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1. INTRODUCTION  
Dendrimers have a highly branching tree-like design in 

three dimensions and a spherical shape at the nanoscale. 

Because of its tree-like branching structure, the term 

"dendrimer" is derived from the Greek word "dendron," 

which also means "tree”.
[1]

 In 1978, Buhleier et al. 

produced the first dendrimer by successfully 

synthesizing a cascade-like repeated structure of mono 

and diamine around a central core.
[2]

 In 1995, Duan et al. 

described an electrically conducting dendrimer in which 

naphthalene diamide anion radicals were incorporated 

into the outermost layer of PAMAM. Together, these 

radicals form a -stacked network that may be used as a 

conductor.
[3]

 Mon dispersity, one of the dendrimer's 

defining characteristics, allows for mass-production of 

the molecule. Since cell lysis was observed in the case of 

cationic dendrimers due to interaction between cell 

membrane (negatively charged) and dendrimer surface 

(positively charged), biocompatibility of the dendrimers 

enhanced by PEGylation, glycosylation. Nanoscale size 

of the dendrimers not only increases the surface area but 

also helps in permeation in the cells without hurdle, for 

example, 5G PAMAM has the same size and shape as 

hemoglobin (Hb) (5.5nm).
[4]

 Dendrimers are being 

investigated extensively for drug delivery applications 

because of their potential to address problems with the 

present drug delivery method. Due to the current drug 

delivery carrier's inability to deliver drugs selectively to 

cancer cells while minimizing their cytotoxicity to 

healthy cells, an increasing number of people are losing 

their lives to the disease. This is where dendrimers-based 

nanocarriers come in.
[5]
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ABSTRACT  
Prostate cancer remains a significant global health concern, necessitating continuous exploration of novel 

therapeutic strategies to enhance treatment efficacy and mitigate side effects. This review examines the emerging 

role of dendrimers in revolutionizing prostate cancer therapy. Dendrimers, precisely engineered nanostructures 

with well-defined branching, offer unique advantages, including customizable surface functionalities, controlled 

drug release, and the ability to encapsulate various therapeutic agents. Recent studies highlight dendrimers as 

promising carriers for chemotherapeutic drugs, gene therapy vectors, and imaging agents in the context of prostate 

cancer. Their ability to penetrate biological barriers, such as the blood-brain barrier, and selectively accumulate in 

tumor tissues holds great potential for improving drug delivery precision. Additionally, dendrimers exhibit 

reduced systemic toxicity, enhancing the overall safety profile of therapeutic interventions. This review provides 

an overview of recent preclinical and clinical studies evaluating dendrimer-based therapies for prostate cancer. 

From enhanced drug delivery to targeted gene silencing and imaging modalities, dendrimers present a versatile 

platform for multifaceted treatment approaches. Furthermore, we discuss the challenges and future directions in 

the development and translation of dendrimer-based therapies, emphasizing the need for rigorous clinical 

investigations to validate their efficacy and safety in diverse patient populations. In conclusion, dendrimers 

represent a cutting-edge frontier in prostate cancer therapy, offering a plethora of opportunities to improve 

treatment outcomes while minimizing adverse effects. As research in this field progresses, dendrimer-based 

therapies may soon play a pivotal role in reshaping the landscape of prostate cancer treatment.  
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Prostate cancer overview 
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[6] 

 

Prostate cancer is the second most common malignancy 

diagnosed in men and the fifth biggest cause of death 

worldwide after lung cancer. Prostate cancer is difficult 

to detect in its early stages and requires close monitoring. 

There was an alarming rate of new instances of prostate 

cancer in industrialized countries in 2018, with GLOBO-

CAN 2018 estimating 1,276,106 new cases worldwide; 

this accounts for 7.1% of all malignancies in males.
[7,8]

 

New instances of prostate cancer are expected to increase 

by 26.2% by GLOBOCAN 2020, with 32.1% of fatalities 

occurring in Asia. In 2020, the age-standardized rates 

(ASR) for North America (73 per 100,000) are the 

highest in the world, while the ASR for Asia (11.5 per 

100,000) are among the lowest of any continent. 

Furthermore, death rates from ASR prostate cancer in 

Asia continue to be lower than in Africa (16.3 per 

100,000 people).
[9]

 

 

1.1 Limitation of current prostate cancer treatment  
Current methods of treating prostate cancer include the 

systemic administration of anti-cancer medications, 

despite their drawbacks, such as poor absorption and 

unwanted side effects due to their non-targeted 

distribution. Higher systemic dosages of cytotoxic 

medications are required to produce therapeutic benefits, 

however this increases the severity of severe side effects 

due to the drug's non-specific absorption by normal cells, 

which decreases the quantity of drug transported to the 

intended target cells that are cancerous.
[10]

 Along with 

urine incontinence, impotence and the inability to have 

sexual relations are well-known negative effects of 

therapy for prostate cancer.
[11]

 The majority of adverse 

events, such as chills, a high temperature, migraine, 

myalgia, profuse sweating, and flu-like symptoms, were 

observed during the first 24 hours after infusion and were 

thought to be caused by the release of cytokines. 

However, at this far, there has been no evidence of a 

higher risk of autoimmune problems. The risk of bladder 

and/or stomach cancers rises after radiation treatment for 

prostate cancer. Impotence and urinary issues are only 

two of the many serious problems that might arise.
[12]

 

 

1.2 Role of Dendrimers as a platform for prostate 

cancer therapy  
To meet the obstacles posed by conventional 

pharmaceuticals, dendrimers for applications involving 

drug delivery have undergone significant development in 

recent years.
[13]

 

 

For the treatment of cancer, many dendrimer types such 

as poly(amidoamine), polypropylene imine, polylysine, p

eptidedendrimer, and poly(ethylene glycol) are used as n

anocarriers. PAMAM dendrimers were first used to treat 

prostate cancer because of the difficulties in delivering 

innovative b nanomedicines, particularly long non-

coding (lnc) RNA gene therapy.
[14]

 Due to its potential 

uses in DNA purification, gene transport, and controlled 

medication administration, magneto-dendrimers have 

recently garnered the interest of researchers in the 

biomedical area. Since magneto-dendrimers like iron 

oxide magnetic NPs have several functional groups, 

nano-scale size, and low polydispersity—all of which are 

necessary characteristics of effective vehicles for drug 

delivery for prostate cancer treatment—they may serve 

as carriers of nanomedicines. Additionally, magneto-

dendrimers have satisfactory biocompatibility and 

bioavailability with a low toxicity profile.
[15]

 

Heterofunctional carbosilane metallodendrimers with 

[Ru(5 -C5H5) (PTA)Cl] at the focal point plus peripheral 

dimethylamino groups were created in order to assess 

potential anticancer nanotherapy against prostate cancer. 

PTA stands for 1,3,5-triaza-7-phosphatricyclo-decane.
[16]

 

An immunosensing signal can be amplified and 

electroactive molecules can be loaded onto a DNA 

dendrimer created by different research.
[17]

 Prostate-

specific antigen (PSA) may be detected more effectively 

using the FRET(Fluorescence resonance energy transfer) 

technique when combined with CdTe)(cadmium 

telluride) QDs(quantum dots)  and AuNPs-PAMAM.
[18]

 

 

2. Dendrimers design and synthesis: Dendrimers are 

a distinct class of repeatedly branched polymeric 

macromolecules with multiple limbs emanating 

from a central region, resulting in an almost perfect 

three-dimensional geometric pattern. Dendrimers 

can be synthesized using two primary methods: a) 

divergent approaches and b) convergent approaches, 

whose direction of synthesis differs, either outward 

from the center or inward toward the core, 

respectively. Tomalia was the first to propose 

distinct procedures.
[19]

 PAMAM dendrimers contain 

tertiary amines and amide bonds, allowing them to 

engage a variety of targeting and guest molecules. 

Hawker and Frechet are renowned for their 

contributions to the development of convergent 

strategies for the synthesis of dendrimers.
[20]
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Fig. 1.1: Adopted from.

[21]
 

 

In convergent methods, dendrimer surfaces are first 

synthesized by gradually linking surface unit monomers 

together. When the growing surface wedges are large 

enough, several are attached to a suitable core to give a 

complete dendrimer. Polypropylenemine (PPI) and 

polyaryl ethers dendrimers are synthesized by using this 

convergent method.
[22]

 Dendrimers consist of a primary 

initiator, branches, and terminal functional groups. The 

initiator core is located at the center of the molecule, 

with branches emanating from it. The monomers affixed 

to the core are referred to as first generation monomers, 

and each first-generation monomer has two second 

generation monomers attached to it. In this manner, 

successive generations will form, with two monomers 

affixed to the monomer from the previous generation 

(Figure 1).
[23]

 The benefit of dendrimers is their ability to 

be synthesized and tailored for specific applications. 

They are ideal drug delivery systems due to their feasible 

topology, functionality, and dimensions; in addition, 

their size is very near to that of numerous essential 

biological polymers and assemblies, such as DNA and 

proteins, that are physiologically optimal.
[24]

 

 

2.1 Structural feature of dendrimers 
Dendrimers are unique and highly branched 

macromolecules with a well-defined and symmetric 

structure. They possess a tree-like architecture with 

multiple branches emanating from a central core, leading 

to the formation of successive generations. Here are 

some key structural features of dendrimers: 

 

Core: Dendrimers have a central core, which serves as 

the focal point from which successive branches emanate. 

The core can be a simple molecule or a complex 

structure and provides the foundation for the dendrimer's 

growth.
[25]

 

 

Branches: Dendrimers exhibit a highly branched 

structure. These branches are formed by repeated 

iterations of chemical reactions, which attach monomeric 

units to the core or the previous generation of branches. 

Each subsequent generation results in an increase in the 

number of branches and the overall size of the 

dendrimer. 

 

Generations: Dendrimers are characterized by different 

generations, which refer to the number of branching 

iterations from the core. Higher generations correspond 

to larger dendrimers with more branches. The number of 

branches in each generation follows a geometric 

progression, typically doubling with each successive 

generation. 

 

Dendritic Periphery: The outermost layer of a 

dendrimer is called the dendritic periphery. It consists of 

functional groups that can be tailored to exhibit specific 

properties or to enable attachment to other molecules or 

surfaces. The dendritic periphery plays a crucial role in 

determining the dendrimer's overall chemical reactivity 

and interactions. 

 

Symmetry: Dendrimers are designed to exhibit a high 

degree of symmetry, resulting from the controlled and 

sequential addition of branches. This symmetry enhances 

their structural regularity and allows for precise control 

over their properties. Common dendrimer symmetries 

include spherical, cylindrical, or planar structures. Size 

and Molecular Weight: Dendrimers can vary in size 

depending on the number of generations and the length 

of the branches. The molecular weight of dendrimers 

increases exponentially with each generation, making 

them relatively large molecules compared to linear 

polymers.
[26]

 

 

Dendritic Cavities: Dendrimers often possess internal 

cavities or pockets within their structure. These void 

spaces can be used to encapsulate guest molecules, such 

as drugs, dyes, or catalysts, leading to potential 

applications in drug delivery, sensing, or catalysis. 

 

2.2 Surface functionalization and targeting legends: 

Targeted Nanocarrier platforms hold a great deal of 

promise for the delivery of cancer imaging and 

treatment drugs that are specific to their intended 

targets.
[27]

 Despite their high targeting affinity and 

tumour penetration, the majority of low-molecular-

weight pharmaceuticals suffer from rapid clearance, 

even from the tumour, potentially necessitating high 

and/or multiple doses for optimal therapeutic 

efficacy, with associated off-target toxicity. 

Nanocarrier systems, including inorganic 

nanoparticles (NPs), organic supramolecular self-

assemblies, liposomes, and macromolecules, have 

the potential to increase the solubility and stability 

of encapsulated drug molecules with protracted 

blood circulation for enhanced therapeutic efficacy. 

In addition to delivering significant cargo, 

nanocarrier scaffolds can encapsulate multiple 

contrast agents and therapeutic medications. Their 

large surface area enables multifunctionality by 

conjugating a variety of targeting ligands, such as 

small molecules, carbohydrates, aptamers, nucleic 
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acid peptides, and antibodies, to enhance targeted 

delivery. Nanocarriers' ability to flee the 

reticuloendothelial system cells in the spleen and 

liver determines their ability to extravasate into 

tumours.
[28]

 prostate-specific membrane antigen 

(PSMA)- There are four main categories of targeted 

ligands: antibodies, aptamers, peptides, and small-

molecule inhibitors. Low-molecular-weight ligands 

have several benefits over antibodies, including 

simple synthesis, adaptable in situ pharmacokinetic 

characteristics and a reduced biological half-life, as 

well as biocompatibility achieved by combining 

with an appropriate linker or host. The isolation and 

analysis of the PSMA crystal structure was a 

landmark discovery that provided an extensive 

comprehension of the active location's essential 

connections as well as conformations.
[29]

 

 

3. DENDRIMERS IN TARGETED DRUG 

DELIVERY: A drug delivery system (DDS) is a 

procedure for providing a pharmaceutical chemical, 

formulation, or technology that is used to deliver the 

medication in people or animals in order to provide 

a therapeutic effect.
[30]

 By regulating the timing, 

pace, and location of medication release in the body, 

it increases the therapeutic substance's effectiveness 

and safety. It mostly includes site targeting inside 

the body.
[31]

 TDD, or targeted drug delivery, is a 

method that primarily combines the dose form and 

route of medication administration. It entails putting 

the medicinal substance or formulation into the 

body, allowing it to release its active chemicals, and 

then moving those compounds through biological 

membranes to the area of action.
[32]

 TDD is superior 

to traditional medication dose forms in several ways, 

including greater patient comforts, increased 

effectiveness, and drug bioavailability. TDD is the 

name of a credible, well-established treatments 

approach that creates nanoscale platforms and 

devices for the targeted delivery of therapeutic genes 

and tiny pharmacological molecules to target cells. 

Such delivery systems are created using a wide 

range of molecular techniques. When delivering 

treatments to the desired cells, the use of nanometer-

sized entities or other types of nanocarriers is 

crucial.
[33]

 Each of the three logical elements—(i) 

specific cellular bind through receptor ligand 

interaction; (ii) intracellular uptake of drug-carrying 

nano materials by the targeted cells via receptor 

mediated endocytosis; and (iii) intracellular 

controlled release of carried drug molecules in an 

active form—is essential to the concept of nano drug 

delivery.
[34]

 The third phase, which involves drug 

release, is crucial, and it should take place in a 

carefully regulated way to ensure that only the 

targeted cell experiences the medication's biological 

effects.
[35]

 The DDS, which contains metal 

nanoparticles, molecularly targeted nanoparticles, 

polymeric nanoparticles, liposomes, and dendrimers, 

may be employed for a variety of therapeutic 

purposes.
[36]

 A appropriate root for nanocarriers that 

can supply the biological complex in the body is 

necessary for successful DDS. These drug carriers 

are well suited for the administration of 

chemotherapeutics in cancer therapy because they 

are passively targeted to tumours via the increased 

permeability and retention effect.
[37]

 

 

3.1 passive and active targeting mechanism: By taking 

use of a special trait of tumour cells known as "the 

enhanced permeation and retention effect" (EPR effect), 

targeted distribution of anti cancer medicine made 

possible.
[38]

 

 

A range of ligands that bind with certain receptors overe

xpressed on the surface of tumour cells may be added to 

the nanoparticle surface in addition to this passive 

targeting based primarily on size, providing selectivity 

for active targeting. 

 

Another cuttingedge technique for targeted administratio

n is the sitespecific release of a medication housed in a n

anoparticulate system by applying external stimuli, such 

as hyperthermia, to a thermosensitive device.
[39]

 Passive 

targeting takes use of the greater interstitial spaces 

between neighboring endothelial cells (200–1200 nm) 

seen in tumours, which improve the permeability of the 

endothelial blood microvasculature. As a result, the 

increased permeability of these blood micro capillaries 

makes it simpler for drug-loaded nanocarriers to 

extravasate into tumours, increasing accumulation and 

prolonging drug exposure in the tumour owing to 

restricted clearance. Such nanotherapeutic chemicals are 

passively recruited to the tumours by this increased 

permeability and retention (EPR) effect, even without a 

targeted ligand on the nanocarriers surface.
[40]

 Active 

targeting, on the other hand, tries to target certain cancer 

cells while also using the EPR effect. The idea behind 

the targeted method is to target a cell surface biomarker 

or receptor molecule that is overexpressed in malignant 

cells by covalently attaching a targeting ligand to the 

surface of nanocarriers. a potential transporter for 

anticancer medications to tumours employing 

nanocarriers is shown in the schematic of passive tissue 

targeting and active cellular use.
[41]

 

 

Encapsulation and controlled release of anti cancer 

drugs prostate cancer 

Encapsulation in dendrimers has been used extensively 

in the biomedical field (imaging, pharmaceuticals), as 

well as in the food and cosmetics industries. Physical and 

chemical attributes of dendrimers, including their 

adaptability in terms of structure, capacity for self-

assembly, stability, and electrostatic interaction 

abilities.
[42]

 They may be employed in a variety of 

industries due to their ability to encapsulate molecules of 

the right size in internal cavities or the potential to graft 

molecules covalently to their perimeter.
[43]

 Encapsulation 

is the process of enclosing unstable active agents in a 

barrier against undesirable reactions (such as oxidation 
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or degradation due to light, oxygen, or pH). There are 

two varieties of encapsulations that can be used, 

including (i) nano-encapsulation, which consists of 

extremely small capsules. (ii)Micro Encapsulation, 

involving larger particulates on the order of 

micrometers.
[44] 

 

 
 

3.1 Overcoming multidrug resistance of cancer 

When an anticancer drug's effective dosage rises to an 

uncontrollable level, multidrug resistance (MDR) 

develops into a serious issue. Since many variables 

contribute to the development of intrinsic and acquired 

MDR, it is critical to have a thorough knowledge of these 

molecular mechanisms in order to create successful 

therapeutic approaches. For instance, the imbalance of 

angiogenic regulators, such as vascular endothelial 

growth factor (VEGF) and angiopoietins, results in 

structurally and functionally aberrant vascular networks 

caused by tumour angiogenesis. Because of the 

disorderly tumour blood flow, tumours may develop 

acidic and hypoxic areas.
[45]

 Through several cellular 

mechanisms, such as decreased susceptibility to p53-

mediated apoptosis and increased P-glycoprotein 

expression, hypoxia in cancer may contribute to 

multidrug resistance.
[46]

 An illustration of several MDR 

contributions. The MDR processes connected to drug 

efflux mechanisms involving ATP-binding cassette 

(ABC) membrane transporters have received the greatest 

attention to date.
[47]

 Patients who have the MDR effect 

may benefit more from chemotherapy medicines that are 

not ABC transporter substrates. This class of anticancer 

treatments includes anthracycline-modified medications 

such as annamycin and doxorubicin-peptide.
[48]

 

 

4. DENDRIMER IN IMAGING 

Dendrimers, highly branched macromolecules with well-

defined structures, have shown promise in various 

biomedical applications, including imaging and therapy. 

In the context of prostate cancer, dendrimers offer unique 

advantages due to their tunable properties, controlled 

size, and surface functionalities. Here are some ways 

dendrimers are being explored in imaging and therapy 

for prostate cancer: 

 

1. Imaging 

a. Contrast Agents: Dendrimers can be functionalized 

with imaging agents such as fluorophores, radioisotopes, 

or magnetic resonance imaging (MRI) contrast agents. 

This allows for enhanced imaging capabilities, enabling 

better visualization of tumors. 

b. Multimodal Imaging: Dendrimers can be designed to 

carry multiple imaging agents simultaneously, enabling 

multimodal imaging approaches. Combining techniques 

like MRI, positron emission tomography (PET), and 

optical imaging enhances diagnostic accuracy. 

c. Targeted Imaging: Surface modifications of 

dendrimers with specific ligands enable targeted imaging 

of prostate cancer cells. This improves the contrast 

between cancerous and healthy tissues, reducing false 

positives and improving overall imaging accuracy. 

 

2. Therapeutic Applications 

a. Drug Delivery: Dendrimers can serve as drug delivery 

vehicles due to their ability to encapsulate and release 

therapeutic agents in a controlled manner. In prostate 

cancer, this allows for targeted delivery of 

chemotherapeutic drugs to the cancer cells while 

minimizing damage to healthy tissues. 

b. Gene Delivery: Dendrimers can be utilized to deliver 

therapeutic genes, RNA, or other nucleic acids to 

prostate cancer cells. This opens up possibilities for gene 

therapy, where specific genes can be introduced to 

modulate cellular processes or induce apoptosis in cancer 

cells. 

c. Photothermal Therapy: Some dendrimers possess 

intrinsic properties that make them suitable for 

photothermal therapy. When exposed to specific 

wavelengths of light, these dendrimers generate heat, 

selectively killing cancer cells. This can be a valuable 

therapeutic option for prostate cancer treatment. 

d. Immunotherapy: Dendrimers can be employed in 

immunotherapeutic approaches by carrying antigens or 

immunomodulatory agents. This stimulates the immune 

system to recognize and attack prostate cancer cells, 

potentially offering a more targeted and durable 

treatment strategy. 

 

3. Combination Therapies 

Dendrimers can be part of combination therapies, where 

multiple therapeutic modalities are integrated. For 

example, a dendrimer may carry both an imaging agent 

for real-time monitoring and a therapeutic payload for 

simultaneous treatment. 

 

While the potential of dendrimers in prostate cancer 

imaging and therapy is promising, it's essential to note 

that research in this field is ongoing, and clinical 

translation is still in its early stages. Collaborative efforts 

between researchers, clinicians, and pharmaceutical 

companies are crucial for advancing dendrimer-based 

strategies for prostate cancer management.
[49,50,51]

 

 

4.1 Diagnostic imaging modalities: Using 

nanoparticles (NPs) to improve cancer detection and 

therapy, nanotechnology is at the forefront of 

anticancer medication research. Oncology 

researchers have looked at nanodrug delivery 

technologies in depth because of their high demand. 

Liposomes, polymeric nanoparticles, magnetic 

nanoparticles, gold nanoparticles, mesoporous silica 
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nanoparticles, quantum dots, micelles, and dendritic 

polymers are all examples of common nanocarriers. 

Indeed, NPs' biological dispersion in vivo is heavily 

influenced by their size, surface characteristics, and 

shape.
[52]

 Dendrimers have the potential to be 

exploited in two main ways for the diagnosis and 

treatment of cancer and other diseases: (i) passive 

targeting - nano dimension mediated through EPR 

(enhanced permeability retention) impact, and (ii) 

active targeting - nano dimension mediated via 

chemoattractant effect.
[53]

 There may be more 

benefits to using active targeting. Prostate-specific 

membrane antigen (PSMA), folic acid receptor (FR), 

CD44, and mannose 6-phosphate receptor (M6PR) 

are all prostate cancer surface targets for a variety of 

specialized expression agents.
[54]

 

 

4.2 Dendrimers based contrast agents: The use of 

contrast agents in magnetic resonance imaging 

(MRI) allows for more sensitive imaging to be 

obtained. pictures may either be very bright (T1 

weighted pictures) or very dark (T2 weighted 

images). On the other hand, contrast compounds 

may be employed to speed up the process, which is 

helpful in both clinical diagnosis and basic research 

by decreasing the time it takes for water molecules 

to move through a fluid. Gadolinium (Gd3+) 

compounds, which are paramagnetic, are found in 

the majority of contrast agents used in medicine. In 

light of these drawbacks, however, work is being 

done to develop a new generation of Gd-MRI 

contrast agents that would allow for lower dosage 

administration without sacrificing sensitivity. As a 

result, we may see an increasing number of studies 

on Gd-functionalized dendrimers in scholarly 

journals. Dendrimers' sensitivity is enhanced by 

gadolinium-based contrast because an increase in the 

amount of Gd3+ in the molecule makes it more 

spherical(55). Additionally, the buildup of contrast 

agents in the neoplastic tissue has to be monitored. 

Since tumours often have underdeveloped lymphatic 

vessels, multiarticulate contrast agents should have a 

greater propensity to target neoplastic tissues than 

healthy ones. There are several published accounts 

of the use of various dendrimers as MRI 

contrasts.
[56]

 

 

4.3 Molecular imaging theragnostic: Clinical 

applications of molecular imaging probes using 

positron emission tomography/computed 

tomography (PET/CT) or positron emission 

tomography/magnetic resonance imaging 

(PET/MRI) are being made in prostate cancer (PCa) 

diagnosis and image-guided precision surgery. This 

article summarizes the rapidly growing list of 

molecular imaging probes in this field, including 

their applications in early diagnosis of primary 

prostate lesions, detection of lymph node, skeletal, 

and visceral metastases in patients who have 

biochemical relapsed, and intraoperative guidance 

for detection of tumour margins and preservation of 

nerves. Exploration and study in this sector will 

ultimately lead to higher precision theragnostic of 

PCa, despite the fact that each imaging probe 

exhibits preferential effectiveness in certain 

applications and limits in others.
[57]

 

 

5. COMBINATION THERAPIES 

The use of combination therapy, in which two or more 

therapeutic medicines are used together, is fundamental 

in cancer treatment. Combining anti-cancer medications 

has been shown to be more effective than either using 

them separately or as monotherapy because of the 

synergistic or cumulative effects they have on targeting 

important pathways. This strategy has the potential to 

lessen medication resistance while simultaneously 

offering therapeutic anti-cancer effects include slowing 

tumour development and metastasis, stopping mitotically 

active cells, decreasing cancer stem cell populations, and 

triggering apoptosis. 

 

5.1 Dendrimers mediated combination therapy 

approaches: The combination of paclitaxel (PTX) and 

alendronate (ALN) was carried via a PEG-dendrimer, 

H(2)N-PEG-dendrimer-(COOH).
[4]

 For cancer bone 

metastases, the pharmacokinetic profile of the PTX-

PEG-ALN compound was much better than that of the 

free medicines without any solubilizing agent.
[58]

 

Dendritic polymers including proteins, enzymes, and 

viruses are readily functionalized and offer several 

benefits, including extended drug life, high stability, 

water solubility, and lower immunogenicity and 

antigenicity. Dendrimers are used in medication delivery, 

gene delivery, magnetic resonance imaging contrast 

agents, and sensors because of their properties.
[59]

 

Passive and/or active targeting techniques might increase 

target specificity using these dendrimers as carrier 

molecules. pH-activated polymers were used as a drug-

delivery vehicle system with photochemical 

internalization (PCI) capability to deliver membrane 

impermeable macromolecules from endocytic vesicles 

into the cytosol, improving anticancer drug efficacy and 

reducing side effects. To demonstrate this, DOX was 

conjugated to polyamidoamine (PAMAM) dendrimers 

using pH-sensitive and -insensitive linkers and paired 

with various PCI providers. At higher doses, PCI 

methods greatly increased free DOX's cytotoxicity on 

Ca9-22 cells. The "light after" PCI therapy released 

DOX from PAMAM-hyd-DOX conjugates, causing 

nuclear accumulation of DOX and cell death via 

synergistic effects.
[60]

 

 

5.2 Synergistic effects and improved therapeutic 

outcomes: A platform for combining medicines with 

complimentary modes of action is provided by 

dendrimers. Dendrimers, for instance, may contain 

medications that block several signaling pathways in 

cancer cells in cancer treatment. This results in 

synergistic effects, where a drug's combined activity is 

more powerful than a drug's individual action. Lower 
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individual medicine dosages are possible with this 

strategy, which minimizes negative effects.
[61]

 

 

1. Multi-Functional Loading: Dendrimers are very 

adaptable structures that may be designed to transport a 

range of therapeutic substances. Traditional 

chemotherapy medications that kill rapidly proliferating 

cancer cells, targeted treatments that precisely limit the 

growth pathways of cancer cells, and imaging agents that 

aid in the visualization of tumour development and 

therapeutic response are some examples of these agents. 

Combining these many medicines inside a single 

dendrimer platform enables the development of a robust 

and diverse therapeutic strategy that targets cancer cells 

through several routes.
[62]

 

2. Enhanced Accumulation: Dendrimers may be made to 

take advantage of the EPR effect, which is a condition in 

which blood vessels in tumour tissue accumulate 

nanoparticles like dendrimers due to leaky and 

irregularly shaped blood vessels. The concentration of 

therapeutic drugs increases as a consequence of this 

accumulation, maximizing their efficacy and lowering 

their exposure to healthy tissues.
[63]

 

3. Combination treatment is made possible by 

dendrimers' capacity to transport many therapeutic 

substances. For instance, a dendrimer may include both a 

targeted treatment that inhibits a particular protein 

essential for cancer cell viability and a chemotherapy 

agent that breaks DNA. The medications' individual 

effectiveness is increased as a result of the combination 

approach's synergistic impact.
[64]

 

 

5.3 Overcoming treatment resistant and repalse: 
Dendrimers are used as carriers to deliver therapeutic 

drugs to cancer cells while avoiding the processes that 

cause drug resistance in order to combat multidrug 

resistance (MDR) in the treatment of prostate cancer 

using a dendrimer platform. Due to their well-defined 

structure and capacity to encapsulate a variety of 

medicines, dendrimers are highly branched, tree-like 

macromolecules that make good candidates for drug 

administration. To treat MDR in prostate cancer, a 

dendrimer platform may be employed in the following 

ways: 

1. Comprehending multidrug resistance (MDR): MDR is 

the process whereby cancer cells develop a resistance to 

several drugs. This resistance may develop as a result of 

a number of factors, including improved DNA repair 

mechanisms, altered drug metabolism, and drug efflux 

pumps. Strategies that block these pathways and improve 

medication delivery to cancer cells are necessary to 

overcome MDR.
[65]

 

2. Dendrimer Design and Functionalization: Dendrimers 

have an outside surface that may be changed to include 

medicines, targeting ligands, and other functional groups. 

They also include a core, inner branches, and exterior 

branches. Dendrimers may transport medications and 

increase their circulation time, selectivity, and absorption 

by cancer cells by surface functionalization. 

3. Drug Loading and Encapsulation: The inside of 

dendrimers may be used to encapsulate therapeutic 

substances such as chemotherapeutic medicines, small 

compounds, nucleic acids, and peptides. The medications 

are shielded from deterioration, their solubility is 

improved, and their release is controlled by this 

encapsulation.
[66,67,68]

 

 

6. CHALLENGES AND FUTURE PERSPECTIVE 

6.1 Preclinical studies and clinical translations: 

Dendrimers' adaptable chemical makeup allows for a 

wide range of applications in fields including chemistry, 

biology, and medicine. One of the most adaptable 

nanomaterials, dendrimers have been widely 

characterized as having both medicinal and diagnostic 

uses. Dendrimers are either used as medications or as 

possible dendrimers in nanomedicine are their high 

biocompatibility, good water solubility, and their entry 

into cells through endocytosis, where they are not 

typically subject to pump efflux at the cellular 

membrane. Additionally, only dendrimer nanoparticles 

may be utilized for active or passive drug targeting and 

are suited for a wide range of delivery routes, including 

intravenous, intranasal, transdermal, ocular, and many 

more.
[69]

 Why aren't dendrimers used in clinical trials 

with systemic administration despite the plethora of 

published articles and patents in nanomedicine? Szoka et 

al. created a similar study for cancer nanomedicine.
[70]

 

These researchers emphasized that the vast global budget 

devoted to nanotechnology research (US $10 billion in 

2011) and the number of published articles in the area of 

cancer nanomedicine are both negatively connected to 

the number of nanodrugs on the market. The authors 

presented a dichotomy between the need for 

academicians to continue publishing and receiving 

funding for basic science and the need to receive grants 

for nanocarrier drug formulations to drug approval, 

which is the goal of pharmaceutical companies, based on 

the business model of inventors, innovators, and 

"imitators" (copyists). If we are genuinely interested in 

getting new pharmaceuticals into the clinic, we should 

concentrate less on our publishing record and more on 

developing scientific advancement that translates into 

patient care, according to a recommendation for three 

different awards for inventors, innovators, and 

"imitators." Dendrimers in particular and nanotherapeutic 

compounds in general should fall under this clause.
[71]

 

 

6.2 Safety and toxicity consideration: In the area of 

medication delivery, dendrimers have unquestionably 

contributed to significant advancements. Regarding their 

potential in the biomedical field, there is a lot of 

optimism, but due to their nanometric size, or 1-100 nm, 

they can interact efficiently and specifically with cellular 

elements like plasma membranes, cell organelles 

(endosomes, mitochondria, and nucleus), and proteins 

like enzymes, all of which are in the nanometer size 

range.
[72]

 The majority of the nanoparticle varieties that 

scientists have created are non-selective. The nanoscale 

size range of nanoparticles allowed them to interact with 
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or pass through the biological system's plasma 

membrane. These characteristics of nanocarriers are 

being developed for in vivo gene transfer and are of great 

interest in cell transfection strategy.
[73]

 However, these 

nanoparticles' ability to induce cytotoxicity is another 

facet of their non-selective absorption. The cytotoxic 

properties of dendrimers, the mechanism by which these 

cationic macromolecules cause cytotoxicity, and 

potential countermeasures to dendrimer toxicity are the 

main topics of the following section.
[74]

 Despite the fact 

that dendrimers have several pharmacological and 

biological uses, their suitability for clinical use is limited 

by the toxicity associated with their terminal NH2 groups 

and multiple cationic charges.
[75]

 Conflicting data exist 

on dendrimer safety. Free amine groups that are present 

at their peripheral have been reported to be harmful in 

terms of concentration and production, reported the 

cytotoxicity of cationic melamine dendrimers with 

surface groups such amine, guanidine, carboxylate, 

sulphonate, or phosphonate, and came to the conclusion 

that these dendrimers were substantially more harmful to 

cells than anionic or PEG-modified dendrimers. The 

destabilization of the cell membrane and subsequent cell 

lysis are caused by cationic macromolecules in general 

as well as dendrimers. This is a significant discovery that 

might provide scientists doing related study a piece of 

advice.
[76]

 

 

6.3 Regulatory hurdles and commercialization: Only a 

small number of research on non-viral carriers of genetic 

material and medications have been used in clinical 

practice, despite an upward trend in the frequency of 

these studies. A significant portion of research on 

dendrimers has been conducted over the last two 

decades, but only a small number of these findings have 

been used in clinical settings and have gone on to 

become commercially successful. The fact that just a tiny 

portion of nano-carriers, particularly dendrimers, were 

shown to be effective in clinical trials, despite the 

exponential rise in nanoscience journals and the vast 

amount of labour required to develop them extensively, 

is very astounding. It should be emphasized, 

nevertheless, that this pattern is gradually shifting and 

that a rising number of pre-clinical research on 

dendrimers are being approved by the regulatory bodies 

in charge of overseeing clinical trials.
[77]

 According to a 

2018 article about poly-L-lysine dendrimer clinical trials, 

"ImDendrim" was a dendrimer-based system that sought 

to transfer the 188Rhenium-ligand (nitro-imidazole-

methyl-1,2,3-triazol-methyl- di-[2-pycolyl] amine) for 

the treatment of colorectal cancer. ImDendrim satisfies 

required safety and effectiveness requirements, 

according to an interventional trial including 10 patients 

with incurable liver cancer who were resistant to 

conventional chemotherapy.
[78]

 The adoption of clear 

guidelines allowing for the comparison of any form of 

dendritic-like nano-system in terms of their physico-

chemical characteristics would be made possible by this, 

allowing for the unification and standardization that is 

required. On this foundation, a novel nano-framework 

might be developed to forecast potential interactions 

between nano systems and the biological environment. A 

more comprehensive understanding of the effects of 

dendrimers on cell physiology and a higher likelihood of 

translation into the clinical stage will be made possible 

by the presence of such a generalized structural-

functional framework, which will enable the greatest 

possible reduction in the number of variables used to 

describe nano-systems.
[79]

 

 

6.4 Emerging trends and future direction: Due to the 

many benefits in the areas of drug delivery, diagnostics, 

and treatment, research on dendrimer-based 

nanomedicines for prostate cancer has drawn a lot of 

interest.
[80]

 It is predicted that additional products will 

soon enter clinical trials thanks to significant 

advancements in dendrimer-based nanomedicines. 

Dendrimers as cancer nanotherapeutics have, however, 

shown a few difficulties that will need to be resolved in 

further research. To prevent unintended nanocarrier 

toxicity to healthy cells, analytical characterization and 

manufacturing of dendrimers conjugated with ligands or 

medications should be carried out with care.
[81]

 

Additionally, there are difficulties in commercializing 

nanomedicine, such as lags in clinical translation.
[82]

 The 

issues to be resolved include the absence of in vitro-in 

vivo drug release profile correlation as well as a 

thorough understanding of nano-bio interfacial 

interactions. Additionally, because the physicochemical 

qualities might change from batch to batch, the large-

scale manufacture of dendrimers and products 

comprising several procedures is a difficulty. 

Consequently, dendrimers must be stable and 

reproducible. Despite the challenges, the use of 

dendrimers in medication delivery, diagnostics, and 

treatment holds great promise for creating more effective 

management plans for prostate cancer. At this point, it is 

conceivable that future advances in dendrimers via smart 

design may result in a considerable advancement in 

anticancer treatment, improving patient results.
[83]

 

 

CONCLUSION 

In conclusion, cancer may be fatal when it begins to 

infect important bodily organs like the liver, lung, or 

brain, as well as their nerves, blood vessels, and capacity 

for regular operation. Therefore, for an early, immediate 

identification as well as prognosis of prostate cancer, an 

adequate and complete diagnostic, targeting, and 

therapeutic strategy is in fact necessary. Prostate cancer 

is often treatable when caught in its early stages with an 

appropriate screening approach. As a result, as compared 

to other cancer types, the typical long-term prognosis for 

prostate cancer is quite positive. The negative effects of 

standard prostate cancer treatments must always be 

managed with extra therapy. As a result, research is 

being done to create chemotherapy that is more 

physiologically tolerable, stable, on-target, and 

efficacious while having a lower adverse effect profile. 

By creating diverse categories and functionalities of 

nanoplatforms, nanotechnology has now significantly 
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advanced the science of cancer. It has unique properties 

that enable it to deliver medications to certain, targeted 

malignant cells, minimizing harm to other healthy cells 

in the body. Additionally, these nanoplatforms' imaging 

capabilities offer ongoing therapeutic monitoring that 

makes it easier to detect cancer cells, administer 

treatment quickly, deliver image-guided focal therapy, 

track drug delivery and distribution, predict treatment 

outcomes, and stratify patients. Dendrimers, one of the 

NPs in cancer chemotherapy that are the subject of the 

greatest research, are receiving increasing attention as a 

result of a few instances where they have been helpful in 

treating certain tumours. It uses improved medication 

delivery while also avoiding biological problems that 

standard prostate cancer treatment runs into. It may be 

specifically designed as a drug carrier with low toxicity 

and precisely regulated drug release for therapeutic, 

targeted, and imaging applications by modifying its size, 

shape, and surface morphology. Consequently, it has the 

potential to manage cancer as a theragnostic platform. 
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