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Over the last decade, polymeric NPs have been designed to overcome the limitations of free therapeutics for the

treatment of cancer. Polymeric NPs have shown a more favorable pharmacokinetic profile than the free

chemotherapeutics, but optimization of the formulation, in terms of the polydispersity and size of the NPs, is still needed to

improve efficacy. In the same way, drug release from polymeric NPs can be more precisely controlled, with a range of

polymers designed specifically for that purpose.
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1. Introduction

At the end of the nineties, nanomedicine arose as a panacea for the diagnosis and treatment of diseases. However, today,

nanomedicine is still there, waiting for its potential to be fully tapped.

The first visualization of <4 nm structures took place in 1902, and was performed by Richard Zsigmondy and Henry

Siedentopf. Fifty years later, the disposition of the atoms over surfaces was reported, for the first time, by Erwin Müller in

1951 using ion field microscopy. In this regard, the development of the first atomic force microscope in 1986 allowed us to

finally see nanostructures in high resolution . These findings attracted great interest in the field of medicine, and a surge

of scientific studies and research allowed us to come up with the term “nanomedicine” .

Looking back, we saw the first nanoparticles (NPs) as drug delivery systems (DDS), reported in the late 1960s by Peter

Paul Speiser . This event is considered one of the greatest moments in the history of nanomedicine, because it

represented the first “Targeted Nanotherapy”. There were other important findings aimed to implement nanotechnology in

the field of medicine, such as the use of dendrimers  or chips , but, undoubtedly, the use of nanomaterials in tissue

engineering paved the way for considering nanomedicine as an area of expertise in science . In fact, it accelerated the

registration and marketing approvals of key pharmaceuticals in developed countries .

Nanomedicine provides hope to improve current cancer treatment. In this sense, nanoparticles can offer several

advantages in comparison to conventional chemotherapeutics based on the enhanced permeability and retention (EPR)

effect. The drug can be delivered in high concentrations to the site of interest, reducing the effects to the surrounding

tissues (Table 1collects the advantages of nanomedicines comparted to conventional chemotherapeutics). Apart from all

the advantages of the use of DDS for cancer treatment, polymeric DDS are notable for clinical translation, due to the

biocompatibility of the raw materials and the easy modulation to improve efficacy.

Nanomedicine can be divided into the following three main areas depending on its application: nanodiagnosis,

regenerative medicine, and nanotherapy . The main aim of nanodiagnosis is the early detection of diseases by the use

of nanomaterials . The in vivo diagnosis consists of the administration of different nanodevices for the

quantification of several parameters, compounds or metabolites in the organism, while in vitro diagnosis achieves disease

detection through samples obtained from patients. One of the principal nanomaterials for nanodiagnosis is the

nanobiosensor, which can detect a number of compounds in real time .

On the other hand, regenerative medicine consists of the repair or substitution of damaged tissues and organs by

nanomaterials . The most commonly used nanomaterials employed for this purpose are based on carbon nanotubes,

hydroxyapatite nanodevices, nanocomposites, and biodegradable polymers .

Unfortunately, therapeutic agents are not free of side effects and contraindications. In fact, there is a significant proportion

of patients who experience adverse effects with the current therapies. On the other hand, minor, but frequent, side effects

produced mean that many patients report low levels of adherence to treatments . In this context, nanotherapy seems to

provide solutions by therapeutic encapsulation in controlled-release systems.
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Lipid-based NPs are simply formulated and are able to carry large payloads , but they are rapidly retained by the

reticuloendothelial system, and modifications to extend their half-time circulation are requested for clinical use. However,

the low therapeutic loading, and accumulation in the liver and spleen limit their options for clinical development .

Amongst the many materials used in nanomedicine, with promising properties as therapeutic carriers, the following one

stands out: biodegradable and biocompatible polymers . To date, many polymeric NPs are in clinical trials (Table 3)

2. From Raw Materials to Polymeric NPs

Polyesters are the most used raw materials for polymeric DDS generation. Ideally, the polymers selected must be

biocompatible and biodegradable, and therefore the existence of ester bonds in the macrostructure make these devices

easily broken in biological environments. Despite their biocompatibility, biodegradability and non-toxic properties, these

raw materials present limitations to clinical translation, due to the high variability in batch productions and high

immunogenicity of some natural polymers. On the other hand, synthetic polymers can be designed to modulate delivery

parameters such as loading efficiencies, therapeutic release kinetics, surface charge, stability, responsivity, and size and

polydispersities of the polymeric NPs.

PLA is an FDA-approved polymer, due to its biodegradability, low immunogenicity, low toxicity and high biocompatibility.

PLA is degraded to lactic acid, which, in turn, is used in other metabolic routes . Some studies with PLA NPs showed

that lactic acid was metabolized fast, to H2O and CO2, and, therefore, was easily eliminated by the body .

Representative examples for the development of new cancer treatments using PLA NPs are the work carried out by

Coolen et al., where PLA NPs were used for cell transfection , or the work reported by Feng et al., to encapsulate

fisetin for breast cancer therapy .

PGA was used for the generation of the first bioresorbable suture in the seventies . PGA is a biodegradable

thermoplastic that produces glycolic acid after degradation, and is then excreted in urine. The low solubility in organic

solvent, low stability in water, and quick enzymatic degradability limited the use of PGA for NPs formulation. Indeed, the

use of PGA is focused on tissue engineering for bone, tendons, cartilage, teeth, and spinal regeneration .

The degradation products of PLGA are lactic acid and glycolic acid, which are innocuous for humans . The

incorporation of polyethylene glycol into the macromolecular structure allows the circulation time of the NPs to increase

, and the bio-adhesion to different immune cell lines or different plasmatic components to decrease . As an

original strategy, Pan et al. reported hyaluronic acid-decorated hybrid PLGA nanoparticles as 17-allylaminogeldanamycin

delivery carriers for targeted colon cancer therapy. In vivo studies showed much better therapeutic efficiency than the free

therapeutic .

PCL is a biodegradable and biocompatible FDA-approved polymer, obtained from fossil resources . It is soluble in a

wide range of organic solvents and presents slow degradation rates (2–3 years). Once again, its use is focused on tissue

engineering . However, it has also been used as a raw material for DDS generation, in the form of copolymers with

other low degradation rate polymers, such as PLGA or PEG .

Poly(anhydrides) , poly(orthoesters)  are examples of other polymers used for the generation of DDS. In many

cases, successful devices have been formulated, such as the one reported by Fusser et al., using poly(2-ethylbutyl

cyanoacry-late) to encapsulate cabazitaxel for breast cancer treatment , or the poly(ester amides) NPs reported by

Villamagna et al.

3. Methods to Formulate Polymeric NPs

There are several methods to formulate polymeric NPs. The methods can be broken down in two main strategies, top-

down and bottom-up methodologies (Figure 6).

In top-down methodologies, the NPs are obtained from preformed polymers; meanwhile, in bottom-up methodologies, the

polymerization of the monomers is achieved during formulation . The nanoprecipitation and displacement solvent

method, several techniques of emulsification and evaporation, solvent diffusion, dialysis methods, salting-out, electro-

static spraying and micro-fluids are the most important ones in the case of top-down methodologies. Bottom-up strategies

have not been widely explored, but, among them, emulsion polymerization, interfacial polymerization, interfacial

polycondensation and the coacervation approach are the most used . The following is a more detailed explanation of

the most widely used methods for the generation of polymeric NPs (see illustrations inFigure 7).
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In this approach, the therapeutic and polymer are solubilized in immiscible organic solvents, such as ethyl acetate or

dichloromethane, within the aqueous phase containing surfactants . The phases are emulsified with the help of a high-

speed homogenizer or sonicator. Once the nano-emulsion is stabilized, the solvent is removed. This methodology is

characterized to give rise to large particle sizes .

It was designed to encapsulate hydrophilic therapeutics and proteins. This approach consists of the formulation of two

nano-emulsions, once a simple nano-emulsion preparation is added to an external aqueous phase, and again emulsified

to obtain the double nano-emulsion. NPs are formed when the organic solvent is removed. This approach was designed

in order to attain higher encapsulation efficiencies for hydrophilic therapeutics .

The common choices of salting-out agents are magnesium chloride, calcium chloride or sucrose. Fast mechanical stirring

is used to emulsify, and the solvent is removed via reduced pressure. The mixture needs ultracentrifugation and repeated

washing to eliminate the salting-out agents and surfactants . The main disadvantage of this methodology is that the

salting out agents are, in many cases, incompatible with therapeutics .

The polymer and therapeutic are solubilized in miscible organic solvents, and then the mixture is added in a controlled

manner over an aqueous solution during continuous stirring . During nanoprecipitation, NPs are formed instantly and

the therapeutic is entrapped in the polymer matrix. In this case, the solvent is removed by reduced pressure . The

formation of NPs is governed by the Gibbs-Marangoni effect, which describes a mass transfer in an interphase between

two fluids, due to a gradient of superficial tension .

The basic principles of this approach are based on the application of electrostatic charges to manufacture the NPs. For

this approach, a charged solution where the therapeutic and polymer are dissolved is used, and the concentration, caudal,

voltage and other parameters are adjusted to generate little drops with different defined shapes and sizes in the matrix

solution. This technique achieves very high therapeutic loading efficiency with a low polydispersity index .

The microfluid devices are designed to manipulate fluids in microscale channels. Obtaining NPs in microfluid systems is

carried out by microdevices with internal dimensions of less than 1 mm .

Emulsion polymerization is the fastest scale-up method to manufacture polymeric NPs. There are two types , emulsion

polymerization with a continuous organic phase, which consists of the dispersion of the monomer into an emulsion, and

emulsion polymerization, with a continuous aqueous phase in which the monomer is dissolved in an aqueous solution

without surfactants. The former is less used because of the use of toxic solvents, surfactants, and initiators, which are

difficult to be removed .

In this case, the mixture of the therapeutic, monomers and initiator are extruded through a needle over an aqueous

solution within a surfactant. During the process, NPs are spontaneously formed by monomer polymerization. Later, the

solvent is removed, and the NPs are obtained. The advantage of this approach is the high encapsulation efficiency in the

one-step formulation.

4. Polymeric NPs in Clinical Investigations

There are more than 15 nanomedicines on the market for cancer treatment . Concerning the polymeric NPs (seeTable
3), PICN®is a polymeric formulation of paclitaxel that is approved in India for metastatic breast cancer . The non-

targeted PICN®is currently in clinical trials in the USA ; Genexol®, produced by Samyang Biopharm, is a polymeric

micelle formulation of paclitaxel that is clinically approved to treat breast cancer in South Korea . Early results in

patients with solid tumors showed dose-dependent intracellular localization in tumor cells.

The identification of genomic alterations, such as gene amplifications or mutations, in cancers has permitted the design of

chemical entities against those alterations. Similar findings can be described for targeted agents, such as the kinase

inhibitor against HER2 neratinib that shows an inadequate toxicity profile in relation with diarrhea. Another example is the

mucositis and glucose deregulation observed with everolimus, which produces treatment discontinuations . In this

context, it is expected that strategies targeting pan-essential genes will be toxic, having an inverse therapeutic index 
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In addition, the pharmacokinetic (PK) profile can influence the toxicity and particularly when the toxicity itself is not

reversible . To resolve this problem, encapsulation of compounds to improve their PK profile, limiting their exposure to

non-transformed tissue, is a main area of research. The encapsulation of PROTACs is an example of success , but

there is still a long way to go, which requires safety and efficacy experiments in different animal models. Novel methods

for the encapsulation of targeted agents, such as small chemical entities, are under evaluation.

References

1. Binnig, G.; Quate, C.F.; Gerber, C. Atomic Force Microscope. Phys. Rev. Lett. 1986, 56, 930–933.

2. Drexler, K.; Peterson, C.L.; Pergamit, G. Unbounding the Future: The Nanotechnology Revolution; William Morrow and
Company, Inc.: New York, NY, USA, 1991.

3. Kreuter, J. Nanoparticles—A historical perspective. Int. J. Pharm. 2007, 331, 1–10.

4. Abbasi, E.; Aval, S.F.; Akbarzadeh, A.; Milani, M.; Nasrabadi, H.T.; Joo, S.W.; Hanifehpour, Y.; Nejati-Koshki, K.;
Pashaei-Asl, R. Dendrimers: Synthesis, Applications, and Properties. Nanoscale Res. Lett. 2014, 9, 247.

5. Santini, J.T.; Cima, M.J.; Langer, R. A Controlled-Release Microchip. Nature 1999, 397, 335–338.

6. Langer, R.; Vacanti, J.P. Tissue Engineering. Science 1993, 260, 920–926.

7. Zingg, R.; Fischer, M. The Consolidation of Nanomedicine. Wiley Interdiscip. Rev. Nanomed. Nanobiotechnol. 2019,
11, e1569.

8. Shi, J.; Votruba, A.R.; Farokhzad, O.C.; Langer, R. Nanotechnology in Drug Delivery and Tissue Engineering: From
Discovery to Applications. Nano Lett. 2010, 10, 3223–3230.

9. Jain, K.K. Nanodiagnostics: Application of Nanotechnology in Molecular Diagnostics. Expert Rev. Mol. Diagn. 2003, 3,
153–161.

10. Bonam, S.R.; Kotla, N.G.; Bohara, R.A.; Rochev, Y.; Webster, T.J.; Bayry, J. Potential Immuno-Nanomedicine
Strategies to Fight COVID-19 like Pulmonary Infections. Nano Today 2021, 36, 101051.

11. Rana, M.M. Polymer-Based Nano-Therapies to Combat COVID-19 Related Respiratory Injury: Progress, Prospects,
and Challenges. J. Biomater. Sci. Polym. Ed. 2021, 32, 1219–1249.

12. Windmiller, J.R.; Wang, J. Wearable Electrochemical Sensors and Biosensors: A Review. Electroanalysis 2013, 25, 29–
46.

13. Madurantakam, P.A.; Cost, C.P.; Simpson, D.G.; Bowlin, G.L. Science of Nanofibrous Scaffold Fabrication: Strategies
for next Generation Tissue-Engineering Scaffolds. Future Med. 2009, 4, 193–206.

14. Seruga, B.; Ocana, A.; Tannock, I.F. Drug Resistance in Metastatic Castration-Resistant Prostate Cancer; Nature
Publishing Group: Berlin, Germany, 2011; Volume 8.

15. Fenton, O.S.; Olafson, K.N.; Pillai, P.S.; Mitchell, M.J.; Langer, R. Advances in Biomaterials for Drug Delivery. Adv.
Mater. 2018, 30, 1705328.

16. Gagliardi, A.; Giuliano, E.; Venkateswararao, E.; Fresta, M.; Bulotta, S.; Awasthi, V.; Cosco, D. Biodegradable
Polymeric Nanoparticles for Drug Delivery to Solid Tumors. Front. Pharm. 2021, 12.

17. Sun, L.; Wu, Q.; Peng, F.; Liu, L.; Gong, C. Strategies of Polymeric Nanoparticles for Enhanced Internalization in
Cancer Therapy. Colloids Surf. B Biointerfaces 2015, 135, 56–72.

18. James, R.; Manoukian, O.S.; Kumbar, S.G. Poly(Lactic Acid) for Delivery of Bioactive Macromolecules. Adv. Drug Deliv.
Rev. 2016, 107, 277–288.

19. Bazile, D.V.; Ropert, C.; Huve, P.; Verrecchia, T.; Marlard, M.; Frydman, A.; Veillard, M.; Spenlehauer, G. Body
Distribution of Fully Biodegradable [14C]-Poly(Lactic Acid) Nanoparticles Coated with Albumin after Parenteral
Administration to Rats. Biomaterials 1992, 13, 1093–1102.

20. Coolen, A.-L.; Lacroix, C.; Mercier-Gouy, P.; Delaune, E.; Monge, C.; Exposito, J.-Y.; Verrier, B. Poly(Lactic Acid)
Nanoparticles and Cell-Penetrating Peptide Potentiate MRNA-Based Vaccine Expression in Dendritic Cells Triggering
Their Activation. Biomaterials 2019, 195, 23–37.

21. Feng, C.; Yuan, X.; Chu, K.; Zhang, H.; Ji, W.; Rui, M. Preparation and Optimization of Poly (Lactic Acid) Nanoparticles
Loaded with Fisetin to Improve Anti-Cancer Therapy. Int. J. Biol. Macromol. 2019, 125, 700–710.

22. A New Absorbable Suture—Frazza—1971—Journal of Biomedical Materials Research—Wiley Online Library. Available
online: (accessed on 28 May 2021).

[58]

[59]



23. Tang, X.; Thankappan, S.K.; Lee, P.; Fard, S.E.; Harmon, M.D.; Tran, K.; Yu, X. Chapter 21—Polymeric Biomaterials in
Tissue Engineering and Regenerative Medicine. In Natural and Synthetic Biomedical Polymers; Kumbar, S.G.,
Laurencin, C.T., Deng, M., Eds.; Elsevier: Oxford, UK, 2014; pp. 351–371. ISBN 978-0-12-396983-5.

24. Xu, Y.; Kim, C.-S.; Saylor, D.M.; Koo, D. Polymer Degradation and Drug Delivery in PLGA-Based Drug-Polymer
Applications: A Review of Experiments and Theories. J. Biomed. Mater. Res. B Appl. Biomater. 2017, 105, 1692–1716.

25. Torchilin, V.P. Polymer-Coated Long-Circulating Microparticulate Pharmaceuticals. J. Microencapsul. 1998, 15, 1–19.

26. Knop, K.; Hoogenboom, R.; Fischer, D.; Schubert, U.S. Poly(Ethylene Glycol) in Drug Delivery: Pros and Cons as Well
as Potential Alternatives. Angew Chem. Int. Ed. Engl. 2010, 49, 6288–6308.

27. Torchilin, V.P.; Omelyanenko, V.G.; Papisov, M.I.; Bogdanov, A.A.; Trubetskoy, V.S.; Herron, J.N.; Gentry, C.A.
Poly(Ethylene Glycol) on the Liposome Surface: On the Mechanism of Polymer-Coated Liposome Longevity. Biochim.
Biophys. Acta 1994, 1195, 11–20.

28. Pan, C.; Zhang, T.; Li, S.; Xu, Z.; Pan, B.; Xu, S.; Jin, S.; Lu, G.; Yang, S.; Xue, Z.; et al. Hybrid Nanoparticles Modified
by Hyaluronic Acid Loading an HSP90 Inhibitor as a Novel Delivery System for Subcutaneous and Orthotopic Colon
Cancer Therapy. Int. J. Nanomed. 2021, 16, 1743–1755.

29. Rudnik, E. Compostable Polymer Materials; Elsevier: Amsterdam, The Netherlands, 2019; ISBN 978-0-08-099442-0.

30. Dash, T.K.; Konkimalla, V.B. Poly-є-Caprolactone Based Formulations for Drug Delivery and Tissue Engineering: A
Review. J. Control. Release 2012, 158, 15–33.

31. Dash, T.K.; Konkimalla, V.B. Polymeric Modification and Its Implication in Drug Delivery: Poly-ε-Caprolactone (PCL) as
a Model Polymer. Mol. Pharm 2012, 9, 2365–2379.

32. Lu, X.L.; Sun, Z.J.; Cai, W.; Gao, Z.Y. Study on the Shape Memory Effects of Poly(L-Lactide-Co-Epsilon-Caprolactone)
Biodegradable Polymers. J. Mater. Sci. Mater. Med. 2008, 19, 395–399.

33. Pachence, J.M.; Bohrer, M.P.; Kohn, J. Biodegradable Polymers. Princ. Tissue Eng. 2007, 323–339.

34. Andrieux, K.; Couvreur, P. Polyalkylcyanoacrylate Nanoparticles for Delivery of Drugs across the Blood-Brain Barrier.
Wiley Interdiscip. Rev. Nanomed. Nanobiotechnol. 2009, 1, 463–474.

35. Fusser, M.; Øverbye, A.; Pandya, A.D.; Mørch, Ý.; Borgos, S.E.; Kildal, W.; Snipstad, S.; Sulheim, E.; Fleten, K.G.;
Askautrud, H.A.; et al. Cabazitaxel-Loaded Poly(2-Ethylbutyl Cyanoacrylate) Nanoparticles Improve Treatment Efficacy
in a Patient Derived Breast Cancer Xenograft. J. Control. Release 2019, 293, 183–192.

36. Han, J.; Zhao, D.; Li, D.; Wang, X.; Jin, Z.; Zhao, K. Polymer-Based Nanomaterials and Applications for Vaccines and
Drugs. Polymers 2018, 10, 31.

37. Krishnaswamy, K.; Orsat, V. Chapter 2—Sustainable Delivery Systems Through Green Nanotechnology. In Nano- and
Microscale Drug Delivery Systems; Grumezescu, A.M., Ed.; Elsevier: Amsterdam, The Netherlands, 2017; pp. 17–32.
ISBN 978-0-323-52727-9.

38. Avgoustakis, K. Pegylated Poly(Lactide) and Poly(Lactide-Co-Glycolide) Nanoparticles: Preparation, Properties and
Possible Applications in Drug Delivery. Curr. Drug Deliv. 2004, 1, 321–333.

39. Wang, Q.; Wu, P.; Ren, W.; Xin, K.; Yang, Y.; Xie, C.; Yang, C.; Liu, Q.; Yu, L.; Jiang, X.; et al. Comparative Studies of
Salinomycin-Loaded Nanoparticles Prepared by Nanoprecipitation and Single Emulsion Method. Nanoscale Res. Lett.
2014, 9, 351.

40. Cohen-Sela, E.; Teitlboim, S.; Chorny, M.; Koroukhov, N.; Danenberg, H.D.; Gao, J.; Golomb, G. Single and Double
Emulsion Manufacturing Techniques of an Amphiphilic Drug in PLGA Nanoparticles: Formulations of Mithramycin and
Bioactivity. J. Pharm. Sci. 2009, 98, 1452–1462.

41. Cegnar, M.; Kos, J.; Kristl, J. Cystatin Incorporated in Poly(Lactide-Co-Glycolide) Nanoparticles: Development and
Fundamental Studies on Preservation of Its Activity. Eur. J. Pharm. Sci. 2004, 22, 357–364.

42. Allémann, E.; Gurny, R.; Doelker, E. Preparation of Aqueous Polymeric Nanodispersions by a Reversible Salting-out
Process: Influence of Process Parameters on Particle Size. Int. J. Pharm. 1992, 87, 247–253.

43. Das, S.; Suresh, P.K.; Desmukh, R. Design of Eudragit RL 100 Nanoparticles by Nanoprecipitation Method for Ocular
Drug Delivery. Nanomedicine 2010, 6, 318–323.

44. Niza, E.; Nieto-Jiménez, C.; Noblejas-López, M.d.M.; Bravo, I.; Castro-Osma, J.A.; De La Cruz-Martínez, F.; Martínez
de Sarasa Buchaca, M.; Posadas, I.; Canales-Vázquez, J.; Lara-Sanchez, A. Poly (Cyclohexene Phthalate)
Nanoparticles for Controlled Dasatinib Delivery in Breast Cancer Therapy. Nanomaterials 2019, 9, 1208.

45. Draheim, C.; de Crécy, F.; Hansen, S.; Collnot, E.-M.; Lehr, C.-M. A Design of Experiment Study of Nanoprecipitation
and Nano Spray Drying as Processes to Prepare PLGA Nano- and Microparticles with Defined Sizes and Size
Distributions. Pharm. Res. 2015, 32, 2609–2624.



46. Jaworek, A. Micro- and Nanoparticle Production by Electrospraying. Powder Technol. 2007, 176, 18–35.

47. Xu, S.; Nie, Z.; Seo, M.; Lewis, P.; Kumacheva, E.; Stone, H.A.; Garstecki, P.; Weibel, D.B.; Gitlin, I.; Whitesides, G.M.
Generation of Monodisperse Particles by Using Microfluidics: Control over Size, Shape, and Composition. Angew
Chem. Int. Ed. Engl. 2005, 44, 724–728.

48. DeMello, A.J. Control and Detection of Chemical Reactions in Microfluidic Systems. Nature 2006, 442, 394–402.

49. Reis, C.P.; Neufeld, R.J.; Ribeiro, A.J.; Veiga, F. Nanoencapsulation I. Methods for Preparation of Drug-Loaded
Polymeric Nanoparticles. Nanomedicine 2006, 2, 8–21.

50. He, H.; Liu, L.; Morin, E.E.; Liu, M.; Schwendeman, A. Survey of Clinical Translation of Cancer Nanomedicines—
Lessons Learned from Successes and Failures Published as Part of the Accounts of Chemical Research Special Issue
“ Nanomedicine and Beyond. Acc. Chem. Res. 2019, 52, 2445–2461.

51. Jain, M.M.; Gupte, S.U.; Patil, S.G.; Pathak, A.B.; Deshmukh, C.D.; Bhatt, N.; Haritha, C.; Babu, K.G.; Bondarde, S.A.;
Digumarti, R.; et al. Paclitaxel Injection Concentrate for Nanodispersion versus Nab-Paclitaxel in Women with
Metastatic Breast Cancer: A Multicenter, Randomized, Comparative Phase II/III Study. Breast Cancer Res. Treat. 2016,
156, 125–134.

52. Saif, M.W.; Podoltsev, N.A.; Rubin, M.S.; Figueroa, J.A.; Lee, M.Y.; Kwon, J.; Rowen, E.; Yu, J.; Kerr, R.O. Phase II
Clinical Trial of Paclitaxel Loaded Polymeric Micelle in Patients with Advanced Pancreatic Cancer. Cancer Investig.
2010, 28, 186–194.

53. Kim, T.Y.; Kim, D.W.; Chung, J.Y.; Shin, S.G.; Kim, S.C.; Heo, D.S.; Kim, N.K.; Bang, Y.J. Phase I and Pharmacokinetic
Study of Genexol-PM, a Cremophor-Free, Polymeric Micelle-Formulated Paclitaxel, in Patients with Advanced
Malignancies. Clin. Cancer Res. 2004, 10, 3708–3716.

54. Lee, K.S.; Chung, H.C.; Im, S.A.; Park, Y.H.; Kim, C.S.; Kim, S.B.; Rha, S.Y.; Lee, M.Y.; Ro, J. Multicenter Phase II Trial
of Genexol-PM, a Cremophor-Free, Polymeric Micelle Formulation of Paclitaxel, in Patients with Metastatic Breast
Cancer. Breast Cancer Res. Treat. 2008, 108, 241–250.

55. Saleh, R.R.; Meti, N.; Ribnikar, D.; Goldvaser, H.; Ocana, A.; Templeton, A.J.; Seruga, B.; Amir, E. Associations
between Safety, Tolerability, and Toxicity and the Reporting of Health-Related Quality of Life in Phase III Randomized
Trials in Common Solid Tumors. Cancer Med. 2020, 9, 7888–7895.

56. Fernandes Neto, J.M.; Nadal, E.; Bosdriesz, E.; Ooft, S.N.; Farre, L.; McLean, C.; Klarenbeek, S.; Jurgens, A.; Hagen,
H.; Wang, L.; et al. Multiple Low Dose Therapy as an Effective Strategy to Treat EGFR Inhibitor-Resistant NSCLC
Tumours. Nat. Commun. 2020, 11, 3157.

57. Chang, L.; Ruiz, P.; Ito, T.; Sellers, W.R. Targeting Pan-Essential Genes in Cancer: Challenges and Opportunities.
Cancer Cell 2021, 39, 466–479.

58. Ocana, A.; Pandiella, A.; Siu, L.L.; Tannock, I.F. Preclinical Development of Molecular-Targeted Agents for Cancer. Nat.
Rev. Clin. Oncol. 2010, 8, 200–209.

59. Cimas, F.J.; Niza, E.; Juan, A.; Noblejas-López, M.d.M.; Bravo, I.; Lara-Sanchez, A.; Alonso-Moreno, C.; Ocaña, A.
Controlled Delivery of BET-PROTACs: In Vitro Evaluation of MZ1-Loaded Polymeric Antibody Conjugated
Nanoparticles in Breast Cancer. Pharmaceutics 2020, 12, 986.

Retrieved from https://encyclopedia.pub/entry/history/show/29358


