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ABSTRACT  

One of the major issues affecting worldwide public health is cancer. According to the related occurrence and 

morbidity statistics, it is becoming more common in both economically developed countries and developing 

countries. Several diagnostics procedures and early treatment methods are essential in order to reduce the incidence 

rate of breast cancer. In this article, we introduce several reported strategies of treatment based on the tumor 

progression and breast cancer (BC) molecular subtypes in order to offer the most personalized treatment for BC 

patients. 
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1. Introduction 

According to Global Cancer Observatory (GLOBOCAN), a web-based platform presenting global cancer 

statistics, breast cancer in 2020 is currently one of the most frequently diagnosed malignancies and the fifth cause of 

cancer-related deaths, with approximately 2.3 million new cases worldwide and is now also the leading cause of cancer 

death among females in economically developing countries compared to the developed ones (Sung et al., 2021). One in 

eight American women will have breast cancer at some point in their lives, according to the American Cancer 

Society (Fig.1).  

In 2023, about 297,790 new cases of invasive breast cancer will be diagnosed in women. By 2050, there 

are projected to be 3.2 million new incidences of breast cancer year worldwide. These statistics illustrate the 

severity of the breast cancer incidence, which will have an impact on society in general and require immediate 

preventive measures (DeSantis, Ma, Bryan, & Jemal, 2014; Druesne-Pecollo et al., 2012; Tao et al., 2015). 
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Fig.1: Breast cancer statistics 

The Breast Health Global Initiative (BHGI) is currently in charge of creating appropriate 

recommendations and strategies to give the most effective breast cancer control achievable around the world 

(Duggan et al., 2020). 

 Risk factors for developing breast cancer include inherited and familial components.  Breast cancer genes 

(BRCA1, BRCA2), and tumor protein (TP53) gene mutations are further risk factors for developing breast cancer 

(Yadav, Barmade, Tamboli, & Murumkar, 2015). 

2. Material and methods 

1.1. Current Personalized Treatments for Breast Cancer: 

1.1.1. Hormone Therapy 

In patients with the Luminal-molecular subtype of BC, endocrinal treatment may be administered either 

adjuvant or neoadjuvant therapy.  The inhibition of estrogen receptors (ERs) through hormone therapy is frequently 

used to decrease estrogen levels or stop estrogen from stimulating breast cancer cells . Estrogen levels could be 

reduced by  

1.1.1.1. Estrogen blockers: such as selective estrogen receptor modulators (SERMs) 

(tamoxifen (1), toremifene (2)) and degraders (SERDs) (fulvestrant (3)). 

https://www.nationalbreastcancer.org/breast-cancer-hormone-therapy
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1.1.1.2.  Aromatase inhibitors (AIs):  

1.1.1.2.1. Aromatase enzyme (regulation and expression) (Figure 2) 

The cytochrome P (CYP) family member aromatase, also known as CYP19A1, which is characterized by 

the presence of a heme group,  is engaged in the creation of estrogen from androgen via three consecutive 

hydroxylation reactions, to aromatic estrogens (estradiol-E2 and estrone-E1, respectively)  and is in charge of 

catalyzing the final rate-limiting, critical, and important step for the biosynthesis of estrogen (Ji et al., 2014)  (Fig. 

3). These hormones are part of a class of steroids that support the growth and upkeep of the physical characters of 

women (Zubeldia-Brenner, Roselli, Recabarren, Gonzalez Deniselle, & Lara, 2016). Estrogen signaling pathways 

play a role in numerous processes, especially cell survival and proliferation. In addition to the reproductive system, 

estrogen plays an important role in the cardiovascular system, musculoskeletal system, and brain (A. Spinello et 

al., 2019). 

Specifically, premenopausal women's ovaries, pregnant women's placentas, and postmenopausal women's 

adipose fibroblast cells all express the aromatase protein. Additionally, mesenchymal stromal (preadipocytes) and 

epithelial cells have been found to be the specific cell types that express aromatase in the breast (Miki et al., 2007). 

Compared to normal cells, some breast epithelial and stromal cancer cells show several-fold greater aromatase 

mRNA and protein levels (Lu et al., 1996).  
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Fig. 2: Regulation and expression of aromatase enzyme. 

In up to 50% of BC in postmenopausal women, estrogen synthesis by aromatase activity is principally 

responsible for the elevated estrogen levels in the tumor. Therefore, it is believed that inhibiting the aromatase 

enzyme is a promising treatment target for estrogen-dependent breast cancer (Simpson et al., 1994; Spinello, 

Ritacco, & Magistrato, 2019).  

 

Fig. 3:  Pathway of aromatase in estrogen biosynthesis 
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First Generation (aminoglutethimide (4) and testolactone (5)).They were approved by the FDA on 1980 for the 

treatment of breast cancer (Sayyad, Sabale, Umare, & Bajaj, 2022), then were discontinued later due to various side effects 

(Ghuge et al., 2020) .  

 

1.1.1.2.2. Classification of AIs: 

Current AIs can be classified into steroidal and nonsteroidal classes: 

A)  Steroidal AIs or type I inhibitors, having steroid-like structure similar to the substrate enzyme among 

them, formestane (6) The first selective second-generation steroidal aromatase inhibitor used to treat 

estrogen-receptor-positive breast cancer in postmenopausal women(Pérez Carrión et al., 1994)  and 

exemestane (7) , FDA approved drug. It is used as 

an adjunct treatment for (ER+) BCin postmenopausal women. Atamestane (8), minamestane (9), ORG 

30958 (10) and plomestane (11) (Giudici et al., 1988; Henderson, Norbisrath, & Kerb, 1986; Johnston, 

1987) covalently bind to the enzyme as a suicide inhibitor causing irreversible inactivation (Fig.4). 

 

Fig. 4:  Example of steroidal AIs 
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B) Non-steroidal AIs or Type II bind non-covalently to the heme motif of aromatase enzyme and prevent 

aromatase actions by competitive inhibition of androgens (Dellapasqua & Colleoni, 2010; Sanford & 

Plosker, 2008). Non-steroidal AIs include fadrozole (12), vorozole (13), rogletimide (14), letrozole (15) 

and anastrozole (16); among them, (FDA) has approved anastrozole (8) and letrozole (7) for the treatment 

of postmenopausal women with hormone-dependent breast cancer  (Buzdar, 2002; Lamb & Adkins, 1998; 

Thürlimann et al., 2005) (Fig. 5). 

 

Fig. 5:  Example of non-steroidal AIs 

1.2. EGFRs in Breast Cancer 

There are several members belonging to this family surface tyrosine kinase receptors (RTKs),  class I of 

which includes the EGFR/ErbB family which are very often found overexpressed in several tumors, including  

breast cancers (Hsu & Hung, 2016; Wee & Wang, 2017) leading to dysregulation of their natural functions 

(regulation of cellular proliferation, differentiation, migration and survival)  . This family comprises 

ErbB1/EGFR1, ErbB2/Her2, ErbB3/Her3 and ErbB4/Her4. (Fig .6) 
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Fig. 6: Schematic representation of the four ErbB receptors. 

1.2.1.  Main therapeutic targets for EGFR: (Fig. 7) 

1.2.1.1. Anti-EGFRs Monoclonal Antibodies (mAbs) 

Cancer is targeted by mAbs that bind to the extracellular domain of EGFRs. Cytotoxic agents have been 

attached to mAbs leading to  cell death and selective  cancer therapies (Diamantis & Banerji, 2016). 

 

Fig. 7: EGFRs targeting therapy. 
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1.2.1.1.1. mAbs against EGFR1 

EGFR1 receptor is commonly overexpressed, (in up to 25% of TNBC cases that is characterized by a 

reduced expression of estrogen (ER), progesterone (PR) and Her2 receptors (Choccalingam, Rao, & Rao, 2012; 

Gelmon et al., 2012; Nielsen et al., 2004). 

Cetuximab (Fig. 8) and Panitumumab (Fig. 9) are   FDA approved chimeric mAb that inhibits 

proliferation and signaling by binding with a high affinity to EGFR1. (Maennling et al., 2019) (Fig. 6).  

 

Fig. 8: Mechanism of action of Cetuximab 

Panitumumab, as a completely human-derived monoclonal antibody, 

suppresses proliferation and signalling by binding to EGFR1. (Fig. 9) 

 

Fig. 9: Mechanism of action of panitumumab 
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Currently, the treatment of TNBC relies on a combination of surgery, chemotherapy and/or radiation 

therapy as there is no targeted therapy is approved for it due to the absence of targeted receptors (Liedtke et al., 

2008; Silver et al., 2010). It was reported that the combination of cetuximab with cisplatin (17) or carboplatin (18) 

improved efficacy in TNBC treatment (Baselga et al., 2013). 

 

Clinical trials of panitumumab and cetuximab in combination with a taxane (19)-anthracycline-containing 

(20) regimen for TNBC revealed better efficacy than either treatment alone (Nabholtz et al., 2014). 

 

 

1.2.1.1.2.  mAbs against Her2 

Trastuzumab (21) and Pertuzumab (22) are recombinant humanized antibodies that have been approved 

for Her2-targeted therapy through various mechanisms of action (Fig. 10)  (Llombart-Cussac et al., 2017; Tsang & 

Tse, 2020).   
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Fig. 10: Trastuzumab/pertuzumab mechanism of actions 

 

 

On the other hand, anti-HER2 antibodies may not be effective against all malignancies on their own. So, 

Trastuzumab was combined with several chemotherapeutic drugs, such as Trastuzumab-emtansine (T-DM1) (23), 

to overcome treatment resistance in human epidermal growth factor receptor 2 (Her2+) BC (Goutsouliak et al., 

2020) (Fig. 11). 
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Fig. 11: (T-DM1) mechanism of action 

 

 

1.2.1.1.3.  mAbs against Her3 

Seribantumab and Lumretuzumab are humanized mAbs that block NRG1 from binding to Her3, resulting 

in the destruction of the target receptor (Mirschberger et al., 2013; Schoeberl et al., 2010) (Fig. 12).  
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Fig. 12: HER 3 as therapeutic target in breast cancer 

 

1.2.1.1.4.  mAs against Her4 

Due to the under- and overexpression of Her4 under different scenarios in cancer, the biological 

importance of Her4 expression in cancer development is not completely understood (Hollmén, Määttä, Bald, 

Sliwkowski, & Elenius, 2009). 

1.2.1.2. EGFRs Small Molecule Inhibitors (RTK Inhibitors) 

Tyrosine kinase inhibitors can inhibit both the intracellular and extracellular domains of EGFRs while  

mAbs can only inhibit extracellular targets (Mishra, Patel, Alanazi, Yuan, & Garrett, 2018). 

1.2.1.2.1.  TKIs against EGFR1 

Gefitinib (24) and Erlotinib (25) are reversible EGFR tyrosine kinase inhibitors that operate as ATP 

analogues by interfering with the ATP binding sites inside the EGFR receptors (Bareschino et al., 2007; Moyer et 

al., 1997). (Fig. 13) 
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Fig.13:  Mechanism of action of EGFR inhibitors 

The FDA approved the synergistic effect for treating TNBC patients when combined docetaxel (26) or 

carboplatin (18) (Corkery, Crown, Clynes, & O'Donovan, 2009) with mABs cetuximab and panutimab as both cell 

lines were sensitive to the TKIs (El Guerrab et al., 2016). 
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1.2.1.2.2. TKIs against Her2 

Lapatinib (27) and Neratinib (28) are EGFR and Her2 TKIs which operate as an ATP analogue at the ATP 

binding site, inhibiting the phosphorylation of EGFR and Her2 therefore inhibiting cell cycle progression and 

proliferation.(Blackwell et al., 2010; Figueroa-Magalhães, Jelovac, Connolly, & Wolff, 2014) (Fig. 14).  

 

 

Fig. 14: Mechanism of action of HER2 inhibitors 

1.2.1.2.3. TKIs against Her3 

TKIs that target other EGFRs subsequently serve also as Her3 inhibitors (De Pauw et al., 2018) 

1.2.1.2.4.  TKIs against Her4  

Such as Canertinib (29)  and Afatinib (30)(De Pauw et al., 2016; Smaill et al., 2000) .  
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Results 

 Coumarins in breast cancer 

It has been shown that 3-phenylcoumarins (31-35)  (G. Luo et al., 2017; Guoshun Luo et al., 2017; S. 

Niinivehmas & Pentikäinen, 2021) are able to suppress BC by blocking specific hormonal enzymes like hormonal 

estrogen receptor-α (ER-α) as it can mimic steroid compound binding in ER and thus offer a solution to affect ER 

activity (Kumar, Sunita, Jha, & Pattanayak, 2018; S. P. Niinivehmas, Manivannan, Rauhamäki, Huuskonen, & 

Pentikäinen, 2016).  

 

 

 

In literature, coumarin scaffold was described as the best core as aromatase inhibitors bearing imidazole 

(36-88) which displayed the highest aromatase inhibitory Potency  (F. Leonetti et al., 2004; Stefanachi et al., 2011). 



Delta University Scientific Journal Vol.07 - Iss.01 (2024) 09-31 

 

 Page | 24 

Also, presence of phenyl moiety at C3 or C4 (39-42) (Bana et al., 2015; Chen, 2004. ; Kini, Choudhary, & Mubeen, 

2012; Francesco Leonetti et al., 2004; Liu et al., 2014; Zhu et al., 2012) showed some potency as an aromatase 

inhibitor. The open chain coumarin sulphonamides showed significant aromatase inhibitory activity as   compound 

52 can be used as a potential lead anti-aromatase agent for future development (Pingaew et al., 2015).  

 

It has been demonstrated that Steroid sulfatase STS produces 5-androstenediol, an androgenic substrate 

with estrogenic characteristics, which controls the amounts of active estrogens and androgens, playing a significant 

role in estrogen dependent breast cancer (Fig. 15). Estrone sulphatase activity in malignant breast tissue is now 

known to be considerably higher than in normal breast tissue. Sulfatase inhibitors are therefore considered 

promising therapeutic target for breast cancer (Billich, Nussbaumer, & Lehr, 2000; Geisler, Sasano, Chen, & 

Purohit, 2011).  



Delta University Scientific Journal Vol.07 - Iss.01 (2024) 09-31 

 

 Page | 25 

 

Fig. 15: Steroid sulfatase pathway 

Moreover, the coumarin-based irosustat (nonsteroidal STS inhibitor) (43) is the first-generation steroid 

sulfatase inhibitor in breast cancer, revealing the potential of coumarin derivatives as novel anti-breast cancer 

agents. Modification of 3-position with a phenyl substituent by Sebastian et al. to develop potent STS inhibitors 

(compounds 44 and 45) (Demkowicz et al., 2016).The thiophosphate bis-coumarin derivatives were evaluated by 

Demkowicz et al.  for STS inhibition. Compounds 46 and 47 are the Potent STS inhibitors of this class (Demkowicz 

et al., 2015; Sardari et al., 2017). 
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Coumarin based derivatives possess promising anti-breast activity as kinase inhibitors. In literature, 1,2,3-

Triazole-coumarin-glycosyl hybrid 48 (El-Sayed et al., 2022),  substituted coumarins 49 a, b (Sairam, 

Gurupadayya, Vishwanathan, Chandan, & Nagesha, 2016) and  coumarin tethered 1,3,4-oxadiazole derivatives 

50a, b (Dhawan et al., 2018) illustrated excellent EGFR kinase inhibitory activity against MDA-231 cell lines.  

Moreover, a series  of coumarin-3-yl-thiazol-3-yl-1,2,4-triazolin-3-ones analogs  51a, b and c  exhibited excellent 

inhibitory action towards MDA-MBA-231 cells  (Shaikh et al., 2018). 

 

 

 

Conclusion 

 

In this report, we critically reviewed the structure and functions of aromatase and EGFR enzymes along with their 

inhibitors and their major role in controlling the developing of breast cancer.in addition, we mentioned the 

importance of coumarin derivatives as an ubiquitous in natural and synthetic bioactive compounds, and coumarin 

derivatives readily interact with a variety of enzymes and receptors in breast cancer cells.  

 

Disclosure 

The author reports no conflicts of interest in this work.  

 

 

 

 

 

 

 

 

 

 

 

 



Delta University Scientific Journal Vol.07 - Iss.01 (2024) 09-31 

 

 Page | 27 

 

 

 

 

 

References  

 

Bana, E., Sibille, E., Valente, S., Cerella, C., Chaimbault, P., Kirsch, G., . . . Bagrel, D. (2015). A novel 

coumarin‐quinone derivative SV37 inhibits CDC25 phosphatases, impairs proliferation, and induces cell 

death. Molecular carcinogenesis, 54(3), 229-241. doi:https://doi.org/10.1002/mc.22094 

Bareschino, M. A., Schettino, C., Troiani, T., Martinelli, E., Morgillo, F., & Ciardiello, F. (2007). Erlotinib in 

cancer treatment. Annals of Oncology, 18, vi35-vi41. doi:https://doi.org/10.1093/annonc/mdm222 

Baselga, J., Gómez, P., Greil, R., Braga, S., Climent, M. A., Wardley, A. M., . . . Awada, A. (2013). Randomized 

Phase II Study of the Anti–Epidermal Growth Factor Receptor Monoclonal Antibody Cetuximab With 

Cisplatin Versus Cisplatin Alone in Patients With Metastatic Triple-Negative Breast Cancer. 31(20), 

2586-2592. doi:10.1200/jco.2012.46.2408 

Billich, A., Nussbaumer, P., & Lehr, P. (2000). Stimulation of MCF-7 breast cancer cell proliferation by estrone 

sulfate and dehydroepiandrosterone sulfate: inhibition by novel non-steroidal steroid sulfatase inhibitors. 

J Steroid Biochem Mol Biol, 73(5), 225-235. doi:10.1016/s0960-0760(00)00077-7 

Blackwell, K. L., Burstein, H. J., Storniolo, A. M., Rugo, H., Sledge, G., Koehler, M., . . . O'Shaughnessy, J. 

(2010). Randomized study of Lapatinib alone or in combination with trastuzumab in women with 

ErbB2-positive, trastuzumab-refractory metastatic breast cancer. J Clin Oncol, 28(7), 1124-1130. 

doi:10.1200/jco.2008.21.4437 

Buzdar, A. U. (2002). Anastrozole (Arimidex) in clinical practice versus the old 'gold standard', tamoxifen. 

Expert Rev Anticancer Ther, 2(6), 623-629. doi:10.1586/14737140.2.6.623 

Chen, S., Cho, M., Karlsberg, K., Zhou, D., Yuan, Y.-C.,  . (2004. ). Biochemical and Biological Characterization 

of a Novel Anti-aromatase Coumarin Derivative.  . Journal of Biological Chemistry, 279,, 48071–

48078. doi:https://doi.org/10.1074/jbc.m406847200 

Choccalingam, C., Rao, L., & Rao, S. (2012). Clinico-Pathological Characteristics of Triple Negative and Non 

Triple Negative High Grade Breast Carcinomas with and without Basal Marker (CK5/6 and EGFR) 

Expression at a Rural Tertiary Hospital in India. Breast Cancer: Basic and Clinical Research, 6, 

BCBCR.S8611. doi:10.4137/BCBCR.S8611 

Corkery, B., Crown, J., Clynes, M., & O'Donovan, N. (2009). Epidermal growth factor receptor as a potential 

therapeutic target in triple-negative breast cancer. Ann Oncol, 20(5), 862-867. 

doi:10.1093/annonc/mdn710 

De Pauw, I., Lardon, F., Van den Bossche, J., Baysal, H., Fransen, E., Deschoolmeester, V., . . . Wouters, A. 

(2018). Simultaneous targeting of EGFR, HER2, and HER4 by afatinib overcomes intrinsic and 

acquired cetuximab resistance in head and neck squamous cell carcinoma cell lines. Mol Oncol, 12(6), 

830-854. doi:10.1002/1878-0261.12197 

De Pauw, I., Wouters, A., Van den Bossche, J., Peeters, M., Pauwels, P., Deschoolmeester, V., . . . Lardon, F. 

(2016). Preclinical and clinical studies on afatinib in monotherapy and in combination regimens: 

Potential impact in colorectal cancer. Pharmacology & Therapeutics, 166, 71-83. 

doi:https://doi.org/10.1016/j.pharmthera.2016.06.014 

Dellapasqua, S., & Colleoni, M. (2010). Letrozole. Expert Opin Drug Metab Toxicol, 6(2), 251-259. 

doi:10.1517/17425250903540246 

Demkowicz, S., Daśko, M., Kozak, W., Krawczyk, K., Witt, D., Masłyk, M., . . . Rachon, J. (2016). Synthesis 

and Biological Evaluation of Fluorinated 3-Phenylcoumarin-7-O-Sulfamate Derivatives as Steroid 

Sulfatase Inhibitors. Chem Biol Drug Des, 87(2), 233-238. doi:10.1111/cbdd.12652 

Demkowicz, S., Kozak, W., Daśko, M., Masłyk, M., Gielniewski, B., & Rachon, J. (2015). Synthesis of 

bicoumarin thiophosphate derivatives as steroid sulfatase inhibitors. Eur J Med Chem, 101, 358-366. 

doi:10.1016/j.ejmech.2015.06.051 

DeSantis, C., Ma, J., Bryan, L., & Jemal, A. (2014). Breast cancer statistics, 2013. CA Cancer J Clin, 64(1), 52-

62. doi:10.3322/caac.21203 

Dhawan, S., Kerru, N., Awolade, P., Singh-Pillay, A., Saha, S. T., Kaur, M., . . . Chemistry, M. (2018). 

Synthesis, computational studies and antiproliferative activities of coumarin-tagged 1, 3, 4-oxadiazole 

conjugates against MDA-MB-231 and MCF-7 human breast cancer cells. 26(21), 5612-5623.  

https://doi.org/10.1002/mc.22094
https://doi.org/10.1093/annonc/mdm222
https://doi.org/10.1074/jbc.m406847200
https://doi.org/10.1016/j.pharmthera.2016.06.014


Delta University Scientific Journal Vol.07 - Iss.01 (2024) 09-31 

 

 Page | 28 

Diamantis, N., & Banerji, U. (2016). Antibody-drug conjugates--an emerging class of cancer treatment. Br J 

Cancer, 114(4), 362-367. doi:10.1038/bjc.2015.435 

Druesne-Pecollo, N., Touvier, M., Barrandon, E., Chan, D. S., Norat, T., Zelek, L., . . . Latino-Martel, P. (2012). 

Excess body weight and second primary cancer risk after breast cancer: a systematic review and meta-

analysis of prospective studies. Breast Cancer Res Treat, 135(3), 647-654. doi:10.1007/s10549-012-

2187-1 

Duggan, C., Dvaladze, A., Rositch, A. F., Ginsburg, O., Yip, C. H., Horton, S., . . . Anderson, B. O. (2020). The 

Breast Health Global Initiative 2018 Global Summit on Improving Breast Healthcare Through 

Resource-Stratified Phased Implementation: Methods and overview. Cancer, 126 Suppl 10(Suppl 10), 

2339-2352. doi:10.1002/cncr.32891 

El-Sayed, W. A., Alminderej, F. M., Mounier, M. M., Nossier, E. S., Saleh, S. M., & F. Kassem, A. (2022). New 

1,2,3-Triazole-Coumarin-Glycoside Hybrids and Their 1,2,4-Triazolyl Thioglycoside Analogs Targeting 

Mitochondria Apoptotic Pathway: Synthesis, Anticancer Activity and Docking Simulation. Molecules, 

27(17), 5688.  

El Guerrab, A., Bamdad, M., Kwiatkowski, F., Bignon, Y. J., Penault-Llorca, F., & Aubel, C. (2016). Anti-EGFR 

monoclonal antibodies and EGFR tyrosine kinase inhibitors as combination therapy for triple-negative 

breast cancer. Oncotarget, 7(45), 73618-73637. doi:10.18632/oncotarget.12037 

Figueroa-Magalhães, M. C., Jelovac, D., Connolly, R. M., & Wolff, A. C. J. T. B. (2014). Treatment of HER2-

positive breast cancer. 23(2), 128-136.  

Geisler, J., Sasano, H., Chen, S., & Purohit, A. (2011). Steroid sulfatase inhibitors: promising new tools for breast 

cancer therapy? J Steroid Biochem Mol Biol, 125(1-2), 39-45. doi:10.1016/j.jsbmb.2011.02.002 

Gelmon, K., Dent, R., Mackey, J. R., Laing, K., McLeod, D., & Verma, S. (2012). Targeting triple-negative 

breast cancer: optimising therapeutic outcomes. Ann Oncol, 23(9), 2223-2234. 

doi:10.1093/annonc/mds067 

Ghuge, R., Murumkar, P., Choudhary, K., Joshi, K., Chauhan, M., Barot, R., & Yadav, M. (2020). Development 

of Steroidal Aromatase Inhibitors as Potential Anti-breast Cancer Agents. Current Enzyme Inhibition, 

16. doi:10.2174/1573408016666200212094804 

Giudici, D., Ornati, G., Briatico, G., Buzzetti, F., Lombardi, P., & di Salle, E. (1988). 6-Methylenandrosta-1,4-

diene-3,17-dione (FCE 24304): a new irreversible aromatase inhibitor. J Steroid Biochem, 30(1-6), 391-

394. doi:10.1016/0022-4731(88)90129-x 

Goutsouliak, K., Veeraraghavan, J., Sethunath, V., De Angelis, C., Osborne, C. K., Rimawi, M. F., & Schiff, R. 

(2020). Towards personalized treatment for early stage HER2-positive breast cancer. Nat Rev Clin 

Oncol, 17(4), 233-250. doi:10.1038/s41571-019-0299-9 

Henderson, D., Norbisrath, G., & Kerb, U. (1986). 1-Methyl-1,4-androstadiene-3,17-dione (SH 489): 

characterization of an irreversible inhibitor of estrogen biosynthesis. J Steroid Biochem, 24(1), 303-306. 

doi:10.1016/0022-4731(86)90069-5 

Hollmén, M., Määttä, J. A., Bald, L., Sliwkowski, M. X., & Elenius, K. (2009). Suppression of breast cancer cell 

growth by a monoclonal antibody targeting cleavable ErbB4 isoforms. Oncogene, 28(10), 1309-1319. 

doi:10.1038/onc.2008.481 

Hsu, J. L., & Hung, M. C. (2016). The role of HER2, EGFR, and other receptor tyrosine kinases in breast cancer. 

Cancer Metastasis Rev, 35(4), 575-588. doi:10.1007/s10555-016-9649-6 

Ji, J. Z., Lao, K. J., Hu, J., Pang, T., Jiang, Z. Z., Yuan, H. L., . . . Zhang, L. Y. (2014). Discovery of novel 

aromatase inhibitors using a homogeneous time-resolved fluorescence assay. Acta Pharmacol Sin, 35(8), 

1082-1092. doi:10.1038/aps.2014.53 

Johnston, J. O. (1987). Biological characterization of 10-(2-propynyl) estr-4-ene-3, 17-dione (MDL 18,962), an 

enzyme-activated inhibitor of aromatase. Steroids, 50(1-3), 105-120. doi:10.1016/0039-128x(83)90065-

x 

Kini, S. G., Choudhary, S., & Mubeen, M. (2012). Synthesis, docking study and anticancer activity of coumarin 

substituted derivatives of benzothiazole. J Comput Methods Mol Des, 2(1), 51-60.  

Kumar, A., Sunita, P., Jha, S., & Pattanayak, S. P. (2018). 7,8-Dihydroxycoumarin exerts antitumor potential on 

DMBA-induced mammary carcinogenesis by inhibiting ERα, PR, EGFR, and IGF1R: involvement of 

MAPK1/2-JNK1/2-Akt pathway. J Physiol Biochem, 74(2), 223-234. doi:10.1007/s13105-018-0608-2 

Lamb, H. M., & Adkins, J. C. (1998). Letrozole. A review of its use in postmenopausal women with advanced 

breast cancer. Drugs, 56(6), 1125-1140. doi:10.2165/00003495-199856060-00020 

Leonetti, F., Favia, A., Rao, A., Aliano, R., Paluszcak, A., Hartmann, R. W., & Carotti, A. (2004). Design, 

synthesis, and 3D QSAR of novel potent and selective aromatase inhibitors. J Med Chem, 47(27), 6792-

6803. doi:10.1021/jm049535j 



Delta University Scientific Journal Vol.07 - Iss.01 (2024) 09-31 

 

 Page | 29 

Leonetti, F., Favia, A., Rao, A., Aliano, R., Paluszcak, A., Hartmann, R. W., & Carotti, A. (2004). Design, 

Synthesis, and 3D QSAR of Novel Potent and Selective Aromatase Inhibitors. Journal of Medicinal 

Chemistry, 47(27), 6792-6803. doi:10.1021/jm049535j 

Liedtke, C., Mazouni, C., Hess, K. R., André, F., Tordai, A., Mejia, J. A., . . . Pusztai, L. (2008). Response to 

Neoadjuvant Therapy and Long-Term Survival in Patients With Triple-Negative Breast Cancer. 26(8), 

1275-1281. doi:10.1200/jco.2007.14.4147 

Liu, Z., Wu, S., Wang, Y., Li, R., Wang, J., Wang, L., . . . Gong, P. (2014). Design, synthesis and biological 

evaluation of novel thieno [3, 2-d] pyrimidine derivatives possessing diaryl semicarbazone scaffolds as 

potent antitumor agents. European journal of medicinal chemistry, 87, 782-793. doi: 

https://doi.org/10.1016/j.ejmech.2014.10.022 

Llombart-Cussac, A., Cortés, J., Paré, L., Galván, P., Bermejo, B., Martínez, N., . . . Prat, A. (2017). HER2-

enriched subtype as a predictor of pathological complete response following trastuzumab and lapatinib 

without chemotherapy in early-stage HER2-positive breast cancer (PAMELA): an open-label, single-

group, multicentre, phase 2 trial. Lancet Oncol, 18(4), 545-554. doi:10.1016/s1470-2045(17)30021-9 

Lu, Q., Nakmura, J., Savinov, A., Yue, W., Weisz, J., Dabbs, D. J., . . . Brodie, A. (1996). Expression of 

aromatase protein and messenger ribonucleic acid in tumor epithelial cells and evidence of functional 

significance of locally produced estrogen in human breast cancers. Endocrinology, 137(7), 3061-3068. 

doi:10.1210/endo.137.7.8770932 

Luo, G., Chen, M., Lyu, W., Zhao, R., Xu, Q., You, Q., & Xiang, H. (2017). Design, synthesis, biological 

evaluation and molecular docking studies of novel 3-aryl-4-anilino-2H-chromen-2-one derivatives 

targeting ERα as anti-breast cancer agents. Bioorg Med Chem Lett, 27(12), 2668-2673. 

doi:10.1016/j.bmcl.2017.04.029 

Luo, G., Li, X., Zhang, G., Wu, C., Tang, Z., Liu, L., . . . Xiang, H. (2017). Novel SERMs based on 3-aryl-4-

aryloxy-2H-chromen-2-one skeleton - A possible way to dual ERα/VEGFR-2 ligands for treatment of 

breast cancer. European journal of medicinal chemistry, 140, 252-273. 

doi:10.1016/j.ejmech.2017.09.015 

Maennling, A. E., Tur, M. K., Niebert, M., Klockenbring, T., Zeppernick, F., Gattenlöhner, S., . . . Hussain, A. F. 

(2019). Molecular Targeting Therapy against EGFR Family in Breast Cancer: Progress and Future 

Potentials. Cancers (Basel), 11(12). doi:10.3390/cancers11121826 

Miki, Y., Suzuki, T., Tazawa, C., Yamaguchi, Y., Kitada, K., Honma, S., . . . Sasano, H. (2007). Aromatase 

localization in human breast cancer tissues: possible interactions between intratumoral stromal and 

parenchymal cells. Cancer Res, 67(8), 3945-3954. doi:10.1158/0008-5472.Can-06-3105 

Mirschberger, C., Schiller, C. B., Schräml, M., Dimoudis, N., Friess, T., Gerdes, C. A., . . . Kolm, I. J. C. r. 

(2013). RG7116, a therapeutic antibody that binds the inactive HER3 receptor and is optimized for 

immune effector activation. 73(16), 5183-5194.  

Mishra, R., Patel, H., Alanazi, S., Yuan, L., & Garrett, J. T. (2018). HER3 signaling and targeted therapy in 

cancer. Oncol Rev, 12(1), 355. doi:10.4081/oncol.2018.355 

Moyer, J. D., Barbacci, E. G., Iwata, K. K., Arnold, L., Boman, B., Cunningham, A., . . . Miller, P. (1997). 

Induction of apoptosis and cell cycle arrest by CP-358,774, an inhibitor of epidermal growth factor 

receptor tyrosine kinase. Cancer Res, 57(21), 4838-4848.  

Nabholtz, J. M., Abrial, C., Mouret-Reynier, M. A., Dauplat, M. M., Weber, B., Gligorov, J., . . . Penault-Llorca, 

F. (2014). Multicentric neoadjuvant phase II study of panitumumab combined with an 

anthracycline/taxane-based chemotherapy in operable triple-negative breast cancer: identification of 

biologically defined signatures predicting treatment impact. Ann Oncol, 25(8), 1570-1577. 

doi:10.1093/annonc/mdu183 

Nielsen, T. O., Hsu, F. D., Jensen, K., Cheang, M., Karaca, G., Hu, Z., . . . Dressler, L. J. C. c. r. (2004). 

Immunohistochemical and clinical characterization of the basal-like subtype of invasive breast 

carcinoma. 10(16), 5367-5374.  

Niinivehmas, S., & Pentikäinen, O. T. (2021). Coumarins as Tool Compounds to Aid the Discovery of Selective 

Function Modulators of Steroid Hormone Binding Proteins. Molecules, 26(17). 

doi:10.3390/molecules26175142 

Niinivehmas, S. P., Manivannan, E., Rauhamäki, S., Huuskonen, J., & Pentikäinen, O. T. (2016). Identification of 

estrogen receptor α ligands with virtual screening techniques. Journal of Molecular Graphics and 

Modelling, 64, 30-39. doi:https://doi.org/10.1016/j.jmgm.2015.12.006 

Pérez Carrión, R., Alberola Candel, V., Calabresi, F., Michel, R. T., Santos, R., Delozier, T., . . . et al. (1994). 

Comparison of the selective aromatase inhibitor formestane with tamoxifen as first-line hormonal 

therapy in postmenopausal women with advanced breast cancer. Ann Oncol, 5 Suppl 7, S19-24.  

https://doi.org/10.1016/j.ejmech.2014.10.022
https://doi.org/10.1016/j.jmgm.2015.12.006


Delta University Scientific Journal Vol.07 - Iss.01 (2024) 09-31 

 

 Page | 30 

Pingaew, R., Prachayasittikul, V., Mandi, P., Nantasenamat, C., Prachayasittikul, S., Ruchirawat, S., & 

Prachayasittikul, V. (2015). Synthesis and molecular docking of 1,2,3-triazole-based sulfonamides as 

aromatase inhibitors. Bioorg Med Chem, 23(13), 3472-3480. doi:10.1016/j.bmc.2015.04.036 

Sairam, K. V., Gurupadayya, B., Vishwanathan, B. I., Chandan, R., & Nagesha, D. K. J. R. a. (2016). 

Cytotoxicity studies of coumarin analogs: design, synthesis and biological activity. 6(101), 98816-

98828.  

Sanford, M., & Plosker, G. L. (2008). Anastrozole: a review of its use in postmenopausal women with early-stage 

breast cancer. Drugs, 68(9), 1319-1340. doi:10.2165/00003495-200868090-00007 

Sardari, S., Feizi, S., Rezayan, A. H., Azerang, P., Shahcheragh, S. M., Ghavami, G., & Habibi, A. (2017). 

Synthesis and Biological Evaluation of Thiosemicarbazide Derivatives Endowed with High Activity 

toward Mycobacterium Bovis. Iran J Pharm Res, 16(3), 1128-1140.  

Sayyad, N. B., Sabale, P. M., Umare, M. D., & Bajaj, K. K. J. I. J. P. E. R. (2022). Aromatase inhibitors: 

development and current perspectives. 56, 311-320.  

Schoeberl, B., Faber, A. C., Li, D., Liang, M.-C., Crosby, K., Onsum, M., . . . Nie, L. J. C. r. (2010). An ErbB3 

antibody, MM-121, is active in cancers with ligand-dependent activation. 70(6), 2485-2494.  

Shaikh, S. K. J., Sannaikar, M. S., Kumbar, M. N., Bayannavar, P. K., Kamble, R. R., Inamdar, S. R., & Joshi, S. 

D. J. C. (2018). Microwave‐Expedited Green Synthesis, Photophysical, Computational Studies of 

Coumarin‐3‐yl‐thiazol‐3‐yl‐1, 2, 4‐triazolin‐3‐ones and Their Anticancer Activity. 3(16), 4448-4462.  

Silver, D. P., Richardson, A. L., Eklund, A. C., Wang, Z. C., Szallasi, Z., Li, Q., . . . Garber, J. E. (2010). 

Efficacy of neoadjuvant Cisplatin in triple-negative breast cancer. J Clin Oncol, 28(7), 1145-1153. 

doi:10.1200/jco.2009.22.4725 

Simpson, E. R., Mahendroo, M. S., Means, G. D., Kilgore, M. W., Hinshelwood, M. M., Graham-Lorence, S., . . . 

et al. (1994). Aromatase cytochrome P450, the enzyme responsible for estrogen biosynthesis. Endocr 

Rev, 15(3), 342-355. doi:10.1210/edrv-15-3-342 

Smaill, J. B., Rewcastle, G. W., Loo, J. A., Greis, K. D., Chan, O. H., Reyner, E. L., . . . Denny, W. A. (2000). 

Tyrosine Kinase Inhibitors. 17. Irreversible Inhibitors of the Epidermal Growth Factor Receptor:  4-

(Phenylamino)quinazoline- and 4-(Phenylamino)pyrido[3,2-d]pyrimidine-6-acrylamides Bearing 

Additional Solubilizing Functions. Journal of Medicinal Chemistry, 43(7), 1380-1397. 

doi:10.1021/jm990482t 

Spinello, A., Martini, S., Berti, F., Pennati, M., Pavlin, M., Sgrignani, J., . . . Magistrato, A. (2019). Rational 

design of allosteric modulators of the aromatase enzyme: An unprecedented therapeutic strategy to fight 

breast cancer. Eur J Med Chem, 168, 253-262. doi:10.1016/j.ejmech.2019.02.045 

Spinello, A., Ritacco, I., & Magistrato, A. (2019). The Catalytic Mechanism of Steroidogenic Cytochromes P450 

from All-Atom Simulations: Entwinement with Membrane Environment, Redox Partners, and Post-

Transcriptional Regulation. Catalysts, 9(1), 81.  

Stefanachi, A., Favia, A. D., Nicolotti, O., Leonetti, F., Pisani, L., Catto, M., . . . Carotti, A. (2011). Design, 

synthesis, and biological evaluation of imidazolyl derivatives of 4,7-disubstituted coumarins as 

aromatase inhibitors selective over 17-α-hydroxylase/C17-20 lyase. J Med Chem, 54(6), 1613-1625. 

doi:https://doi.org/10.1021/jm101120u 

Sung, H., Ferlay, J., Siegel, R. L., Laversanne, M., Soerjomataram, I., Jemal, A., & Bray, F. (2021). Global 

Cancer Statistics 2020: GLOBOCAN Estimates of Incidence and Mortality Worldwide for 36 Cancers 

in 185 Countries. CA Cancer J Clin, 71(3), 209-249. doi:10.3322/caac.21660 

Tao, Z., Shi, A., Lu, C., Song, T., Zhang, Z., & Zhao, J. (2015). Breast Cancer: Epidemiology and Etiology. Cell 

Biochem Biophys, 72(2), 333-338. doi:10.1007/s12013-014-0459-6 

Thürlimann, B., Keshaviah, A., Coates, A. S., Mouridsen, H., Mauriac, L., Forbes, J. F., . . . Goldhirsch, A. 

(2005). A comparison of letrozole and tamoxifen in postmenopausal women with early breast cancer. N 

Engl J Med, 353(26), 2747-2757. doi:10.1056/NEJMoa052258 

Tsang, J. Y. S., & Tse, G. M. (2020). Molecular Classification of Breast Cancer. Adv Anat Pathol, 27(1), 27-35. 

doi:10.1097/pap.0000000000000232 

Wee, P., & Wang, Z. J. C. (2017). Epidermal growth factor receptor cell proliferation signaling pathways. 9(5), 

52.  

Yadav, M. R., Barmade, M. A., Tamboli, R. S., & Murumkar, P. R. (2015). Developing steroidal aromatase 

inhibitors-an effective armament to win the battle against breast cancer. Eur J Med Chem, 105, 1-38. 

doi:10.1016/j.ejmech.2015.09.038 

Zhu, W., Liu, Y., Zhai, X., Wang, X., Zhu, Y., Wu, D., . . . Zhao, Y. (2012). Design, synthesis and 3D-QSAR 

analysis of novel 2-hydrazinyl-4-morpholinothieno [3, 2-d] pyrimidine derivatives as potential antitumor 

https://doi.org/10.1021/jm101120u


Delta University Scientific Journal Vol.07 - Iss.01 (2024) 09-31 

 

 Page | 31 

agents. European journal of medicinal chemistry, 57, 162-175. doi:  

https://doi.org/10.1016/j.ejmech.2012.09.002 

Zubeldia-Brenner, L., Roselli, C. E., Recabarren, S. E., Gonzalez Deniselle, M. C., & Lara, H. E. (2016). 

Developmental and Functional Effects of Steroid Hormones on the Neuroendocrine Axis and Spinal 

Cord. J Neuroendocrinol, 28(7). doi:10.1111/jne.12401 

 

https://doi.org/10.1016/j.ejmech.2012.09.002

