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ABSTRACT: Embolisation therapy involving biomaterials has improved the therapeutic strategy for most liver cancer treat-
ments. Developing biomaterials as embolic agents has significantly improved patients' survival rates. Various embolic agents 
are present in liquid agents, foam, particulate, and particles. One most applied is microparticles, such as microspheres (3D 
micron-sized spherical particles). Microspheres with added functionalities are currently being developed for effective thera-
peutic embolisation. Their excellent properties of high surface area and capacity for being loaded with radionuclides and 
alternate active or therapeutic agents provide additional advantage to overcome limitations from traditional cancer treat-
ments. Microspheres (non-radioactive and radioactive) have been widely used and explored for localised cancer treatment. 
Non-radioactive microspheres exhibit improved clinical performance as drug delivery vehicles in chemotherapy due to their 
controlled and sustained drug release to the target site. They offer better flow properties and are beneficial for ease of delivery 
via injection procedures. In addition, radioactive microspheres have also been exploited for being used as an embolic platform 
in internal radiotherapy as an alternative to cancer treatment. This short review summarises the progressive development of 
non-radioactive and radioactive embolic microspheres, emphasising material characteristics. The use of embolic micro-
spheres for various modalities of therapeutic arterial embolisation and their impact on therapeutic performance are also 
discussed. 

INTRODUCTION 

The prevalence of cancer is on the rise and continues to rep-
resent the second major worldwide problem related to 
mortality suffered by people of all ages that significantly af-
fect different body parts impacting their life expectancy1,2. 
Cancer could arise from the primary tumour or metastatic 
cancer that causes morbidity and mortality. Metastatic can-
cer is advanced cancer that results from the rapid creation 
of abnormal cells known as metastatic cells that detach from 
the primary tumour and migrate and invade adjoining parts 
of the body, followed by spreading to other organs2. In order 
to combat cancer cells and reduce the burden of cancer, sev-
eral treatments have been widely applied, such as surgery, 
chemotherapy (systemic cancer therapy using toxic drugs 
injected through the bloodstream)3, targeted therapy (can-
cer therapy using inhibitor molecules or monoclonal anti-
bodies targeted at proteins to control the proliferation of 
cancer cells)4, radiation therapy (use of high doses of radia-
tion to kill cancer cells and shrink tumour)5, and also their 
combinations. 

Cancer treatment options are usually decided by physicians 
considering the patient's condition. For example, patients 
with specialised diseases cannot be assigned cancer as one 
disease6. Indeed, the status of the patient and patient prop-
erties (age, gender, health status) are all important factors 
considered before planning the therapy. Despite the pa-
tient's condition, other factors can also influence the type of 
therapy, such as the prime location of cancer, metastatic 
cancer, tumour stage, or the cell type in the heterogeneous 
tumour tissue6. 

Embolisation therapy or embolotherapy is a nonsurgical 
and minimally invasive procedure for treating solid tu-
mours and various conditions affecting different organs of 
the human body, such as varicoceles, organ ablation, haem-
orrhages, and vascular anomalies7,8. Tumour embolisation 
is a new pre-operative technique to shrink the tumour 
through occlusion of vascular structures and the blockage 
of vascular supply to tumours8,9. The blockage is usually 
performed via an endovascular approach in which the em-
bolic agent is delivered through a catheter to block the 
blood flow within a target vessel8,10. Therapeutic embolisa-
tion was used in the early 1970s to treat arteriovenous mal-
formations. Later, in 1972 selective arterial embolisation 
was used to intervene in acute bleeding. This procedure has 
been extensively applied for treating liver cancer, especially 
unresectable hepatocellular carcinoma (HCC), as a pallia-
tive treatment8,11. 

Arterial embolisation has been applied based on the micro-
circulation of the liver (< 100 µm in diameter of terminal 
blood vessels) where the hepatic parenchyma derives dual 
blood supply from the portal vein (70-80% of blood and rich 
in nutrients) and the hepatic artery (20-30% of blood and is 
rich in oxygen)12. Thus, trans-arterial embolisation (TAE) 
has been used to block blood flow to the liver preventing the 
cancer cells from receiving nutrients. TAE is also known as 
bland embolisation, in which the mechanism of action is dis-
ruption of tumour blood supply resulting in tumour ische-
mia/hypoxia using particles 100 – 300 µm in size without 
therapeutic agents11. Regarding that mechanism, arterial 
embolisation can be exploited to deliver therapeutic agents 



 

such as chemotherapeutic drugs and radiation named 
trans-arterial chemoembolisation (TACE) and trans-arte-
rial radioembolisation (TARE), respectively11. In TACE and 
TARE, therapeutic agents have been loaded into embolic 
particles, then block the hepatic artery, inhibit tumour 

blood supply, and eventually localized therapeutic agents 
lodged near or within the tumour9,11. The working mecha-
nism of arterial embolisation with various modalities is 
shown in Figure 1. 

 

Figure 1. The working mechanism of arterial embolisation (Modified picture. Reproduced with permission from ref 9. Cop-
yright 2020, Elsevier). 

It is essential to understand the characteristics of embolic 
agents used in arterial embolisation therapy (TAE, TACE, 
and TARE) to avoid damage to the hepatic microcircula-
tion13. As arterial embolotherapy develops, so have bio-
materials developed as embolic agents in many different 
forms, including particulate (micro and nano) or micropar-
ticles (non-spherical and spherical (microspheres)) with 
additional functionalities (drug carriers, active or therapeu-
tic agents)14,15,24,16–23. The drawbacks associated with the 
use of micro- or nanoparticulate have included catheter 
clogging, incomplete occlusion of blood vessels, and unpre-
dictable performance25.  Due to their spherical morphology, 
microspheres have been developed to overcome the disad-
vantages of irregularly shaped particles as they result in 
smooth deliverability and are more predictable and poten-
tially be explored for being loaded with radionuclides or 
therapeutic agents9,13,25. In TACE, microspheres are em-
ployed as embolic agents and chemotherapeutic drug deliv-
ery vehicles entrapped in small blood vessels (peritumoral 
vessels), interrupting the hepatic arterial flow to tumours 
where the drug can be released in a controlled manner di-
rectly to the target site26. The use of microspheres as drug 
delivery vehicles in TACE has improved the delivery of 
drugs over conventional chemotherapy regimens27,28. Fur-
thermore, microspheres have also been widely used for in-
ternal radiation therapy, such as TARE, where the micro-
spheres are doped with radionuclides and injected intravas-
cularly or intra-arterially for radioembolisation. Here the 
microspheres block blood flow in hepatic capillaries' and 
deliver radioactive irradiation to the target site to shrink 
the size of the tumours29. The use of microspheres as an em-
bolic agent for cancer embolisation therapy is illustrated in 
Figure 2 30,31. 

Solid microspheres have been exploited as an embolic agent 
in trans-arterial embolisation due to their superior delivery 
systems over irregular particles comprising high payload 
capacity, controlled and sustained drug release at the target 
site, and the ability to penetrate small capillary vessels17. 
These properties are beneficial in lodging localized thera-
peutic agents of TACE by reducing systemic side effects by 
decreasing the systemic absorption of drugs and maintain-
ing a high local concentration of drugs at the target site18. 
Solid embolic microspheres, both non-radioactive and radi-
oactive microspheres, have been produced commercially 
and widely applied for some cancer treatments. Further, po-
rous microspheres could be explored as potential bio-
materials for cancer treatment. Porous microspheres with 
interconnected porosity offer further advantages over solid 
microspheres, such as greater loading efficiency for opti-
mizing treatments via biomolecules, drug delivery and re-
lease kinetics 32,33. Several properties of porous micro-
spheres, such as surface area, density, and degradation pro-
files, could also be tailored to the desired application by 
controlling pores' size, shape, and distribution within the 
microspheres34. Nevertheless, porous microspheres for 
cancer treatment will not be discussed here. 

This review summarises the use of microspheres in cancer 
treatment development, especially in arterial embolother-
apy. Application of microspheres (non-radioactive and radi-
oactive) for various arterial embolotherapy (bland emboli-
sation, chemoembolisation, and radioembolisation) will be 
discussed emphasising material characteristics and addi-
tional functionalities as embolic materials. The follow-on 
discussion provides an outlook on exploring radioactive mi-
crospheres for other cancer treatments. 



 

 

Figure 2. Schematic diagram of embolic microspheres for cancer embolization therapy (Modified picture. Reproduced with 
permission from ref 30,31. Copyright 2023, ACS Publications and 2019, Frontiers Media SA published under a Creative Com-
mon Attribution Licence).  

 

1. NON-RADIOACTIVE MICROSPHERES 

For cancer treatment, non-radioactive microspheres were 
first used in 1997 for the treatment of hepatocellular carci-
noma (HCC) in trans-arterial embolisation (TAE)35. TAE is 
also known as bland embolisation, referring to hepatic ar-
tery embolisation without a chemotherapeutic agent8. 
Later, non-radioactive microspheres were developed from 
2006 as drug delivery systems combined with chemothera-
peutic agents, clinically used in transcatheter arterial che-
moembolisation (TACE)8,27. The development of embolic 
microspheres for the distinct functionality of embolisation 
depended on the material characteristics and properties in-
cluding size, materials, and loading capacity35. 

As used for TAE and TACE, embolic microspheres were de-
veloped using a polymer as a basic material. The main ad-
vantage of using polymers is that their properties can meet 
the intended requirements, such as biocompatibility, lubric-
ity, drug delivery, and the ability to biodegrade36. Polymeric 
microspheres also have the advantage of producing well-
defined physical parameters with desired size range, result-
ing in predictable and more manageable injecting7. Further, 
polymer-based microspheres could be fabricated with vari-
ous characteristics, including compressibility, elasticity, 
and rigidity37. In addition, their potential in controlled drug 
release or delivery systems is highly beneficial for cancer 
treatments7. In arterial embolotherapies, polymer-based 
microspheres acted as carrier matrices for drug delivery 
systems with controlled drug release either by polymer ma-
trix degradation or drug leaching components38. 

Non-radioactive microspheres for TAE and TACE can be 
classified as non-biodegradable or biodegradable polymeric 
microspheres. These microspheres can be fabricated either 
from natural or synthetic polymers. Non-biodegradable 

microspheres were usually applied for permanent emboli-
sation, while biodegradable microspheres were used for 
transient embolisation35,39,40. Non-biodegradable micro-
spheres have also been produced commercially from syn-
thetic polymers such as polyvinyl alcohol (PVA), poly (me-
thyl acrylic acid), and polyethylene glycol (PEG). Natural 
polymers such as gelatin have also been used for reticula-
tion with a copolymer of acrylamide-derived monomer 
forming the structure of tris acryl gelatin as non-biode-
gradable microspheres (see Table 1)35,37. 

On the other hand, biodegradable microspheres for TAE and 
TACE can be classified as natural polymers (starch, alginate, 
chitosan, cellulose) and synthetic polymers (PVA, PLLA, 
PLGA). Biodegradable microspheres offer biodegradability 
properties beneficial for the transient embolisation of tu-
mour blood vessels with predictable degradation rates over 
several months35. Natural polymers have also been devel-
oped to fabricate embolic microspheres due to their excel-
lent biocompatibility properties. However, natural poly-
mers have poor mechanical properties and a tendency to 
undergo denaturation. As such, synthetic polymer micro-
spheres are widely explored over natural ones to match the 
physiochemical properties with advantages such as ease of 
modification in fabrication, a large supply of raw materials, 
and the ability to control the degradation rates41. Table 1 
summarises the various types of polymers used to produce 
microspheres for embolotherapy. 

Polymeric materials gained interest not only for emboliza-
tion but also for other cancer therapies and diagnosis. For 
example, study on dendritic polymer-based nanomedicine 
for cancer diagnosis, especially in early-stage tumours 42. In 
addition, dendritic polymers have been widely applied 
mostly as drug or gene vehicles due to their advantageous 
properties, such as high biocompatibility, low viscosity, 



 

excellent water-solubility, biodegradability, and stimuli-re-
sponsiveness. Their properties also benefit imaging appli-
cations comprising MR imaging, CT imaging, nuclear medi-
cal imaging, optical imaging, and multi-modality imaging 42. 
Another study also reported that stimuli-responsive 
branched polymer prodrug could be applied for nan-
otheranostic systems in imaging-guided antitumour ther-
apy 43. One of the most studied branched polymer is poly[N-
(2-hydroxypropyl)methacrylamide] (pHPMA), owing to 
high stability under physiological condition and excellent 
biocompatibility. Meanwhile, another type of branched pol-
ymer namely synthetic branched polymer-pyropheophor-
bide conjugate (BGSSP), has been studied for photodynamic 
therapy (PDT) and immunotherapy to enhance the thera-
peutic effect. Combining immunosuppressive and im-
munostimulatory effects enhanced the therapeutic effect 
due to their unique structure and a large molecular weight 
(MW) 44. 

Besides the huge interest in using polymers as a carrier for 
cancer therapy and diagnosis, natural and synthetic poly-
mers have some disadvantages. For example, natural poly-
mers such as starch and collagen have low mechanical prop-
erties41,45. Despite that, collagen also tends to undergo de-
naturation and the possibility of disease transmission46. 
Meanwhile, other natural polymers, such as alginate has 
limitation in slow degradation properties. In addition, gela-
tine has a drawback in the possibility of immunogenic re-
sponse, and chitosan has a variation of properties derived 
for each production batch46,47. As in the case of natural pol-
ymers, some disadvantages are also shown by synthetic pol-
ymers such as polyvinyl alcohol, which is not degradable, 
and poly(lactic-co-glycolic acid), which has a poor cell adhe-
sion due to their hydrophobicity48. 

Table 1. Various types of polymers as the basic material of non-radioactive embolic microspheres 

Material 

Classification 
Material Type Advantages 

Disadvantages 
Ref. 

N
at

u
ra

l 

Starch Biodegradable, ease of fabrication Low mechanical properties 35,45 

Alginate Biocompatible, Hydrophilic, Non-im-
munogenic, Ease of cell encapsulation, 

Affordable, ease of availability, and 
feasible synthesis method chosen for 

drug delivery 

Slow degradation 41,49 

Gelatin Controllable degradation rates, Ease of 
tailoring crosslink, Gentle gelling be-
havior, Ease of functionalization and 

modification 

Possible immunogenic response 41 

Chitosan Biocompatible, Antibacterial-like prop-
erties, Biodegradable 

Variation of properties derived for each 
production batch 

41,47 

Collagen 
Desirable degradability, Non-immuno-

genic, Excellent biocompatibility 

Poor mechanical properties, tendency to 
undergo denaturation, possibility of dis-

ease transmission 

41 

Sy
n

th
et

ic
 

Polyvinyl 

alcohol 

Good elasticity, compressibility, ability 
to load positive chemotherapeutic 

drugs, the ability for controlled release 
via ionic exchange 

Non-degradable 48,50 

Poly (lactic-co-glycolic 
acid) 

Possible to tune degradation and drug 
release kinetics 

Poor cell adhesion due to hydrophobi-
city 

41,51 

Polyethylene glycol Biodegradable, ability to load a high 
number of drugs and sustained release 

Hypersensitivity 52,53 

1.1 Application in trans-arterial embolisation (TAE) 

TAE has been applied clinically since the early 1980s as a 
therapeutic strategy to improve patients' survival rates35. 
This technique has been used to treat some types of liver 
cancer and neuroendocrine tumours resulting from debulk-
ing liver metastases39. Figure 3 demonstrates the mecha-
nism of action of bland trans-arterial embolisation (TAE). 
Like the mechanism of HCC embolization therapy, Figure 4 
shows the mechanism of uterine artery embolization (UFE). 
In this case, bilateral uterine artery characterization was 
applied due to the presence of bilateral uterine artery sup-
ply to a fibroid. In UFE, the uterine artery was catheterized 
with a microcatheter followed by injection of embolic mate-
rial into the uterine artery to occlude the vessels of the fi-
broid 54. 

Figure 3. (a) illustrates the arterial blood supply to HCC 
and (b) the mechanism of action of bland embolisation in 
the disruption of tumour blood supply (Reproduced with 
permission from ref 11. Copyright 2013, Elsevier). 
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Figure 4. Illustration of (a) bilateral uterine artery supply 
to fibroid and (b) uterine fibroid embolization with poly-
vinyl particles instilled through a catheter (Reproduced 
with permission from ref 54. Copyright 2012, RSNA). 

Several commercial microspheres for bland embolisation 
are classified based on their function of embolisation type 
and material characteristics (size, homogeneity, and bio-
degradability). Mainly, non-biodegradable microspheres 
have been clinically applied for permanent embolisation, 
while biodegradable microspheres are used for transient 
embolisation. The first commercially available micro-
spheres for TAE Embosphere® were authorised in 1997 
and belonged to the non-biodegradable embolic micro-
spheres class. The basic chemical structure of Embos-
phere® is tris acryl gelatine in the form of a hydrogel for 
consistent and durable occlusion35,39,55. Embosphere® has 
been clinically trialled on patients with neuroendocrine tu-
mours, and the result showed that Embosphere® was a safe 
treatment that improved disabling endocrine symptoms39. 
In 2002, non-biodegradrable microspheres based on syn-
thetic polymer (polyvinyl alcohol, PVA) were approved in 
Europe and the USA with the trade product Contour SE®. 
This product is a sponge-like microsphere with a highly mi-
croporous structure35. This product was developed as an 
embolisation agent to overcome issues with particulate PVA 
in irregular shapes resulting in aggregation that caused 
more variable and proximal occlusions and increased the 
risk of non-target embolisation by small particles as seen in 
Figure 536. A clinical study for uterine fibroid embolisation 
using PVA microspheres (Contour SE®) showed compara-
ble results to tris acryl gelatine (Embosphere®) as an em-
bolic agent56. Nevertheless, PVA microspheres caused more 

distal embolisation because they could not recover their 
original size after catheter delivery35. 

As an improvement of previous commercial products, Bead-
Block® and LC Bead® microspheres were fabricated and 
composed of acrylamide polyvinyl alcohol hydrogel35,57. 
Clinical studies for uterine artery embolisation showed that 
hydrogel PVA microspheres performed similarly to Embos-
phere® rather than non-hydrogel PVA (Contour SE®)57. A 
randomised trial of hepatic artery embolisation using Bead-
Block® and LC Bead® showed no significant difference in 
the overall incidence of post-embolisation syndrome. This 
study reported similar results of the use of BeadBlock® and 
LC Bead® for the therapeutic effect of arterial embolisation 
with similar safety profiles, progression rates, and sur-
vival58. Other non-biodegradable microspheres commer-
cially used were Embozene® and HydroPearl®. Embo-
zene® is a poly (methyl acrylic acid) microsphere author-
ised in 2008 with a higher in vivo deformation resulting in 
a more distal occlusion within the vascular network25,35. 
Meanwhile, HydroPearl® was manufactured with a copoly-
mer of polyethylene glycol (PEG) and diacrylamide35,59. 

These commercial microspheres (tris acryl-gelatin or PVA) 
lacked radiopacity resulting in invisibility for the interven-
tional radiologist to monitor the number of materials and 
direction after being injected under standard clinical condi-
tions (x-ray)7. Therefore, imageable microspheres were de-
veloped by mixing with a liquid contrast agent, resulting in 
radiopaque embolic microspheres7,35. EmboGold® was the 
first imageable microsphere impregnated with 2% elemen-
tary gold. This product showed improved visualization dur-
ing handling and administration but did not offer real-time 
visualization within the body35. The development of radio-
paque embolic microspheres was tailored further using an 
iodine-based liquid contrast agent, creating a network of 
blood vessels to be embolized or tantalum powder to impart 
radiopacity60. The two authorised radiopaque micro-
spheres for TAE were X-SpheresTM, and LC Bead LUMITM. 
X-SpheresTM was a non-biodegradable microsphere com-
posed of 3D macromolecular poly(methacrylate) network 
covalently bound to iodine-derivative. Meanwhile, LC Bead 
LUMITM was the counterpart of LC Bead® with radiopaque 
moieties (iodine) that was covalently bound to the PVA hy-
drogel35. 

 

Figure 5. Illustration of PVA irregular particles and microspheres as an embolic agent concerning catheter delivery and 
level of vascular occlusion (Reproduced with permission from ref 36. Copyright 2013, Elsevier). 



 

Along with embolic microsphere development, biodegrada-
ble microspheres for transient bland embolisation were 
marketed with predictable degradation rates. Biodegrada-
ble microspheres were also developed for transient embo-
lisation and to enhance their biocompatibility. In addition, 
the degradation rate of microspheres could be tailored fol-
lowing the TAE procedures that produced transient embo-
lisation with the desired duration of tissue ischemia35. Sev-
eral biodegradable microspheres were developed and com-
mercially used, including starch microspheres, gelatine mi-
crospheres, and collagen-coated PLGA61. Spherex® and Em-
boCept® were commercial products composed of biode-
gradable starch microspheres representing short-term 
transient embolisation35. Pre-clinical studies using a swine 

model reported the success of EmboCept® for temporary 
arterial embolisation of liver parenchyma for 26 – 39 
minutes62. In addition, biodegradable microspheres such as 
Occlusin-500® and Gel-Bead® were commercially tailored 
for long-term temporary embolisation35. OcclusinTM 500 is 
a biodegradable embolotherapeutic agent consisting of col-
lagen-coated poly(lactic-co-glycolic acid) or collagen-
coated PLGA microspheres for solid hypervascular tu-
mours, including uterine fibroids63. Gel-Bead® was tailored 
from biodegradable gelatine-producing biodegradable mi-
crospheres with a specific degradation time of 4 – 12 
weeks35. Several commercial products for bland embolisa-
tion are presented in Table 2.

 

Table 2. Commercial non-radioactive microspheres for bland embolisation or trans-arterial embolisation (TAE) 

Product Company Materials Size (µm) Category 
Type of 

Embolisation 
Use Ref. 

Embosphere® Merit Medical, 
South Jordan, 

UT, USA 

 

BioSphere, 
Rockland, 
Massachu-
setts, USA 

Trisacryl with 
gelatin 

40 – 120 

50-100, 

40–120, 

100–300, 

300–500, 

500–700, 

700–900, 

900–1,200 

Non- 

biodegradable 

Permanent Liver embolisa-
tion with neuro-

endocrine tu-
mours, Uterine 
Artery Emboli-

sation for Symp-
tomatic Fibroids 

35,39,55,64 

Countour SE ® Boston Scien-
tific Corpora-

tion, BTG, 
London, UK 

Polyvinyl alcohol 
(PVA) 

70 – 150 

100 – 300 

300 – 500 

500 – 700 

700 – 900 

900 - 1200 

Non- 

biodegradable 

Permanent Uterine Artery 
Embolisation 

35,56,64 

Bead Block ® Boston Scien-
tific Corpora-

tion, BTG, 
London, UK 

Biocompatible 
polyvinyl alcohol 

hydrogel 

100–300, 

300–500, 

500–700, 

700–900, 

900–1,200 

Non- 

biodegradable 

Permanent Embolisation of 
hypervascular 

tumours, includ-
ing uterine fi-

broids and arte-
riovenous mal-

formations 
(AVMs) 

35,57 

DC bead or LC 
bead 

Boston Scien-
tific Corpora-

tion, BTG, 
London, UK 

Polyvinyl alcohol 
hydrogel modi-

fied with sul-
fonate groups 

70–150 

100–300 

300–500 

Non- 

biodegradable 

Permanent Embolisation of 
hypervascular 

tumours and ar-
teriovenous 

malformations 
(AVMs) 

35,57 

Oncozene or 

Embozene 

CeloNova Bio-
Sciences, Inc., 
San Antonio, 

TX, USA 

Hydrogel core 
made of sodium 
poly (methacry-
late) and outer 
biocompatible 

shell of poly 
(bis[trifluoroeth-

oxy] phos-
phazene) 

Oncozene 

(40 ± 10, 

75 ± 15, 

100 ± 25) 

 

Embozene 

(40, 75, 
100, 250, 
400, 500, 
700, 900) 

Non- 

biodegradable 

Permanent Kidney           em-
bolisation 

25,35,64 

HydroPearl Terumo Euro-
pean Inter-
ventional 

Hydrogel net-
work of poly 

(ethylene 

600 ± 75 

800 

1100 

Non- 

biodegradable 

Permanent Prostate artery 
embolisation, 

embolisation of 
the shoulder, 

59,64 



 

Product Company Materials Size (µm) Category 
Type of 

Embolisation 
Use Ref. 

Systems, Leu-
ven, Belgium 

glycol) and 3-sul-
fopropyl acrylate 

uterine artery 
embolisation 

EmboGold Mi-
crospheres 

Merit Medical, 
South Jordan, 

UT, USA 

Trisacryl with 
gelatin 

40–120, 

100–300, 

300–500, 

500–700, 

700–900, 

900–1,200 

Non- 

biodegradable 

Permanent  

(With imageable 
properties) 

Embolisation of 
hypervascular 
tumours and 

AVMs 

35 

X-Spheres Interface Bio-
materials 

poly(methacry-
late) network 

that covalently 
bound iodine-de-

rivative 

50 Non- 

biodegradable 

Permanent  

(With imageable 
properties) 

n.d. 35 

LC Bead LUMI Boston Scien-
tific Corpora-

tion, BTG, 
London, UK 

Biocompatible 
polyvinyl alcohol 
hydrogel beads 
containing a co-
valently bound 

radiopaque moi-
ety 

40–90 

70–150 

Non- 

biodegradable 

Permanent  

(With imageable 
properties) 

Embolisation of 
hypervascular 

tumours and ar-
teriovenous 

malformations 
(AVMs) 

35 

Spherex® Magle Life Sci-
ences, Lund, 

Sweden 

starch 100–300 

300–500 

500–700 

700–1000 

Biodegradable Transient n.d. 35,65 

EmboCept® PharmaCept, 
Berlin, Ger-

many 

starch 20 - 200 Biodegradable Transient arterial emboli-
sation of liver 
parenchyma 

62,65 

OcclusionTM 
500 

IMBiotechnol-
ogies Ltd., Ed-

monton, AB 

poly(lacticco- 

glycolic acid) 
(PLGA) coated 
with type I bo-

vine fibrillar col-
lagen 

150 - 212 Biodegradable Transient Uterine artery 
embolisation 

63 

Gel-Bead Teleflex gelatine 100 – 300 

300 – 500 

500 – 700 

700 - 1000 

Biodegradable Transient Uterine fibroid 
embolisation 

64 

 
 



 

1.2 Application in trans-arterial chemoembolisation 
(TACE) 

Trans-arterial chemoembolisation (TACE) is an intraarte-
rial embolisation procedure involving the emulsification of 
a chemotherapeutic agent mixed with radiopaque ethi-
odized oil or embolic material that involves periodic injec-
tion13,66. TACE was developed to evolve TAE and alternative 
therapy to decrease systemic exposure to conventional 
chemotherapy13,35. There are two beneficial methods in 
TACE; (1) interruption of blood supply and postponement 
tumour growth by arterial embolisation and (2) administra-
tion of chemotherapy in delivering a high dose of cytotoxic 
drugs in the tumour area8. Representation of TACE is shown 
in Figure 6, where anti-cancer drugs, embolisation particles, 
drug-eluting beads, or drug-eluting microspheres can be de-
livered to the cancerous mass using catheters. The catheters 
were introduced through the skin into the femoral artery36.  
In addition, TACE has been recognised since the early 1970s 
as a one-step procedure for performing vessel occlusion 
and controlling local chemotherapeutic drug delivery36. 

In the TACE procedure, chemotherapeutic agents play the 
same role as chemotherapy with various action target 
mechanisms. Figure 7 shows the mechanism of action of the 

main chemotherapy agents, such as doxorubicin, cisplatin, 
carboplatin, 5-FU, gemcitabine, paclitaxel, docetaxel, tra-
bectedin in cell cycle arrest and cell death67. Furthermore, 
chemotherapeutic agents target cells with a high basal level 
of proliferation and regeneration68. Figure 8 illustrates var-
ious mechanisms of action of another chemotherapeutic 
drug with different target, such as oxaliplatin targeting the 
nucleus and mitochondria, and vincristine targets microtu-
bules and mitochondria68. 

 

Figure 6. Illustration of TACE principles (Reproduced with 
permission from ref 36. Copyright 2013, Elsevier). 

 

Figure 7. The mechanism of action of the main chemotherapy agents (Reproduced with permission from ref 67. Copyright 
2019, Taylor&Francis Group, LLC). 



 

 

Figure 8. Mechanism of action of several chemotherapeutic agents in (a) preventing microtubules aggregation or disaggre-
gation, (b) binding to nuclear DNA disrupting DNA replication and RNA transcription, (c) disrupting respiratory chain func-
tion of mitochondria, and (d) activating immune cells in tumour cell degradation (Reproduced with permission from ref 68. 
Copyright 2017, Frontiers Media SA published under a Creative Common Attribution Licence). 

 

Figure 9. Modalities of the TACE procedure (picture illustration is reproduced with permission from ref 11. Copyright 2013, 
Elsevier). 

TACE is the standard curative treatment and is a well-estab-
lished procedure for patients with unresectable HCC, ac-
cording to the Barcelona Clinic Liver Cancer (BCLC) algo-
rithm24,69,70. In addition, TACE has also been used for 

metastatic neuroendocrine liver metastases as a palliative 
treatment71. This procedure offers a high dose of chemo-
therapeutic agents to the tumour tissue while preserving 
the surrounding normal hepatic parenchyma71. Currently, 



 

there are three modalities of the TACE procedure: conven-
tional TACE (cTACE), drug-eluting bead TACE (DEB-TACE), 
and drug-eluting microspheres TACE (DEM-TACE), as illus-
trated in Figure 9. 

1.2.1 Conventional TACE (c-TACE). cTACE is not rec-
ommended in the early stages of HCC but is recommended 
for HCC patients with no vascular invasion or extrahepatic 
spread as first-line therapy71. In conventional TACE 
(cTACE), an emulsion composed of iodized oil (Lipidol®) 
and the chemotherapeutic agent (doxorubicin or cisplatin) 
is delivered by infusion into arteries feeding the tumour, fol-
lowed by bland embolisation (absorbable gelatin, unloaded 
beads)28,72. Lipiodol plays an important role in cTACE as a 
drug-carrying, tumour-seeking, and embolizing agent. 
Meanwhile, the dose of the chemotherapeutic agent (doxo-
rubicin) emulsified in lipiodol is 30 – 75 mg/m2 and, at 
maximum, 150 mg in 5 – 20 mL of lipiodol72. 

Generally, after the injection of Lipiodol® into the hepatic 
artery, an embolic agent (100 – 500 µm bland occlusive par-
ticles) is applied immediately for some purposes such as (1) 
obtaining an embolic effect by assisting lipiodol to be sus-
tained, (2) preventing washout of chemotherapeutic drug, 
and (3) causing ischemic necrosis11,71,72. Several embolic 
agents used in cTACE are gelfoam, polyvinyl alcohol (PVA) 
particles, and trys-acryl gelatin microspheres72. Gelfoam® 
is a gelatin sponge that facilitates the slow release of doxo-
rubicin from Lipiodol®, increasing the drug concentration 
inside the tumour71. Other embolic agents such as polyvinyl 
alcohol (PVA) particles and trys-acryl gelatin microspheres 
are similar products used in TAE, explained in the previous 
section. Several commercial embolic agents used in cTACE 
are Contour SE®, Bead Block®, and DC/LC Bead®71. 

This procedure results in better drug delivery to tumour 
cells, and the embolic agent induces hypoxia and cell death 
in hypervascular tumours66. Unfortunately, this procedure 
also has several limitations, including the relatively high in-
cidence of systemic toxicity, one of which is caused by the 
potential for embolic damage to the liver. Also, a single le-
sion requires high recurrence after cTACE and multiple 
TACE sessions66,69. Those limitations arise from several 
drawbacks, including (1) motility of Lipiodol® in reducing 
the concentrations of chemotherapeutic agents, (2) uncon-
trolled drug release, and (3) inhomogeneity in the tech-
nique and treatment schedules72. 

 

1.2.2 Drug-eluting beads TACE (DEB-TACE). Drug-
eluting beads (DEB-TACE) have been an advanced break-
through technology in TACE with controlled release and 
sustained concentration of chemotherapeutic deliv-
ery28,66,69. DEB-TACE has been considered a more standard-
ised procedure than cTACE. In this procedure, various drugs 
are loaded into beads through a mechanism of ion exchange. 
Drug-loaded beads are injected via segmental or subseg-
mental catheterization of the hepatic artery branch(es), 
feeding the tumour and delivering the chemo embolic 
agent24,27,72. Beads in TACE are mainly used for local drug 
delivery by intra-arterial injection resulting in tumour ne-
crosis and shrinkage28. The beads remain trapped in the tu-
mour vasculature and deliver chemotherapy locally and at 
a sustained rate, with a decreased risk of hepatic and sys-
temic doses66. 

DC/LC Bead® was the first commercial product for DEB-
TACE in the early 2000s. DC/LC Bead is a non-biodegrada-
ble embolic agent manufactured from PVA hydrogel modi-
fied with sulfonate groups loaded with calibrated chemo-
therapeutic drugs71,72. Several positively charged drugs, 
such as doxorubicin, epirubicin, or irinotecan, could interact 
with PVA hydrogel by Coulomb charge interactions due to 
the presence of the anionic sulphonate group71. Thus, strong 
interactions are raised between the hydrogel sulfonate or 
carboxyl counter ions and anionic drug moieties during the 
ionic exchange process11,71. The drug loading mechanism 
via ion exchange is upon submersion of the microspheres in 
a drug solution. The bead size ranges from 100 – 900 µm, 
with drug loading varying from 5 to 45 mg/mL hydrated 
beads71.  

Pre-clinical studies of drug-eluting beads (DC/LC Bead) in 
animal models (pig and rabbit) showed the sustained re-
lease of doxorubicin as a pharmacologically active agent tar-
geting cancerous tissues over several weeks via controlled 
distribution of beads in cancerous and surrounding tissue 
vasculature13,73. Additionally, the size of the embolic beads 
influenced product performance, such as tumour necrosis. 
The in vivo study reported that doxorubicin-eluting beads 
of 100 – 300 µm in size induced more necrosis than 700 – 
900 µm beads73. Moreover, a clinical study in HCC patients 
under chemoembolisation with doxorubicin-eluting beads 
(LC Bead®) showed sustained delivery of a drug released 
within the first few hours which was maintained for at least 
one month74.  

Other non-biodegradable beads loaded with chemothera-
peutic drugs via an ion exchange mechanism are HepaS-
phere®28, which are hydrophilic and expandable micro-
spheres with conformable and swelling properties upon ex-
posure to aqueous media71. The network structure of 
HepaSphere® is sodium acrylate and vinyl alcohol copoly-
mer with a negatively charged carboxyl group that is cali-
brated in the dry state35,71. In contrast with DC Bead, the 
drug loading mechanism in HepaSphere is swelling, so the 
dry microspheres will quickly absorb fluid-containing 
drugs and swells up within several minutes35,71. The bead 
size of the HepaSphere ranges from 30 – 200 µm, with the 
maximum loadable drug referred to as the dry amount of 
microspheres35. A pre-clinical study using 30 – 60 µm 
HepaSphereTM microspheres resulted in more distal occlu-
sion and denser embolized territory than 50 – 100 µm27. In 
addition, a clinical study on intermediate-stage HCC pa-
tients using HepaSphere was successful, with no deaths or a 
shallow complication rates at 30 days27,75. 

In contrast with TAE, the absence of biodegradation of em-
bolic microbeads or microspheres was intended for carry-
ing and modulating the delivery of chemotherapeutic 
agents in biostable systems36. Interestingly, the network 
structure of the beads influences the drug uptake through 
interaction with the ionic group. For example, HepaS-
phere® interacts poorly with irinotecan compared to DC 
Bead, resulting in rapid and incomplete drug release. Like-
wise, the drug's loading also influences the embolic beads' 
attributes, mechanical properties, and clinical out-
comes35,36. For example, doxorubicin loading into HepaS-
phere® beads could decrease the average diameter due to 



 

the displacement of water content with drugs from hydro-
gel systems36. 

On the other hand, Embozene Tandem® stems from Embo-
zene® are another commercial non-biodegradable bead for 
permanent embolisation. The material structure of Embo-
zene Tandem® is polymethacrylate hydrogel micro-
spheres coated with Polyzene-F with smaller particle size 
than a bland embolic agent (Embozene®). Similar to DC 
Bead and HepaSphere, Embozene Tandem® was author-
ised for DEB-TACE in 2010 for loading doxorubicin and iri-
notecan35. Embozene Tandem® also has a similar mecha-
nism in drug loading with LC Bead through ionic interaction 
between the negatively charged polymer backbone and pos-
itively charged drugs28,35,76. Compared to DC bead, Embo-
zene Tandem® showed a more prolonged release of iri-
notecan and a sustained release of doxorubicin76. 

For imaging purposes, radiopaque beads for chemothera-
peutic drug delivery were also produced. DC Bead LUMITM 
is an imageable non-biodegradable embolic bead developed 
from DC Bead chemistry with a covalently bonded iodine of-
fered long-term radiopacity. Doxorubicin-loaded 

radiopaque beads (DC Bead LUMITM) could be visualised 
using fluoroscopy, computed tomography (CT) or magnetic 
resonance imaging (MRI)28. Doxorubicin-loaded DC Bead 
LUMITM was visualized in vivo in VX2-tumour-bearing rab-
bits under fluoroscopy. The result showed the ability to 
track the beads, enabling the physician to target the area of 
treatment precisely77. 

Unfortunately, other studies reported that DEB-TACE has 
no significant difference compared to cTACE in treatments 
related to severe adverse effects that might be caused by the 
greater particle size24. In addition, current embolic beads 
have a main drawback related to time-consuming drug 
loading onto microbeads before being used in a clinical set-
ting.  Typically, drug loading onto microbeads was per-
formed through an ion exchange reaction by immersing the 
beads in the drug solution for more than 30 minutes. An-
other difficulty encountered was controlling the drug re-
lease from microbeads as it depended on the exchange of 
drugs with endogenous ions in the blood vessels78. Table 3 
shows several commercial products for DEB-TACE.

 

Table 3. Commercial non-radioactive microspheres for drug-eluting beads trans-arterial embolisation (DEB-TACE) 

Product Company Materials Drugs loaded Category Size (µm) Use Ref. 

DC bead or 
LC bead 

Boston Scien-
tific Corpora-

tion, BTG, 
London, UK 

Polyvinyl alcohol hy-
drogel modified with 

sulfonate groups 

Doxorubicin, 
irinotecan 

Non- 

biodegrada-
ble 

70–150 

100–300 

300–500 

700 - 900 

Embolisation of malig-
nant hypervascular tu-

mours 

13,35,71,72 

HepaS-
phere 

Merit Medical, 
South Jordan, 

UT, USA 

Poly (vinyl alcohol-
co-sodium acrylate) 

hydrogel 

Doxorubicin, 
irinotecan, 
epirubicin 

Non- 

biodegrada-
ble 

Dry state 

(50 – 200) 

 

Hydrated 
state (120 

– 800) 

Embolisation of hyper-
vascular tumours, in-
cluding hepatoma and 

peripheral AVMs 

28,35,36,71 

Embozene 
TANDEM 

CeloNova Bio-
Sciences, Inc., 
San Antonio, 

TX, USA 

Hydrogel core made 
of sodium poly 

(methacrylate) and 
outer biocompatible 
shell of poly (bis[tri-
fluoroethoxy] phos-

phazene) 

Doxorubicin, 
iritonecan, 
idarubicin, 
epirubicin 

Non- 

biodegrada-
ble 

Embozene 

(40, 75, 
100, 250, 
400, 500, 
700, 900) 

Embolisation of hyper-
vascular tumours 

28,35,76,79 

DC Bead 
LUMI 

Boston Scien-
tific Corpora-

tion, BTG, 
London, UK 

Biocompatible poly-
vinyl alcohol hydro-
gel beads containing 
a covalently bound 
radiopaque moiety 

doxorubicin 
Non- 

biodegrada-
ble 

40–90 

70–150 

Embolisation of hyper-
vascular tumours and ar-

teriovenous malfor-
mations (AVMs) 

28,35,77 

DC Bead 
M1 

Boston Scien-
tific Corpora-

tion, BTG, 
London, UK 

Biocompatible, 

sulphonatemodified, 

N-Fil hydrogel 

doxorubicin 
Non- 

biodegrada-
ble  

70–150 
Embolisation of hyper-

vascular tumours  

79 



 

1.2.3 Drug-eluting microspheres TACE (DEM-TACE). 
Along with the development of TACE, a drug-eluting plat-
form utilizing microspheres has been developed called 
drug-eluting microspheres TACE (DEM-TACE). The use of 
highly spherical microspheres provides abilities to control 
drug loading and drug release rates80. In addition, the 
smaller calibre microspheres (< 100 µm) provided better 
outcomes without influencing patient safety27. These drug-
eluting microspheres offered advantages in highly spherical 
and smaller sizes compared to microbeads, resulting in 
higher treatment efficacy and decreased fatigue24. Thus, 
drug-eluting microspheres could increase the distal pene-
tration and embolisation of target tissue, decreasing post-
embolisation syndromes24. Indeed, the microsphere size 
has been considered a critical factor in drug release rate and 
significantly affected product performance and safety. 
When microspheres were injected intravenously, larger 
particles could initially produce capillary obstruction and 
influence the syringability of the product81. 

Microspheres for DEM-TACE can also be prepared from 
non-biodegradable or biodegradable polymeric materials. 
LifePearl (Terumo European Interventional Systems, Leu-
ven, Belgium) is a commercial non-biodegradable micro-
sphere with negatively charged that can upload various 
chemotherapeutic drugs via an ion exchange mecha-
nism27,28. Along a similar loading mechanism with previous 
drug-eluting beads (DC Bead®, HepaSphere®, and Embo-
zone Tandem®), LifePearl® could be loaded with doxoru-
bicin and irinotecan35,82. Nevertheless, LifePearl® is the 
only non-biodegradable embolic microsphere that could be 
loaded with another chemotherapeutic drugs such as ida-
rubicin and epirubicin35. LifePearl® is a stem from Hy-
droPearl® composed of a hydrogel network of PEG and 3-
sulfopropyl acrylate35,82. LifePearlTM offers longer suspen-
sion than DC Bead and HepaSphere when loaded with dox-
orubicin. The longer time in suspension was also seen when 
LifePearlTM was loaded with irinotecan compared to DC 
Bead and Tandem82. Longer time in suspension brings an 
advantage in smoother embolisation procedure without 
any interruption to resuspend the microspheres. A clinical 
study of LifePearl for DEM-TACE patients with HCC showed 
safety and efficacy for the HCC patients, shown by the over-
all survival with good tolerance, acceptable toxicity, and 
high tumour response into satisfactory disease control83. 

Furthermore, studies on degradable embolic microspheres 
(i.e. degradable starch microspheres) have been conducted 
to increase product efficacy for DEM-TACE and enable ther-
apeutic benefits with repeated cycles and better tolerance84. 
Degradable embolic microspheres overcome the limitation 
of non-degradable microspheres, leading to permanent vas-
cular occlusion, thus limiting repeated treatments. De-
gradable starch microspheres were then developed to im-
part several benefits such as near-term reproducibility, 
higher accumulation rates of co-applied drugs, reduced tox-
icity, less postembolisation syndrome, and possibilities of 
combination drugs and other treatment techniques85. De-
gradable starch microspheres (DSM) are commercial em-
bolic microspheres with an active ingredient called Ami-
lomer derived from partly hydrolysed starch, then cross-
linked and substituted with glycerol ether groups84. The 
DSM sphere was approximately 50 μm with the short-term 

temporary vessel occlusion after embolisation (35-50 
minutes)70. The study reported that DSM spheres reduced 
post-embolisation syndrome with less pain and ischemic 
damage to the tumour-bearing organ84. 

The development of biodegradable embolic microspheres is 
ongoing with various polymeric materials such as alginate, 
chitosan, albumin, gelatin, PEG methacrylate, polylactic acid 
(PLA), polylactic-co-glycolic acid (PLGA) with various drugs 
having been explored28,81. A study reported on the effect of 
membrane emulsification techniques on preparing uni-
form-sized polymeric microspheres (PLGA containing Adri-
amycin and daunomycin anthracycline anti-cancer drugs). 
The results showed smooth uniform spherical spheres were 
produced. Other research evaluated the efficacy and toxicity 
of intratumoral mitoxantrone-loaded albumin micro-
spheres (2 – 10 µm) in a murine breast cancer model86. Al-
bumin microspheres demonstrated localized and sustained 
release of chemotherapeutic drugs, thus increasing the in-
tratumoral dose and antitumour efficacy. 

Moreover, the results showed significantly improved sur-
vival and decreased systemic toxicity86. Albumin micro-
spheres were also studied to encapsulate another anti-can-
cer drug named Gemzar (Gemcitabine HCl) for renal cancer 
therapeutics. An in vitro study using renal cancer cells (RCC, 
786-O cells) showed that Gemzar encapsulated in Bovine 
Serum Albumin (BSA) microspheres was active and able to 
kill RCC cells at 10 ng/ml Gemzar. The anti-cancer activity 
was observed by the drug's rapid release at the target site 
due to availability of protease in the target environment14. 

Figure 10 shows the SEM images of commercial micro-
spheres (Callispheres, CSM) loaded with oxaliplatin with 
various particle sizes87. Meanwhile, Table 4 shows several 
non-radioactive microspheres commercially used for DEM-
TACE. 

 

Figure 10. SEM morphology of CalliSpheres microspheres 
(CSM) with 3 sizes (50-150 mm, 100-300 mm, and 300-500 
mm) before and after 20 mg oxaliplatin loading (Repro-
duced with permission from ref 87. Copyright 2019, SAGE 
Publications published under a Creative Common CC-BY-
NC Licence). 



 

 

Table 4. Various types of non-radioactive microspheres for drug-eluting microspheres trans-arterial embolisation 
(DEM-TACE) 

Product Company Materials Drugs loaded Category Size (µm) Use Ref. 

LifePearl 

Terumo 
European 
Interven-

tional 

Systems, 
Leuven, 
Belgium 

Hydrogel network 
of poly (ethylene 

glycol) and 3-sul-
fopropyl acrylate 

Doxorubicin, 

iritonecan, 

idarubicin, 

epirubicin 

Non- 

biodegradable 

100 ± 25 

200 ± 50 

400 ± 50 

Embolisation of 
hypervascular tu-

mours 

 

27,28,35,82,83 

CalliSpheres® 
microspheres 

(CSM) 
China 

polyvinyl alcohol 
hydrogel micro-

spheres 

doxorubicin, 

pirarubicin, oxali-
platin, and  

arsenic trioxide 

Non- 

biodegradable 

100 – 
300 

300 – 
500 

Embolisation of 
hepatocellular 

carcinoma  

69,87,88 

BioPearl 

Terumo 
European 
Interven-

tional 

Systems, 
Leuven, 
Belgium 

n.d 

Doxorubicin, 

idarubicin, 

epirubicin 

Biodegradable n.d 
Embolisation of 

hypervascular tu-
mours 

35,89 

DSM-TACE 
EMBOCEPTc 

Pharma-
Cept 

GmbH, 
Berlin, 

Germany 

Active ingredient –
Amilomer DSM 

35/50. Partly hy-
drolyzed starch, 
crosslinked and 
substituted with 

glycerol ether 
groups 

doxorubicin Biodegradable 50 
Embolisation of 

hypervascular tu-
mours 

70,84,85,90 

PEGMA 

Resmic, 
Occlugel, 
Jouy-en-

Josas, 
France 

PEG methacrylate DOX, IRI Biodegradable n.d Uterine fibroids 

28 

Bovine Serum 
Albumin 

(BSA) micro-
spheres 

 
Bovine serum albu-

min 
Irinotecan (IRI) Biodegradable 2 - 10 n.d 

86 

Gelatin micro-
spheres 

 Gelatin Cisplastin Biodegradable n.d n.d 
28 

PLA  
Poly(D,L-lactic 

acid) 
Sorafenib, Cisplatin, 
Sorafenib+Cisplatin 

Biodegradable n.d n.d 
28 

PLGA  
Poly(lactic-co-gly-

colic acid) 
Sorafenib, DOX Biodegradable n.d n.d 

28 



 

2. RADIOACTIVE MICROSPHERES 

Radioactive microspheres have been extensively exploited 
for radiotherapy by doping with varying radionuclides or 
isotopes instead of drugs91. Radiotherapy involving ionising 
radiation offers advantages, such as non-invasive and local 
treatment, direct induction of cancer cell apoptosis, and a 
wide range of applicable tumours5,16. In radiotherapy, radi-
onuclide microspheres have been widely used in brachy-
therapy and internal radioactive therapy. Radioactive mi-
crospheres have also been widely applied for trans-arterial 
radioembolisation (TARE) therapy of tumours and cancers. 
In this therapy, radioactive microspheres were injected into 
hepatic arteries following administration, which then get 
trapped in the web of small blood vessels and deliver a high 
concentration of radioactivity to the target area without 
causing much damage to the surrounding tissues91. Like the 
TACE procedure in chemotherapy, this technique has been 
an alternative treatment for hepatic cancer patients. This 
procedure is also deemed palliative, especially for patients 
who have failed other therapies or need tumour downstag-
ing treatment92. Both radionuclides (acting as radioactive 
embolism agents) and microspheres (acting as an embolic 
platform) have suitable physicochemical characteristics for 
therapeutic purposes. 

 
2.1 Materials used to produce Radioactive Micro-

spheres 

Trans-arterial radioembolisation (TARE) has a different 
embolisation mechanism from TAE and TACE. In TARE, mi-
crospheres are the key factor of arterial embolisation where 
the therapeutic effects are dependent upon the radiation 
carried by the microspheres and not by any ischemic ef-
fect93. The different features of the microspheres’ materials 
will have different regulatory handling, physical properties, 
and radioactivity levels94. Indeed, physical differences in ra-
dioembolic microspheres will impact clinical perfor-
mance35. Several basic materials of microspheres are loaded 
with radioisotopes authorised for treating HCC comprising 
glass and polymer93–95. In addition, radioactive micro-
spheres are divided into non-biodegradable and biode-
gradable microspheres, either for permanent or transient 
embolisation, like TACE. 

Non-biodegradable microspheres loaded with radioisotope 
are used for permanent TARE. There are two commercial 
radioembolic microspheres authorised and approved for 
permanent TARE (see Table 5). The first authorized radio-
embolic microsphere since 1999 was TheraSphere®, and 
the second is SIR-Spheres® since 2002. In 2005, The-
raSphere® was licensed as a Class III medical device for the 
treatment of hepatic neoplasia95. TheraSphere® and SIR-
Sphere® are two commercial radioactive microspheres 
loaded with 90Y that are FDA-approved35. TheraSphere® is 
a glass-based microsphere filled with 90Y (produced by 
Boston Scientific). The glass structure of TheraSphere® is a 
non-biodegradable oxide-aluminosilicate glass matrix. Each 
glass sphere has a range diameter of 20 – 30 µm containing 
approximately 2.500 Bq95,96. Due to the higher activity for 
each sphere, TheraSphere® has minimal embolic power to 
prevent vascular statis and reflux during administration93. 
TheraSphere® has also been approved as a neoadjuvant to 
surgery to treat unresectable hepatocellular carcinoma94. 

 

On the other hand, SIR-Spheres® have significant embolic 
power with a higher number of microspheres injected. This 
high number tends to achieve adequate and homogeneous 
lesion coverage93. SIR-Spheres® are the other commercial 
product for HCC cancer treatment with Aminex A-5  resin-
based 90Y microspheres with diameter of 20 -60 µm contain-
ing approximately 50 Bq95. SIR-Spheres® have also been 
used in treating hepatic metastatic colorectal cancer with 
adjuvant intra-arterial floxuridine94. 

Due to the difference both in physical properties and activ-
ity per sphere between glass and resin, their mode of ad-
ministration varies as does their clinical performance35,93. 
Hence, glass radioembolic microspheres are administered 
with saline, whilst resin microspheres use dextrose of 5% 
plus sterile water96. In addition, SIR-Spheres® with high 
embolic power can achieve more homogeneous tumour 
coverage compared to TheraSphere®35. 

A more recent development has been polymeric micro-
spheres loaded with 166Ho produced in 2015 with the 
trade name Quirem-Spheres® (Quirem Medical B.V, The 
Netherland) as a biodegradable and imageable radioem-
bolic agent. Quirem-Spheres® are radioactive 166Ho-
loaded polylactic acid (PLLA) microspheres (maximum spe-
cific activity of 450 Bq35) with a diameter size of 20 – 60 µm 
and applied especially for hepatocellular carcinoma 
(HCC)97,98. Quirem-Spheres® is the only product that ena-
bles visualisation and quantification of the microspheres 
during and after administration of the microspheres based 
on high-resolution magnetic resonance imaging (MRI) and 
computer tomography (CT)98.  

Radionuclide-doped microspheres used for intra-arterial 
therapy should ideally comprise (1) high mechanical stabil-
ity to breakdown and pass easily through the capillary net-
work, (2) high chemical stability to resist elution of radioac-
tive label, macrophage removal, or radiolysis, (3) uniform 
size, (4) density or specific gravity to prevent settling or 
streaming, and (5) the relative ease of radioisotope dop-
ing99. Research on safety, tumour response, and survival us-
ing TheraSphere® showed that 90Y microspheres provided 
a safe and effective method for liver cancer patients. The-
raSphere’s clinical trials of 43 prospectively enrolled pa-
tients with unresectable HCC provided clear evidence of re-
duced tumour viability and demonstrated encouraging sur-
vival results100. Another study which trialled two types of 
90Y microspheres (TheraSphere® and SIR-Spheres®) to 
treat unresectable HCC95, reported improved functional 
well-being and health-related quality of life at three months 
for 14 patients treated with TheraSphere® compared with 
the group treated with a hepatic artery infusion of cisplatin. 

Nevertheless, complications occurred due to microsphere 
shunting (inadvertent flow) from the liver into the lung, gas-
trointestinal tract, or pancreas. Shunting of the micro-
spheres can cause several adverse effects, such as gastroin-
testinal ulceration, pancreatitis, cholecystitis, radiation 
pneumonitis, and radiation hepatitis95. Therefore, the de-
velopment of radioactive microspheres with alternate ma-
terials and radionuclides has been extensively studied to 
improve the limitations found in some commercial prod-
ucts. For example, there is a study developing radioactive 
holmium phosphate microspheres (HoPO4-MS) using 



 

holmium acetylacetonate microspheres (HoAcAc-MS) via 
an emulsification and solvent evaporation method101 (see 
Figure 11). The study reported a stable radioactive micro-
sphere with the following properties: 34.2 ± 1.0 μm in diam-
eter, holmium content of 46.2 ± 0.8 wt%, and a density of 
1.7 g/cm3. Exploration of radioactive microspheres with 
various basic materials are shown in Table 6. 

 
Figure 11. Scanning electron micrograph of (a) holmium 
acetylacetonate microspheres (HoAcAc-MS) and (b) hol-
mium phosphate microspheres (HoPO4-MS)(Reproduced 
with permission from ref 101. Copyright 2018, Elsevier). 
 

 

Table 5. Commercial radioactive microspheres for trans-arterial radioembolisation (TARE) 

Product Company Materials Radionuclide 
Type of 

embolisation 
Category 

Size 
(µm) 

Imaging 

technique 
Ref. 

TheraSphere 
MDS Nordion, 
Ottawa, Can-

ada 

Glass (Alumi-
nosilicate) 

Yttrium (90Y) Permanent 
Non- 

biodegradable 
20 – 30 SPECT/CT 

93–96 

SIR-Sphere 
Sirtex Medical, 

Sydney Aus-
tralia 

Resin 

(Aminex A5) 
Yttrium (90Y) Permanent 

Non- 

biodegradable 
20 – 60 SPECT/CT 

93–95 

Quirem-
Sphere 

Quirem Medi-
cal B.V,           

The Nether-
land 

Polymer 
(PLLA) 

Holmiun 
(166Ho) 

Transient 
Biodegradable 

(with imageable 
properties) 

15 – 60 
SPECT/CT, 

MRI 

35,101 

 

Table 6. Exploration on basic materials of radioactive microspheres 

Material Classification Material Type 
Diameter of micro-

sphere (µm) 
Radioisotope Purpose Ref. 

P
o

ly
m

er
 

Albumin 

(Human bovine serum 
albumin) 

17 – 40 188Re 
Endoradiotherapy of tumors 

(Lung tumours, radiosynovec-
tomy) 

102 

Resin 

(Aminex A-27) 
45 – 75 

90Y 
 

Kidney tumours in pigs 103 

Resin 

(BioRex-70) 
30 – 100 166Ho Liver cancer 104 

Polylactic acid 20 – 50 
166Ho 

 

Liver tumours in rats, 

Head and neck cancer in rab-
bit 

105,106 

G
la

ss
 

Aluminosilicate 
25 – 35 

90Y 

 
Liver cancer 99,107,108 

2 – 5 166Ho Tumour of mice 109 

Aluminosilicate 

20-30 

32P 
186Re/188Re 

90Y 
166Ho 

Primary and metastatic can-
cer 

110 

Lithium silicate 

Magnesium alumino sil-
icate 

Potassium silicate 

 



 

2.2 Radionuclides and Doping Techniques 

2.2.1 Radionuclide. The selection of suitable radionu-
clides and doping techniques is crucial in cancer therapy. 
The choice of suitable radionuclide influences the success of 
radionuclide therapy in delivering a high local radiation 
dose to the tumour cells with a low radiation dose to the 
healthy tissues. Also, the doping method influences the 
binding affinity of the targeting agent and cellular radionu-
clide retention and biodistribution111. 

Radionuclide(s) used in radiation therapy are either depos-
ited on or in the target and emit energy during their decay 
locally. Irradiation of healthy tissues should be minimised 
as much as possible. For example, the use of radionuclide-
doped microspheres in HCC radiotherapy is illustrated in 
Figure 12. Several physical properties influence successful 
radionuclide therapy comprising of (1) particulate radia-
tion emitted from radionuclide, (2) the physical half-life of 
the radionuclide, (3) radioactivity, (4) labeling yield, and (5) 
the radiocatabolites111. 

First, particulate radiation emitted from radionuclides in-
fluences radiation dose distribution. The nature of emitted 
radiation from radionuclides can be classified as α-particle 
emitters, β-particle emitters, conversion electron (CE) emit-
ters, or Auger electron emitters (AE)112. Moreover, a large 
group of radionuclides emits γ-rays during decay (after the 
emission of either α- or β− particles)112,113. However, since 
the γ-rays energy is not too high, γ-emitters are used pri-
marily for diagnostic purposes because they also match the 
γ-camera113.  

On the other hand, alpha particles are positively charged 
ions consisting of two protons and two neutrons. They are 
emitted during the radioactive decay of many nuclei with 
high atomic numbers113. Amongst the other particulate 
emissions, α-particles have the highest linear energy trans-
fer (LET), leading to radiation damage to biological systems. 
LET is the measure of the energy transferred to the medium 
as ionizing radiation passes through it and is also used to 
quantify the effect of ionizing radiation on the medium, such 
as a biological specimen112. Due to high LET, α-particle irra-
diation can contribute to extraordinary cytotoxicity, about 

5 to 100 times more toxic than β- and γ-radiation even at 
low doses (1 – 2 Gy)113. 

Moreover, α-particles are very difficult to distribute in radi-
oactive microspheres homogeneously113. Likewise, radio-
nuclides emitting α-particles are effective for some cancers, 
such as 213Bi treating leukemia cancer cells in the vascular 
system and 223Ra to treat skeletal cancer metastases. In ad-
dition, α-particle emitters are more compatible for onco-
logic applications, especially for treating blood-borne can-
cers and tumours with small diameters where their locali-
zation within the tumour is homogenous112. In contrast, the 
most extensively used radionuclides for a broad series of ra-
diotherapeutic applications are radionuclides emitting β− 
particles due to their availability and suitability to treat 
large tumour volumes112,113. In contrast with α-particle 
emitters, β− particle emitters produce a nearly homogene-
ous radiation dose distribution112. Figure 13 illustrates the 
interaction of different types of particulate radiation with 
DNA and the LET values influenced by the amount of partic-
ulate radiation that passes to the material 112,114. Yttrium 
(Y90) is the most widely used radioactive moiety in several 
targeted radioimmunotherapies to treat a variety of solid 
organs and hematological malignancies. This β-emitter 
forms the premise for radioembolisation as it enables the 
radiation exposure zone to the vicinity of the local tumour 
tissue with tolerable levels of nontumorous exposure94. 

 

Figure 12. Intra-arterial radiotherapy of liver cancer by ra-
dioactive microspheres (20 – 60 µm) providing local, high-
dose tumour radiation that affects tissues 2.5 – 11 mm 
from the delivered microsphere (green)(Reproduced with 
permission from ref 11. Copyright 2013, Elsevier). 

 

 

Figure 13. (a) The interaction of various particulate radiations with DNA (Reproduced with permission from ref 112. Copy-
right 2015, ACS Publications), (b) Schematic of how ionizing radiation utilized for radiotherapy can damage DNA. Radiation 
can directly damage DNA or indirectly damage it through the generation of reactive oxygen species (ROS), (c) DNA damage 
can occur as a result of single-strand breaks (SSB), double-strand breaks (DSB), or other interactions with DNA and proteins 
(Reproduced with permission from ref 114 . Copyright 2020, LIDSEN Publishing Inc. published under a Creative Common CC-
BY-NC Licence). 



 

Table 7. Current interest in therapeutic radionuclides112,113 

Radionuclide Half-life Particle energy (keV) Max. range in tissue Specific radioactivity 

α-particle emitters     
225Ac 10.0 d 5935 48 Φm  
211At 7.2 h 5982 65 Φm  
213Bi 45.6 min 5982 43 Φm  
223Ra 11.4 d  43 Φm  

β-particle emitters     
32P 14.3 d 1710.2 8.7 mm  
90Y 64.1 h 2280.0 12.0 mm High 
131I 8.0 d 806.9 2.4 mm Relatively high 

153Sm 46.5 h 808.2 3.0 mm Moderate 
165Dy 2.3 h 1286.7 6.4 mm  
166Ho 26.8 h 1853.9 10.2 mm  
177Lu 6.7 d 497.8 1.7 mm Moderate 
186Re 89.2 h 1069.5 5.0 mm Moderate 
188Re 17.0 h 2120.4 11.0 mm Moderate 
198Au 2.7 d 960.7 4.4 mm  

γ- emitters     
51Cr 27.7 d    
67Ga 78.2 h    

99mTc 6.0 h    
111In 2.8 d    
123I 13.2 h    
125I 60 d    

Auger electron emitters     
125I 59.40 d 12.24  High 

111In 2.80 d 6.75  High 
67Ga 3.26 d 6.26   

 

Furthermore, the radionuclide's physical half-life should 
match the targeting protein's biological half-life111. Short-
lived radionuclides can be used to optimise the radiobiolog-
ical aspects of therapy113. The physical half-life of 1 to 14 
days would be optimal, depending on in vivo pharmacoki-
netics of the targeting agent111. Table 7 shows current inter-
est in therapeutic radionuclides of various particulate emit-
ters. The following two factors influencing radionuclide 
therapy are radioactivity and labelling yield. The specific ra-
dioactivity of the conjugate should be as high as possible, 
and the labelling yield should be maximised in terms of high 
radiochemical purity and stability111. 

2.2.2 Labelling. Polymeric microspheres (gelatine, PLA, 
PLGA, albumin) can be labelled with radioactive particles ei-
ther during or after their preparation. This technique pre-
pares the microspheres in a sterile non-radioactive kit that 
can be stored for extended periods. Then, radiolabelling is 
achieved by radio pharmacists shortly before use in the nu-
clear medicine department. The preparation of sterile non-
radioactive microsphere kits depends on the particles mak-
ing it possible to enclose the activity, label throughout the 
entire volume, or label only certain structures, such as the 
surface, the outer or inner wall, the lipophilic or hydrophilic 
liposome compartment (see Figure 2 in Ref. 113). Radiolabel-
ling during the microsphere's preparation can be obtained 
using radioactive colloids. In this method, the size range of 
colloids depends mainly on the preparation conditions, 
such as temperature and pH, and the form of the precipitat-
ing agent. This procedure also facilitates the production of 

homogeneous albumin microspheres that incorporate 
many kinds of radioactive colloids by including the radio-
labelled compound method. Moreover, other methods are 
used for preparing radioactive microspheres during the for-
mation of microspheres, such as isotope exchange, lipo-
philic inclusion, and in situ production113. 

On the other hand, another radiolabelling technique by neu-
tron activating pre-made microspheres. This technique ef-
fectively prevents leakage of the radioactive isotope(s) from 
the microsphere because the radioisotope is sealed inside 
the microsphere matrix. The pre-made microspheres are 
prepared by manufacturing microspheres with the addition 
of a non-radioactive precursor of the radioisotope. They are 
then activated in a nuclear reactor by bombardment with 
thermal neutrons shortly before use, in which glass material 
(aluminosilicate glass) is the most stable matrix for micro-
sphere activation. This method was introduced by Day and 
Ehrhardt for therapeutic radioactive microspheres by man-
ufacturing aluminosilicate glass containing 17 mol% 
Y2O3113. 

 

3. PROSPECTIVE OF RADIOACTIVE MICROSPHERES 
FOR BONE CANCER TREATMENT 

As reported previously, metastatic disease contributes to 
significant deterioration in the quality of life for many can-
cer patients, and bone metastases are the most frequent in-
cident in advanced cancer, especially from breast and pros-
tate cancer115,116. Metastatic bone cancer occurs due to the 
migration of cancer cells from the primary tumour that 



 

enters the bloodstream, followed by extravasation to the 
immune system leading to colonisation in the bone (which 
is the third most frequent site of metastasis)117–119. Bone 
metastatic cancer can cause catastrophic consequences for 
the patient, including bone pain, impaired mobility, and he-
mopoietic complications (i.e. spinal cord compression, 
pathologic bone fracture, bone marrow aplasia)115–118,120. 
Bone pain in patients is usually associated with mechanical 
pain resulting from the pressure of tumour tissue within the 
bone and loss of bone strength121. Therefore, research on 
developing new strategies to tackle bone cancers should be 
conducted to reduce the incidence of bone metastases, pal-
liate skeletal disease, and tackle primary bone tumours. Bi-
omaterials-based strategies focused on microspheres have 
been highlighted above and could also potentially be ex-
plored for curative and palliative treatment of bone metas-
tases and primary bone cancers using radiotherapy ap-
proaches. Radiotherapy could be used not only as primary 
palliative therapy but also as an adjuvant reducing the later 
expression of metastases and reducing the frequency of re-
treatment due to the taken up at the preferential site for os-
teoblastic metastases121.  

Research on radioactive micro particulates for cancer or 
bone disease treatment, such as rheumatoid arthritis (RA) 
has been explored122–124. Here the materials used were 
based on hydroxyapatite ceramics with a particle size range 
of 20–60 μm due to their excellent biocompatibility and 
ease of labeling with lanthanides. 177Lu was used in this 
study as the viable radionuclide due to some advantages, es-
pecially its usefulness for imaging during or after the appli-
cation of radioactive microspheres125.  Their gamma lines 
were suitable for imaging the in-vivo localisation with a 
gamma camera. In addition, several considerations for the 
use of 177Lu have been proposed, such as (1) having a half-
life of 6 days comparable with the half-life of 90Y (64 h ≈ 3 
days), and (2) its gamma emission which enables imaging of 
delivery and location125.  

A preliminary clinical study in patients with chronic knee 
joint painful synovitis of rheumatoid origin was assessed by 
Radiosynovectomy (RSV) using 177Lu-labeled hydroxyap-
atite (177Lu-HA)123. The study demonstrated the efficacy of 
177Lu-HA particles in RSV after intra-articular administra-
tion delivered a 333 ± 46 MBq dose of the agent. The study 
indicated the agent's potential as a viable and cost-effective 
radiopharmaceutical for the treatment of chronic RA in 
knee joints. Imaging and biochemical tests confirmed RSV 
efficacy via significant pain relief and improved mobility 
was observed in all patients. Moreover, there was minimal 
radiation risk involved in the procedure, which showed that 
it could be performed on an outpatient basis. In short, 
177Lu-HA is showed potential as a promising candidate for 
RSV123.  A similar result was obtained in another prelimi-
nary clinical study showing the effectiveness of 177Lu-HA for 
RSV in pain control, functional improvement and preven-
tion of disease progression124. In this study, 177Lu-HA was 
formulated as ready-to-use single vial kits. The availability 
of these kits for HA particles for facile preparation of 177Lu-
HA is expected to expand the scope of its broader utilisation 
in RSV. 

 

Figure 14. Illustration of radionuclide doped-hydroxyap-
atite as bifunctional biomaterials for internal radiation 
therapy comprising (a) local treatment with high dose ra-
diation of β-emitter and (b) bone regeneration with hy-
droxyapatite microspheres as bone graft substitute (Mod-
ified picture. Reproduced with permission from ref 126. 
Copyright 2021, Springer Nature published under a Crea-
tive Common CC BY Licence). 

The above studies highlight that hydroxyapatite ceramics 
could potentially be further explored for bone cancer treat-
ment. Furthermore, developing hydroxyapatite in micro-
sphere form (to enhance its properties and doping with 
other radionuclides) could lead to developing a potentially 
new bone cancer therapy treatment. The use of radionu-
clide-doped hydroxyapatite could have beneficial impact on 
bone oncology therapy by damaging cancer cells using high-
dose radiation, which once dissipated could be exploited to 
enhance bone repair and regeneration with hydroxyapatite 
serving as a bone graft substitute. 

Radionuclide-doped hydroxyapatite microspheres could be 
developed as bifunctional biomaterials for internal radia-
tion therapy of bone cancer. High dose radiation of β-emit-
ter delivered from the microspheres provides a local treat-
ment to kill the cancer cell. Meanwhile, hydroxyapatite mi-
crospheres play a role as bone graft scaffold targets on bone 
tissue growth and regeneration 126. An illustration of radio-
active microspheres (radionuclide-doped hydroxyapatite) 
as bifunctional biomaterials for internal radiation therapy 
is presented in Figure 14 126. 

 
CONCLUSION 

The review shows the microspheres (non-radioactive and 
radioactive) clinical application in cancer treatment as drug 
carriers, active, or therapeutic agents, particularly arterial 
embolization. They have shown viable performance as 
trans-arterial embolisation (TAE), transarterial chemoem-
bolisation (TACE) or transarterial radioembolisation 
(TARE) for liver cancer treatment.  



 

The non-radioactive microspheres exhibit excellent proper-
ties as superior drug delivery systems due to their high 
drug-loading capacity and controlled drug delivery at the 
target site. With this, the cancer treatment efficacy can be 
improved. For further development, the non-radioactive 
microspheres application for cancer treatment can also be 
extended into combined therapies. As example, combina-
tion of chemotherapy and immunotherapy may be simulta-
neously conducted by loading the anti-cancer drugs and im-
munomodulatory therapeutics into the non-radioactive mi-
crospheres. Another development involves controlling the 
size and distribution of microspheres’ pores. Having a con-
trolled size and porosity, it is expected that the loading ca-
pacity of the microspheres can also be improved. The homo-
geneity of pores in the microspheres offers additional ben-
efits in promoting tissue regeneration by providing a tem-
plate for cell infiltration and attachment. 

The radioactive microspheres are effective as an embolic 
platform in TARE therapy of several tumours and cancers, 
such as liver cancer. TARE therapy using radioactive micro-
spheres has successfully improved functional well-being 
and health-related quality of life. Furthermore, by applying 
it directly to the target site, radioactive microspheres could 
be explored as a new strategy for oncology applications, es-
pecially bone cancer. Analogue to the development of non-
radioactive microspheres, controlling the size and distribu-
tion of pores can also improve the efficacy of radioactive mi-
crospheres. This respect to the possibility of combining ra-
dioactive materials and bioactive materials for tissue engi-
neering. Example given is the use of radionuclide doped-hy-
droxyapatite microsphere as a bone graft scaffold contain-
ing radionuclide to kill cancer cells and promote bone tissue 
regeneration. 

AUTHOR INFORMATION 

Corresponding Author 

Yessie  Widya Sari - Department of Physics, Faculty of Mathe-
matics and Natural Sciences, Universitas Indonesia, Depok 
16424, Indonesia and Department of Physics, Faculty of Math-
ematics and Natural Sciences, IPB University, Bogor 16680, In-
donesia; orcid.org/0000-0001-9944-2965; Email: yes-
sie.sari@apps.ipb.ac.id  

Co-Author 

Nur Aisyah Nuzulia - Department of Physics, Faculty of Math-
ematics and Natural Sciences, Universitas Indonesia, Depok 
16424, Indonesia and Department of Physics, Faculty of Math-
ematics and Natural Sciences, IPB University, Bogor 16680, In-
donesia 
Terry Mart - Department of Physics, Faculty of Mathematics 
and Natural Sciences, Universitas Indonesia, Depok 16424, In-
donesia 
Ifty Ahmed - Advanced Materials Research Group, Faculty of 
Engineering, University of Nottingham, Nottingham, NG7 2RD, 
UK  

Author Contributions 

N.A.N.: investigation, writing-original draft, writing-editing, 
T.M.: writing-review & editing, funding acquisition, supervi-
sion; I.A.: writing-review & editing, supervision; methodology, 
Y.W.S: conceptualization, writing-review & editing, supervi-
sion. 

ACKNOWLEDGMENT  

This research is funded by Directorate of Research and Devel-
opment, Universitas Indonesia under Hibah PUTI 2023 (Grant 
No. NKB-772/UN2.RST/HKP.05.00/2023).   

REFERENCES 

(1) Roser, M.; Ritchie, H. Burden of Disease. 
https://ourworldindata.org/burden-of-disease (accessed 
2020-12-15). 

(2) Guan, X. Cancer Metastases: Challenges and Opportunities. 
Acta Pharm. Sin. B 2015, 5 (5), 402–418. 
https://doi.org/10.1016/j.apsb.2015.07.005. 

(3) NIH. Chemotherapy to Treat Cancer. Chemotherapy to Treat 
Cancer. https://www.cancer.gov/about-
cancer/treatment/types/chemotherapy (accessed 2020-12-
17). 

(4) Gerber, D. E. Targeted Therapies: A New Generation of Cancer 
Treatments. Am. Fam. Physician 2008, 77 (3), 311–319. 

(5) Jaffray, D.; Gospodarowicz, M. Radiation Therapy for Cancer. 
In Cancer: Disease Control Priorities; Gelband, H., Jha, P., 
Sankaranarayanan, R., Horton, S., Eds.; Washington (DC), 
2015. https://doi.org/https://doi.org/10.1596/978-1-4648-
0349-9_ch14. 

(6) Yildizhan, H.; Barkan, N. P.; Turan, S. K.; Demiralp, Ö.; 
Demiralp, F. D. Ö.; Uslu, B.; Ōzkan, S. A. Treatment Strategies 
in Cancer from Past to Present. In Drug Targeting and Stimuli 
Sensitive Drug Delivery Systems; William Andrew, 2018; pp 1–
37. https://doi.org/10.1016/B978-0-12-813689-8.00001-X. 

(7) Saralidze, K.; Koole, L. H.; Knetsch, M. L. W. Polymeric 
Microspheres for Medical Applications. Materials (Basel). 
2010, 3 (6), 3537–3564. 
https://doi.org/10.3390/ma3063537. 

(8) Guan, Y.-S.; He, Q.; Wang, M.-Q. Transcatheter Arterial 
Chemoembolization: History for More than 30 Years. ISRN 
Gastroenterol. 2012, 2012, 1–8. 
https://doi.org/10.5402/2012/480650. 

(9) Kunliang, L.; Zhicheng, J.; Xiaolong, H.; Dan, Y.; Yu, Z.; Haidong, 
Z.; Gaojun, T.; Fei, X. A Biodegradable Multifunctional Porous 
Microsphere Composed of Carrageenan for Promoting 
Imageable Trans-Arterial Chemoembolization. Int. J. Biol. 
Macromol. 2020, 142, 866–878. 
https://doi.org/10.1016/j.ijbiomac.2019.10.026. 

(10) Wang, C. Y.; Hu, J.; Sheth, R. A.; Oklu, R. Emerging Embolic 
Agents in Endovascular Embolization: An Overview. Prog. 
Biomed. Eng. 2020, 2 (1), 1–34. 
https://doi.org/10.1088/2516-1091/ab6c7d. 

(11) Salem, R.; Lewandowski, R. J. Chemoembolization and 
Radioembolization for Hepatocellular Carcinoma. Clin. 
Gastroenterol. Hepatol. 2013, 11 (6), 604–611. 
https://doi.org/10.1016/j.cgh.2012.12.039. 

(12) Kan, Z.; Madoff, D. C. Liver Anatomy: Microcirculation of the 
Liver. Semin. Intervent. Radiol. 2008, 25 (2), 77–85. 
https://doi.org/10.1055/s-2008-1076685. 

(13) Kettenbach, J.; Stadler, A.; Katzler, I. V.; Schernthaner, R.; 
Blum, M.; Lammer, J.; Rand, T. Drug-Loaded Microspheres for 
the Treatment of Liver Cancer: Review of Current Results. 
Cardiovasc. Intervent. Radiol. 2008, 31 (3), 468–476. 
https://doi.org/10.1007/s00270-007-9280-6. 

(14) Grinberg, O.; Gedanken, A.; Patra, C. R.; Patra, S.; Mukherjee, 
P.; Mukhopadhyay, D. Sonochemically Prepared BSA 
Microspheres Containing Gemcitabine, and Their Potential 
Application in Renal Cancer Therapeutics. Acta Biomater. 
2009, 5 (8), 3031–3037. 
https://doi.org/10.1016/j.actbio.2009.05.003. 

(15) Jyoti, K.; Pandey, R. S.; Kush, P.; Kaushik, D.; Jain, U. K.; Madan, 
J. Inhalable Bioresponsive Chitosan Microspheres of 
Doxorubicin and Soluble Curcumin Augmented Drug Delivery 
in Lung Cancer Cells. Int. J. Biol. Macromol. 2017, 98, 50–58. 
https://doi.org/10.1016/j.ijbiomac.2017.01.109. 

(16) Yuan, C.; Liu, Y.; Wang, T.; Sun, M.; Chen, X. Nanomaterials as 
Smart Immunomodulator Delivery System for Enhanced 
Cancer Therapy. ACS Biomater. Sci. Eng. 2020, 6 (9), 4774–

https://orcid.org/0000-0001-9944-2965
mailto:yessie.sari@apps.ipb.ac.id
mailto:yessie.sari@apps.ipb.ac.id


 

4798. https://doi.org/10.1021/acsbiomaterials.0c00804. 
(17) Pal, K.; Roy, S.; Parida, P. K.; Dutta, A.; Bardhan, S.; Das, S.; Jana, 

K.; Karmakar, P. Folic Acid Conjugated Curcumin Loaded 
Biopolymeric Gum Acacia Microsphere for Triple Negative 
Breast Cancer Therapy in Invitro and Invivo Model. Mater. Sci. 
Eng. C 2019, 95, 204–216. 
https://doi.org/10.1016/j.msec.2018.10.071. 

(18) Wen, Q.; Zhang, Y.; Luo, J.; Xiong, K.; Lu, Y.; Wu, Z. X.; Wang, B. 
Q.; Wu, J. B.; Chen, Y.; Fu, S. Z. Therapeutic Efficacy of 
Thermosensitive Pluronic Hydrogel for Codelivery of 
Resveratrol Microspheres and Cisplatin in the Treatment of 
Liver Cancer Ascites. Int. J. Pharm. 2020, 582 (January), 
119334. https://doi.org/10.1016/j.ijpharm.2020.119334. 

(19) Deng, X. Q.; Zhang, H. B.; Wang, G. F.; Xu, D.; Zhang, W. Y.; 
Wang, Q. S.; Cui, Y. L. Colon-Specific Microspheres Loaded 
with Puerarin Reduce Tumorigenesis and Metastasis in 
Colitis-Associated Colorectal Cancer. Int. J. Pharm. 2019, 570 
(August), 118644. 
https://doi.org/10.1016/j.ijpharm.2019.118644. 

(20) Karthick, V.; Panda, S.; Kumar, V. G.; Kumar, D.; Shrestha, L. K.; 
Ariga, K.; Vasanth, K.; Chinnathambi, S.; Dhas, T. S.; Suganya, 
K. S. U. Quercetin Loaded PLGA Microspheres Induce 
Apoptosis in Breast Cancer Cells. Appl. Surf. Sci. 2019, 487 
(April), 211–217. 
https://doi.org/10.1016/j.apsusc.2019.05.047. 

(21) Sagdicoglu Celep, A. G.; Demirkaya, A.; Solak, E. K. Antioxidant 
and Anticancer Activities of Gallic Acid Loaded Sodium 
Alginate Microspheres on Colon Cancer. Curr. Appl. Phys. 
2020, No. June, 0–1. 
https://doi.org/10.1016/j.cap.2020.06.002. 

(22) Smits, M. L. J.; Nijsen, J. F. W.; van den Bosch, M. A. A. J.; Lam, 
M. G. E. H.; Vente, M. A. D.; Mali, W. P. T. M.; van Het Schip, A. 
D.; Zonnenberg, B. A. Holmium-166 Radioembolisation in 
Patients with Unresectable, Chemorefractory Liver 
Metastases (HEPAR Trial): A Phase 1, Dose-Escalation Study. 
Lancet Oncol. 2012, 13 (10), 1025–1034. 
https://doi.org/10.1016/S1470-2045(12)70334-0. 

(23) Kawashita, M.; Matsui, N.; Li, Z.; Miyazaki, T. Novel Synthesis 
of Yttrium Phosphate Microspheres for Radioembolization of 
Cancer. IOP Conf. Ser. Mater. Sci. Eng. 2011, 18 (SYMPOSIUM 
13), 8–12. https://doi.org/10.1088/1757-
899X/18/19/192003. 

(24) Bishay, V.; Maglione, K.; Lee, K.; Fischman, A.; Lookstein, R.; 
Kim, E.; Khanna, R. Chemoembolization with Drug-Eluting 
Microspheres (DEM-TACE) for Hepatocellular Carcinoma: 
Single-Center Review of Safety and Efficacy. J. Hepatocell. 
Carcinoma 2014, 187. https://doi.org/10.2147/jhc.s71602. 

(25) Stampfl, S.; Bellemann, N.; Stampfl, U.; Sommer, C. M.; 
Thierjung, H.; Lopez-Benitez, R.; Radeleff, B.; Berger, I.; 
Richter, G. M. Arterial Distribution Characteristics of 
Embozene Particles and Comparison with Other Spherical 
Embolic Agents in the Porcine Acute Embolization Model. J. 
Vasc. Interv. Radiol. 2009, 20 (12), 1597–1607. 
https://doi.org/10.1016/j.jvir.2009.08.018. 

(26) Tam, K. Y.; Leung, K. C. F.; Wang, Y. X. J. Chemoembolization 
Agents for Cancer Treatment. Eur. J. Pharm. Sci. 2011, 44 (1–
2), 1–10. https://doi.org/10.1016/j.ejps.2011.06.013. 

(27) Nouri, Y. M.; Kim, J. H.; Yoon, H. K.; Ko, H. K.; Shin, J. H.; Gwon, 
D. Il. Update on Transarterial Chemoembolization with Drug-
Eluting Microspheres for Hepatocellular Carcinoma. Korean J. 
Radiol. 2019, 20 (1), 34–49. 
https://doi.org/10.3348/kjr.2018.0088. 

(28) Fuchs, K.; Duran, R.; Denys, A.; Bize, P. E.; Borchard, G.; Jordan, 
O. Drug-Eluting Embolic Microspheres for Local Drug 
Delivery – State of the Art. J. Control. Release 2017, 262, 127–
138. https://doi.org/10.1016/j.jconrel.2017.07.016. 

(29) Rajput, M. S.; Agrawal, P. Microspheres in Cancer Therapy. 
Indian J. Cancer 2010, 47 (4), 458–468. 
https://doi.org/10.4103/0019-509X.73547. 

(30) Wu, M.; Zhang, L.; Shi, K.; Zhao, D.; Yong, W.; Yin, L.; Huang, R.; 
Wang, G.; Huang, G.; Gao, M. Polydopamine-Coated 
Radiolabeled Microspheres for Combinatorial 
Radioembolization and Photothermal Cancer Therapy. ACS 
Appl. Mater. Interfaces 2023, 15 (10), 12669–12677. 

https://doi.org/https://doi.org/10.1021/acsami.2c19829. 
(31) Chen, Y. P.; Zhang, J. L.; Zou, Y.; Wu, Y. L. Recent Advances on 

Polymeric Beads or Hydrogels as Embolization Agents for 
Improved Transcatheter Arterial Chemoembolization 
(TACE). Front. Chem. 2019, 7 (JUN), 1–11. 
https://doi.org/10.3389/fchem.2019.00408. 

(32) Cui, X.; Huang, W.; Zhou, J.; Wang, H.; Zhou, N.; Wang, D.; Cui, 
X.; Huang, C.; Yu, Z.; Wang, L.; Liu, W.; Wang, T.; Pan, H.; Zhang, 
Y.; Rahaman, M. N.; Rahaman, M. N. Evaluation of an Injectable 
Bioactive Borate Glass Cement to Heal Bone Defects in a 
Rabbit Femoral Condyle Model. Mater. Sci. Eng. C 2017, 73, 
585–595. https://doi.org/10.1016/j.msec.2016.12.101. 

(33) Zhao, S.; Li, L.; Wang, H.; Zhang, Y.; Cheng, X.; Zhou, N.; 
Rahaman, M. N.; Liu, Z.; Huang, W.; Zhang, C. Wound Dressings 
Composed of Copper-Doped Borate Bioactive Glass 
Microfibers Stimulate Angiogenesis and Heal Full-Thickness 
Skin Defects in a Rodent Model. Biomaterials 2015, 53, 379–
391. https://doi.org/10.1016/j.biomaterials.2015.02.112. 

(34) Ahmed, I.; Ren, H.; Booth, J. Developing Unique Geometries of 
Phosphate-Based Glasses and Their Prospective Biomedical 
Applications. Johnson Matthey Technol. Rev. 2019, 63 (1), 34–
42. https://doi.org/10.1595/205651319X15426460058863. 

(35) Pérez-López, A.; Martín-Sabroso, C.; Gómez-Lázaro, L.; 
Torres-Suárez, A. I.; Aparicio-Blanco, J. Embolization Therapy 
with Microspheres for the Treatment of Liver Cancer: State-
of-the-Art of Clinical Translation. Acta Biomater. 2022, 149, 
1–15. https://doi.org/10.1016/j.actbio.2022.07.019. 

(36) Lewis, A. L. Embolisation Devices from Biomedical Polymers for 
Intra-Arterial Occlusion Drug Delivery in the Treatment of 
Cancer; Woodhead Publishing Limited, 2013. 
https://doi.org/10.1533/9780857096760.3.207. 

(37) Sheth, R. A.; Sabir, S.; Krishnamurthy, S.; Avery, R. K.; Zhang, 
Y. S.; Khademhosseini, A.; Oklu, R. Endovascular Embolization 
by Transcatheter Delivery of Particles: Past, Present, and 
Future. J. Funct. Biomater. 2017, 8 (2), 12. 
https://doi.org/10.3390/jfb8020012. 

(38) Hossain, K. M. Z.; Patel, U.; Ahmed, I. Development of 
Microspheres for Biomedical Applications: A Review. Prog. 
Biomater. 2015, 4 (1), 1–19. 
https://doi.org/10.1007/s40204-014-0033-8. 

(39) Granberg, D.; Eriksson, L. G.; Welin, S.; Kindmark, H.; Janson, 
E. T.; Skogseid, B.; Öberg, K.; Eriksson, B.; Nyman, R. Liver 
Embolization with Trisacryl Gelatin Microspheres 
(Embosphere) in Patients with Neuroendocrine Tumors. Acta 
radiol. 2007, 48 (2), 180–185. 
https://doi.org/10.1080/02841850601080440. 

(40) Tsochatzis, E. A.; Fatourou, E.; O’Beirne, J.; Meyer, T.; 
Burroughs, A. K. Transarterial Chemoembolization and Bland 
Embolization for Hepatocellular Carcinoma. World J. 
Gastroenterol. 2014, 20 (12), 3069–3077. 
https://doi.org/10.3748/wjg.v20.i12.3069. 

(41) Wee, C. Y.; Yang, Z.; Thian, E. S. Past, Present and Future 
Development of Microspheres for Bone Tissue Regeneration: 
A Review. Mater. Technol. 2020, 00 (00), 1–11. 
https://doi.org/10.1080/10667857.2020.1759953. 

(42) Li, H.; Sun, J.; Zhu, H.; Wu, H.; Zhang, H.; Gu, Z.; Luo, K. Recent 
Advances in Development of Dendriticpolymer-Based 
Nanomedicines for Cancer Diagnosis. Wiley Interdiscip. Rev. 
Nanomedicine Nanobiotechnology 2021, 13 (2), 1–28. 
https://doi.org/10.1002/wnan.1670. 

(43) Cai, H.; Dai, X.; Wang, X.; Tan, P.; Gu, L.; Luo, Q.; Zheng, X.; Li, 
Z.; Zhu, H.; Zhang, H.; Gu, Z.; Gong, Q.; Luo, K. A Nanostrategy 
for Efficient Imaging-Guided Antitumor Therapy through a 
Stimuli-Responsive Branched Polymeric Prodrug. Adv. Sci. 
2020, 7 (6). https://doi.org/10.1002/advs.201903243. 

(44) Luo, Q.; Duan, Z.; Li, X.; Gu, L.; Ren, L.; Zhu, H.; Tian, X.; Chen, 
R.; Zhang, H.; Gong, Q.; Gu, Z.; Luo, K. Branched Polymer-Based 
Redox/Enzyme-Activatable Photodynamic Nanoagent to 
Trigger STING-Dependent Immune Responses for Enhanced 
Therapeutic Effect. Adv. Funct. Mater. 2022, 32 (13), 1–28. 
https://doi.org/10.1002/adfm.202110408. 

(45) Yildiz, I.; Deniz, S.; Ozer, A.; Caliskan, K. Trans-Arterial 
Chemoembolization with 50 Μm Degradable Starch 
Microspheres Versus 300–500 Μm Drug Eluting Beads in 



 

Hepatocellular Carcinoma: A Comparative Analysis of Initial 
Treatment Outcomes. J. Belgian Soc. Radiol. 2022, 106 (1), 1–
6. https://doi.org/10.5334/JBSR.2594. 

(46) Wee, C. Y.; Yang, Z.; Thian, E. S. Past, Present and Future 
Development of Microspheres for Bone Tissue Regeneration: 
A Review. Mater. Technol. 2021, 36 (6), 364–374. 
https://doi.org/10.1080/10667857.2020.1759953. 

(47) Pang, F.; Li, Y.; Zhang, W.; Xia, C.; He, Q.; Li, Z.; Xiao, L.; Song, S.; 
Dong, P.; Zhou, H.; Shao, T.; Cai, H.; Li, L. Biodegradable 
131Iodine-Labeled Microspheres: Potential Transarterial 
Radioembolization Biomaterial for Primary Hepatocellular 
Carcinoma Treatment. Adv. Healthc. Mater. 2020, 9 (13), 1–
10. https://doi.org/10.1002/adhm.202000028. 

(48) Poursaid, A.; Jensen, M. M.; Huo, E.; Ghandehari, H. 乳鼠心肌

提取 HHS Public Access. J. Control. Release 2016, 240, 414–
433. 
https://doi.org/10.1016/j.jconrel.2016.02.033.Polymeric. 

(49) Dhamecha, D.; Le, D.; Movsas, R.; Gonsalves, A.; Menon, J. U. 
Porous Polymeric Microspheres With Controllable Pore 
Diameters for Tissue Engineered Lung Tumor Model 
Development. Front. Bioeng. Biotechnol. 2020, 8 (July), 1–16. 
https://doi.org/10.3389/fbioe.2020.00799. 

(50) Sun, X.; Dai, H.; Guo, P.; Sha, X. Biocompatibility of a New Kind 
of Polyvinyl Alcohol Embolic Microspheres: In Vitro and In 
Vivo Evaluation. Mol. Biotechnol. 2019, 61 (8), 610–621. 
https://doi.org/10.1007/s12033-019-00166-6. 

(51) Ramazani, F.; Chen, W.; Van Nostrum, C. F.; Storm, G.; 
Kiessling, F.; Lammers, T.; Hennink, W. E.; Kok, R. J. Strategies 
for Encapsulation of Small Hydrophilic and Amphiphilic 
Drugs in PLGA Microspheres: State-of-the-Art and Challenges. 
Int. J. Pharm. 2016, 499 (1–2), 358–367. 
https://doi.org/10.1016/j.ijpharm.2016.01.020. 

(52) Bédouet, L.; Verret, V.; Louguet, S.; Servais, E.; Pascale, F.; 
Beilvert, A.; Baylatry, M. T.; Labarre, D.; Moine, L.; Laurent, A. 
Anti-Angiogenic Drug Delivery from Hydrophilic Resorbable 
Embolization Microspheres: An in Vitro Study with Sunitinib 
and Bevacizumab. Int. J. Pharm. 2015, 484 (1–2), 218–227. 
https://doi.org/10.1016/j.ijpharm.2015.02.039. 

(53) Knop, K.; Hoogenboom, R.; Fischer, D.; Schubert, U. S. 
Poly(Ethylene Glycol) in Drug Delivery: Pros and Cons as Well 
as Potential Alternatives. Angew. Chemie - Int. Ed. 2010, 49 
(36), 6288–6308. https://doi.org/10.1002/anie.200902672. 

(54) Bulman, J. C.; Ascher, S. M.; Spies, J. B. Current Concepts in 
Uterine Fibroid Embolization. Radiographics 2012, 32 (6), 
1735–1750. https://doi.org/10.1148/rg.326125514. 

(55) Han, K.; Kim, S. Y.; Kim, H. J.; Kwon, J. H.; Kim, G. M.; Lee, J.; 
Won, J. Y.; Shin, H. J.; Yoon, E. J.; Kim, M. D. Nonspherical 
Polyvinyl Alcohol Particles versus Tris-Acryl Microspheres: 
Randomized Controlled Trial Comparing Pain after Uterine 
Artery Embolization for Symptomatic Fibroids. Radiology 
2021, 298 (2), 458–465. 
https://doi.org/10.1148/RADIOL.2020201895. 

(56) Shlansky-Goldberg, R. D.; Rosen, M. A.; Mondschein, J. I.; 
Stavropoulos, S. W.; Trerotola, S. O.; Diaz-Cartelle, J. 
Comparison of Polyvinyl Alcohol Microspheres and Tris-Acryl 
Gelatin Microspheres for Uterine Fibroid Embolization: 
Results of a Single-Center Randomized Study. J. Vasc. Interv. 
Radiol. 2014, 25 (6), 823–832. 
https://doi.org/10.1016/j.jvir.2014.03.009. 

(57) Worthington-Kirsch, R. L.; Siskin, G. P.; Hegener, P.; Chesnick, 
R. Comparison of the Efficacy of the Embolic Agents 
Acrylamido Polyvinyl Alcohol Microspheres and Tris-Acryl 
Gelatin Microspheres for Uterine Artery Embolization for 
Leiomyomas: A Prospective Randomized Controlled Trial. 
Cardiovasc. Intervent. Radiol. 2011, 34 (3), 493–501. 
https://doi.org/10.1007/s00270-010-0049-y. 

(58) Brown, K. T.; Do, R. K.; Gonen, M.; Covey, A. M.; Getrajdman, G. 
I.; Sofocleous, C. T.; Jarnagin, W. R.; D’Angelica, M. I.; Allen, P. 
J.; Erinjeri, J. P.; Brody, L. A.; O’Neill, G. P.; Johnson, K. N.; 
Garcia, A. R.; Beattie, C.; Zhao, B.; Solomon, S. B.; Schwartz, L. 
H.; DeMatteo, R.; Abou-Alfa, G. K. Randomized Trial of Hepatic 
Artery Embolization for Hepatocellular Carcinoma Using 
Doxorubicin-Eluting Microspheres Compared with 
Embolization with Microspheres Alone. J. Clin. Oncol. 2016, 34 

(17), 2046–2053. 
https://doi.org/10.1200/JCO.2015.64.0821. 

(59) Patetta, M. A.; Isaacson, A. J.; Stewart, J. K. Initial Experience 
with HydroPearl Microspheres for Uterine Artery 
Embolization for the Treatment of Symptomatic Uterine 
Fibroids. CVIR Endovasc. 2021, 4 (1). 
https://doi.org/10.1186/s42155-021-00223-9. 

(60) Sharma, K. V.; Bascal, Z.; Kilpatrick, H.; Ashrafi, K.; Willis, S. L.; 
Dreher, M. R.; Lewis, A. L. Long-Term Biocompatibility, 
Imaging Appearance and Tissue Effects Associated with 
Delivery of a Novel Radiopaque Embolization Bead for Image-
Guided Therapy. Biomaterials 2016, 103, 293–304. 
https://doi.org/10.1016/j.biomaterials.2016.06.064. 

(61) Wang, Q.; Qian, K.; Liu, S.; Yang, Y.; Liang, B.; Zheng, C.; Yang, 
X.; Xu, H.; Shen, A. Q. X-Ray Visible and Uniform Alginate 
Microspheres Loaded with in Situ Synthesized BaSO4 
Nanoparticles for in Vivo Transcatheter Arterial 
Embolization. Biomacromolecules 2015, 16 (4), 1240–1246. 
https://doi.org/10.1021/acs.biomac.5b00027. 

(62) Pieper, C. C.; Meyer, C.; Vollmar, B.; Hauenstein, K.; Schild, H. 
H.; Wilhelm, K. E. Temporary Arterial Embolization of Liver 
Parenchyma with Degradable Starch Microspheres 
(EmboCept®S) in a Swine Model. Cardiovasc. Intervent. 
Radiol. 2015, 38 (2), 435–441. 
https://doi.org/10.1007/s00270-014-0966-2. 

(63) Owen, R. J.; Nation, P. N.; Polakowski, R.; Biliske, J. A.; Tiege, P. 
B.; Griffith, I. J. A Preclinical Study of the Safety and Efficacy of 
OcclusinTM 500 Artificial Embolization Device in Sheep. 
Cardiovasc. Intervent. Radiol. 2012, 35 (3), 636–644. 
https://doi.org/10.1007/s00270-011-0218-7. 

(64) Kaufman, C. Currently Available Embolics for Uterine Fibroid 
Embolization A Review of Embolic Agents Used for Uterine 
Fibroid Embolization in the United States, with Tips and 
Tricks for Performing the Procedure. 2020, 19 (4). 

(65) Liu, Y. S.; Lin, X. Z.; Chen, C. Y.; Chiu, Y. C.; Kang, J. W.; Tsai, H. 
W.; Hung, H. Y.; Ho, C. M.; Ou, M. C. Safety and Effectiveness of 
New Embolization Microspheres SCBRM for Intermediate-
Stage Hepatocellular Carcinoma: A Feasibility Study. Bosn. J. 
basic Med. Sci. 2021, 21 (3), 339–345. 
https://doi.org/10.17305/bjbms.2020.4770. 

(66) Gans, J. H.; Lipman, J.; Golowa, Y.; Kinkhabwala, M.; Kaubisch, 
A. Hepatic Cancers Overview: Surgical and Chemotherapeutic 
Options, How Do Y-90 Microspheres Fit In? Semin. Nucl. Med. 
2019, 49 (3), 170–181. 
https://doi.org/10.1053/j.semnuclmed.2019.01.001. 

(67) Larionova, I.; Cherdyntseva, N.; Liu, T.; Patysheva, M.; Rakina, 
M.; Kzhyshkowska, J. Interaction of Tumor-Associated 
Macrophages and Cancer Chemotherapy. Oncoimmunology 
2019, 8 (7), 1–15. 
https://doi.org/10.1080/2162402X.2019.1596004. 

(68) Starobova, H.; Vetter, I. Pathophysiology of Chemotherapy-
Induced Peripheral Neuropathy. Front. Mol. Neurosci. 2017, 
10 (May), 1–21. https://doi.org/10.3389/fnmol.2017.00174. 

(69) Liang, B.; Xiang, H.; Ma, C.; Xiong, B.; Ma, Y.; Zhao, C.; Yao, Y.; 
Zhang, Z.; Chen, C.; Li, H.; Long, Q.; Zhou, J.; Luo, C.; Qiu, H.; Hu, 
H.; Zhao, H.; Zhou, G.; Zheng, C. Comparison of 
Chemoembolization with Callispheres® Microspheres and 
Conventional Chemoembolization in the Treatment of 
Hepatocellular Carcinoma: A Multicenter Retrospective 
Study. Cancer Manag. Res. 2020, 12, 941–956. 
https://doi.org/10.2147/CMAR.S187203. 

(70) Orlacchio, A.; Chegai, F.; Francioso, S.; Merolla, S.; Monti, S.; 
Angelico, M.; Tisone, G.; Mannelli, L. Repeated Transarterial 
Chemoembolization with Degradable Starch Microspheres 
(DSMs-TACE) of Unresectable Hepatocellular Carcinoma: A 
Prospective Pilot Study. Curr. Med. Imaging Rev. 2017, 14 (4), 
637–645. 
https://doi.org/10.2174/1573405613666170616123657. 

(71) Wáng, Y. X. J.; De Baere, T.; Idée, J. M.; Ballet, S. Transcatheter 
Embolization Therapy in Liver Cancer: An Update of Clinical 
Evidences. Chinese J. Cancer Res. 2015, 27 (2), 96–121. 
https://doi.org/10.3978/j.issn.1000-9604.2015.03.03. 

(72) Song, J. E.; Kim, D. Y. Conventional vs Drug-Eluting Beads 
Transarterial Chemoembolization for Hepatocellular 



 

Carcinoma. World J. Hepatol. 2017, 9 (18), 808–814. 
https://doi.org/10.4254/wjh.v9.i18.808. 

(73) Namur, J.; Wassef, M.; Millot, J.; Lewis, A. L.; Manfait, M.; 
Laurent, A. Drug-Eluting Beads for Liver Embolization : 
Concentration of Doxorubicin in Tissue and in Beads in a Pig 
Model. JVIR 21 (2), 259–267. 
https://doi.org/10.1016/j.jvir.2009.10.026. 

(74) Namur, J.; Citron, S. J.; Sellers, M. T.; Dupuis, M. H.; Wassef, M.; 
Manfait, M.; Laurent, A. Embolization of Hepatocellular 
Carcinoma with Drug-Eluting Beads : Doxorubicin Tissue 
Concentration and Distribution in Patient Liver Explants. J. 
Hepatol. 2011, 55 (6), 1332–1338. 
https://doi.org/10.1016/j.jhep.2011.03.024. 

(75) Malagari, K.; Pomoni, M.; Moschouris, H.; Kelekis, A.; 
Charokopakis, A.; Bouma, E.; Spyridopoulos, T.; 
Chatziioannou, A.; Sotirchos, V.; Karampelas, T.; 
Tamvakopoulos, C.; Filippiadis, D.; Karagiannis, E.; Marinis, 
A.; Koskinas, J.; Kelekis, D. A. Chemoembolization of 
Hepatocellular Carcinoma with Hepasphere 30-60 Μm. 
Safety and Efficacy Study. Cardiovasc. Intervent. Radiol. 2014, 
37 (1), 165–175. https://doi.org/10.1007/s00270-013-
0777-x. 

(76) Delicque, J.; Guiu, B.; Boulin, M.; Schwanz, H.; Piron, L.; 
Cassinotto, C. Liver Chemoembolization of Hepatocellular 
Carcinoma Using TANDEM® Microspheres. Futur. Oncol. 
2018, 14 (26), 2761–2772. https://doi.org/10.2217/fon-
2018-0237. 

(77) Ashrafi, K.; Tang, Y.; Britton, H.; Domenge, O.; Blino, D.; 
Bushby, A. J.; Shuturminska, K.; den Hartog, M.; Radaelli, A.; 
Negussie, A. H.; Mikhail, A. S.; Woods, D. L.; Krishnasamy, V.; 
Levy, E. B.; Wood, B. J.; Willis, S. L.; Dreher, M. R.; Lewis, A. L. 
Characterization of a Novel Intrinsically Radiopaque Drug-
Eluting Bead for Image-Guided Therapy: DC Bead LUMITM. J. 
Control. Release 2017, 250, 36–47. 
https://doi.org/10.1016/j.jconrel.2017.02.001. 

(78) Kim, H. M.; Lee, G. H.; Kuh, H. J.; Kwak, B. K.; Lee, J. Liposomal 
Doxorubicin-Loaded Chitosan Microspheres Capable of 
Controlling Release of Doxorubicin for Anti-Cancer 
Chemoembolization: In Vitro Characteristics. J. Drug Deliv. Sci. 
Technol. 2013, 23 (3), 283–286. 
https://doi.org/10.1016/S1773-2247(13)50042-6. 

(79) Greco, G.; Cascella, T.; Facciorusso, A.; Nani, R.; Lanocita, R.; 
Morosi, C.; Vaiani, M.; Calareso, G.; Greco, F. G.; Ragnanese, A.; 
Bongini, M. A.; Marchianò, A. V; Mazzaferro, V.; Spreafico, C. 
Transarterial Chemoembolization Using 40 Μm Drug Eluting 
Beads for Hepatocellular Carcinoma. World J. Radiol. 2017, 9 
(5), 245. https://doi.org/10.4329/wjr.v9.i5.245. 

(80) Park, J. M.; Lee, S. Y.; Lee, G. H.; Chung, E. Y.; Chang, K. M.; Kwak, 
B. K.; Kuh, H. J.; Lee, J. Design and Characterisation of 
Doxorubicin-Releasing Chitosan Microspheres for Anti-
Cancer Chemoembolisation. J. Microencapsul. 2012, 29 (7), 
695–705. https://doi.org/10.3109/02652048.2012.686526. 

(81) Costa, M. S.; Cardoso, M. M. Effect of Uniform Sized Polymeric 
Microspheres Prepared by Membrane Emulsification 
Technique on Controlled Release of Anthracycline Anti-
Cancer Drugs. Desalination 2006, 200 (1–3), 498–500. 
https://doi.org/10.1016/j.desal.2006.03.410. 

(82) de Baere, T.; Plotkin, S.; Yu, R.; Sutter, A.; Wu, Y.; Cruise, G. M. 
An In Vitro Evaluation of Four Types of Drug-Eluting 
Microspheres Loaded with Doxorubicin. J. Vasc. Interv. Radiol. 
2016, 27 (9), 1425–1431. 
https://doi.org/10.1016/j.jvir.2016.05.015. 

(83) de Baere, T.; Guiu, B.; Ronot, M.; Chevallier, P.; Sergent, G.; 
Tancredi, I.; Tselikas, L.; Burgio, M. D.; Raynaud, L.; 
Deschamps, F.; Verset, G. Real Life Prospective Evaluation of 
New Drug-Eluting Platform for Chemoembolization of 
Patients with Hepatocellular Carcinoma: Paris Registry. 
Cancers (Basel). 2020, 12 (11), 1–15. 
https://doi.org/10.3390/cancers12113405. 

(84) Puppala, S. Technical Update on Transcatheter Arterial 
Chemoembolization. Hepatoma Res. 2019, 2019. 
https://doi.org/10.20517/2394-5079.2019.28. 

(85) Ebert, M.; Ebert, J.; Berger, G. Intravital Microscopic Research 
of Microembolization with Degradable Starch Microspheres. 

J. Drug Deliv. 2013, 2013, 1–9. 
https://doi.org/10.1155/2013/242060. 

(86) Almond, B. A.; Hadba, A. R.; Freeman, S. T.; Cuevas, B. J.; York, 
A. M.; Detrisac, C. J.; Goldberg, E. P. Efficacy of Mitoxantrone-
Loaded Albumin Microspheres for Intratumoral 
Chemotherapy of Breast Cancer. J. Control. Release 2003, 91 
(1–2), 147–155. https://doi.org/10.1016/S0168-
3659(03)00214-1. 

(87) Han, X.; Chen, Q.; Sun, Y.; Han, L.; Sha, X. Morphology, 
Loadability, and Releasing Profiles of CalliSpheres 
Microspheres in Delivering Oxaliplatin: An In Vitro Study. 
Technol. Cancer Res. Treat. 2019, 18, 1–9. 
https://doi.org/10.1177/1533033819877989. 

(88) Wang, C. ye; Xia, J. guo; Yang, Z. qiang; Zhou, W. zhong; Chen, 
W. hua; Qi, C. jian; Gu, J. ping; Wang, Q. Transarterial 
Chemoembolization with Medium-Sized Doxorubicin-Eluting 
Callisphere Is Safe and Effective for Patients with 
Hepatocellular Carcinoma. Sci. Rep. 2020, 10 (1), 1–8. 
https://doi.org/10.1038/s41598-020-61209-6. 

(89) Mikhail, A. S.; Negussie, A. H.; Mauda-Havakuk, M.; Owen, J. W.; 
Pritchard, W. F.; Lewis, A. L.; Wood, B. J. Drug-Eluting Embolic 
Microspheres: State-of-the-Art and Emerging Clinical 
Applications. Expert Opin. Drug Deliv. 2021, 18 (3), 383–398. 
https://doi.org/10.1080/17425247.2021.1835858. 

(90) Orlacchio, A.; Chegai, F.; Roma, S.; Merolla, S.; Bosa, A.; 
Francioso, S. Degradable Starch Microspheres Transarterial 
Chemoembolization (DSMs-TACE) in Patients with 
Unresectable Hepatocellular Carcinoma (HCC): Long-Term 
Results from a Single-Center 137-Patient Cohort Prospective 
Study. Radiol. Medica 2020, 125 (1), 98–106. 
https://doi.org/10.1007/s11547-019-01093-x. 

(91) Sinha, V. R.; Goyel, V.; Trehan, A. Radioactive Microspheres in 
Therapeutics. Pharmazie 2004, 59 (6), 419–426. 

(92) Li, R.; Li, D.; Jia, G.; Li, X.; Sun, G.; Zuo, C. Diagnostic 
Performance of Theranostic Radionuclides Used in 
Transarterial Radioembolization for Liver Cancer. Front. 
Oncol. 2021, 10 (January), 1–8. 
https://doi.org/10.3389/fonc.2020.551622. 

(93) Sacco, R.; Mismas, V.; Marceglia, S.; Romano, A.; Giacomelli, L.; 
Bertini, M.; Federici, G.; Metrangolo, S.; Parisi, G.; Tumino, E.; 
Bresci, G.; Corti, A.; Tredici, M.; Piccinno, M.; Giorgi, L.; 
Bartolozzi, C.; Bargellini, I. Transarterial Radioembolization 
for Hepatocellular Carcinoma: An Update and Perspectives. 
World J. Gastroenterol. 2015, 21 (21), 6518–6525. 
https://doi.org/10.3748/wjg.v21.i21.6518. 

(94) Murthy, R.; Kamat, P.; Nunez, R.; Salem, R. Radioembolization 
of Yttrium-90 Microspheres for Hepatic Malignancy. Semin. 
Intervent. Radiol. 2008, 25 (1), 48–57. 
https://doi.org/10.1055/s-2008-1052306. 

(95) Allison, C. Yttrium-90 Microspheres (TheraSphere® and SIR-
Spheres®) for the Treatment of Unresectable Hepatocellular 
Carcinoma. Can. Agency Drugs Technol. Heal. 2007, No. 102. 

(96) Mikell, J. K.; Dewaraja, Y. K.; Owen, D. Transarterial 
Radioembolization for Hepatocellular Carcinoma and Hepatic 
Metastases: Clinical Aspects and Dosimetry Models. Semin. 
Radiat. Oncol. 2020, 30 (1), 68–76. 
https://doi.org/10.1016/j.semradonc.2019.08.005. 

(97) Cipreste, M. F.; Sousa, E. M. B. Poly(Vinyl 
Alcohol)/Collagen/Hydroxyapatite Nanoparticles Hybrid 
System Containing Yttrium-90 as a Potential Agent to Treat 
Osteosarcoma. J. Biomater. Nanobiotechnol. 2014, 05 (01), 
24–30. https://doi.org/10.4236/jbnb.2014.51004. 

(98) Arranja, A. G.; Hennink, W. E.; Chassagne, C.; Denkova, A. G.; 
Nijsen, J. F. W. Preparation and Characterization of Inorganic 
Radioactive Holmium-166 Microspheres for Internal 
Radionuclide Therapy. Mater. Sci. Eng. C 2020, 106 (April 
2019), 110244. 
https://doi.org/10.1016/j.msec.2019.110244. 

(99) Nijsen, J. F. W.; Van Het Schip, A. D.; Hennink, W. E.; Rook, D. 
W.; Van Rijk, P. P.; De Klerk, J. M. H. General Introduction: 
Advances in Nuclear Oncology, Microspheres for Internal 
Radionuclide Therapy of Liver Tumours. Curr. Med. Chem. 
2002, 9 (1), 73–82. 

(100) Salem, R.; Lewandowski, R. J.; Atassi, B.; Gordon, S. C.; Gates, 



 

V. L.; Barakat, O.; Sergie, Z.; Wong, C. Y. O.; Thurston, K. G. 
Treatment of Unresectable Hepatocellular Carcinoma with 
Use of 90Y Microspheres (Therasphere): Safety, Tumor 
Response, and Survival. J. Vasc. Interv. Radiol. 2005, 16 (12), 
1627–1639. 
https://doi.org/10.1097/01.RVI.0000184594.01661.81. 

(101) Arranja, A. G.; Hennink, W. E.; Denkova, A. G.; Hendrikx, R. W. 
A.; Nijsen, J. F. W. Radioactive Holmium Phosphate 
Microspheres for Cancer Treatment. Int. J. Pharm. 2018, 548 
(1), 73–81. https://doi.org/10.1016/j.ijpharm.2018.06.036. 

(102) Wunderlich, G.; Pinkert, J.; Andreeff, M.; Stintz, M.; Knapp, F. 
F.; Kropp, J.; Franke, W. G. Preparation and Biodistribution of 
Rhenium-188 Labeled Albumin Microspheres B 20: A 
Promising New Agent for Radiotherapy. Appl. Radiat. Isot. 
2000, 52 (1), 63–68. https://doi.org/10.1016/S0969-
8043(99)00093-7. 

(103) Schubiger, P. A.; Beer, H. F.; Geiger, L.; Rösler, H.; 
Zimmermann, A.; Triller, J.; Mettler, D.; Schilt, W. 90Y-Resin 
Particles-Animal Experiments on Pigs with Regard to the 
Introduction of Superselective Embolization Therapy. Int. J. 
Radiat. Appl. Instrumentation. 1991, 18 (3), 305–311. 
https://doi.org/10.1016/0883-2897(91)90126-6. 

(104) Subramanian, S.; Vimalnath, K. V.; Dash, A. Preparation and 
Preliminary in Vivo Evaluation of 166Ho-Labeled 
Microspheres for Possible Use in Radioembolic Therapy of 
Liver Cancer. J. Label. Compd. Radiopharm. 2018, 61 (6), 509–
514. https://doi.org/10.1002/jlcr.3616. 

(105) Nijsen, F.; Rook, D.; Brandt, C.; Meijer, R.; Dullens, H.; 
Zonnenberg, B.; De Klerk, J.; Van Rijk, P.; Hennink, W.; Van het 
Schip, F. Targeting of Liver Tumour in Rats by Selective 
Delivery of Holmium-166 Loaded Microspheres: A 
Biodistribution Study. Eur. J. Nucl. Med. 2001, 28 (6), 743–
749. https://doi.org/10.1007/s002590100518. 

(106) Van Es, R. J. J.; Nijsen, J. F. W.; Van Het Schip, A. D.; Dullens, H. 
F. J.; Slootweg, P. J.; Koole, R. Intra-Arterial Embolization of 
Head-and-Neck Cancer with Radioactive Holmium-166 
Poly(L-Lactic Acid) Microspheres: An Experimental Study in 
Rabbits. Int. J. Oral Maxillofac. Surg. 2001, 30 (5), 407–413. 
https://doi.org/10.1054/ijom.2001.0129. 

(107) Day, D. E. Glass Microspheres for Cancer Treatment. New 
Mater. Technol. Healthc. 2011, 57–64. 
https://doi.org/10.1142/9781848165595_0005. 

(108) Sarfaraz, M.; Kennedy, A. S.; Cao, Z. J.; Sackett, G. D.; Yu, C. X.; 
Lodge, M. A.; Murthy, R.; Line, B. R.; Van Echo, D. A. Physical 
Aspects of Yttrium-90 Microsphere Therapy for 
Nonresectable Hepatic Tumors. Med. Phys. 2003, 30 (2), 199–
203. https://doi.org/10.1118/1.1538235. 

(109) Brown, R. F.; Lindesmith, L. C.; Day, D. E. 166Holmium-
Containing Glass for Internal Radiotherapy of Tumors. Int. J. 
Radiat. Appl. Instrumentation. 1991, 18 (7). 
https://doi.org/10.1016/0883-2897(91)90018-G. 

(110) Day, D. E.; White, J. E. Biodegradable Glass Compositions and 
Methods for Radiation Therapy, 2002. 

(111) Tolmachev, V. Choice of Radionuclides and Radiolabelling 
Techniques. Target. Radionucl. Tumor Ther. Biol. Asp. 2008, 
145–174. https://doi.org/10.1007/978-1-4020-8696-0_8. 

(112) Banerjee, S.; Pillai, M. R. A.; Knapp, F. F. Lutetium-177 
Therapeutic Radiopharmaceuticals: Linking Chemistry, 
Radiochemistry, and Practical Applications. Chem. Rev. 2015, 
115 (8), 2934–2974. https://doi.org/10.1021/cr500171e. 

(113) HÄfeli, U. Radioactive Microspheres for Medical Applications. 
2001, 213–248. https://doi.org/10.1007/0-306-46891-3_9. 

(114) Milborne, B.; Arafat, A.; Layfield, R.; Thompson, A.; Ahmed, I. 
The Use of Biomaterials in Internal Radiation Therapy. Recent 
Prog. Mater. 2020, 2 (2), 1–34. 
https://doi.org/10.21926/rpm.2002012. 

(115) Coleman, R. E. Metastatic Bone Disease: Clinical Features, 
Pathophysiology and Treatment Strategies. Cancer Treat. Rev. 
2001, 27 (3), 165–176. 
https://doi.org/10.1053/ctrv.2000.0210. 

(116) Cecchini, M. G.; Wetterwald, A.; van der Pluijm, G.; Thalmann, 
G. N. Molecular and Biological Mechanisms of Bone 
Metastasis. EAU Updat. Ser. 2005, 3 (4), 214–226. 
https://doi.org/10.1016/j.euus.2005.09.006. 

(117) Guerrieri, A. N.; Montesi, M.; Sprio, S.; Laranga, R.; Mercatali, 
L.; Tampieri, A.; Donati, D. M.; Lucarelli, E. Innovative Options 
for Bone Metastasis Treatment: An Extensive Analysis on 
Biomaterials-Based Strategies for Orthopedic Surgeons. 
Front. Bioeng. Biotechnol. 2020, 8 (October), 1–16. 
https://doi.org/10.3389/fbioe.2020.589964. 

(118) Selvaggi, G.; Scagliotti, G. V. Management of Bone Metastases 
in Cancer: A Review. Crit. Rev. Oncol. Hematol. 2005, 56 (3), 
365–378. https://doi.org/10.1016/j.critrevonc.2005.03.011. 

(119) Cipreste, M. F.; Mussel, W. da N.; Batista da Silva, J.; Freitas 
Marques, M. B. de; Batista, R. J. C.; Gastelois, P. L.; Augusto de 
Almeida Macedo, W. A. de A.; Sousa, E. M. B. de. A New 
Theranostic System for Bone Disorders: Functionalized 
Folate-MDP Hydroxyapatite Nanoparticles with Radiolabeled 
Copper-64. Mater. Chem. Phys. 2020, 254, 123265. 
https://doi.org/10.1016/j.matchemphys.2020.123265. 

(120) Maisano, R.; Pergolizzi, S.; Cascinu, S. Novel Therapeutic 
Approaches to Cancer Patients with Bone Metastasis. Crit. 
Rev. Oncol. Hematol. 2001, 40 (3), 239–250. 
https://doi.org/10.1016/S1040-8428(01)00092-0. 

(121) Macedo, F.; Ladeira, K.; Pinho, F.; Saraiva, N.; Bonito, N.; Pinto, 
L.; Gonçalves, F. Bone Metastases: An Overview. Oncol. Rev. 
2017, 11 (1). https://doi.org/10.4081/oncol.2017.321. 

(122) Chakraborty, S.; Das, T.; Sarma, H. D.; Venkatesh, M.; Banerjee, 
S. Preparation and Preliminary Studies on 177Lu-Labeled 
Hydroxyapatite Particles for Possible Use in the Therapy of 
Liver Cancer. Nucl. Med. Biol. 2008, 35 (5), 589–597. 
https://doi.org/10.1016/j.nucmedbio.2008.03.003. 

(123) Shinto, A.; Kamaleshwaran, K.; Chakraborty, S.; Vyshakh, K.; 
Thirumalaisamy, S.; Karthik, S.; Nagaprabhu, V.; Vimalnath, 
K.; Das, T.; Banerjee, S.  Radiosynovectomy of Painful 
Synovitis of Knee Joints Due to Rheumatoid Arthritis by Intra-
Articular Administration of 177 Lu-Labeled Hydroxyapatite 
Particulates: First Human Study and Initial Indian Experience 
. World J. Nucl. Med. 2015, 14 (2), 81. 
https://doi.org/10.4103/1450-1147.153908. 

(124) Chakraborty, S.; Vimalnath, K. V.; Rajeswari, A.; Shinto, A.; 
Sarma, H. D.; Kamaleshwaran, K.; Thirumalaisamy, P.; Dash, A. 
Preparation, Evaluation, and First Clinical Use of 177Lu-
Labeled Hydroxyapatite (HA) Particles in the Treatment of 
Rheumatoid Arthritis: Utility of Cold Kits for Convenient Dose 
Formulation at Hospital Radiopharmacy. J. Label. Compd. 
Radiopharm. 2014, 57 (7), 453–462. 
https://doi.org/10.1002/jlcr.3202. 

(125) Poorbaygi, H.; Reza Aghamiri, S. M.; Sheibani, S.; Kamali-asl, 
A.; Mohagheghpoor, E. Production of Glass Microspheres 
Comprising 90Y and 177Lu for Treating of Hepatic Tumors 
with SPECT Imaging Capabilities. Appl. Radiat. Isot. 2011, 69 
(10), 1407–1414. 
https://doi.org/10.1016/j.apradiso.2011.05.026. 

(126) Liao, J.; Han, R.; Wu, Y.; Qian, Z. Review of a New Bone Tumor 
Therapy Strategy Based on Bifunctional Biomaterials. Bone 
Res. 2021, 9 (1). https://doi.org/10.1038/s41413-021-
00139-z. 

 
 

 

 


