinical application of traditional injections, polyoxyethylene castor

oil (Cremophor EL) mixed with absolute ethanol as a solubilizer
may lead to severe allergic reactions [15].

Since paclitaxel and doxorubicin are both raw materials, they

can be used in a wide range of clinical applications. They were used
to treat almost all types of breast cancer patients, including post-

operative adjuvant chemotherapy and neoadjuvant chemotherapy.
The patients were significantly benefited and underwent treat-

ment for breast cancer. An epoch-making drug in history, owing to
its high adverse reactions and poor patient tolerance, had limited
application. Therefore, there was a need for drugs with similar efficacy and with less adverse reactions. This demand forces the treat-

ment of breast cancer from the 1G efficacy era into the 2G era-the
transition era.

2G era of clinical medication for breast cancer-docetaxel, epirubicin

Docetaxel is a taxol derivative synthesized during the process of

restructuring paclitaxel. The paclitaxel C-3’ benzamide group was
substituted with trimethylformyl formamide, and the C-10 acetoxy

group was substituted with a hydroxyl group, which is a secondgeneration taxane anti-cancer drug [16]. Docetaxel has the same

nificantly improved the long-term survival rate of breast cancer pa-

mechanism of action as paclitaxel. However, the drug concentra-

in various growth cycles. Its mechanism of action is mainly to in-

bioavailability, wider anti-tumor spectrum, was less toxic, and had

tients. Doxorubicin was isolated and created by Acramone et al. in

Italy in 1969 [9]. It is a cyclic nonspecific drug that kills tumor cells
tercalate between DNA base pairs and inhibit DNA topoisomerase

II [10]. It was clinically used in the treatment of breast cancer, leukemia, and lymphomas. The main adverse reaction of doxorubicin

was irreversible heart damage [11]. This manifested as degeneration and edema of myocardial cells in the early stage, fibrosis, dis-

solution, or collagen deposition in the late stages, and heart failure
or dilated cardiomyopathy in severe cases.

Paclitaxel (PTX) is a fat-soluble diterpene alkaloid compound

isolated from the Taxus genus. In 1983, it was used in the clinical

tion and residual time of docetaxel in cells was three times than

that of paclitaxel. Further, it had higher anti-tumor activity and

fewer side effects. Docetaxel rarely had adverse effects more severe
than allergic reactions.

Epirubicin is an isomer of doxorubicin that is also an antibiotic

anti-tumor drug. Its mechanism of action is similar to that of adria-

mycin. Epirubicin has a broad anti-tumor spectrum and high curative effect. It also showed less cardiotoxicity [17]. Clinically, cardiac

functions should be routinely evaluated prior to chemotherapy, in
order to reduce the cardiotoxicity of doxorubicin and epirubicin.
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During chemotherapy, cardiac troponin and brain natriuretic peptide should be regularly tested, with appropriate adjustment in the
dosage or regimen.

The advent of docetaxel and epirubicin overcame the short-

comings of traditional paclitaxel and doxorubicin. The side effects
were fewer, and the curative effect improved. Therefore, breast
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clitaxel mainly uses the unique targeting transport mechanism of
SPARC in the cell membrane to improve the content of intracellular

albumin and paclitaxel within tumors [22]. The body concentration

of ordinary paclitaxel was generally 135–175 mg/m2 [23]. However, the

Albumin-bound paclitaxel increased it to 260 mg/m2 [24].

cancer patients who were intolerant to traditional paclitaxel and

Patients did not need to undergo pretreatment before taking the

drugs. Since the mechanism of action was still the same, the use

ated by patients. Many clinical studies pointed out that albumin

doxorubicin also benefited. However, docetaxel and epirubicin
only changed the chemical structure of the basic chemotherapeutic

remained limited; passive targeting agents were clinically needed.
Therefore, soon the 2G era was transitioned to the new 3G era - the
targeting era.

3G era of clinical medicine for breast cancer-nano formulations of paclitaxel and adriamycin
The traditional paclitaxel injection solubilizer, polyoxyethylene

castor oil, had biological effects and was prone to allergic reactions

[15]. Simultaneously, such active agents may form tiny particles in
the blood that encapsulates the PTX molecules. Encapsulation affected the drug molecules and prevented them from spreading into
the tissues. This was not conducive to the anti-tumor effect of PTX.

In order to facilitate clinical use and reduce its toxicity and side

effects, paclitaxel was relaunched in the market. The development

of a new drug delivery system for paclitaxel that does not contain

Cremophor EL was targeted as a research topic. New PTX prepara-

tions with significant clinical effects, including albumin-bound pa-

clitaxel [18], paclitaxel liposomes [19], and paclitaxel polymer mi-

celles (Genexol-PM), were developed in home country and abroad
[20]. They had variable performances in terms of reducing or eliminating allergic reactions, improving tumor targeting, and tolerable
doses.

Among them, albumin paclitaxel caused widespread concern in

the academic community.

Albumin-bound paclitaxel was a new formulation of paclitaxel,

freeze-dried with human albumin as a drug carrier and stabilizer.

It was launched in the United States in January 2005 and was available in China in 2009, quickly occupying most of the clinical market

as paclitaxel-based treatment of breast cancer [21]. Albumin pa-

drug, which shortened the infusion time and eliminated polyoxy-

ethylene castor oil. Related adverse reactions were well tolerPTX treatment of metastatic breast cancer not only improved the

overall response rate, but also prolonged the overall survival time.
Comprehensive meta-analysis of the literature on the efficacy and

safety of albumin and solvent-based PTX on breast cancer showed
that the overall remission rate of albumin-PTX for breast cancer

was significantly better than that of solvent-based PTX. The grades
3/4 adverse reactions did not have significant differences. It was
clinically proven that the application prospect of paclitaxel nanodrug delivery system was good.

Adriamycin cardiotoxicity and other adverse reactions severely

limited its clinical application. For several years, medical workers
in various countries were committed to adopting a new drug deliv-

ery system to reduce drug toxicity, improve efficacy, and improve
patient tolerance to drugs. In 1971, Gregoriadis and Rymen were

the first to report that liposomes can be used as drug carriers [25].

In the late 1970s, liposomes began to serve as effective carriers for
anthracycline anti-tumor drugs. As drug carriers, liposomes have

many advantages and characteristics. First, it is nontoxic to the human body. Second, drug release can be effectively controlled under

different conditions. Third, encapsulated drugs are not absorbed
by blood circulation. Fourth, the size and charge can change and

be modified with ligands. Finally, it is absorbed by the reticulo-

endothelial system (RES) [26]. A meta-analysis of doxorubicin liposomes and traditional doxorubicin preparations, conducted by
Chee and Wayne, showed that liposomal doxorubicin chemothera-

py significantly reduced the risk of cardiotoxicity and significantly

increased the overall remission rate [27]. Adriamycin liposomes

combined with other drugs were widely used in the treatment of
breast cancer.
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Albumin paclitaxel and liposomal doxorubicin are targeted na-

no-formulations. Since their inception, they rapidly occupied the
market for breast cancer. They have effectively reduced the system-

ic adverse reactions of raw materials and significantly improved
their in vivo efficacy.

Regardless of the dosage form of the drug [28], it was difficult

for a single drug to cure refractory and metastatic breast cancer.

Therefore, combination therapy became the new treatment trend.

Hence, the 4G era, the combination era of clinical breast cancer
drugs that contained drugs with different mechanisms of action,
was initiated.

4G era of clinical medication for breast cancer - united era
Endocrine drugs
More than 70% of breast cancer patients are estrogen or pro-

gesterone receptor-positive [29]. Therefore, endocrine therapy

drugs are the standard treatment for these patients. The principle
of endocrine therapy is to reduce the levels of estrogen in patients

or to inhibit the growth of cancer cells. Endocrine drugs include

20

Long-term use of large doses caused visual disturbances such as
cataract, hair loss, weight gain, and abnormal liver function.
Aromatase inhibitors

AIs are specific and can inhibit or inactivate aromatase, thereby

inhibiting estrogen production, and were often used to treat estrogen-dependent breast cancer. Since the ovaries of premenopausal

patients is the main organ for estrogen production and AIs cannot completely block the synthesis of estrogen in the ovaries, they

were used in postmenopausal breast cancer patients. There are
three generations of AIs. The first generation included aminoglutelhimide (Cytadren) [32], the second generation included formestane [33], and the third generation included letrozole [34], anas-

trozole [35], exemestane [36], and others. The third-generation AI

had a clear therapeutic advantage over TAM and thus, became the
drug of choice for treating postmenopausal breast cancer patients.

Exemestane had the advantages of bone and blood lipid safety [37].
SERM

SERM is a type of compound that can interact with ERs to pro-

anti-estrogens, SERMs, OFS, aromatase inhibitors (AIs), luteiniz-

duce tissue-specific compounds. Estrogen antagonism is due to

and long-lasting effects, but endocrine therapy drugs increase the

binding to the surface of AF-2 (the estrogen-constrained gene acti-

ing hormone (LH)-releasing hormone analogs, and progesterone

drugs. Endocrine therapy has relatively fewer adverse reactions
occurrence of bone-related adverse events and affect bone metabolism [30].

Anti-estrogen drugs
Reducing the levels of estrogen in the body is beneficial for

breast cancer treatment. Tamoxifen citrate (TAM, tamoxifen) [31]

competitive binding of SERM to estrogen, preventing the co-reg-

ulatory protein that activates or inhibits gene transcription from

vation and response functional region) [38]. Commonly used drugs
include tamoxifen, toremifene (TOR), raloxifene (RAL), fulvestrant
(FVT, faslodex).

Tamoxifen: Same as above
Toremifene: TOR is a derivative of tamoxifen [39]. Its mecha-

was the first preventive drug approved by the FDA to reduce the

nism of action was similar to that of TAM, and its effect on breast

clinical trials of new drugs. TAM was most effective in treating es-

fen administration. It can replace adjuvant endocrine therapy

risk factors of breast cancer women before and after menopause.
This served as the standard controlled treatment for the multiple

trogen receptor (ER)-positive patients. It was used in premenopausal women to replace ovariectomy, radiation castration, or
metastatic breast cancer. People over years old had better results
than premenopausal and younger patients. Common adverse reac-

tions included gastrointestinal reactions, secondary anti-estrogen
effects, such as facial flushing, menstrual disorders, amenorrhea,

and neuropsychiatric symptoms, such as headache and depression.

cancer was equal to or higher than that of TAM. This drug is an ER

modulator approved by the US FDA for breast cancer after tamoxi-

for early and advanced breast cancer patients who cannot toler-

ate TAM. Toremifene has a large distribution concentration in the
lungs, and hence, it is particularly effective for breast cancer with

lung metastasis patients. The adverse reactions of toremifene are

mild, and the risk of causing endometrial cancer isonly 33.33–50%
of that of tamoxifen. Although toremifene has certain advantages in
endocrine therapy, its curative effect is not significantly better than
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that of TAM. Therefore, it cannot replace the status of TAM as the
first-line adjuvant therapy.
•

Raloxifene [40]: It has anti-estrogen effects on the uterus
and breasts. It is a second-generation SERM drug consumed
by postmenopausal women. This drug can be used as a
preventive therapy for breast cancer. It was reported that

patients who underwent hysterectomy, especially those at

high risk, can obtain the greatest benefit and the least harm

the body. Thus, it hinders the synthesis of estrogen [43]. Commonly used drugs include medroxyprogesterone and meges-

trol. The therapeutic effect of this drug is equivalent to that of
TAM, but it will produce greater adverse reactions than TAM,

showing a progesterone-like reaction, which can effectively
treat postmenopausal breast cancer patients.

clude facial flushing and leg musclecramps.

ment model. Compared to traditional chemotherapy, it has the ad-

Fulvestrant [41]: Unlike TAM, it only has ER antagonism.
Noagonistic effect can effectively reduce the ER and proges-

terone receptor levels of breast cancer cells, thereby inhib-

iting the growth of breast cancer cells. It is mainly used in
postmenopausal women who received anti-estrogen drugs

(such as TAM), but their condition is still getting worse, or
the follow-up treatment of third-generation AI resistance.

Ovarian function inhibitors: This includes ovariectomy,

radiotherapy, and drug-induced ovarian function inhibi-

tion. The mechanism of action was to act on the hypothala-

mus through negative feedback to inhibit the production

of gonadotropin-releasing hormones (GnRH/LH-RH). Si-

multaneously, it can also competitively bind to the GnRH

or LH-RH receptors on the pituitary cell membrane to prevent the pituitary gland from producing follicle stimulating

hormone (FSH) and LH, thereby reducing the secretion of

estrogen from the ovaries [42]. Ovarian function inhibitors
overcome the shortcomings of surgery and radiotherapy
castration. After stopping the drug, the patient’s ovar-

ian functions return to normal. Therefore, it is suitable for
breast cancer patients with fertility concerns. The drug has

is highly safe while ensuring significant therapeutic effect.
Adverse reactions to the drug include flushing, occasional
headaches, large mood swings, vaginal dryness, and de•

α-reductase to increase the degradation rate of estrogen in

Molecular targeted therapy drugs

ing the risk ofbreast cancer. Common adverse reactions in-

•

of FSH and LH in the body. At the same time, it induces liver

through the use of RAL or TAM as preventivetreatment. Ral-

oxifene has certain advantages over TAM in terms of reduc-

•

21

creased libido.

Progesterone drugs: Progesterone can inhibit hypothalamic

gonadotropin-releasing hormone, thereby reducing the levels

Molecular targeted therapy [44] is an emerging tumor treat-

vantages of strong specificity, low dosage, good tolerance, and less
toxicity and side effects.

The molecular targeted drugs for breast cancer treatment in-

clude: (1) trastuzumab (Herceptin) [45], pertuzumab (Perjeta)

[46], T-DM1 [47], lapatinib [48], etc. The most representative antiHER-2 drug is trastuzumab. Trastuzumab is a recombinant DNA-derived humanized monoclonal antibody that selectively acts on the

periphery of HER-2 cells, affecting the transmission of signals into

the cell. It promotes the internalization of HER-2 receptor proteins
and downregulates the activity of vascular endothelial growth fac-

tor (VEGF) [49]. It can also gather immune cells to kill tumor cells

through antibody-dependent cell-mediated cytotoxicity (ADCC)

[50]. Pertuzumab (trade name: Perjeta [51]) is a new HER-2 targeting monoclonal antibody. Pertuzumab and trastuzumab have dif-

ferent Her-2 extracellular binding sites and the combination of two

targeted drugs increases the biological basis of patient benefit. (2)
The anti-angiogenic drug bevacizumab (Avastin [52]) is a recombinant humanized monoclonal antibody that blocks intracellular

tyrosine by competitively binding to human vascular endothelial
growth factor. The activation of amino acid kinase blocks down-

stream signals to promote angiogenesis. (3) Inhibitors of PI3K/

AKT/mTOR pathway [53] include: everolimus [54], BKM120 [55],

pictilisib, taselisib, and alpelisib. Everolimus is the first mTOR in-

hibitor approved for the treatment of hormone receptor positive/
Her-2 negative breast cancer. (4) PARP inhibitors such as iniparib,
veliparib, and olaparib for BRCA1/2 mutations are undergoing relevant clinical trials (to be verified) [56].

Cyclin-dependent kinase 4 and 6 (CDK4/6) inhibitors such as

Palbociclib [57] and Ribociclib [58], can selectively inhibit CDK4/6,
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restore cell cycle control, and block tumor cell proliferation [59]. In
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Breast cancer vaccines mainly include DC vaccines and specific

2015, the FDA approved Palbociclib combined with letrozole was

antigen vaccines [61]. The tumor antigens used in the latter are

molecular targeted agents, CDK4/6 inhibitors have advantageous

mammoglobulin A were also reported. The HER family regulates

used as the first-line treatment for postmenopausal HR+ and HER2advanced breast cancer. The existing clinical data show that as new

characteristics for the treatment of breast cancer, but the efficacy of
combined treatment with CDK4/6 inhibitors and chemotherapeutics needs to be further studied.

Breast cancer clinical medication 5G era-era of prevention
The current mobile communication era has entered the 5G era.

With this, the 5G era of breast cancer clinical drugs need to be studied.

Cervical and breast cancers are fatal for female patients. Cer-

vical cancer is the only cancer worldwide that can be prevented
and treated early. Thus, it is expected to be completely eradicated.
Its incidence is second only to breast cancer. Currently, HPV vac-

cines [60] can be used for the prevention and treatment of cervical cancer. The HPV vaccine plays an increasingly important role
in the prevention of cervical cancer. Although there are numerous

medicines for breast cancer, vaccines for its prevention have not
been created. Fortunately, many clinical trials on breast cancer vac-

cines are already on their way. Breast cancer vaccine therapy refers

to the process of injecting the constructed tumor vaccine into the
body to activate an immune response that produces specific and

mainly HER-2 and MUC-1 [62]. At the same time, human telomerase reverse transcriptase, survivin, and tumor proteins P53 and

the growth and development of the normal breast tissue. The over-

expression of HER-2 is related to breast cancer. The most used
HER-2 polypeptide vaccines are E75 polypeptide, GP2 polypeptide,

and AE37 polypeptide. NeuVaxTM [63] is a breast cancer HER-2
protein vaccine that can stimulate CD8+ cytotoxic T lymphocytes
and CD8+ memory cells. It activates HER-2 protein-related immunogenic peptides and major histocompatibility complex class I antigen table bit. Phase II clinical trials have shown that NeuVaxTM

can improve the overall survival rate of patients with HER-2 posi-

tive breast cancer, and it is well tolerated with mild adverse reac-

tions. NeuVaxTM is the only breast cancer vaccine currently undergoing phase III clinical trials. MUC-1 is a high molecular weight

glycoprotein, and the gene is located on chromosome lq21. Studies
show that the quantity and quality of MUC-1 expression in tumor
cells and normal cells are different. Approximately 90% of breast
cancers have MUC-1 overexpression, so it is generally believed that

MUC-1 is a tumor-associated antigen. Whether this can be successfully marketed depends on the hard work of scientific researchers.

Conclusion

Everything in the human world follows the principle of relativ-

permanent immunity to tumor antigens. To develop an effective

ity. The only constant phenomenon is change. The change in time

tation carrier, and thereafter overcome the tumor’s immune toler-

ness, and death are the journeys that everyone must go through.

breast cancer vaccine, we must first select a highly specific tumor

antigen as the target, select a suitable and efficient antigen presenance mechanism and eliminate immunosuppression in the tumor

microenvironment path. Currently, antigen presentation is mainly
carried out using four methods: dendritic cells (DCs), whole tumor

cells, polypeptide-related antigens, and viral plasmids. Dendritic
cells are the most powerful antigen-presenting cells that are widely
present in peripheral tissues. The whole tumor cell vaccine con-

tains all the tumor antigens. It is one of the earliest and simplest

tumor vaccines. It can theoretically produce a polyclonal immune

response. However, because of its weak ability to activate immunity and easy formation of immune tolerance, immune adjuvant is
required.

is unavoidable. It can allow human beings to progress into a new

generation of civilization and intelligent society. Birth, old age, sick-

Current living habits, state, and social environment may lead to the

occurrence of human cancer. But diseases like cancer, if prevented,
will bring breakthroughs to society. The changes in the country ac-

celerated the ranks of social progress. The rapid progress of medi-

cine and immunology provided new perspectives and approaches
for tumor treatment. Similar to the development of HPV cervical
cancer vaccines, three valence types have been developed since its

launch. For women of different ages, the nine-valent vaccines can

prevent more than 90% of the occurrence of cervical cancer. This
is a crucial medicine for women. Physiologically, it can improve
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women’s sense of security and greatly reduce the risk of suffering
from cancer. The results of clinical trials show that breast cancer

therapeutic and preventive vaccines made encouraging progress.

However, the safety, effectiveness, and reliability of breast cancer
vaccines need further investigation. Studies pointed out that in

certain specific sequences, tumor vaccines combined with certain
chemotherapeutic or targeted drugs (such as anthracyclines and
cyclophosphamide drugs) can enhance the immune activity of the
vaccine and improve the treatment effects. Researchers from vari-

ous countries should work in coordination to explore and innovate,
and develop cost-effective, safe, efficient, and practical breast cancer vaccines in the coming years.

If breast cancer vaccine is successfully developed, it will become

an epoch-making news to prevent women with the highest incidence of cancer, and it increases the possibilities to improve their

quality of life. Let us look forward to the arrival of the breast cancer
cervical vaccine and the 5G era of breast cancer, bringing different
choices and experiences to women.
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