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Abstract Transarterial chemoembolization (TACE)

involves the emulsification of a chemotherapeutic agent in

a viscous drug carrier, delivered intra-arterially to liver

tumor for maximum effect. TACE reduces arterial inflow,

diminishes washout of the chemotherapeutic agent, and

decreases systemic exposure. Despite evidence of some

clinical success with TACE, a new type of microspheres

with drug-eluting capabilities may offer a precisely con-

trolled and sustainable release of the chemotherapeutic

agent into the tumor bed. In animal trials tumor necrosis

(approaching 100%) was greatest at 7 days, with signifi-

cantly lower plasma concentrations of doxorubicin than in

control animals treated with doxorubicin intra-arterially.

Clinically, drug-eluting microspheres loaded with doxoru-

bicin, either at 75 mg/m2 or at a fixed dose of 150 mg,

were used recently and no severe disorders of the hepatic

function were observed postprocedure, while a substantial

reduction of the fetoprotein levels occurred. An interim

analysis of the first 15 patients from the Hong Kong group

at 3 months showed an objective response rate of 61.54%

and 53.84% according to EASL criteria and RECIST cri-

teria, respectively, and a survival rate of 93.3%. In this

paper we present how to use microspheres loaded with

doxorubicin and review their clinical value and preliminary

performance for treatment of unresectable liver cancer.
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Introduction

Chemotherapeutic agents (e.g., doxorubicin) can be infused

directly into the systemic circulation but patients who

receive this treatment suffer serious side effects that may

be life-threatening (e.g., cardiac toxicity), pain, nausea,

vomiting, myelosuppression, and alopecia. To achieve

higher concentrations of the drug delivered to the tumor

and to decrease systemic exposure compared with systemic

chemotherapy regional cancer therapy, transarterial

chemoembolization (TACE), which involves periodic

injection of a chemotherapeutic agent such as doxorubicin,

mitomycin C, or cisplatin mixed with an a viscous embolic

material (e.g., lipiodol), had been used so far [6, 22, 23,

29]. The rational for TACE is that hypervascular tumors

such as hepatocellular carcinomas (HCCs) receive their

blood supply mainly from the hepatic artery. Thus, the

infusion of a drug with a viscous material followed by

embolization of the blood vessel with Gelfoam, polyvinyl

alcohol (PVA) particles, or spherical embolic agents will

occlude the arterial blood supply to the tumor, causing an

infarct and subsequent necrosis of the tumor.

To allow more predictable release of chemotherapy over

time, to prolong the contact time between cancer cells and

the chemotherapeutic agents, and to avoid damage of the

hepatic microcirculation, preformed microspheres, avail-

able in diameters ranging from 40 to 1200 lm, were

introduced recently [16, 19, 26, 36]. The soft and deform-

able microspheres usually consist of a macromer derived
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from PVA, can be delivered through conventional catheters

(4–5 Fr) or microcatheters in the 2- to 3-Fr range (except

900–1200 lm), and can be loaded with chemotherapeutic

agents such as doxorubicin. The unique properties of drug-

eluting microspheres/beads (DEBs) allow delivery of large

amounts of drugs to tumors for a prolonged time, thereby

decreasing plasma levels of the chemotherapeutic agent

[16]. In this paper we present how to use microspheres

loaded with doxorubicin and review their clinical value and

preliminary performance in the primary treatment of unre-

sectable HCCs by chemoembolization.

Materials and Methods

Patients are eligible for chemoembolization if they fulfill the

criteria listed in Table 1 (Fig. 1a and b). While in some

studies patients with multinodular HCC and vascular inva-

sion, extrahepatic spread, or bone metastases were excluded

from chemoembolization, we would still treat these patients,

as long as the Karnofsky performance status score is C60 and

an estimated life expectancy of C3 months can be estimated.

Besides the contraindication to hepatic artery catheteri-

zation, such as severe peripheral vascular disease

precluding catheterization, further exclusion criteria are

listed in Table 2.

Doxorubicin is metabolized by the liver and excreted

through the biliary system [31]. However, only about 60%

of the drug is removed on first pass through the liver [14].

Thus, a considerable quantity of the drug is present,

resulting in systemic toxicity. Especially hematologic and

gastrointestinal events may be increased when doxorubicin

is used in combination with other drugs. Thus, caution

should be used in coadministering doxorubicin with

digoxin, mercaptopurine, quinolones, progesterone, verap-

amil, cyclosporine, phenobarbital, phenytoin, streptozocin

(Zanosar), saquinavir, cyclophosphamide, and etoposide

and administering live vaccines to immunosuppressed

patients.

Drug-Eluting Microspheres/Beads

As proposed recently, patients may receive chemoemboli-

zation using DEBs loaded with doxorubicin at a maximum

dose of 75 mg/m2 [24]. In the case of an elevated bilirubin

level, between 1.5 and 2 mg/dL, a reduction of the doxo-

rubicin dose to 50 mg/m2 is recommended. If the bilirubin-

level is higher than 3 mg/dL, no DEBs should be applied.

However, in an ongoing study no adjustment was made for

Table 1 Inclusion criteria for treating hepatocellular carcinoma

(HCC) with drug-loaded microspheres

• Patients with confirmed diagnosis of HCC according to EASL

criteria

• Patients with HCC not suitable for resection, liver transplantation,

or percutaneous ablation according to the BCLC staging

classification

• Ablation but treatments are unfeasible or patient has declined

• Patients who demonstrate recurrence following potentially curative

treatment (resection and percutaneous ablation) who have clearly

measurable disease according to RECIST or EASL

• Patients with performance status ECOG 0 and 1

• Patients with well-preserved liver function (Child-Pugh A and up to

Child-Pugh B7)

Fig. 1 A 73-year-old male patient with biopsy-proven heptocellular

carcinoma: (a) axial and (b) coronal reconstruction of contrast-

enhanced multislice CT in the upper right liver lobe (maximum

diameter, 6 cm; tumor volume, 84 cm3)

Table 2 Exclusion criteria for treating hepatocellular carcinoma

(HCC) with drug-loaded microspheres

Advanced liver disease

• Child-Pugh’s score CB8 or active gastrointestinal bleeding,

encephalopathy, or ascites

• Bilirubin levels [3 mg/dL

Advanced tumoral disease

• BCLC class C (vascular invasion including segmental portal

obstruction, extrahepatic spread, or cancer-related

symptoms = ECOG 2, 3, and 4) or

• BCLC class D (WHO performance status 3 or 4, Okuda III stage)

or

• Diffuse HCC, defined as[50% tumor involvement of the whole

liver

Any contraindication for doxorubicin administration

• Serum bilirubin [5 mg/dL

• WBC \3000 cells/mm3

• Neutrophils \1500 cells/mm3

• Cardiac ejection fraction \50% assessed by isotopic

ventriculography, echocardiography, or MRI

Any contraindication for hepatic embolization procedures

• Portosystemic shunt, hepatofugal blood flow; impaired clotting

tests (platelet count \50,000/mm3, prothrombin activity \50%),

renal insufficiency/failure, serum creatinine [2 mg/dL (177 lmol/

L), severe atheromatosis

• AST and/or ALT [59 upper limit of normal

J. Kettenbach et al.: Drug-Loaded Microspheres for the Treatment of Liver Cancer 469

123



bilirubin concentration, thus a total dose of 150 mg of

doxorubicin is given per treatment (Precision Asia). In

either case, no lipiodol will be used with DEB emboliza-

tion, however, if arterial flow persists following the

complete dose of DEBs, further embolization using regular

(unloaded) microspheres is suggested until flow is reduced

significantly. DEBs such as DC Bead Microspheres (Bio-

compatibles, Surrey, UK) are obtained in vials as 2 mL of

hydrated beads in sodium phosphate solution (Fig. 2).

Handling and loading doxorubicin into the microspheres

have been described earlier [19, 20].

Embolization Procedure

DEBs are then aspirated from the vial into a syringe and

mixed with saline solution and nonionic contrast medium

(300–400 mg iodine/mL) using a three-way stopcock at a

50:50 ratio and left for a few minutes to suspend. Once the

catheter is in place within the artery feeding the tumor, the

DEBs are infused into the artery (Fig. 3a–c). The size of

the embolic agent used is usually at the investigator’s

discretion and is selected based on the anatomy of the

feeding vessels. However, it is recommended to choose

smaller (100- to 300- or 300-to 500-lm) particles first,

followed by larger (500- to 700-lm) particles. Other

groups used small (40- to 120-lm) particles until stasis in

the target vessel was achieved [8]. In the case of diffuse

tumors, lobar or segmental embolization is performed, and

if hepatic vein shunting is identified angiographically,

larger particles are used to minimize the risk of nontarget

pulmonary embolization [3, 8].

Additional Chemoembolization Procedures

It is anticipated that patients receive three or four chemo-

embolization treatments within 6 months. In patients with

bilobar disease, embolization may be performed with both

lobes being treated within a 3-week period. However,

treatment will be discontinued if any exclusion criteria

develop. It may also be considered that in conventional

chemotherapy the maximum lifetime dose of doxorubicin

is 450 mg/m2.

Tumor Response

Tumor response can be measured by contrast-enhanced

spiral computed tomography or MRI according to EASL

consensus amendments for tumor response assessment and

according to the RECIST criteria (Fig. 4a and b) [6, 27,

35]. The amendments of the EASL consensus consider that

‘‘non-enhanced tumoural areas reflect tissue necrosis after

treatment, whereas viable neoplastic cells are recognized

by enhanced areas inside the treated lesion’’ [5]. Thus, the

definition of response has to take into account the extent of

tumor necrosis of the total tumor bulk.

By contrast, the RECIST criteria recommend measuring

the change in size of the five main lesions (‘‘target’’

lesions). Therefore, the response will be evaluated for each

of five nodules as the modification in diameter, thereafter

calculating the sum of all diameters (RECIST) while, at the

Fig. 2 Drug-loaded microspheres loaded with doxorubicin (maxi-

mum loading dose, 37.5 mg doxorubicin/mL). The current size of

DCBs in this vial is within the range of 500–700 lm

Fig. 3 Selective angiography

of the hepatocellular carcinoma

using a 5-Fr Sidewinder catheter

before (a) and after (c)

chemoembolization using DC

Beads. (b) Superselective

placement of a microcatheter

feeding the tumor
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same time, defining the proportion of tumor necrosis in

each of the five nodules and, finally, the overall proportion

of tumor mass reduction (EASL criteria). Response is

assessed every 3 months within the first 2 years following

first treatment.

Treatment Response Assessment Using RECIST

Response Criteria

Complete Response (CR)

CR is defined as the disappearance of measurable disease,

or the absence of arterial phase contrast enhancement as

measured by CT scan, that persists for at least 4 weeks

without the appearance of new measurable lesions.

Partial Response (PR)

PR is defined as a C30% reduction in the sum of the

products of the longest diameter (length) and the longest

perpendicular diameter (width) of all measurable lesions

compared to baseline, and no appearance of new measur-

able lesions.

Stable Disease (SD)

Neither PR nor progressive disease (PD) criteria are met,

taking as reference the smallest sum of the longest diameter

recorded since the commencement of treatment.

Progressive Disease

PD occurs when one of the following conditions is met: (1)

the sum of the cross products of all measurable lesions,

including new lesions, increases by more than 50%

compared to nadir; or (2) new measurable lesions occur in

any part of the body outside the liver.

Local Tumor Response

Local tumor response (using the EASL definition of pro-

gression with respect to change in necrosis) is measured as

the progression of tumors treated following each chemo-

embolization treatment. New tumor development in a

previously treated area is not considered progression.

Quality of Life

Even if the therapy is not meant to be part of a study,

quality of life should be measured using the EQ-5D and

EORTC-QLQ C30. The EQ-5D is a generic (as opposed to

disease-specific) questionnaire which seeks to capture the

patient’s overall well-being. The questionnaire has been

used in many disease areas and validated versions are

available in most European languages. Data from the EQ-

5D can be analyzed using the standard algorithm for

analysis and standard statistical approach.

EORTC-QLQ C30 is a questionnaire developed to

assess the quality of life of cancer patients and should be

asked at baseline, predischarge following the first treat-

ment, 12 ± 2 days after the first treatment, at 3 months,

and at 6 months.

Results

In 1991, Johnson et al. published data on the pharmacoki-

netics of chemoembolization using doxorubicin and

lipiodol [17] and showed that there was no significant dif-

ference in the pharmacokinetic parameters in patients

receiving intravenous versus intra-arterial doxorubicin

(either with or without lipiodol). The results showed a

twofold reduction in the peak log10 plasma concentration of

doxorubicin. This corresponds to an actual reduction in

plasma doxorubicin from *10,000 to 100 ng/ml, following

chemoembolization using doxorubicin-loaded Gelspheres.

In an animal study, Siegal et al. compared the biodis-

tribution and clinical efficacy of free doxorubicin (F-DOX)

and stealth liposome-encapsulated DOX (SL-DOX) in a

secondary brain tumor model [30]. Following an intrave-

nous dose of 6 mg/kg of either F-DOX or SL-DOX, the

SL-DOX tumor levels were 14-fold higher at their peak

levels at 48 h, declining to 9-fold increased levels at 120 h.

An F-DOX single-dose treatment given 6 days after tumor

inoculation increased the rats’ life span (ILS) by 135%

over that of controls (p \ 0.05). In contrast, SL-DOX

Fig. 4 Contrast-enhanced multislice CT 6 months following first

treatment after two cycles of drug-eluting microspheres: (a) during

the arterial phase no vital tumor tissue (thus a complete response) was

seen; (b) the venous phase demonstrated shrinkage of the necrotic

tumor by 75 %
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treatment resulted in an ILS of 168% (p \ 0.0003).

Treatment with three weekly doses of SL-DOX produced

an ILS of 189%, compared to 126% for F-DOX

(p \ 0.0002).

Meanwhile, several vendors developed microspheres

either to be used for bland embolization or to be loaded

with chemotherapeutic agents (Table 3). Hong et al.

recently showed that the plasma concentration of doxoru-

bicin was minimal in the animals treated with DEBs at all

time points (0.009–0.05 lmol/L), suggesting a high tumor

retention of doxorubicin [15]. The plasma concentration

was significantly lower (70%–85% decrease in plasma

concentration) than in control animals treated with doxo-

rubicin intra-arterially. Within the tumor, the doxorubicin

concentration peaked at 3 days (413.5 nmol/g), remaining

high to 7 days (116.7 nmol/g) before declining at 14 days

(41.76 nmol/g), indicating continuous doxorubicin elution

from beads. In control animals, the peak tumor concen-

tration of doxorubicin was 0.09 nmol/g. Tumor necrosis

(approaching 100%) was greatest at 7 days, with minimal

adverse local side effects reflected in liver function test

results.

Lewis et al. demonstrated that DC Bead spheres could

be easily loaded with doxorubicin to a recommended level

Table 3 Currently available

particle size ranges,

compositions, and specific

features of products used for

liver embolization

Product name (vendor) Size–range

(lm)

Composition Comments

PVA (Cook,

Bloomington, IN)

180–300 Macroporous polyvinyl

alcohol (PVA)

particles

Exact sizing of particles difficult;

particles tend to aggregate, thereby

clogging delivery catheters, or may

behave in an unpredictable manner

300–500

500–710

710–1000

Contours SE (Boston

Scientific, Natick,

MA)

300–500 Spherical PVA Lack flexibility and elasticity,

therefore deform under mechanical

force
500–700

700–900

Bead Block

(Biocompatibles UK,

Surrey)

100–300 Highly flexible and compressible

300–500

500–700

700–900

DC Bead

(Biocompatibles UK)

100–300 PVA polymer modified

with sulfonate groups

Undergo slight decrease in size (up to

25%) when loaded at 25 mg/ml

doxorubicin
300–500

500–700

700–900

Embosphere (BioSphere

Medical, Rockland,

MA)

40–120 Tris-acryl gelatin Hydrophilic surface and spherical

shape prevent aggregation100–300

300–500

500–700

700–900

900–1200

HepaSphere (BioSphere

Medical, Roissy-en-

France, France)

200–400 Expand to 49 their dry-state diameter

when in contact with blood,

nonionic contrast medium, or 0.9%

NaCl; mold into the occlusion-site

anatomy

400–600

600–800

Embozene (CeloNova

BioSciences Inc.,

Atlanta, GA)

100 Polymeric, embolization

microparticles coated

with Polyzene-F

polymer

Each size calibrated to have 95% of

the particles within 50 lm of the

nominal size
250

400

500

700

900

LC Bead

(Biocompatibles Inc.

and RITA,

Manchester, GA)

100–300 N-fil Hydrogel

microspheres

Tinted beads for immediate enhanced

visualization prior to delivery300–500

500–700

700–900

472 J. Kettenbach et al.: Drug-Loaded Microspheres for the Treatment of Liver Cancer

123



of 25 mg/mL hydrated beads, whereas other commercial

embolic microspheres such as Contour SE, Embosphere,

and Bead Block were shown not to load doxorubicin to the

same extent or release it in the same fashion; hence they

are considered unsuitable for local drug delivery [19]. For

instance, modeling of the kinetics of drug elution from DC

Beads in vitro at a loading dose of 25 mg/mL yielded

calculated half-lives of 150 h for the 100- to 300-lm size

range to a maximum of 1730 h for the 700- to 900-lm size

range, which was dependent on the ionic strength of the

elution medium. For comparison, there was a rapid loss of

drug from an unstable Lipiodol emulsion, with a half-life

of *1 h.

In a recent study, Lewis et al. compared DEBs versus

bland embolization in a porcine liver model [20]. In the

drug-eluting groups mean doses of 127.5 and 78.7 mg

doxorubicin for the 100- to 300- and 700- to 900-lm DEBs

were applied, respectively. Given the body weight range of

40–52 kg for the animals under study and the administered

doses approximate to the maximum recommended human

dose of 150 mg doxorubicin in one procedure, the dosage

used in this study represented a clinically relevant dosage

for the study of safety. Maximum plasma concentrations

were 651 and 42.8 ng/mL for the 100- to 300- and 700- to

900-lm DEBs.

A transient increase in liver enzyme levels, particularly

in the groups of animals who underwent embolization with

100- to 300-lm DEBs, was observed. Histologically, the

administration of doxorubicin-loaded DEB resulted in

treatment-related changes that varied depending on the size

of the beads. Mostly nonnecrotic vascular changes with no

hepatic necrosis were seen with non-drug-loaded 100- to

300-lm beads. Occasionally there were some variable

changes in the hepatic parenchyma, such as biliary

hyperplasia and portal fibrosis. Treatment with 100- to 300-

lm DEBs, however, was associated with large areas of

pannecrosis of the adjacent hepatic tissue. Secondary to

inflammatory changes, moderate amounts of portal fibrosis

with moderate biliary hyperplasia and mild arterial and

venous hyperplasia were noted. By contrast, treatment with

the larger, 700- to 900-lm DEBs resulted in necrosis of the

hepatic artery only, with no apparent damage to the sur-

rounding liver tissue.

In clinical trials, DC Beads, for example, are currently

being used for treatment of HCC in two ongoing phase II

trials conducted at the Barcelona Clinic Liver Cancer

Group, Spain, and at the Centre for Study of Liver Disease,

Hong Kong (PRECISION Trials). In the PRECISION

Barcelona trial doxorubicin was loaded into the PVA

microspheres in the pharmacy prior to the interventional

procedure. Dose escalation using DC Beads commenced at

25 mg/m2 and continued through 50, 75, and 100 mg/m2

doxorubicin.

In the PRECISION Asia trial, dose escalation using

PRECISION Beads (where doxorubicin is preloaded into

the beads during the manufacturing process) commenced at

a total dose of 25 mg and continued through total doses of

50, 75, 100, and 150 mg. In the PRECISION Asia trial

patients received PRECISION Beads embolization at the

maximum total dose of 150 mg. An interim analysis of the

first 15 patients from Hong Kong at 3 months showed an

objective response rate of 61.54% and 53.84% according to

EASL criteria and RECIST criteria, respectively, and a

survival rate of 93.3% (personal communication, Bio-

compatibles UK Ltd).

Our group recently treated 30 patients (pts) with unre-

sectable HCC in a single-center prospective trial using

drug-eluting PAV microspheres (Gelspheres; Biocompati-

bles UK Ltd.). The 500- to 700-lm beads were loaded with

doxorubicin (75 mg/m2 for serum bilirubin levels

\1.5 mg/dL and 50 mg/m2 for levels [1.5 mg/dL, Klam-

mer zu nach, respectively [32]. If required, additional

unloaded beads were used to complete occlusion of the

tumor feeding vessels and up to four embolization cycles

were performed when CT follow-up showed an inadequate

treatment response.

According to RECIST criteria, at 6-month follow-up CR

was obtained in 8 of 30 patients (27%), PR in 4 of 30

patients (13%), SD in 1 of 30 patients (3%), and PD in 12

of 30 patients (40%), respectively. Seven patients (23%)

received one embolization cycle, 5 patients (17%) received

two, 7 patients (23%) received three, and 11 patients (37%)

received four cycles.

The 30-day mortality of all embolization procedures

performed was 1 of 82 (1%) and major adverse events

were observed following 2 of 82 (2%) procedures (tem-

porary liver failure, acute cholecystitis). The overall

survival rate at 6 months was 93%. Liver enzymes (AST,

ALT) and CRP showed a substantial and statistically

significant increase after the first cycle and a minor but

also significant increase in cycles 2 and 3. Interestingly

clinical symptoms were worse after the first cycle than in

the following cycles.

Malgari et al. reported the efficacy of embolization

using DC Beads impregnated with doxorubicin in 42

patients with confirmed HCC [24]. Patients were treated

with DC Beads superselectively 2 months apart using a

2.7-Fr coaxial microcatheter (Progreat, Terumo) until ces-

sation of flow was achieved. Contrast-enhanced US

(CEUS) revealed complete tumor ischemia in 58% of the

cases, PR ([50%) in 35%, and \50% response in 7% of

cases. Similarly, CT showed liquefaction of the lesions

without enhancement in 65% and localized residual

enhancement in 40% of cases. No severe disorders of

hepatic function were observed postprocedure, while a

substantial reduction in fetoprotein levels was observed.
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DEBs were also used to treat neuroendocrine hepatic

metastases in 19 patients who underwent 32 courses of

TACE with 2–4 ml of beads (GelSphere) loaded with 40–

100 mg doxorubicin [9]. Only minor postembolization

symptoms were observed and a moderate increase in liver

enzymes was observed within 3 days of treatment. The

mean total bilirubin was, respectively, 11 and 25 mmol/L

before and within 3 days of treatment and returned to the

baseline value on day 5. Within 1 month after TACE, all

four patients with neuroendocrine-related symptoms

experienced a decrease in symptoms. One to two months

after the first TACE, no patient showed progressive dis-

ease; 8 patients showed a PR according to RECIST criteria;

10 showed a minor response; and 1 patient had SD. On

follow-up CT, six patients demonstrated some degree of

hepatic necrosis. CT perfusion studies demonstrated an

elongation of mean transit time and a decrease in mean

blood flow 4 days after performance of TACE that per-

sisted at 2 months.

Discussion

There is no standard method to perform a liver emboliza-

tion for HCC, although the general concept of the

procedure is to combine local infusion of chemotherapeutic

agents with selective embolization of the feeding arteries of

the tumor. The choices of chemotherapeutic agent and

embolization material vary from center to center, often

driven more by toxicity issues and experience rather than

clinical data [4, 19].

Although some groups still believe that the efficacy of

bland arterial embolization is comparable to that of TACE

[23], many are convinced of the benefits of using TACE to

treat unresectable HCCs [19]. Llovet et al. showed a sig-

nificant survival benefit in European patients with

unresectable HCC using doxorubicin emulsified in Lipi-

odol (p = 0.009) compared with the best supportive care

[21]. In Asian patients, Lo et al. reported similar findings

using cisplatin mixed with Lipiodol, followed by emboli-

zation with gelatin sponge particles, and demonstrated a

significant survival benefit (p = 0.006) compared to

symptomatic treatment [22]. However, comparison among

these inconsistent data is extremely difficult, and clinicians

have a tendency to maintain their current practices rather

than adopting new techniques Abstand nach zitat [19]. One

must also consider that Lipiodol as used in TACE pene-

trates the portal venules and hepatic sinusoids and affects

the hepatic microcirculation [33]. In particular, large

amounts of Lipiodol emulsion may induce hepatic paren-

chymal damage or bile duct ischemia [7].

Earlier, Johnson et al. demonstrated that there was no

significant difference in the pharmacokinetic parameters in

patients receiving intravenous versus intra-arterial doxo-

rubicin (either with or Klammer zu nach lipiodol without

lipiodol) [17]. Long-circulating doxorubicin encapsulated

in liposomes, however, appears to offer selective tumor

localization, probably related to liposome longevity in

circulation and to liposome extravasation through the

abnormally permeable microvasculature of systemic

tumors [11, 12, 30]. This concept was proven by Siegal

using long-circulating liposomes as cytotoxic drug carriers

in brain tumor, resulting in an enhanced drug exposure and

improved therapeutic activity, with equal effectiveness

against early small and large brain tumors [30].

These experiences probably moved the attention to a

more tumor-specific approach and to the development of

microspheres loaded with doxorubicin. In particular, the

pharmacokinetic interim data from Hong’s study showed a

2-log reduction in plasma doxorubicin when TACE was

performed with doxorubicin-loaded beads compared with

the historical data [16, 17].

Whether the loading capability of DC Beads is thera-

peutically meaningful with respect to the requirements of

conventional TACE is open to debate.

However, as Lewis et al. detected higher plasma levels

of doxorubicin over a 24-h period for the smaller, 100- to

300-lm beads compared with the larger, 700- to 900-lm

ones, with the peak concentration approximately 15 times

higher in the animals treated with small DEBs. This is

attributable to the increased surface area of the smaller

beads, inducing a greater burst release of doxorubicin [20].

This is consistent with the fact that embolization with small

particles is known to produce more extensive tissue

necrosis because of the distal nature of the occlusion and

the elimination of collateral flow [28]. Significantly higher

levels of aspartate also indicate that the combined effect of

small DEBs and a high doxorubicin loading dose induced a

greater extent of hepatic insult. It is also known that

doxorubicin can diffuse much further through tissue that is

necrotic, because the drug is not carried away from the site

by the neighboring microvasculature, nor is it metabolized

by normal hepatocytes, because these have been destroyed

[13]. The lack of tumor, however, makes it difficult to

predict the relative effects of drug delivery to cancerous

cells versus normal hepatocytes.

Similarly to Llovet et al., we used DEBs with doses as

high as 75 mg doxorubin/m2, depending on bilirubin levels

[21, 32]. The recommended maximum (absolute) dose of

doxorubicin administered per treatment, however, is

150 mg [18], with a maximum recommended lifetime dose

of 450 mg/m2 [25].

The first cohort of patients in the PRECISION clinical

trial were treated with DC Beads in a dose-escalating

fashion, with doses of 25, 50, 75, and 100 mg/m2 to a

maximum dose of 150 mg of doxorubicin per treatment
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with use of 500- to 700-lm beads [36]. In this clinical

safety study no dose-limiting toxicity was reported when

two 2-mL vials of beads were used, loaded to a maximum

of 37.5 mg doxorubicin/mL. However, drug loading at this

high dose requires several hours to ensure that the entire

drug has been removed from solution, whereas drug load-

ing at 25-mg doxorubicin/mL doses is more convenient and

takes about 1–1.5 h [19]. Thus, several animal trials or

clinical registries are ongoing at European centers, loading

DC beads with 25–37.5 mg doxorubin/mL to treat hepa-

tocellular carcinoma and neuroendocrine liver tumors or

using Irinotecan loading profiles between 10 and 50 mg

drug/mL to treat colorectal cancer [1, 34].

Elution of beads containing levels in excess of the

maximum bound capacity results in a burst effect in which

the unbound drug is rapidly released from the bead, fol-

lowed by a slower, more controlled release of bound drug

[19]. Compared to Contour SE, Embosphere, or Bead

Block, however, the ability to load and release doxorubicin

was highest with DC Beads. Using a Lipiodol emulsion as

in conventional TACE, doxorubicin is lost from Lipiodol in

a very short period of time and Lipiodol droplets separate

rapidly from the aqueous phase [19]. In any case, the best

candidates for chemoembolization using either TACE or

DC Beads are those with preserved liver function and

asymptomatic multinodular tumors without vascular inva-

sion or extrahepatic spread [10]. These results provide the

evidence to consider chemoembolization as the standard

treatment for the above-mentioned patients.

While applicability and handling of conventional drug

delivery systems such as DEBs seem to be favorable, a

continuous search for more advanced drug delivery prin-

ciples is still of great importance. Currently marketed drug

delivery systems lack the ability to actively release the

carried drug and rely on passive diffusion or slow non-

specific degradation of the liposomal carrier [2].

However, even though several promising strategies such

as externally triggered light- and thermosensitive lipo-

somes were introduced decades ago, none of them have yet

led to marketed drugs and they are still far from achieving

this goal. The most advanced and prospective technologies

are probably the prodrug strategies where nontoxic drugs

are carried and activated specifically in the malignant tissue

by overexpressed enzymes [2].

Conclusion

The present findings indicate that using drug-loaded par-

ticles or microspheres such as DC Beads loaded with

doxorubicin provides an efficient sustained and somewhat

controlled drug delivery with a low systemic toxicity. Drug

loading, however, has no impact on the handling and

deliverability of the beads, making them suitable for su-

perselective treatment of hypervascular tumors such as

unresectable HCC. As confirmed by early and preliminary

data, an improved therapeutic efficacy and a lower rate of

morbidity and complication can be anticipated.
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