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ABSTRACT

Dendrimers are nanoparticles with unique characteristics. These characteristics 
allow these nanoparticles to be widely applied in medicine. It can be used as 
a therapy for various types of cancer. The dendrimers can also been use an 
alternative to accelerating the diagnosis and therapy of COVID-19. This review 
aimed to delve deeper into the myriad clinical applications of dendrimers in the 
treatment of various cancers and its potential use for the treatment or diagnosis 
of COVID-19. The databases used for this review were Google Scholar and Science 
Direct. The inclusion criteria for this review are articles published in 2018-2023. 
Articles other than the original articles and reviews we excluded from the study. 
Anticancer formulated in dendrimers have a better ability to eradicate cancer 
cells in the treatment of breast, colon, lung, prostate, skin, ovarian, and liver 
cancers compared to ordinary anticancer agents. Dendrimer in vivo, in vitro and 
phase II clinical trials can be used to deliver miRNA therapy or symptomatic drugs 
in COVID-19 patients and as vaccine delivery agents. The quality of molecular 
diagnosis of COVID-19 can also be improved with these nanoparticles. The use 
of dendrimers can improve the quality of management of cancer and COVID-19 
patients.

ABSTRAK

Dendrimer adalah nanopartikel dengan karakteristik unik. Karakteristik ini 
memungkinkan nanopartikel ini diterapkan secara luas dalam dunia kedokteran. 
Dendrimer dapat digunakan sebagai terapi berbagai jenis kanker. Dendrimer 
juga dapat menjadi salah satu alternatif dalam mempercepat diagnosis dan terapi 
COVID-19. Tujuan dari tinjauan ini adalah untuk mempelajari lebih dalam tentang 
berbagai aplikasi klinis dendrimer dalam pengobatan berbagai jenis kanker dan 
potensi penggunaan dendrimer untuk pengobatan atau diagnosis COVID-19. 
Database yang digunakan untuk review ini adalah Google Scholar dan Science 
Direct. Kriteria inklusi review ini adalah artikel yang diterbitkan pada tahun 
2018-2023. Artikel selain laporan penelitian dan artikel ulasan kami eksklusikan. 
Antikanker yang diformulasikan dalam dendrimer memiliki kemampuan yang 
lebih baik dalam mengeradikasi sel kanker pada pengobatan kanker payudara, 
usus besar, paru-paru, prostat, kulit, ovarium, dan hati dibandingkan dengan 
obat antikanker biasa. Penelitian in vivo, in vitro dan fase II menunjukkan 
dendrimer dapat digunakan sebagai pembawa terapi miRNA, obat simtomatik, 
bahkan vaksin pada pasien COVID-19. Kualitas diagnosis molekuler COVID-19 
juga dapat ditingkatkan dengan nanopartikel ini. Penggunaan dendrimer dapat 
meningkatkan kualitas penanganan pasien kanker dan COVID-19.
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INTRODUCTION

Nanotechnology brings 
breakthroughs to the world of medicine. 
Nanotechnology has been widely 
used to improve diagnostic ability, 
therapeutic accuracy, and disease 
follow-up.1 A dendrimer is one type of 
polymer nanoparticle that has a unique 
structure. Dendrimer consists of a core 
with branches called generations. Each 
generation is assigned a generation 
number indicating the number of 
branching reactions carried out to 
the nuclear molecule.2,3 The more 

generations cause an increase in size, 
the shape becomes more globular and 
the flexibility of the dendrimer.4 The end 
of the branch is a multivalent surface 
that can be modified. This modification 
involves adding functional groups such as 
COOH, COONa, NH2, or OH.5 This surface 
functionalization can reduce the rate 
of clearance by the reticuloendothelial 
system, and increase the efficiency of 
transporting molecules, and the release 
of molecules carried.2 FIGURE 1 shows 
the basic structure of dendrimer with 
three generations.

 
FIGURE1. Structure of dendrimer.1
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Among the many types of 
nanoparticles available, dendrimers 
offer many advantages. Dendrimers 
are good drug carriers because they 
easily penetrate cells transcellular 
and paracellularly. Dendrimer 
nanostructures facilitate the passive 
entry of drugs into cells by increasing the 
permeability of the molecules carried. 
The dendrimer structure facilitates 
administration via oral, parenteral, 
pulmonary, or nasal. Both hydrophilic 
and lipophilic drugs can be carried by 
dendrimers. The more branches during 
the synthesis process cause the shape 
of the dendrimer to be stronger and 
narrower polydispersity. Dendrimers 
can be functionalized multiple times 
and can be conjugated with high-
density molecules. The dendrimer 
surface is easily modified so that the 
pharmacokinetic and pharmacodynamic 
parameters are easily controlled.3,6,7

Dendrimer is widely used in 
medicine. Dendrimers are used as 
protein analogs or enzymes that are 
easy to functionalize. Dendrimer as a 
drug delivery agent has been used in 
several therapies such as the treatment 
of HIV infection, anti-inflammatory, anti-
Alzheimer, anticoagulation, and anti-
cancer. A dendrimer is also useful for 
improving the performance of a disease 
diagnosis. Dendrimers can be used 
as carriers for imaging sensor agents. 
Dendrimers can increase the penetration 
of sensory agents so that the specificity 
and sensitivity of imaging increase. 
Gallium-68 [68Ga] is a radioisotope for 
n-positron emission tomography (PET) 
examination. Gallium bound by the 
dendrimer can increase the infiltration 
of substances into the tumor tissue so that 
the resulting PET images are clearer.3,4,8

Cancer is one of the diseases that 
cause death every year, without definite 
therapy. The development of medical 
knowledge triggered the development 
of therapies to control cancer more 
optimally. The development of polymers 
as cancer therapy agents is developed 
from year to year but is constrained 
by chemical structures such as 
polymer weight and polydispersity. 
The development of dendrimer-based 
aptamer therapy is expected to provide 
advantages as the latest cancer therapy 
agent. A study in 2021 showed that 
dendrimers containing gefitinib and 
photosensitizer hematoporphyrin (Hp) 
can prevent hypoxia and overcome 
therapy resistance in non-small cell 
lung carcinoma patients in combination 
with photodynamic therapy. Dendrimer-
based therapy can improve solubility, 
bioavailability, and drug target accuracy. 
Dendrimers can deliver drugs to targets 
with high safety and reduce the toxicity 
of the drug itself.9,10

The use of dendrimers as antiviral 
drug carriers has been tried in several 
viruses such as influenza, Ebola, Zika, 
HSV-1, HSV-2, and HIV.11 Study on HIV 
shows that decoy RNA formulated into 
dendrimers can inhibit the life cycle of 
HIV, effectively deliver into lymphocytes, 
and cytoprotective against HIV infection. 
The study is also developing an Ebola 
vaccine with a dendrimer as an 
alternative carrier.12

COVID-19 is caused by the SARS-
CoV-2 virus. This virus quickly spread 
to cause a pandemic. The condition 
of a COVID-19 patient can quickly 
deteriorate. Dendrimers can increase 
the bioavailability and stability of drugs. 
Dendrimer-based therapy may help 
the patient recover.13 A study on mERS-
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CoV-2, a virus that is related to SARS-
CoV-2, showed that the use of dendrimers 
could increase the antiviral delivery and 
antiviral effects of the drug.14

Dendrimers have been used in 
many anticancer therapy studies. 
COVID-19 is an emerging disease that 
requires breakthroughs in handling it. 
In this review, we aim to delve deeper 
into the myriad clinical applications 
of dendrimers in the treatment of 
various cancers and the potential use 
of dendrimers for the treatment or 
diagnosis of COVID-19.

 
MATERIAL AND METHODS

International and national journals 
as references were selected in writing 
this review through Google Scholar and 
Science Direct databases. The keywords 
used in the search in both databases 
included “dendrimer AND cancer 
therapy”, “dendrimer AND COVID-19” 
“diagnosis”, and “dendrimer AND 
COVID-19 therapy”. Boolean logic “AND” 
is used to get specific results. We then 
arrange the search result data by topic. 
Search results that met the inclusion 
and exclusion criteria were arranged 
systematically. The inclusion criteria for 
this review are articles published in 2018-
2023. Articles other than the original 
articles and reviews we excluded from 
this study.

RESULT AND DISCUSSION

There were 32 selected sources in the 
references, which comprised 15 review 
articles and 17 studies. The articles 
about cancer 19 articles (6 reviews and 
13 research articles) and 13 articles (9 
reviews and 4 research articles about 
COVID-19).

Dendrimer for cancer therapy

Chemotherapy, radiotherapy, and 
surgery are the first choices for cancer 
treatment but have not provided 
maximum safety and effectiveness. The 
new treatment is also limited because 
it is harmful to healthy cells and risks 
lowering the patient’s immune quality. 
In other sources, chemotherapy is at 
risk for growing other types of cancer. 
Therapies that have minimal side effects 
and effectively kill cancer cells need 
to be developed to help patients. The 
development of nanotechnology-based 
dendrimers is expected to be able to 
effectively kill tumor cells without the 
need to harm healthy cells.15,16

The advantage of dendrimer-based 
cancer therapy over other therapies is 
that dendrimers can target and enter 
tissues selectively at the molecular level, 
able to increase cellular uptake and 
localization of the drug, and accurate 
and targeted drug delivery accuracy to 
cancer cells without interaction with 
healthy cells. In contrast to the dose 
levels required from previous cancer 
treatments. The use of dendrimer drug 
agents allows lower doses due to drug 
or small molecule encapsulation due to 
drug or small molecule encapsulation. 
Although the dose used is lower, 
dendrimers allow higher solubility than 
pre-existing treatments. Encapsulation 
using dendrimers also increases the level 
of precision in delivery in delivering 
drugs to small areas in the body. The very 
interesting thing about this dendrimer is 
that it can reduce the risk of resistance 
that generally arises in the use of 
chemotherapy-type therapy.15,17 

The other advantages possessed by 
dendrimers are inseparable from side 
effects such as excessive production of 
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reactive oxygen species (ROS) which 
will increase oxidative stress and 
DNA damage. The long-term impact of 
oxidative stress is Alzheimer’s disease 
and Parkinson’s disease. The selective 
target of the dendrimer is like a double-
sided coin because in cancer patients 
normal cell surface proteins will usually 
be abnormally overexposed which will 
affect the selectivity of the dendrimer 
drug agent itself.18

The use of dendrimers in cancer 
therapy including polyamidomiane 
(PAMAM), polypropylene imine (PPI), 
and poly-L-lysine (PLL) is the most 
commonly used dendrimer. The 
advantage of the dendrimer above is that 
the outermost layer will interact with the 
body’s antibodies and reduce the toxicity 
of the drug.19,20

PAMAM dendrimers are frequently 
used as therapy for brain, lung, breast, 
ovarian, and prostate cancer.21 PAMAM 
dendrimer is capable of conjugating with 
various antineoplastic drugs, including 
DOX in the form of pH-controlled DOX–
PEG–PAMAM dendrimer, DOX and 
tamoxifen complex with G4 PAMAM 
dendrimer, paclitaxel linked to grafted 
omega-3 fatty acids PAMAM–G4–DHA 
dendrimer, PEGylated G5 PAMAM 
dendrimer complex from Imatinib 
(IMT), 5-FluoroUracil (FU) as aptamer 
conjugate with PAMAM–PEG, Docetaxel 
(DTX) in the form of trastuzumab-
modified DTX (TZ).8,20,22 PAMAM 
dendrimer can deliver doxorubicin to 
a triple-negative breast cancer cell line. 
The study showed enhanced apoptosis 
and significantly elevated uptake by 
the cancer cells.19 Another study with 
colon cancer cells showed PEGylated 
G4 PAMAM dendrimers as carriers 
for piperlongumine (PL) had better 
cytotoxic and apoptotic abilities than 
piperlongumin alone in colon cancer 
cells.23

Furthermore, the PPI endrimer was 

synthesized using a divergent approach 
that had the element 1.4-diaminobutane 
as the nucleus. PPI is cationically charged 
so that it can tear the tumor membrane 
that has a negative charge. As a result, 
the drug will be able to penetrate 
more optimally. Effective penetration 
can encourage tumor cells to perform 
apoptosis or cell suicide. However, the 
risk of toxicity to healthy cells is still 
unavoidable in the use of this type of PPI 
dendrimer.24

Dendrimer poly-L-lysine (PLL) has 
amino acids to reduce drug toxicity and 
antiangiogenic effects for anticancer 
agents. PPL needs to be modified by 
adding a layer of PEG to reduce the 
effects of cations that can cause toxicity. 
The advantage of PLL besides being an 
angiogenic is the ability to deliver drugs 
right to cancer cells without serious 
effects on surrounding healthy tissue. 
PLL is also favored for its ability to kill 
cancer cells and slow the growth of 
cancer cells that are still developing thus 
preventing the severity of the cancer 
cells themselves.25,26

Cancer drugs that use dendrimers 
as therapeutic agents currently exist 
Cisplatin (Pt) which can be used as 
a therapy for ovarian cancer, breast 
cancer, bladder cancer, and brain cancer. 
Cisplatin shows slower release of the 
drug, high accumulation in tumors, and 
lower cytotoxicity. Another surprising 
plus is the effectiveness of cisplatin, 
which uses dendrimers as its medicinal 
agent on cells that have become resistant 
to cisplatin. Doxorubicin is a therapy for 
stomach cancer, ovarian cancer, and lung 
cancer. In both cancer drugs Hyaluronic 
Acid which envelops the dendrimer 
aims to improve the biocompatibility of 
the drug.20,27 These qualities are evident 
in several research on various types of 
cancer, however, few are summarized in 
TABLE 1.
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TABEL 1. Application of dendrimers for the treatment of various cancer

Disease Drug Polymer Cell line Outcome Sources

Breast cancer Doxorubicin PAMAM EpCAM- Dendrimer has enhanced 
apoptosis and significantly 
elevated uptake by the 
cancer cells 

19

Trastuzumab PAMAM MCF-7, HMEC Trastuzumab-dendrimer-
fluorine is more efficient 
than trastuzumab alone

28

Lapatinib (L) and 
fulvestrant (F)

PAMAM MCF-7, MDA, 
MB-231 HER2, 
SK-BR

L-PAMAM and F-PAMAM are 
effective against different 
phenotype cells

29

Lapatinib PAMAM HER2 PAMAM works through 
JNK1/2/3, ERK1/2, and 
HER1/2 signals as HER2-
positive therapy
breast cancer 

30

Cisplatin, 
doxorubicin

PAMAM MCF-7, MDA-
MB-231

Dendrimer improved the 
efficacy of drug cancer 27

Colon cancer Piperlongumine 
(PL)

PAMAM HCT 116 PL-PAMAM has greater 
potential cytotoxicity 
(of apoptosis in HCT 116 
human colon cancer cells in 
comparison to pure PL

23

Melanoma Paclitaxel, 
curcumin

PAMAM B16F10 Dendrimer has a high 
potential for the formulation 
of hydrophobic drugs 
against skin cancer

31

Liver cancer Sorafenib, 
Paclitaxel

PAMAM HepG2 The antitumor and anti-
metastasis efficacy of 
dendrimer was better than 
free drugs 

32

Lung cancer gefitinib (Gef) and 
hematoporphyrin 
(Hp

PAMAM Helf, NSCLC 
PC-9, H1975 

Dendrimer can increase 
intracellular reactive oxygen 
production, inhibit cancer 
cell growth, and induce 
cancer cell apoptosis

33

miRNA, cis-diamine 
platinum (CDDP

PAMAM H1299 and 
A549

Dendrimer could improve 
the cytotoxicity of lung 
cancer cell

34

Ovarian cancer Doxorubicin PAMAM SK-OV-3 Dendrimer showed 
enhanced cytotoxicity to 
cancer cells and cellular 
uptake 

35

Prostate cancer siRNA Amphiphilic 
phospholipid 
peptide 
dendrimers 
(AmPPDs)

CRPC PC-3 Dendrimer has more 
efficient intracellular uptake 
and endosome release of the 
siRNA complexes

36
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Dendrimer for COVID-19

COVID-19 has become a pandemic 
since it was declared by WHO on 
March 11, 2020. This disease is caused 
by the SARS-CoV-2 virus. This virus 
is a single-standing RNA virus with S 
protein as the main antigen to induce 
the immune system. Its transmission 
through infectious droplets makes the 
transmission of this disease take place 
quickly. Rapid diagnosis, vaccines for 
long-term protection, and life-saving 
therapies are needed to stop pandemics.11 
The use of nanoparticles such as 
dendrimers is one way to improve the 
quality of therapy and diagnosis of 
COVID-19.

Dendrimers are nanoparticles that 
can be used as carriers for antivirals.11 
Dendrimer can also function as an 
antivirus. Dendrimers can interact 
strongly with viruses to prevent infection 
in the host. In HIV infection, the PPL 
dendrimer can block the entry of HIV by 
binding to the gp120 protein in the viral 
envelope so that binding to CD4 does not 
occur.37 One of the other advantages of 
dendrimer is that it can be given via oral, 
intravenous, transdermal, topical ocular, 
and nasal. Intranasal administration 
is one of the potential dendrimers as 
a COVID-19 therapy because it is non-
invasive and safe.38

Several studies on the use of 
dendrimers for COVID-19 therapy 
have been carried out both in vitro, in 
vivo, and in phase II clinical trials. OP-
101, an N-acetylcysteine-conjugated 
PAMAM dendrimer, demonstrated in the 
preclinical phase the ability to activate 
macrophages and improve outcomes in 
animal models of inflammation. A study 
in phase II clinical trials showed that 
patients with severe degrees of COVID-19 
who received OP-101 experienced 
reduced markers of neurological injury 
compared to the placebo group. The risk 
of death at 30 and 60 days after therapy 
was lower than placebo.39

miRNA therapy is one potential 
therapeutic modality for COVID-19. Virus 

miRNAs affect the immune response. 
Dendrimers have low transfection ability 
and are non-biodegradable, making 
them an option for carrying miRNAs. 
miRNAs formulated in dendrimers 
can be administered by inhalation or 
intranasally.40

In vivo, studies of siR-7 formed 
in dendrimers showed a significant 
reduction in viral titers and lung 
inflammation in experimental animals 
when given by inhalation.41 A phase 
II clinical trial study to evaluate the 
efficacy and safety of aiR-7EM/KK-46, 
a siRNA formulated with dendrimers 
for the treatment of COVID-19, showed 
that patients who received low doses 
experienced a faster reduction in 
symptoms than the control group. 
Significant side effects caused by this 
drug were not found.42

SPL7013 Gel (Viva Gel) is an 
example of a drug for HSV2 (Herpes 
simplex virus type 2) and HIV (human 
immunodeficiency virus) using 
dendrimers that are available on the 
market. Antiviral therapy for these two 
viruses shows good results through the 
mechanism of preventing viral fusion.43 
An in vitro study using Viva Gel for 
COVID-19 therapy showed that Viva Gel 
reduced the replication of the SARS-
CoV-2 virus because its active substance 
can bind to the spike protein of SARS-
CoV-2 thereby preventing the binding of 
this protein to the human ACE2 protein.44

Dendrimer is also a potential for 
the development of vaccine technology. 
The use of dendrimers in vaccine design 
can be virus-like proteins (antigen 
expression and antigen encapsulation) 
or synthetic nanoparticle platforms such 
as DNA, RNA, and vaccine subunits.45  
Nucleic acid vaccine (mRNA vaccine) is 
a vaccine technique with the principle of 
mimicking the process of viral infection. 
This vaccine requires effective mRNA 
delivery. Dendrimers can improve the 
stability and efficacy of mRNA vaccines.43 
Dendrimer can also enhance antibody 
response-ability. Studies on Ebola 
and H2N2 vaccines have shown that 
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dendrimer-carrying mRNA enhances 
the ability of CD8+ T cells and antibody 
responses.41

The use of dendrimers in vaccines 
has already been used in the Zica, H1N1, 
and Ebola vaccines. In this vaccine, the 
dendrimer is used to carry the mRNA.45  
The mRNA vaccine is one of the main 
vaccines against COVID-19. Several 
vaccine developers such as BioNTech 
(Germany)/Pfizer (USA) and ModernaTX 
use lipid nanoparticles, one of which 
is dendrimer, in developing their 
vaccines.13

Molecular diagnosis is the gold 
standard for detecting the SARS-
CoV-2 virus. Research with modified 
HT18C6(Ag) electrode with chitosan 
and PAMAM dendrimer-coated silicon 
quantum dots (SiQDs@PAMAM) can 
detect the SARS-CoV-2 virus using the 
developed voltammetric genosensor in 
sputum samples.46

Challenge on application of dendrimer

Dendrimer use in drug delivery 
has several disadvantages. Firstly, 
dendrimers with amine-based or cation-
loaded surfaces have a toxic effect on 
cells. This type of dendrimer can interact 
with the lipid bilayer membrane, 
thereby weakening the integrity of the 
membrane. This interaction causes 
leakage of cytolytic proteins (such as 
lactate dehydrogenase and luciferase) 
and then the cell becomes lysed. Oral 
administration of dendrimers sometimes 
causes hemolysis and disseminated 
intravascular coagulation.6

The toxicity of amine-based 
dendrimers, like PAMAM and PPI,  
depends on their surface charge.6 Both 
have different toxicity patterns. In 
PAMAM, toxicity increased with each 
additional branch generation but not in 
PPI.47

The toxicity of cationic dendrimers 
can be completely or partially modified 
by modifying their surface with a 
negative or neutral charge.47 Synthesis 
of biodegradable (neutral and anionic) 

dendrimers such as polyester is a 
solution.47 Synthesis of biodegradable 
(neutral and anionic) dendrimers such as 
polyester is a solution. It is also possible 
to give a positive charge to the surface by 
acetylation and PEGylation.6

Dendrimers have rapid systemic 
clearance. Dendrimers with small 
size (G2-G4) easily pass through renal 
filtration. Large dendrimers are 
easily recognized and cleaned by the 
reticuloendothelial system48 Dendrimers 
with amine surfaces quickly bind to the 
vasculature so that they are easier to 
clear.47

Methods to solve the problem are 
to modify the surface of the dendrimer 
with other molecules such as PEG. 
PEGylation will improve dendrimer 
pharmacokinetics. PEG on the dendrimer 
surface will form a layer that reduces 
opsonization and reticuloendothelial 
recognition. However, the modifications 
also increase molecular weight, decrease 
renal clearance, and increase circulating 
time. Another alternative is to design 
hybrid nanoparticles.48

Dendrimer synthesis is a long, 
complex, and expensive process. This 
process has many stages and long 
reactions. Technological advances 
can facilitate the process, such as the 
orthogonal coupling strategy to reduce 
the number of reactions required.48 

CONCLUSION

Dendrimer has many advantages 
as a solution in drug delivery in cancer 
therapy. These nanoparticles also 
can improve the delivery of antiviral 
drugs and vaccines, improve antiviral 
and vaccine capabilities, and improve 
molecular diagnostic performance for 
SARS-CoV-2. The use of dendrimers can 
improve the quality of management of 
cancer and COVID-19 patients.
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