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1. INTRODUCTION 

Synthetic organic chemistry is very key part of highly 

integrated and multidisciplinary process of anticancer 

development. The five membered heterocylic ring is 

present among the biologically active compounds. The 

number of deaths are constantly increasing in the world 

because of infectious diseases.
[1]

 It has been seen that 

there is rapid increase in multidrug resistant infections 

these days causing increase in various health problems. 

There are many kinds of diseases which are hard to treat 

with conventional antibiotics. Another most dangerous 

disease is Cancer despite of advanced treatments; cancer 

has become reason for the second most leading cause of 

death. The exact biology of the cancer is mysterious and 

has lot to experiment to produce new products. 

Understanding the drug action and pathogenesis of 

different types of neoplasm becomes clearer,
[2]

 it 

becomes easy to produce new drugs which helps in 

selective targeting if the tumor with less amounts of side 

effects. Benzoxazole are having key role in the medicinal 

chemistry due to their wide spectrum of pharmacological 

activity. The biological activities shown by benzoxazole 

and its analogues are mainly antifungal, antihistaminic, 

anti-cancer, antiinflammatory, anti-viral, anti-bacterial. 

Benzoxazoles gained importance because of use in 

intermediates for the preparation of new drugs. 

Benzoxazole can be considered as the structural isosteres 

of naturally produced nucleic acid bases like adenine and 

Guanine which helps in the interaction with polymers of 

living system.
[3] 

 Different research groups have done 

much development in designing compounds with 

benzoxazole, synthesising and collecting anti-cancer 

activity data of those against various human cancer cells. 

In the present study, we report the synthesis and 

anticancer activity of benzoxazole and its derivatives.
[4]

 

 

2. Chemistry of benzoxazole  

 Benzoxazole, also known as 1-oxa-3-aza-1h-indene, 

 

EUROPEAN JOURNAL OF PHARMACEUTICAL 

AND MEDICAL RESEARCH 

www.ejpmr.com 
 

 

EJPMR, 2026, 13(11), 90-97                                                                                                           Impact Factor: 8.158 

   
 

ISSN (O): 2394-3211 

ISSN (P): 3051-2573 

 Coden USA: EJPMAG 

 

Review Article 

ABSTRACT 

This work is one of our efforts to discover potent anticancer agents. We modified the most promising derivative of 

our previous work concerned with the development of inhibitor candidates. Thirteen new compounds based on 

benzoxazole moiety weresynthesized andevaluated against three human cancer cell linesBenzoxazole and its 

derivatives of heterocylic compounds possessing nitrogen, oxygen and oxazole moieties which are the important 

structures of several pharmacologically active compounds. Benzoxazole analogues shows vigorous effects. 

According to the previous research, benzoxazole is produced by reflexing CS2 and O-aminophenol. These 

derivatives of benzoxazole produce Good anti- breast cancer activity. This review includes the synthesis and the 

anticancer activity of benzoxazole and its analogues. This study can help the future chemists focusing on the 

synthesis of drugs related to anticancer activity. Benzoxazole are having key role in the medicinal chemistry due to 

their wide spectrum of pharmacological activity. The biological activities shown by benzoxazole and its analogues 

are mainly antifungal, antihistaminic, anti-cancer, antiinflammatory, anti-viral, anti-bacterial. Benzoxazoles gained 

importance because of use in intermediates for the preparation of new drugs. 

 

KEYWORDS: Benzoxazole, heterocylic compounds, vigorous effects, anti- cancer activity. 

 

 
 

 

 

 

 
 
 
 
 

*Corresponding Author: Prof. (Dr.) Shobhit Prakash Srivastava 

Professor and Director, Dr. M C Saxena College of Pharmacy Lucknow Uttar Pradesh 226101, India. 

DOI: https://doi.org/10.5281/zenodo.23799803   

 

How to cite this Article: Rakesh Tiwari1, Prof. (Dr.) Shobhit Prakash Srivastava*2. (2026). Synthesis and Benzoxazole 

Derivatives Potential Activity of Anti -Cancer Agent. European Journal of Pharmaceuticaland Medical Research, 13(11),      

90–97. 

This work is licensed under Creative Commons Attribution 4.0 International license.  
 

 

 

 

http://www.ejpmr.com/
https://doi.org/10.5281/zenodo.23799803


Srivastava et al.                                                              European Journal of Pharmaceutical and Medical Research 

 

 

www.ejpmr.com        │        Vol 13, Issue 11, 2026.         │        ISO 9001:2015 Certified Journal         │ 

 

 

 

 
91 

is a member of the class of compounds known as 

benzoxazoles. 

 Benzoxazoles are organic compounds containing a 

benzene attached to an oxazole ring. Oxazole 

consists of a five-membered aromatic ring with a 

nitrogen and an oxygen atom at the 1- and 3- 

position, respectively. 

 Its molecular formula is C7H5NO and molar 

mass is 

 119.12 g/mol. 

 Benzoxazole is soluble (in water) and an extremely 

weak basic (essentially neutral) compound (based on 

its pKa). 

 Melting point is 27-30℃. Its odour is similar to 

pyridine.
[5]

 

 

 
Figure 1: Structure of benzoxazole. 

 

3. Synthesis of benzoxazole derivatives 

The traditional approach for benzoxazole synthesis is the 

condensation of 2-aminophenol with various carbonyl 

compounds under different reaction conditions (Scheme 

1). In this review, several protocols are discussed using 

2-aminophenol as a major precursor with different 

substrates like aldehydes, acids and their derivatives, 

benzyl alcohol, alkynones, isothiocyanates, ketones, 

ortho-esters, amongst others.
[6]

 

 

 
Diversity of benzoxazole moiety in natural sources.

[7]
 

 

 
Scheme 1 A general mechanism for benzoxazole synthesis. 
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3.1 Reaction of 2-aminophenol with aldehydes
[8]

 

In this part of the review, benzoxazole synthesis using 2-

aminophenol with different aldehydes under various 

circumstances and with catalysts like nanocatalysts, 

metal catalysts, ionic liquid catalysts, and a few other 

catalysts are demonstrated.
[9]

 

 

Nanocatalyzed synthesis. Nanocatalysts are 

metalsupported nanoparticles which play a major role in 

the catalysis process. They are used in several organic 

transformations due to their special properties like high 

reactivity, high surface area, selectivity, stability at high 

temperature, and reusability, and they also give optimal 

yields as they show escalated mixing with reactants and 

are furthermore readily separated. Several methods for 

benzoxazole synthesis using nanocatalysts are 

summarized here.
[10]

 introduced a new magnetic solid 

acid nanocatalyst ([Fe3O4SiO2@Am-PPC-SO3H] 

[HSO4]) for benzoxazole synthesis using 2-aminophenol 

(1) and aldehyde (2) in water under conditions for about 

45 min and found 79–89% yield. The catalyst can be 

easily separated and used for 4 consecutive runs with 

signicant catalytic activity. High yield,shorter reaction 

time, and ambient reaction conditions are additional of 

the present protocol Thin-layered nano h-BN/ were 

prepared andapplied as an active catalyst to the synthesis 

of benzoxazole derivatives by Rend´on-Patiño and co-

authors.46 The coupling of 2-aminophenol (1) and p-

substituted benzaldehyde (2) in water/p-xylene at 70 °C 

showed a low yield of the desired product. The authors 

further devised an experiment for the reusability of the 

catalyst for 5 sequential cycles.
[11]

  

 

 
Scheme 2: Nanocatalyzed synthesis of benzoxazole derivatives.

[12]
 

 

Metal-catalyzed synthesis. Transition-metalsupported 

catalysts are widely used in organic transformations as 

they enhance the reaction rate by lowering the energy 

barrier between the reactants and the products. They are 

used in reactions like reduction, oxidation, and coupling, 

amongst others. Metal catalysts are recyclable, provide a 

highyield, and are easy to handle. However, transition-

metalcatalyzedreactions have a heavy environmental 

impact due tothe extraction and depletion of rare metal 

resources, byproducts, and the generation of large 

amounts of waste. Here, several metal-catalyzed 

benzoxazole synthesis methodologies.
[13]

 

 

Are demonstrated. Suryavanshi and co-authors51 utilized 

a metal oxide alumina catalyst for benzoxazole synthesis. 

2-Aminophenol (1) and aldehyde (2) were stirred in 

acetonitrile solvent at room temperature for 5 h to attain 

a moderate yield (55–75%). The use of green solvents, 

recyclable catalysts,
[14]
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Scheme 3: Nano-ZnO-catalyzed synthesis of b-carboline scaffolds.

[15]
 

 

 
Scheme 4: Metal-catalyzed synthesis of benzoxazole derivatives.

[16]
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4. Pharmacological Properties 

Numerous biological activities, including anticancer, 

antihelmintic, cyclooxygenase inhibitory, anti-

inflammatory, analgesic, cyclin-dependent kinase 

inhibitory, 5-lipoxygenase inhibitory, anticonvulsant, rho 

kinase inhibitory, and antihyperglycemic properties, are 

among the many promising biological activities of 

benoxazoles  Benzoxazoles are known to be a significant 

scaffold in fluorescence probes such metal cation and 

anion sensors, in addition to its application in medicinal 

chemistry.
[17]

  

 

4.1 Anti-cancer activity  

Benzoxazole and its analogues have potent activity 

against cancer they give moderate to good anti – breast 

cancer activity and also effective against human 

colorectal carcinoma Human colorectal carcinoma cancer 

cells line was used for evaluating the anticancer activity 

of the prepared benzoxazole compounds using 

sulforhodamine B assay. C27H25N5O5S exhibited the 

best anti-cancer activity.
[18]

 

 

Anticancer Activity: 2-(2-((benzoxazol-2-ylthio) 

methyl)-1H-benzimidazol-1-yl) aceto hydrazide 

derivatives were synthesised, according to 

Balasubrahmanian N et al. The 2-(3-diethyl-amino-6-

diethylazaniumylidene-xanthen 9-yl)-5-sulfobenzene-

sulfonate (SRB) assay was utilised to determine the 

anticancer activity of the produced derivatives utilising 

the human colorectal carcinoma [HCT116 (ATCC 

(American Type Culture Collection) CCL247)] cancer 

cell line.
[19]

 Benzoxazole derivative synthesis was 

reported by Balasubrahmanian N et al. once more. 

Benzazole derivatives' antiproliferative properties were 

evaluated using the human colorectal cancer cell line 

HCT 116 (ATCC CCL-247). 5-fuorouracil is the usual 

medication (IC50=12.2 μM).
[20]

  

 

4.2 Anticancer activity of benzoxazole attached with 

different moieties
[21]

 

Benzoxazole-piperazine moiety: Benzoxazole attached 

to piperazine is tested over A-549 lung carcinoma cell. 

At first the results were not satisfactory because of low 

solubility of aryl piperazine and these piperazine 

compounds are precipitated in cell culture. The solubility 

can be increased by using nmethylpiperazine at position 

6 of benzoxazole and methyl group at position-2. Long 

chain piperazines attached to benzoxazole couple with 

oxadiazoles have shown anti-cancer effect.
[22]

 

 

  
 

Benzoxazole-1, 3,4-oxadiazole moiety: 1,3,4- 

oxadiazole is very effective and shows variety of 

biological activity. Benzoxazole-1, 3,4-oxadiazole was 

prepared and anti-cancer activity was screened against 

human cancer cells i.e. lung cancer, breast cancer, 

melonoma cancer, colon cancer and it’s anticancer 

activity against HT 29 cancer cell line and the results 

were better than the standard drug.
[23]

 

 

Benzoxazole-pyrazolinone derivative: New derivatives 

of benzoxazole, benzothiazolebenzothiazole and 

benzimidazole are prepared. By the observation, we got 

to know that absence of substitution at N-2 shows very 

poor anti proliferative activity as compared to 

substitution at N-2 of pyrazolinone. N-2 Substituted 

pyrazolinone derivatives are active towards the cancer 

cell lines.
[24]

 

Benzoxazole-1,2,4-oxidiazole moiety: 1,2,4 -oxidiazole 

show potent anti-proliferative activity. Benzoxazole 

fused with benzofuran and 1,2,4-oxidiazole was 

Synthesised in minimum steps and it is active against 

human breast cancer, lung cancer, melonoma cancer and 

colon cell lines.
[25]

 

 

Benzoxazole-combrestatin derivative: Series of ten 

benzoxazole derivatives of combrestatin A-4 were 

synthesized and evaluated against various cancer cell 

lines like Coco-205 (colon), A-549(lung), MCF-7(breast) 

cell line and it was observed that compound 8d was more 

potent than the standard compound against MCF-7 and 

A-549 cell lines. Combrestatin A-4 is a natural product 

isolated from South African willow tree Combretum 

caffrum in 1989 and it shows anti- cancer activity against 

various cell lines.
[26]
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4.3 Antioxidant Activity: Using Cu
+2

 as an oxidising 

agent, Aichaoui et al. synthesised 2(3H)-benzoxazolone 

derivatives and evaluated their in vitro antioxidant 

activity at a dose of10 μM to stop human LDL copper-

induced oxidation. According to time- and dose-

dependent measurements, Compound 1 exhibited more 

antioxidant potential and inhibited the start and spread of 

copper-mediated LDL oxidation.
[27]

 

 

 
 

4.4 Antihyperglycemic Activity: Benzazole compounds 

11a-11d and 12a-12d were synthesised by Singh et al., 

who also investigated their α-amyloglucosidase 

inhibitory action. Compounds 11a and 11c showed the 

least inhibitory action against α-amyloglucosidase, with 

IC50 values of 22.00 ± 1.21 and 29.03 ± 1.11 μM, 

whereas compounds 11b and 12b showed strong IC50 

values in the range of 0.24 ± 0.01–0.94 ± 0.01 μM. Other 

compounds showed moderate potential. In this 

experiment, acarbose served as a positive control.
[28]

  

4.5 Anticonvulsant Activity: Ibrahim et al. produced 5-

chloro-2-substituted sulfanyl-benzoxazole and tested its 

anticonvulsant properties on mice that had seizures 

caused by pentylenetetrazole. In order to evaluate 

synthetic drugs' binding affinities to the KCNQ2 

receptor, researchers also looked at their molecular 

docking studies. The study's findings showed that 

compounds 13, 14, 15, and 16 had the most 

anticonvulsant potential and the highest binding affinities 

towards the KCNQ2 receptor.
[29]

 

 

 
 

4.6 Benzoxazole with Antimicrobial Activity: The 

antifungal and antibacterial properties of six 

benzimidazole and benzoxazole derivatives were 

investigated in vitro by Elnima EI et al. They were 

examined in comparison to 59 clinical isolates and 

reference strains. Only two of the six compounds—both 

benzoxazoles—were active, whereas the others showed 

no activity at all. All of the typical strains, including fungi 

and gram-positive and gram-negative bacteria, showed 

significant growth suppression upon treatment with these 

drugs. The susceptibility of fifty-nine clinical isolates of 

Staphylococcus aureus, Pseudomonas aeruginosa, and 

Escherichia coli to the two substances was examined. 

The isolates of S. aureus were the most vulnerable. 

Compound
[30]

 exhibited somewhat higher activity than 

compound
[31]

, but both compounds had similar efficacy 

against all isolates. Their respective minimalinhibitory 

concentrations for 90% inhibition of S. aureus were 25 

and 50 µg/ml. The gram negative bacteria were resistant 

to the two compounds and required minimal inhibitory 

concentrations of 200 µg/ml for a similar degree of 

inhibition.
[32]
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5. CONCLUSION 

Benzoxazole nucleus modifications have produced a 

wide range of molecules with various pharmacological 

properties. Because of their prospective uses, the 

synthesis, structures, and biological activities of 

benzoxazole derivatives have long been the subject of 

medical study attention. Compared to previous 

compounds, the biological characteristics of these new 

generations of benzoxazoles show significant 

advancements. For medicinal chemistry researchers 

focussing on the creation of new molecules with 

benzoxazole scaffolds, this review might offer a fresh 

perspective. Although many derivatives with strong 

biological activity were created by researchers, further 

clinical research on these molecules is still necessary. 

Benzoxazole derivatives have evolved as an essential 

motif in organic chemistry with applications in 

medicinal, pharmaceutical, and industrial areas. This 

review article outlined recent synthetic methodologies of 

benzoxazole derivatives using 2- aminophenol with 

various other substrates like aldehydes,ketones, acids and 

acid derivatives 

 

Funding 

This received no external funding. 

 

6. REFERENCES 

1. Alsaif, N.A.; Dahab, M.A.; Alanazi, M.M.; 

Obaidullah, A.J.; Al-Mehizia, A.A.; Alanazi, M.M.; 

Aldawas, S.; Mahdy, H.A.; ElkadyH. New 

quinoxaline derivatives as VEGFR-2 inhibitors with 

anticancer and apoptotic activity: Design, molecular 

modeling, and synthesis. Bioorganic Chem., 2021; 

110: 104807. [CrossRef] [PubMed] 

2. Eissa, I.H.; Ibrahim, M.K.; Metwaly, A.M.; Belal, 

A.; Mehany, A.B.; Abdelhady, A.A.; Elhendawy, 

M.A.; Radwan, M.M.; ElSohly, M.A.; Mahdy, H.A. 

Design, molecular docking, in vitro, and in vivo 

studies of new quinazolin-4 (3H)-ones as VEGFR-2 

inhibitors with potential activity against 

hepatocellular carcinoma. Bioorganic Chem., 2021; 

107: 104532. [CrossRef] [PubMed] 

3. Eissa, I.H.; Dahab, M.A.; Ibrahim, M.K.; Alsaif, 

N.A.; Alanazi, A.; Eissa, S.I.; Mehany, A.B.; 

Beauchemin, A.M. Design and discovery of new 

antiproliferative 1, 2, 4-triazin-3 (2H)-ones as 

tubulin polymerization inhibitors targeting 

colchicine binding site. Bioorganic Chem., 2021; 

112: 104965. [CrossRef] [PubMed] 

4. Eldehna, W.M.; El Hassab, M.A.; Elsayed, Z.M.; 

Al-Warhi, T.; Elkady, H.; Abo-Ashour, M.F.; 

Abourehab, M.A.S.; Eissa, I.H.; Abdel-Aziz, H.A. 

Design, synthesis, in vitro biological assessment and 

molecular modeling insights for novel 3-

(naphthalen-1- yl)-4,5-dihydropyrazoles as 

anticancer agents with potential EGFR inhibitory 

activity. Sci. Rep., 2022; 12: 12821. [CrossRef] 

5. Belal, A.; Abdel Gawad, N.M.; Mehany, A.B.; 

Abourehab, M.A.; Elkady, H.; Al-Karmalawy, A.A.; 

Ismael, A.S. Design, synthesis and molecular 

docking of new fused 1 H-pyrroles, pyrrolo [3, 2-d] 

pyrimidines and pyrrolo [3,2-e][1,4] diazepine 

derivatives as potent EGFR/CDK2 inhibitors. J. 

Enzym. Inhib. Med. Chem., 2022; 37: 1884–1902. 

[CrossRef] 

6. Addington, J.; Freimer, M. Chemotherapy-induced 

peripheral neuropathy: An update on the current 

understanding.F1000Research, 2016; 5: F1000Res. 

[CrossRef] 

7. Abdallah, A.E.; Mabrouk, R.R.; Al Ward, M.M.S.; 

Eissa, S.I.; Elkaeed, E.B.; Mehany, A.B.; Abo-Saif, 

M.A.; El-Feky, O.A.; Alesawy, M.S.; El-Zahabi, 

M.A. Synthesis, biological evaluation, and 

molecular docking of new series of antitumor and 

apoptosis inducers designed as VEGFR-2 inhibitors. 

J. Enzym. Inhib. Med. Chem., 2022; 37: 573–591. 

[CrossRef] [PubMed] 

8. Manning, G.; Whyte, D.; Martinez, R.; Hunter, T.; 

Sudarsanam, S. cAMP-dependent protein kinase 

from Plasmodium falciparum: An update. Trends 

Biochem. Sci., 2002; 27: 514–520. [CrossRef] 

9. Alanazi, M.M.; Elkady, H.; Alsaif, N.A.; 

Obaidullah, A.J.; Alanazi,W.A.; Al-Hossaini, A.M.; 

Alharbi, M.A.; Eissa, I.H.; Dahab, M.A. Discovery 

of new quinoxaline-based derivatives as anticancer 

agents and potent VEGFR-2 inhibitors: Design, 

synthesis, and in silico study. J. Mol. Struct., 2021; 

1253: 132220. [CrossRef] 

10. Molecules, 2022; 27: 5047 22 of 24 Basagiannis, D.; 

Zografou, S.; Murphy, C.; Fotsis, T.; Morbidelli, L.; 

Ziche, M.; Bleck, C.; Mercer, J.; Christoforidis, S. 

VEGF induces 

11. signalling and angiogenesis by directing VEGFR2 

internalisation through macropinocytosis. J. Cell 

Sci., 2016; 129: 4091–4104. [CrossRef] [PubMed] 

12. Herkenne, S.; Paques, C.; Nivelles, O.; Lion, M.; 

Bajou, K.; Pollenus, T.; Fontaine, M.; Carmeliet, P.; 

Martial, J.A.; Struman, I. The interaction of uPAR 

with VEGFR2 promotes VEGF-induced 

angiogenesis. Sci. Signal, 2015; 8: ra117. [CrossRef] 

13. Zhong, M.; Li, N.; Qiu, X.; Ye, Y.; Chen, H.; Hua, 

J.; Yin, P.; Zhuang, G. TIPE regulates VEGFR2 

expression and promotes angiogenesis in colorectal 

cancer. Int. J. Biol. Sci., 2020; 16: 272. [CrossRef] 

[PubMed] 

14. Nishida, N.; Yano, H.; Nishida, T.; Kamura, T.; 

Kojiro, M. Angiogenesis in cancer. Vasc. Health 

Risk Manag., 2006; 2: 213. [CrossRef] 

15. Yang, Y.; Sun, M.; Wang, L.; Jiao, B. HIFs, 

angiogenesis, and cancer. J. Cell. Biochem, 2013; 



Srivastava et al.                                                              European Journal of Pharmaceutical and Medical Research 

 

 

www.ejpmr.com        │        Vol 13, Issue 11, 2026.         │        ISO 9001:2015 Certified Journal         │ 

 

 

 

 
97 

114: 967–974. [CrossRef] 

16. Alanazi, M.M.; Eissa, I.H.; Alsaif, N.A.; Obaidullah, 

A.J.; Alanazi, W.A.; Alasmari, A.F.; Albassam, H.; 

Elkady, H.; Elwan, A.Design, synthesis, docking, 

ADMET studies, and anticancer evaluation of new 

3-methylquinoxaline derivatives as VEGFR-2 

inhibitors and apoptosis inducers. J. Enzym. Inhib. 

Med. Chem., 2021; 36: 1760–1782. [CrossRef] 

17. JrR, R. Vascular endothelial growth factor (VEGF) 

signaling in tumour progression. Crit Rev Oncol 

Hematol, 2007; 62: 179–213. Poon, R.T.-P.; Fan, S.-

T.; Wong, J. Clinical implications of circulating 

angiogenic factors in cancer patients. J. Clin. Oncol, 

2001; 19: 1207–1225. [CrossRef] 

18. Ghosh, S.; Sullivan, C.A.; Zerkowski, M.P.; 

Molinaro, A.M.; Rimm, D.L.; Camp, R.L.; Chung, 

G.G. High levels of vascularendothelial growth 

factor and its receptors (VEGFR-1, VEGFR-2, 

neuropilin-1) are associated with worse outcome in 

breast cancer.Hum. Pathol, 2008; 39: 1835–1843. 

[CrossRef] 

19. Duff, S.E.; Jeziorska, M.; Rosa, D.D.; Kumar, S.; 

Haboubi, N.; Sherlock, D.; O’Dwyer, S.T.; Jayson, 

G.C. Vascular endothelial growth factors and 

receptors in colorectal cancer: Implications for anti-

angiogenic therapy. Eur. J. Cancer, 2006; 42: 112–

117. [CrossRef] [PubMed] 

20. Chu, J.S.; Ge, F.J.; Zhang, B.;Wang, Y.; Silvestris, 

N.; Liu, L.J.; Zhao, C.H.; Lin, L.; Brunetti, A.E.; Fu, 

Y.L. Expression and prognostic value of VEGFR-2, 

PDGFR-_, and c-Met in advanced hepatocellular 

carcinoma. J. Exp. Clin. Cancer Res., 2013; 32: 1–8. 

[CrossRef] [PubMed] 

21. Seto, T.; Higashiyama, M.; Funai, H.; Imamura, F.; 

Uematsu, K.; Seki, N.; Eguchi, K.; Yamanaka, T.; 

Ichinose, Y. Prognostic value of expression of 

vascular endothelial growth factor and its flt-1 and 

KDR receptors in stage I non-small-cell lung cancer. 

Lung Cancer, 2006; 53: 91–96. [CrossRef] 

22. Xia, G.; Kumar, S.R.; Hawes, D.; Cai, J.; Hassanieh, 

L.; Groshen, S.; Zhu, S.; Masood, R.; Quinn, D.I.; 

Broek, D. Expression and significance of vascular 

endothelial growth factor receptor 2 in bladder 

cancer. J. Urol., 2006; 175: 1245–1252. [CrossRef] 

23. Wilhelm, S.; Carter, C.; Lynch, M.; Lowinger, T.; 

Dumas, J.; Smith, R.A.; Schwartz, B.; Simantov, R.; 

Kelley, S. Discovery and development of sorafenib: 

A multikinase inhibitor for treating cancer. Nat. Rev. 

Drug Discov, 2006; 5: 835–844. 

[CrossRef][PubMed] 

24. Strumberg, D.; Scheulen, M.; Schultheis, B.; Richly, 

H.; Frost, A.; Büchert, M.; Christensen, O.; Jeffers, 

M.; Heinig, R.; Boix, O. Regorafenib (BAY 73-

4506) in advanced colorectal cancer: A phase I 

study. Br. J. Cancer, 2012; 106: 1722–1727. 

[CrossRef] 

25. Harris, P.A.; Boloor, A.; Cheung, M.; Kumar, R.; 

Crosby, R.M.; Davis-Ward, R.G.; Epperly, A.H.; 

Hinkle, K.W.; Hunter III, R.N.; Johnson, J.H. 

Discovery of 5-[[4-[(2, 3-dimethyl-2 H-indazol-6-yl) 

methylamino]-2-pyrimidinyl] amino]-2-methyl-

benzenesulfonamide (Pazopanib), a novel and potent 

vascular endothelial growth factor receptor inhibitor. 

J. Med. Chem., 2008; 51: 4632–4640. [CrossRef] 

26. Subbiah, V.; Meric-Bernstam, F.; Mills, G.B.; Shaw, 

K.R.M.; Bailey, A.M.; Rao, P.; Ward, J.F.; Pagliaro, 

L.C. Next generation sequencing analysis of 

platinum refractory advanced germ cell tumor 

sensitive to Sunitinib (Sutent®) a 

VEGFR2/PDGFR_/ckit/ FLT3/RET/CSF1R 

inhibitor in a phase II trial. J. Hematol. Oncol, 2014; 

7: 1–10. [CrossRef] 

27. Modi, S.; Kulkarni, V. Vascular endothelial growth 

factor receptor (VEGFR-2)/KDR inhibitors: 

Medicinal chemistry perspective.  Med. Drug 

Discov, 2019; 2: 100009. [CrossRef] 

28. Roviello, G.; Corona, S.P.; Bozza, G.; Aieta, M.; 

Generali, D.; Rodriquenz, M.G.; Mileo, A.M.; 

Imperatori, M.; Ianza, A.; Conca, R. Lenvatinib for 

the treatment of renal cell carcinoma. Expert Opin. 

Investig. Drugs, 2018; 27: 507–512. [CrossRef] 

29. Xu, W.W.; Li, B.; Lam, A.K.; Tsao, S.W.; Law, 

S.Y.; Chan, K.W.; Yuan, Q.J.; Cheung, A.L. 

Targeting VEGFR1-and VEGFR2-expressing non-

tumor cells is essential for esophageal cancer 

therapy. Oncotarget, 2015; 6: 1790. [CrossRef] 

30. Jung, K.; Heishi, T.; Khan, O.F.; Kowalski, P.S.; 

Incio, J.; Rahbari, N.N.; Chung, E.; Clark, J.W.; 

Willett, C.G.; Luster, A.D. Ly6C lo monocytes drive 

immunosuppression and confer resistance to anti-

VEGFR2 cancer therapy. J. Clin. Investig, 2017; 

127: 3039–3051.[CrossRef] [PubMed] 

31. Pysz, M.A.; Foygel, K.; Rosenberg, J.; Gambhir, 

S.S.; Schneider, M.; Willmann, J.K. Antiangiogenic 

cancer therapy: Monitoring with molecular US and a 

clinically translatable contrast agent (BR55). 

Radiology, 2010; 256: 519–527. [CrossRef] 


