
764J Adv Pract Oncol AdvancedPractitioner.com

Section Editor: Denice Economou

GRAND ROUNDS

Chemoembolization With  
Drug-Eluting Beads for the  
Treatment of Hepatocellular Carcinoma
KATHY DIENER DASSE,1 PharmD, BCOP, MICHAEL J. LANDER,2 PharmD, and  
PAULA M. NOVELLI,3 MD

From 1Department of Pharmacy Services, 
University of Michigan Health Systems, Ann 
Arbor, Michigan; 2Pharmacy Services, Mayo 
Clinic – St. Mary’s Hospital, Rochester, Minnesota; 
3Division of Vascular and Interventional Radiol-
ogy, University of Pittsburgh Medical Center, 
Pittsburgh, Pennsylvania

Authors’ disclosures of potential conflicts of 
interest are found at the end of this article. 

Correspondence to: Kathy Diener Dasse, PharmD, 
BCOP, Room B2D301, 1500 E. Medical Center Drive, 
Ann Arbor, MI 48109.  
E-mail: kdasse@med.umich.edu 

https://doi.org/10.6004/jadpro.2016.7.7.8

© 2016 Harborside Press® 

CASE STUDY
THA is a 40-year-old immigrant from Myanmar who has been living 

in the United States for about 6 years. He has a history of hepatitis B 
virus (HBV) infection for many years, for which he has never received 
any treatment. He is negative for hepatitis B ‘e’ antigen (HBeAG), with 
normal liver enzymes on his routine primary care visits.  

THA was referred to a hepatology clinic when recent laboratory 
studies revealed a slowly increasing tumor marker—alpha-fetoprotein 
level (AFP). His AFP increased from a normal level of 8 ng/mL (normal 
range, 0–8 ng/mL) in December 2014 to 44 ng/mL in June 2015. His 
HBV DNA level was 30,409 IU/mL. Because of his history of chronic 
hepatitis B infection and the rising AFP level, a computed tomogra-
phy (CT) scan was done and showed a 4 cm x 3.5 cm liver mass in 
segment 8, accompanied by cirrhotic morphology to the liver (see 
Figures 1A–1D on page 765). 

As THA has no other medical problems and remains active in his 
community and at home, he was referred to a liver cancer treatment 
program for consideration of liver transplantation, which could be 
an effective cure. THA is classified as Barcelona Clinic Liver Cancer 
(BCLC) A (early disease, single tumor) with an Eastern Cooperative 
Oncology Group (ECOG) performance status of 0, Child-Turcotte-
Pugh A cirrhosis.

THA was determined to be a good candidate for transplant, based 
on the BCLC and Milan criteria (Forner, Reig, de Lope, & Bruix, 2010; 
Mazzaferro et al., 1996). The model for end-stage liver disease (MELD) 
score was 22 for hepatocellular carcinoma, based on the Organ Pro-
curement and Transplantation Network (OPTN)/United Network for 
Organ Sharing (UNOS) guidelines (which are followed by our institu-
tion, University of Michigan Health System, for liver allocation). His tu-
mor met the size criteria for a good outcome after transplant, and he 
had the necessary social support, as transplantation is a lifelong event 
requiring both social and psychological adjustment.
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THA was then referred to interventional radiology for consideration of locoregional liver- 
directed therapies. This would offer disease control and stability while he underwent the ad-
ditional testing necessary before being placed on the transplant list. After a patient is for-
mally placed on the list for transplant, there is at least a 6-month wait to receive a liver due 
to the organ allocation process and medical necessity. Bridging liver-directed therapies pro-
tect a patient’s candidacy for curative transplant and may help to decrease the dropout rate 
from the transplant waiting list, thereby having a positive effect on posttransplant survival 
and tumor recurrence rates (Graziadei et al., 2003; National Comprehensive Cancer Network  
[NCCN], 2015).

During his transarterial chemoembolization procedure, THA underwent an arteriogram, 
which revealed the solitary hypervascular mass in the right lobe. Selective transarterial chemo-
embolization was then done by injecting 1 vial of 100 to 300 µm drug-eluting LC Bead particles 
loaded with 75 mg of doxorubicin into the target artery supplying the tumor. A postemboliza-
tion arteriogram showed no residual tumor blush (see Figure 1E below).

THA experienced mild nausea and several days of minimal fatigue. He recovered well, with 
no residual effects. A follow-up magnetic resonance imaging performed 6 weeks after his 
procedure revealed greater than 95% tumor response (see Figure 1F below). THA now will 
undergo imaging every 6 weeks until he receives a transplant.

A B C

D E F

Figure 1. THA’s scans. (A) Arterial-phase CT scan shows the 4 cm mass in the liver; (B) Delayed-
phase CT scan of the liver shows the "washout" of contrast typical for hepatocellular carcinoma; 
(C) Right hepatic arteriogram shows the tumor vascularity in the dome of the liver; (D) Selec-
tive segmental right hepatic arteriogram shows the tumor vascularity; (E) Postembolization right 
hepatic arteriogram shows no further filling of the tumor; (F) Contrast-enhanced arterial-phase MR 
imaging 6 weeks after DEB-TACE shows no residual tumor vascularity.
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P rimary liver cancer is one of the most 
common malignancies occurring world-
wide as well as one of the most com-
mon causes of cancer-related deaths 

(American Cancer Society [ACS], 2015; El-Serag 
& Rudolph, 2007; Torre et al., 2015). Hepatocellu-
lar carcinoma (HCC) accounts for approximately 
90% of primary liver cancer. Incidence and mortal-
ity vary based on geography, race or ethnicity, and 
gender. In 2012, there were an estimated 782,500 
new cases of liver cancer worldwide and 745,500 
deaths. More recent statistics for the United States 
were an estimated 35,660 new cases of liver can-
cer, with approximately 75% being hepatocellular 
carcinoma, and 24,550 deaths.

Worldwide, chronic infection with hepatitis 
C virus (HCV) and hepatitis B virus (HBV) is the 
primary risk factors for HCC. As was the case with 
our patient THA, as many as one in eight individu-
als are chronically infected with HBV in countries 
such as Myanmar (Custer et al., 2004). Obesity, 
diabetes, liver disease associated with alcohol use, 
and smoking tobacco, along with chronic infection 
due to HBV and/or HCV, are major risk factors for 
liver cancer in the United States (ACS, 2015). To 
further emphasize the differences in risk factors 
among various parts of the world, diabetes and/or 
obesity account for approximately one-third of all 
primary liver cancers, and alcohol use/abuse ac-
counts for approximately one-quarter of primary 
liver cancers in men in the United States (ACS, 
2015; El-Serag & Rudolph, 2007).

A separate risk factor, genetic hemochromato-
sis, is due to excess iron absorption related to mu-
tations in the high iron (HFE) gene (NCCN, 2015). 
Although this genetic defect is relatively rare, af-
fecting between 1 in 200 and 1 in 400 persons of 
Northern European ethnicity, those with cirrho-
sis and hereditary hemochromatosis have a 20- to 
200-fold increase in lifetime risk of HCC (Harri-
son & Bacon, 2005).

Treatment strategies and survival depend on 
various disease and patient factors. When used 
early in the course of their disease, surgical thera-
pies such as resection or liver transplantation and 
ablative treatments such as percutaneous local 
radiofrequency ablation and ethanol injections 
yield a 5-year survival rate of 50% to 70% (Bolon-
di et al., 2012). Despite the overall 5-year survival 

being similar for both liver resection and trans-
plantation in patients with early disease, recur-
rence has been observed to be greater in patients 
treated with liver resection than with liver trans-
plantation (Sapisochin et al., 2013). The cumula-
tive risk of tumor recurrence at 1, 5, and 10 years 
was 18%, 69%, and 83% in patients treated with 
liver resection and 4%, 18%, and 20% in patients 
treated with transplant (p < .001), respectively. 
The 10-year actuarial survival for patients treated 
with resection was 33%, compared with 49% for 
patients who received a liver transplant (p = .002). 
Systemic therapy with sorafenib (Nexavar) in pa-
tients with advanced disease yields a 1-year sur-
vival rate of approximately 44% (Bolondi et al., 
2012). Transarterial chemoembolization (TACE) 
is an option for those patients with unresectable 
HCC, localized disease, and adequate perfor-
mance status and liver function, yielding a 1- to 
2-year survival rate of 82% and 63%, respectively 
(Bolondi et al., 2012).

Chemoembolization combines an agent that 
occludes the hepatic artery feeding the tumor and 
local release of a chemotherapeutic agent. The 
rationale for this procedure is that embolization 
causes necrotic damage to the tumor, and sys-
temic exposure to chemotherapy is limited (Le-
wandowski, Geschwind, Liapi, & Salem, 2011). An 
added benefit is that hypoxic damage to the tumor 
cells may facilitate the uptake of chemotherapy by 
those cells (Lewandowski et al., 2011; Kruskal et 
al., 1993). Tumor necrosis also reduces the risk for 
tumor dissemination during transplant surgery.

Although this article focuses on the treatment 
of HCC, other malignancies with metastatic dis-
ease isolated to the liver have also been treated 
with chemoembolization. For example, it has 
been used to treat liver metastases due to colorec-
tal cancer, cholangiocarcinoma, neuroendocrine 
tumors, breast cancer, and melanoma (Agarwala, 
Eggermont, O’Day, & Zager, 2014; Bester, Metel-
ing, Boshell, Chua, & Morris, 2014).

STAGING AND TREATMENT  
DECISIONS

Multiple staging systems, based on various 
disease factors and liver function, are used to 
determine the course of therapy and prognosis 
in staging HCC. Following the initial diagnosis, 
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the National Comprehensive Cancer Network 
(NCCN) categorizes patients into four categories 
based on the potential for success with various 
treatment strategies. They include: patients with 
disease that may be treated with surgery (either 
resection or transplantation) and whose perfor-
mance status (PS) and comorbidities allow for 
such surgery; patients for whom surgery is not an 
option due to PS and/or comorbidities; patients 
with unresectable disease; and patients with met-
astatic disease (NCCN, 2015).

For patients with unresectable disease who 
are being treated with TACE, the NCCN refers 
to two staging systems (NCCN, 2015). One of the 
systems is the Cancer of the Liver Italian Program 
(CLIP; 1998). This system uses Child-Pugh stage, 
tumor morphology, alpha-fetoprotein (AFP), and 
portal vein thrombosis in scoring disease to aid in 
determining prognosis and planning treatment.

The CLIP system was compared with six other 
staging systems in patients who had undergone 
TACE to determine which was the most useful 
in this population (Cho et al., 2008). Multivariate 
analysis demonstrated that low serum albumin 
levels (≤ 3 g/dL), ascites, elevated serum AFP lev-
el (> 60 ng/mL), and portal or hepatic vein tumor 
thrombosis were significant risk factors for death 
(p = .001, p = .001, p = .004, p = .000, respectively). 
When survival statistics for each stage of disease ac-
cording to the various systems were compared, the 
CLIP system had distinct survival periods without 
overlap, as well as a statistical difference between 
adjacent prognostic scores. These outcomes indi-
cate the validity of this particular staging system.

The second staging system mentioned by the 
NCCN with regard to TACE for HCC is the Bar-
celona Clinic Liver Cancer (BCLC) staging sys-
tem (NCCN, 2015; Forner, Reig, de Lope, & Bruix, 
2010; see Figure 2). The BCLC system also con-
siders multiple disease and patient characteristics 
in defining prognosis and treatment (Llovet, Bru, 
& Bruix, 1999). The BCLC points patients with 
multinodular disease and no extrahepatic spread 
or portal thrombosis, Child-Pugh A-B, and perfor-
mance status of 0 (BCLC intermediate stage [B]) 
to treatment with chemoembolization (Llovet et 
al., 1999; Liccioni, Reig, & Bruix, 2014), with me-
dian survival being greater than 4 years in some 
studies (Burrel et al., 2012; Malagari et al., 2012).

Because of the heterogeneity of patients con-
sidered BCLC stage B, researchers have worked to 
further subdivide the class, with the goal of select-
ing an appropriate population for treatment with 
TACE (Bolondi et al., 2012; Ha et al., 2014). These 
subclassifications are based on liver function, 
performance status, and tumor burden. Median 
survival time following the first treatment with 
TACE differed between these subgroups (B1 sub-
group [41 months] vs. B2 subgroup [22.1 months],  
p < .001; B2 subgroup [22.1 months] vs. B3 sub-
group [14.1 months], p = .001; there was no differ-
ence between B3 [14.1 months] and B4 subgroups 
[17.2 months], p = .48; Ha et al., 2014).

Other groups have advocated offering treat-
ment with TACE to an even broader population of 
patients with HCC. One such group is the Expert 
Panel Opinion on Interventions in Hepatocellu-
lar Carcinoma (EPOIHCC), which recommends 
expanding the appropriate patient population to 
include those with BCLC A, B, or C disease, East-
ern Cooperative Oncology Group (ECOG) PS < 2, 
and Child-Pugh < C (Cheng et al., 2014). TACE has 
also been shown to be effective in patients recom-
mended for liver transplantation if the expected 
time to transplant is more than 6 months (Cheng 
et al., 2014; Graziadei et al., 2003; Otto et al., 2007). 
Extensive extrahepatic disease is still considered a 
contraindication to treatment with TACE (Cheng 
et al., 2014).

The BCLC staging system (see Figure 2) links 
this patient to resection or transplantation for cu-
rative therapy. Liver transplant was chosen based 
on the patient’s age and underlying hepatitis B in-
fection. Our patient, THA, benefited from locore-
gional therapy, in that treatment with drug-elut-
ing beads–TACE allowed for control of his disease 
while workup for liver transplant took place. Fur-
thermore, with this sort of bridging therapy, the 
wait for transplantation did not negatively affect 
his overall prognosis.

CHEMOEMBOLIZATION 
Conventional TACE

Conventional TACE is not a new technology. 
Use of embolizing agents mixed with chemothera-
py or given alone (bland) for the treatment of HCC 
dates back to the late 1970s and 1980s (Talenfeld, 
Sista, & Madoff, 2014; Wheeler et al., 1979; Hirai et 
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al., 1989; Sasaki et al., 1987; Patt et al., 1983). Mate-
rials used as embolizing agents have included gel-
atin particles, polyvinyl alcohol (PVA) particles, 
and ethiodized oil (Lipiodol).

Limitations to the use of some of these agents 
include large particle size or irregular shape, mak-
ing it more likely larger vessels will be occluded 
instead of the smaller targeted distal vasculature 
feeding the tumor. Incomplete vascular occlusion 
is another issue with some of these materials, as 
well as problems related to clogging the catheter 
used to deliver the agent to the intended area of 
the vasculature (Tam, Leung, & Wang, 2011). Em-
bolizing agents with a spherical shape and cali-
brated sizes are now available and may overcome 
some of the issues associated with the use of gela-
tin sponge and PVA particles (Osuga et al., 2012).

Ethiodized oil has also been used in combi-
nation with various chemotherapy agents, such 
as doxorubicin, epirubicin, mitoxantrone, fluo-
rouracil (5-FU), mitomycin, and cisplatin, for the 
treatment of HCC. It allows for the delivery of the 

chemotherapy to the site of the tumor with subse-
quent prolonged, local release of the chemothera-
py drug (Miura & Gamblin, 2015; Tam et al., 2011; 
Nakamura, Hashimoto, Oi, & Sawada, 1989). One 
issue with the use of ethiodized oil is incomplete 
arterial occlusion, making it necessary to add an 
embolizing agent (e.g., Gelfoam). Incompatibility 
with hydrophilic antineoplastic agents is another 
issue with the use of ethiodized oil.

To overcome compatibility issues, the che-
motherapy drug must first be dissolved in other 
substances, such as water-soluble x-ray con-
trast agents. The mixture is then added to the 
ethiodized oil. This combination of chemother-
apy, ethiodized oil and an embolizing agent, had 
been viewed as the standard of care for patients 
with intermediate-stage HCC until the introduc-
tion of drug-eluting beads (DEBs).

Drug-Eluting Beads
More recently, DEBs have emerged for the 

treatment of HCC. There currently are two DEB 

HCC

PEI/RF Chemoembolization Sorafenib

Symptomatic 
treatment

Liver transplantation 
(CLT/LDLT)Resection

Curative treatments Noncurative treatments

Stage 0
PS 0. Child-Pugh A

Very early stage (0)
Single < 2 cm

Single 3 nodules ≤ 3 cm

Normal

Increased Associated diseases

No Yes

Portal pressure/bilirubin

Early stage (A)
Single or 3 nodules < 3 cm PS 0

Intermediate stage (B)
Multinodular PS 0

Terminal 
stage (D)

Advanced stage (C)
Portal invasion N1 M1 PS 1-2

Stages A – C
PS 0–2. Child-Pugh A-B

Stage D
PS > 2. Child-Pugh C

Figure 2. Barcelona Clinic Liver Cancer (BCLC) staging, including strategies for treatment of hepatocel-
lular carcinoma (HCC). Chemoembolization is recommended for intermediate-stage HCC. Reproduced 
with permission from Forner et al. (2010). CLT = cadaveric liver transplant; LDLT = living donor liver 
transplant; PEI = percutaneous ethanol injection; PS = performance status; RF = radiofrequency.
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preparations available: LC Bead (also known as 
DC Bead outside the United States) and Quadra-
Sphere Microspheres (also known as HepaSphere 
Microspheres outside the United States). The LC 
Beads are made of polyvinyl alcohol modified by 
sulfonate sodium salt, and QuadraSphere is made 
of vinyl alcohol and a sodium acrylate co-polymer. 
Both preparations consist of uniform-sized beads 
that can be loaded with various chemotherapeutic 
agents, most commonly doxorubicin, irinotecan, 
or oxaliplatin (Miura & Gamblin, 2015).

Pharmacokinetic studies of both prepara-
tions have been done in animal models to evaluate 
doxorubicin plasma concentrations, release rate, 
and concentration at the tumor site. The study 
that evaluated doxorubicin-loaded DEBs in a rab-
bit model of liver cancer demonstrated a signifi-
cantly lower plasma concentration of doxorubi-
cin compared with intra-arterial administration. 
A peak intratumor doxorubicin concentration of 
413.5 nmol/g was observed at 3 days, compared 
with a peak tumor concentration of 0.09 nmol/g 
in the group receiving doxorubicin intra-arteri-
ally. Intratumor doxorubicin concentrations re-
mained high through days 7 (116.7 nmol/g) and 14 
(41.76 nmol/g) in the DEB group compared with 
the intra-arterial route (0 nmol/g within 1 hour of 
injection), intra-arterial followed by bland beads 
(5–25 nmol/g), or a combination of ethiodized 
oil, doxorubicin, and bland beads (12–36 nmol/g). 
Plasma concentrations in the group treated with 
DEBs were minimal at all measured time points 
(Hong et al., 2006).

Similar results were reported with the Qua-
draSphere preparation loaded with doxorubicin, 
with peak tumor concentrations being observed 
at 3 days (40.632–50.052 nmol/g) and detectable 
levels throughout the 7-day study period. Pro-
nounced tumor necrosis was observed at 3 days 
and continued through the 7-day study period (Lee 
et al., 2010). Pharmacokinetic studies in patients 
were consistent with animal studies. There were 
significant differences in doxorubicin area under 
the curve (AUC) and Cmax (maximum concentra-
tion), with a better safety profile for DEB-TACE 
than for conventional TACE (Van Malenstein et 
al., 2011; Malagari et al., 2014; see Table 1).

Both bead preparations are available in vari-
ous sizes to accommodate vessels of various sizes. 

LC Beads are available in 70–150 µm, 100–300 
µm, 300–500 µm, and 500–700 µm sizes. Quadra-
Sphere microspheres are supplied as dry particles, 
which swell when hydrated. The particle sizes 
of available QuadraSphere dry (hydrated) mi-
crospheres are 30–60 µm (120–240 µm), 50–100 
µm(200–400 µm), 100–150 µm (400–600 µm), 
and 150–200 µm (600–800 µm). Studies have 
been conducted comparing various bead sizes to 
see whether there are differences in outcome de-
pending on the bead size used.

One retrospective study conducted in patients 
with a diagnosis of HCC and Child-Pugh A/B, ab-
sence of portal vein thrombosis, no extrahepatic 
disease, and an ECOG PS of 0 to 2 compared a 
single TACE treatment using doxorubicin-loaded 
LC Beads with a particle size of 100–300 µm (n = 
39) and 300–500 µm (n = 22; Padia et al., 2013). 
Choice of bead size was based on individual radi-
ologist preference.

There was found to be a lower incidence 
of postembolization syndrome and fatigue af-
ter treatment in the 100–300 µm group (8% and 
36%) compared with the 300–500 µm group (40 
and 70%; p = .011 and p = .025, respectively). Com-
plete response tended to be higher in the 100–300 
µm group (59% vs. 36%, p = .114) and partial re-
sponse was higher in the 300–500 µm group (8% 
vs. 27.3%, p = .055). The authors noted that the 
300–500 µm size was likely chosen in some ear-
lier clinical trials because it was similar to that of 
the embolization materials used in conventional 
TACE (Padia et al., 2013). Smaller-sized DEBs and 
the delivery of these beads closer to the tumor 
target may provide benefit due to smaller areas of 
ischemia induction and reduced ischemia in non-
target, normal liver tissue.

A second retrospective study showed similar 
results (Prajapati et al., 2014). This study included 
patients with BCLC advanced-stage disease, and 
the study allowed retreatment with DEB-TACE. 
Doxorubicin-loaded 100–300 µm beads (n = 59) 
were compared with a mixture of 300–500 and 
500–700 µm (n = 35) LC Bead. Median overall 
survival was longer in the 100–300 µm bead size 
group (15.1 vs. 11.1 months, p = .005). Common 
terminology criteria for adverse events (CTCAE), 
grade III adverse events, and 30-day mortal-
ity were significantly lower in patients who were 
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treated with the smaller beads (6.8% vs. 20%,  
p = .04 and 0% vs. 14.3%, p = .001, respectively). 
Again, there was found to be an advantage in the 
use of smaller-sized beads for DEB-TACE.

Our patient (THA) was treated with LC Bead 
100–300 µm loaded with 75 mg of doxorubicin. He 
suffered minimal adverse events, primarily several 
days of mild fatigue and some mild nausea. Our in-
stitution uses only LC Bead 100–300 µm, although 
the other sizes are on the formulary.

When the QuadraSphere microsphere prepara-
tion was first marketed, our institution considered 
adding the product to our formulary. Because of the 
absence of studies directly comparing the two bead 
preparations and existence at that time of extended 
stability data only for the doxorubicin-loaded LC 
Bead preparation (Hecq et al., 2013), the Quadra-
Sphere microsphere preparation was not added 
to our institution’s formulary. Risk for use of the 
wrong bead preparation was also considered in the 

decision to carry only a single bead product. Since 
that time, the manufacturer of QuadraSphere has 
included extended stability information in its prod-
uct information (Merit Medical Systems, 2013).

Clinical Evidence on Drug-Eluting Bead  
Transarterial Chemoembolization

Both prospective and retrospective studies 
have compared conventional TACE and DEB-
TACE. Results of these studies demonstrated an 
advantage to DEB-TACE with regard to efficacy, 
toxicity, or both (see Table 2).

One randomized, prospective, multicenter 
trial compared treatment with doxorubicin-
loaded DC Bead (n = 93) to treatment with con-
ventional TACE, which consisted of doxorubicin 
in ethiodized oil followed by an embolic agent 
administered every 2 months for a maximum of 
3 doses (Lammer et al., 2010). At 6 months, ob-
jective response (OR) and disease control rates 

Table 1. Pharmacokinetics, Efficacy, and Safety of Doxorubicin When Combined With DEB

Study Population Treatment groups Summary of PK Efficacy Safety

Van Malenstein 
(2011)

•• BCLC A–C
•• Child-Pugh A/B
•• �ECOG 0 or < 3  

if status not 
affected by HCC

•• �No extrahepatic 
disease or 
extensive PVT

A: �Doxorubicin + 
microsphere  
(n = 16)

B: �Doxorubicin 
with ethiodized 
oil and an 
embolizing 
agent (n = 14)

Doxorubicin AUC 
and Cmax lower in 
patients treated 
with microspheres 
than conventional 
TACE (p < .001)

A: SD 92%
B: SD 77%, p = .54

Grade 4 AEs
A: n = 5
B: n = 0, p = .005

Postembolization 
syndrome

A: n = 12
B: �n = 14

Grade 4 
leukopenia/febrile 
neutropenia

A: n = 0
B: n = 4 

Malagari (2014) •• �BCLC A (not 
amenable 
to curative 
therapy)/B

•• Child-Pugh A/B

A: �Microsphere with 
doxorubicin, 
dose escalation 
100 mg, repeat 
at 4–5 weeks  
(x 3 doses) for 
any size lesions  
(n = 45)

B: �Conventional 
TACE (with 
doxorubicin and 
ethiodized oil; 
n = 3)

Doxorubicin AUC 
(p = .009) and 
Cmax (p = .002) 
significantly lower 
in patients treated 
with microspheres 
than conventional 
TACE

A: CR overall: 
17.8%
CR target lesion: 
22.2%
OR: 68.9%
B: Not reported

Grade 1 increase in 
liver enzymes

44%–66% (with 
return to baseline 
4 weeks post 
embolization)

Postembolization 
syndrome:

18.4%

No doxorubicin-
related AEs

Note. DEB = drug-eluting bead; PK = pharmacokinetics; BCLC = Barcelona Clinic Liver Cancer; ECOG = Eastern 
Cooperative Oncology Group; HCC = hepatocellular carcinoma; PVT = portal vein thrombosis; AUC = area under the 
curve; Cmax = maximum concentration; TACE = transarterial chemoembolization; SD = stable disease; AE = adverse 
event; CR = complete response; OR = objective response rate (CR+PR).
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Table 2. Safety and Efficacy of Drug-Eluting Beads: Clinical Trials Data

Study Population Treatment groups Efficacy Safety

DEB vs. conventional TACE

Dhanasekaran 
(2010)a

•• CLIP staging 0–6
•• Okuda stage 1–3
•• �Child-Pugh stage 

A–C

A: Doxorubicin + LC 
bead (n = 45)
B: Doxorubicin, cisplatin, 
mitomycin with 
ethiodized oil and PVA 
particles (n = 26)

Median survivalb  
(p = .03) 
A: 610 d (351–868) 
B: 284 d (4–563)

Subgroup analysis:

CLIP ≤ 3 (p = .03) 
A: 469 d (358–581) 
B: 373 d (195–551)

Okuda stage I (p = .02) 
A: 501 d (421–528) 
B: 354 d (148–560)

Child-Pugh A and B  
(p = .002)
A: 641 d (471–810) 
B: 323 d (161–485)

Grade 5 and procedure-
related death (within 
30 d):
A: 6.6% (all from Child-
Pugh stage C)
B: 7.8% (from Child-Pugh 
stage A and B)

Lammer 
(2010)c

•• �BCLC stage 
A/B, without 
portal invasion 
or extrahepatic 
spread

•• ECOG 0/1
•• �Child-Pugh stage 

A/B

Doxorubicin  
A: DC bead,  
both 300–500 and 
500–700 µm (n = 93)
B: conventional TACE  
(n = 108)

Repeated every 2 mo  
x 3 doses

OR/DCR at 6 mo  
(p = .11)
A: 52%/63%
B: 44%/52%

OR/DCR at 6 mo for 
advanced disease  
(p = .038/.026)
A: 52%/64%
B: 35%/44%

Treatment-related SAEs 
within 30 d of CE:  
(p = .34)
A: 23.7%
B: 29.6%

AEs observed more 
often in conventional 
TACE vs. DC bead:
•• �Changes in liver 

enzymes
- Mean maximum AST 
increase 50% less 
in group A (95% CI: 
39%–65%; p < .001)
- Mean maximum 
ALT increase 41% less 
in group A (95% CI: 
46%–76%; p < .001)

•• �Doxorubicin-related 
events: –14.1% 
incidence in group 
A (95% CI: –24.7% to 
–3.5%,  
p = .012)

•• LVEF (p = .018)
A: +2.7 ± 10.1 
percentage points
B: –1.5 ± 7.5 
percentage points 

Note. DEB = drug-eluting beads; TACE = transarterial chemoembolization; CLIP = Cancer of the Liver Italian Program; 
PVA = polyvinyl alcohol; BCLC = Barcelona Clinic Liver Cancer; OR = objective response rate (complete response + partial 
response); DCR = disease control rate (complete response + partial response + stable disease); SAE = severe adverse 
event; CE = chemoembolization; AST = aspartate aminotransferase; CI = confidence interval; ALT = alanine transaminase; 
LVEF = left ventricular ejection fraction; RFA = radiofrequency ablation; SCr = serum creatinine; RR = response rate; 
CR = complete response; PR = partial response; HCC = hepatocellular carcinoma; PVT = portal vein thrombosis; PFS = 
progression-free survival; OS = overall survival; RE = radioembolization.
aRetrospective study; bSurvival is from diagnosis of HCC; cRandomized prospective single-blind study; dRandomized 
prospective study; eProspective study.

Table continued on next page
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Table 2. Safety and Efficacy of Drug-Eluting Beads: Clinical Trials Data

Study Population Treatment groups Efficacy Safety

Malagari 
(2010)d

•• �Child-Pugh stage 
A/B

•• ECOG PS 0–1
•• �Unsuitable for 

curative surgery or 
RFA

•• �No SCr > 2 mg/
dL, evidence 
of extrahepatic 
disease or portal 
vein thrombus

A: Doxorubicin + DC 
bead (n = 41)
B: Bland embolization  
(n = 43)

Repeated every 2 
mo to maximum of 3 
treatments

Recurrence at 12 mo  
(p = .01)
A: 45.7%
B: 78.3%

Time to progression in 
weeks (p = .008)
A: 42.4 ± 9.5
B: 36.2 ± 9

No differences in 
incidence of AEs

Sacco (2011)d •• �Child-Pugh stage 
A/B

•• ECOG PS 0–1
•• �< 5 tumor nodules 

or < 50% of liver 
volume

•• �No thrombus in 
main portal vein

•• �No extrahepatic 
disease

A: Doxorubicin + DC 
bead (n = 33)
B: Doxorubicin with 
ethiodized oil and grated 
gelatin sponge particles 
(n = 34)

RR at 1 month (p = .1)
A: CR = 51.5%
     PR = 48.5%
B: CR = 70%
     PR = 29.4%
(BL tumor size smaller in 
patients with CR, p = .01)

No difference in: 
Median time to 
recurrence (p = .99)
Survival rate at 24 mo  
(p = .96)

AEs with incidence 
significantly different 
between treatment 
groups:
ALT 24 hours after 
procedure (p = .007)
A: �Preprocedure:  

74 IU ± 62
     �Postprocedure:  

101 IU ± 89
B: �Preprocedure:  

60 IU ± 44
     �Postprocedure:  

216 IU ± 201

Song (2012)a •• BCLC stage A/B
•• �Child-Pugh stage 

A/B
•• ECOG PS 0–1
•• �No thrombus in 

a main or branch 
portal vein

•• �No extrahepatic 
disease

A: Doxorubicin + LC 
bead (n = 60)
B: Doxorubicin or 
epirubicin/cisplatin with 
ethiodized oil and PVA 
particles (n = 69)

OR at 3 mo (p < .001)
A: 81.6%
B: 49.4%

OR for BCLC stage B  
(p < .001)
A: 75.6%
B: 34.1%

OS higher in A vs. B  
(p = .005)

AEs with incidence 
significantly different 
between treatment 
groups:
Postprocedure increase 
in AST (p = .010)

Golfieri 
(2014)d

•• �HCC not amenable 
to curative 
treatment or 
recurred failed/
recurred after 
resection or 
ablation

•• �Child-Pugh stage 
A/B

•• ECOG 0/1
•• �No portal vein 

thrombosis
•• No infiltrative HCC

A: Doxorubicin + DC 
bead (n = 89)
B: Epirubicin with 
ethiodized oil and 
gelatin sponge (n = 88)

Repeated with proof 
of persistent tumor or 
recurrence as long as 
liver function was not 
compromised

Survival rates (p = .949)
A: 1-year: 86.2%
     2-year: 56.8%
B: 1-year: 83.5%
     2-year: 55.4%

Response rates (p > .05) 
except CR at 1 mo  
(p = .036)
A: 43.8%
B: 59.8%

AEs with incidence that 
is significantly different 
between treatment 
groups:
Postprocedural pain  
(p = .001)
A: 24.7%
B: 71.6%

Note. DEB = drug-eluting beads; TACE = transarterial chemoembolization; CLIP = Cancer of the Liver Italian Program; 
PVA = polyvinyl alcohol; BCLC = Barcelona Clinic Liver Cancer; OR = objective response rate (complete response + partial 
response); DCR = disease control rate (complete response + partial response + stable disease); SAE = severe adverse 
event; CE = chemoembolization; AST = aspartate aminotransferase; CI = confidence interval; ALT = alanine transaminase; 
LVEF = left ventricular ejection fraction; RFA = radiofrequency ablation; SCr = serum creatinine; RR = response rate; 
CR = complete response; PR = partial response; HCC = hepatocellular carcinoma; PVT = portal vein thrombosis; PFS = 
progression-free survival; OS = overall survival; RE = radioembolization.
aRetrospective study; bSurvival is from diagnosis of HCC; cRandomized prospective single-blind study; dRandomized 
prospective study; eProspective study.

(cont.)
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(DCR) did not differ significantly with DEB-TACE 
and conventional TACE (OR: 51.6% vs. 43.5%,  
p = .11; DCR: 63.4% vs. 51.9%, p = .11).

Supplementary analyses demonstrated dif-

ferences in OR and DCR among patients with ad-
vanced disease (66.7% of patients in both groups), 
defined as Child-Pugh B, ECOG PS of 1, bilobar or 
recurrent disease (OR: 52.4% vs. 34.7%, p = .038; 

Table 2. Safety and Efficacy of Drug-Eluting Beads: Clinical Trials Data

Study Population Treatment groups Efficacy Safety

Advanced/refractory disease

Song (2013)e •• �Tumors refractory 
to conventional 
TACE (> 2 
consecutive 
incomplete necrosis 
on CT scan at 
1 to 2 mo post 
conventional TACE)

•• BCLC stage A/B

Doxorubicin + DC bead CR: 40%
PR: 60%

AEs all grades (grade 
3/4):
•• �Aminotransferase 

increase, n = 10 (n = 5)
•• �Hyperbilirubinemia,  

n = 2 (n = 1)
•• �GI toxicity, n = 5  

(n = 0)
•• �Postembolization 

syndrome, n = 7  
(n = 0)

Kalva (2014)a •• BCLC stage C
•• PVT allowed
•• �Limited 

extrahepatic 
disease allowed

•• �Patients allowed to 
go on to transplant

Doxorubicin + DC bead 
repeated with residual 
disease or recurrence

N = 80
Median PFS: 5.1 mo (95% 
CI: 4.1–7.7)

Median OS: 13.3 mo (95% 
CI: 10.1–18.6)

Better OS with ECOG ≤ 1 
(p = .025) and > 2 DEB-
TACE (p = .01)

AEs occurring in ≥ 5% of 
patients:
•• Pain, grade 1–2: 16%
•• Fatigue, grade 1–2: 11%
•• Nausea, grade 1–2: 5%
•• �Increase AST/ALT,  

grade 3: 15%

Ray (2015)a •• BCLC stage C/D
•• PVT allowed
•• �Venous invasion 

or limited 
extrahepatic 
metastases allowed

•• �Patients allowed 
to proceed to 
transplant

Doxorubicin + DC bead BCLC stage C (n = 30)
BCLC stage D (n = 13)

Median OS = 596 d
PVT (n = 9) did not 
adversely affect OS
Patients who underwent 
transplant after TACE  
(n = 12)

Venous invasion or 
metastatic disease  
(n = 5) decreased OS 
(120 ± 56 vs. 655 ± 328 d,  
p < .0001)

Bilirubin > 2.0 mg/dL 
(p = .0007) and Child-
Pugh stage A/B vs. C  
(p = .037) affected 
survival

BCLC stage C
•• �Major complications: 

severe postembolization 
syndrome  
(n = 2), hepatic artery 
dissection (n = 2)

•• �Minor complications: 
hypotension (n = 1), 
encephalopathy  
(n = 1), prolonged 
hospital stay  
(n = 2), moderate 
postembolization 
syndrome (n = 1)

BCLC stage D
•• �Major complications: 

bilateral lower 
extremity weakness 
(n = 1)

•• �Minor complications: 
constipation (n = 1) 
and hematoma (n = 1)

Note. DEB = drug-eluting beads; TACE = transarterial chemoembolization; CLIP = Cancer of the Liver Italian Program; 
PVA = polyvinyl alcohol; BCLC = Barcelona Clinic Liver Cancer; OR = objective response rate (complete response + partial 
response); DCR = disease control rate (complete response + partial response + stable disease); SAE = severe adverse 
event; CE = chemoembolization; AST = aspartate aminotransferase; CI = confidence interval; ALT = alanine transaminase; 
LVEF = left ventricular ejection fraction; RFA = radiofrequency ablation; SCr = serum creatinine; RR = response rate; 
CR = complete response; PR = partial response; HCC = hepatocellular carcinoma; PVT = portal vein thrombosis; PFS = 
progression-free survival; OS = overall survival; RE = radioembolization.
aRetrospective study; bSurvival is from diagnosis of HCC; cRandomized prospective single-blind study; dRandomized 
prospective study; eProspective study.

(cont.)
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DCR: 63.5% vs. 44.4%, p = .026). No difference be-
tween groups in overall incidence of treatment-
related serious adverse events was observed with-
in 30 days of treatment (p = .34). However, there 
were fewer doxorubicin-related adverse events 
and less liver toxicity in the group treated with 
DEB-TACE compared with conventional TACE 
(p = .012, p < .001, respectively), despite a higher 
mean total dose of doxorubicin in the DEB-TACE 
group (295 vs. 223 mg).

With encouraging outcomes in patients with 
BCLC intermediate-stage HCC, there has been 
interest in treating patients with refractory or 
advanced HCC with DEB-TACE. One such study 
treated 10 consecutive patients with 10 tumors 

deemed refractory to conventional TACE of a to-
tal of 435 patients who had undergone TACE at 
a single institution. Refractory was defined as tu-
mors that demonstrated more than two consecu-
tive incomplete necroses on computed tomogra-
phy (CT).

A complete response was observed in four of 
the tumors treated with DEB-TACE, and six pa-
tients had a partial response. Five patients were 
reported to have grade 3/4 aminotransferase el-
evations, and one patient was reported to have 
grade 3 hyperbilirubinemia, all of which returned 
to baseline within several days of treatment. Seven 
patients were reported to have grade 1/2 postem-
bolization syndrome. The authors hypothesized 

Table 2. Safety and Efficacy of Drug-Eluting Beads: Clinical Trials Data

Study Population Treatment groups Efficacy Safety

Long-term survival

Burrel (2012)a •• �Early-stage HCC, 
not candidates for 
other therapies 
(resection, 
transplantation, etc) 

•• �Intermediate-stage 
HCC (BCLC)

•• �Child-Pugh stage  
≤ 7 points

•• ECOG 0
•• �Adequate clotting 

profile, liver and 
renal function

•• No PVT

Doxorubicin + LC bead 
(n = 104) every 6 mo 
until symptomatic 
progression, extrahepatic  
disease or vascular 
invasion, liver failure,  
or severe AEs
Bead size   
500–700 µm (n = 22) 
300–500 µm (n = 82)

Median survival (95% CI):
Overall: 48.6 mo 
(36.9–61.2)
BCLC stage A: 54.2 mo 
(32.3–76.15)
BCLC stage B: 47.4 mo 
(32.7–62.7)

After censoring 
(transplant, sorafenib 
therapy, RE): 47.4 mo 
(37.9–57.5)

Major complications  
(n = 10)
•• Abscess (n = 3)
•• �Arterial dissection  

(n = 2)
•• Cholecystitis (n = 1)
•• �Hepatic subcapsular 

hematoma (n = 1)
•• Pancreatitis (n = 1)
•• �Biliary dilatation  

(n = 1)
•• Severe pain (n = 1)

Malagari 
(2012)e

•• �Child/Pugh stage A 
(curative treatment 
not possible)/B

•• �Adequate liver 
function

Doxorubicin + LC bead 
(100–300 µm or 300–
500 µm; n = 173) every 2 
to 3 mo

Local ablation and 
sorafenib may have 
been used for treatment 
of disease progression 
(multiple new lesions, 
etc.)

Mean OS (range):
All: 43.8 mo (1.2–64.8)
Child-Pugh stage A:  
48.7 mo 
Child-Pugh stage B: 36.7 
mo (A vs. B, p = .029)

Predictors of 5-year 
survival:  
Number of lesions  
(p = .033)
Lesion vascularity  
(p < .0001)
Initial CR (p < .001)
OR (p = .046)

30-day treatment-
related mortality: Liver 
abscess (n = 2), sepsis 
(n = 2)

AEs
•• �Postembolization 

syndrome: 73.9%
•• Cholecystitis: 5.8%
•• �Transient liver 

decompensation: 4.6%
•• Abscess: 2.9%
•• �Irreversible liver 

failure: 1.7%
•• Pleural effusion: 1.2%

Note. DEB = drug-eluting beads; TACE = transarterial chemoembolization; CLIP = Cancer of the Liver Italian Program; 
PVA = polyvinyl alcohol; BCLC = Barcelona Clinic Liver Cancer; OR = objective response rate (complete response + partial 
response); DCR = disease control rate (complete response + partial response + stable disease); SAE = severe adverse 
event; CE = chemoembolization; AST = aspartate aminotransferase; CI = confidence interval; ALT = alanine transaminase; 
LVEF = left ventricular ejection fraction; RFA = radiofrequency ablation; SCr = serum creatinine; RR = response rate; 
CR = complete response; PR = partial response; HCC = hepatocellular carcinoma; PVT = portal vein thrombosis; PFS = 
progression-free survival; OS = overall survival; RE = radioembolization.
aRetrospective study; bSurvival is from diagnosis of HCC; cRandomized prospective single-blind study; dRandomized 
prospective study; eProspective study.

(cont.)
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that not all tumors retain ethiodized oil–doxoru-
bicin, likely making conventional TACE less ef-
fective than the prolonged release of doxorubicin 
when given as DEB (Song et al., 2013).

Use of DEB-TACE has also been evaluated in 
patients with advanced disease. One retrospec-
tive study reported outcomes of DEB-TACE in 
patients with BCLC stage C (n = 30)/D (n = 13) 
disease (Ray et al., 2015). Median overall survival 
was 596 days. Predictors of poor outcome includ-
ed gross vascular invasion or metastatic disease 
compared with no vascular invasion or metasta-
ses (overall survival: 120 ± 56 vs. 655 ± 328 days, 
p < .0001); bilirubin > 2.0 mg/dL (p = .0007); and 
Child-Pugh A vs. B/C (p = .037).

A second study conducted in patients with 
BCLC stage C disease demonstrated better out-
comes in patients with an ECOG PS of ≤ 1 (p = .025) 
and patients who had more than two DEB-TACE 
procedures (p = .01; Kalva et al., 2014). Thus, DEB-
TACE could be an option for certain patients with 
advanced-stage HCC.

Both authors noted that treating these pa-
tients with advanced disease with a combination 
of TACE and an antiangiogenic agent, such as 
sorafenib, would likely be beneficial. The ratio-
nale for the use of the combination centers on the 
hypoxic damage caused by TACE, which increases 
various angiogenic growth factors, such as vascu-
lar endothelial growth factor (NCCN, 2015; Sacco 
et al., 2015; Cabibbo et al., 2014). Sorafenib could 
be added to TACE to block the effect of these 
growth factors on tumor growth. Studies evaluat-
ing this combination are ongoing.

ADVERSE EVENTS AND  
SUPPORTIVE CARE

Many of the studies in Table 2 demonstrated a 
better adverse-event profile with the use of DEB-
TACE than conventional TACE. Differences in 
the rates of doxorubicin-related adverse events, 
changes in liver enzymes, and postprocedural pain 
have been observed (Lammer et al., 2010; Sacco et 
al., 2011; Song et al., 2012; Golfieri et al., 2014).

Postembolization syndrome is commonly re-
ported in patients treated with either DEB-TACE 
or conventional TACE. Some authors noted that 
up to 80% of patients may exhibit one or more of 
the adverse events associated with postemboli-

zation syndrome, which can include abdominal 
pain, nausea, fever, fatigue, and transient increas-
es in liver enzymes (Miura & Gamblin, 2015). 
These symptoms are self-limiting and rarely a 
cause for patient or practitioner concern. Other 
more serious, rare (< 1%) adverse events related 
to the procedure include hepatic abscesses, bili-
ary sclerosis, liver failure, ischemic cholecystitis, 
vascular injury, and pulmonary embolism (Miura 
& Gamblin, 2015).

Some of these adverse events can be minimized 
or prevented with appropriate premedication. Our 
institution routinely administers ondansetron, cef-
triaxone, diphenhydramine, and dexamethasone 
prior to the TACE procedure. Patient-controlled 
analgesia (PCA) is used after the procedure for 
pain control, with the goal of switching the patient 
to oral medications prior to discharge.

IMPLICATIONS FOR ADVANCED 
PRACTITIONERS

When HCC is confined to the liver, it can 
be successfully treated with DEB-TACE. Cur-
rent recommendations have expanded the use of 
TACE to patients with more advanced disease, 
including those with BCLC C disease and a good 
performance status and liver function. Patients 
with HCC rarely present without underlying liver 
disease, which poses its own mortality risk and 
can affect patients’ ability to tolerate the TACE 
procedure. We do not perform TACE on patients 
with an ECOG PS > 2. Patients with encephalopa-
thy and poorly controlled ascites related to under-
lying liver disease are not candidates for TACE at 
our institution.

The TACE procedure is also being evaluated in 
combination with sorafenib, where ischemic dam-
age caused by TACE and the subsequent release 
of angiogenic growth factors may be addressed by 
use of this kinase inhibitor.

Chemoembolization is considered palliative 
therapy. Although a cure for unresectable HCC is 
possible after TACE, it rarely occurs. Repeated seg-
mental selective TACE tailored to tumor response 
has been shown to significantly improve survival 
in patients with unresectable HCC (Dhansekaran 
et al., 2010; Song et al., 2012).

The rationale for TACE in our patient (THA) 
was to provide bridging therapy prior to liver 
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transplantation. It provided a means to control tu-
mor growth while the patient awaited organ allo-
cation and resulted in tumor necrosis, which had 
the added benefit of reducing the risk for tumor 
dissemination during transplant surgery. Approxi-
mately 20% of patients drop off the transplant list 
due to tumor progression (Durham & Ray, 2012). 
The TACE procedure can also provide an interval 
in which aggressive tumor biology may manifest 
(Vogl et al., 2009).

CONCLUSION
Overall, chemoembolization provides local-

ized therapy to isolated malignant lesions. Ad-
verse events due to the chemotherapy are limited, 
and the procedure can be performed with a mini-
mal hospital stay. Treatment can provide benefit 
to patients by keeping the tumor in check, either 
for palliation or as a bridge to transplantation. We 
look forward to the addition of other agents, such 
as tyrosine kinase inhibitors, to this treatment to 
further control tumor growth and spread. l

Disclosure
Dr. Dasse has served on the advisory commit-

tee for Genentech.

References
Agarwala, S. S., Eggermont, A. M. M., O’Day, S., & Zager, J. 

S. (2014). Metastatic melanoma to the liver: A contem-
porary and comprehensive review of surgical, systemic, 
and regional therapeutic options. Cancer, 120(6), 781–789. 
http://dx.doi.org/10.1002/cncr.28480

American Cancer Society. (2015). Cancer Facts & Figures 
2015. Retrieved from http://www.cancer.org/Research/
CancerFactsStatistics/cancerfactsfigures2015/cancer-
facts-and-figures-2015

Bester, L., Meteling, B., Boshell, D., Chua, T. C., & Morris, D. L. 
(2014). Transarterial chemoembolization and radioem-
bolisation for the treatment of primary liver cancer and 
secondary liver cancer: A review of the literature. Jour-
nal of Medical Imaging and Radiation Oncology, 58(3), 
341–352. http://dx.doi.org/10.1111/1754-9485.12163

Bolondi, L., Burroughs, A., Dufour, J. F., Galle, P. R., Mazza-
ferro, V., Piscaglia, F.,…Sangro, B. (2012). Heterogeneity 
of patients with intermediate (BCLC B) hepatocellular 
carcinoma: Proposal for a subclassification to facilitate 
treatment decisions. Seminars in Liver Disease, 32(4), 
348–359. http://dx.doi.org/10.1055/s-0032-1329906

Burrel, M., Reig, M., Forner, A., Barrufet, M., de Lope, C.     
R., Tremosini, S.,…Bruix, J. (2012). Survival of patients 
with hepatocellular carcinoma treated by transarterial 
chemoembolization (TACE) using DC beads: Implica-
tions for clinical practice and trial design. Journal of 
Hepatology, 56(6), 1330–1335. http://dx.doi.org/10.1016/j.

jhep.2012.01.008
Cabibbo, G., Tremosini, S., Galati, G., Mazza, G., Gadaleta-

Caldarola, G., Lombardi, G.,…Sacco, R. (2014). Transarte-
rial chemoembolization and sorafenib in hepatocellular 
carcinoma. Expert Review of Anticancer Therapy, 14(7), 
831–845. http://dx.doi.org/10.1586/14737140.2014.920694

Cancer of the Liver Italian Program (CLIP) Investigators. 
(1998). A new prognostic system for hepatocellular carci-
noma: A retrospective study of 435 patients. Hepatology, 
28(3), 751–755. http://dx.doi.org/10.1002/hep.510280322

Cheng, A. L., Amarapurkar, D., Chao, Y., Chen, P. J., Geshwind, 
J. F., Goh, K. L.,…Park, J. W. (2014). Re-evaluating trans-
arterial chemoembolization for the treatment of hepa-
tocellular carcinoma: Consensus recommendations and 
review by an international expert panel. Liver Interna-
tional, 34(2), 174–183. http://dx.doi.org/10.1111/liv.12314

Cho, Y. K., Chung, J. W., Kim, J. K., Ahn, Y. S., Kim, M. Y., Park, 
Y. O.,…Byun, J. H. (2008). Comparison of 7 staging sys-
tems for patients with hepatocellular carcinoma under-
going transarterial chemoembolization. Cancer, 112(2), 
352–361. http://dx.doi.org/10.1002/cncr.23185

Custer, B., Sullivan, S. D., Hazlet, T. K. Iloeje, U., Veenstra, D. 
L., & Kowdley, K. V. (2004). Global epidemiology of hep-
atitis B virus. Journal of Clinical Gastroenterology, 38(10 
suppl 3), S158–S168. Retrieved from http://journals.lww.
com/jcge/pages/articleviewer.aspx?year=2004&issue=1
1003&article=00008&type=abstract 

Dhanasekaran, R., Kooby, D. A., Staley, C. A., Kauh, J. S., 
Khanna, V., & Kim, H. S. (2010). Comparison of con-
ventional transarterial chemoembolization (TACE) 
and chemoembolization with doxorubicin drug eluting 
beads (DEB) for unresectable hepatocellular carcinoma 
(HCC). Journal of Surgical Oncology, 101(6), 476–480. 
http://dx.doi.org/10.1002/jso.21522

Durham, J. D., & Ray, C. E. (2012). How I do it: Triaging 
patients with hepatocellular carcinoma. Seminars in 
Interventional Radiology, 29(1), 64–68. http://dx.doi.
org/10.1055/s-0032-1302454

El-Serag, H. B., & Rudolph, K. L. (2007). Hepatocellular 
carcinoma: Epidemiology and molecular carcinogen-
esis. Gastroenterology, 132(7), 2557–2576. http://dx.doi.
org/10.1053/j.gastro.2007.04.061

Forner, A., Reig, M. E., de Lope, C. R., & Bruix, J. (2010). Cur-
rent strategy for staging and treatment: The BCLC up-
date and future prospects. Seminars in Liver Disease, 
30(1), 61–74. http://dx.doi.org/10.1055/s-0030-1247133

Golfieri, R., Giampalma, E., Renzulli, M., Cioni, R., Bargelli-
nin, I., Bartolozzi, C.,…Trevisani F. (2014). Randomized 
controlled trial of doxorubicin-eluting beads vs conven-
tional chemoembolization for hepatocellular carcinoma. 
British Journal of Cancer, 111(2), 255–264. http://dx.doi.
org/10.1038/bjc.2014.199

Graziadei, I. W., Sandmueller, H., Waldenberger, P., Koenig-
srainer A., Nachbaur K., Jaschke W.,…Vogel, W. (2003). 
Chemoembolization followed by liver transplantation 
for hepatocellular carcinoma impedes tumor progres-
sion while on the waiting list and leads to excellent out-
come. Liver Transplantation, 9(6), 557–563. http://dx.doi.
org/10.1053/jlts.2003.50106

Ha, Y., Shim, J. H., Kim, S., Kim, K. M., Yim, Y. S., & Lee H. C. 
(2014). Clinical appraisal of the recently proposed Barce-
lona Clinic Liver Cancer stage B subclassification by sur-
vival analysis. Journal of Gastroenterology and Hepatol-



777AdvancedPractitioner.com Vol 7  No 7  Nov/Dec 2016

CHEMOEMBOLIZATION WITH DEBs FOR HCC GRAND ROUNDS

ogy, 29(4), 787–793. http://dx.doi.org/10.1111/jgh.12452
Harrison, S. A., & Bacon B. R. (2005). Relation of hemochro-

matosis with hepatocellular carcinoma: Epidemiology, 
natural history, pathophysiology, screening, treatment, 
and prevention. Medical Clinics of North America, 89(2), 
391–409. http://dx.doi.org/10.1016/j.mcna.2004.08.005

Hecq, J. D., Lewis, A. L., Vanbeckbergen, D., Athanosopou-
los, A., Galanti, L., Jamart, J.,…Chung, T. (2013). Doxo-
rubicin-loaded drug-eluting beads (DC Bead®) for use in 
transarterial chemoembolization: A stability assessment. 
Journal of Oncology Pharmacy Practice, 19(1), 65–74. 
http://dx.doi.org/10.1177/1078155212452765

Hirai, K., Kawazoe, Y., Yamashita, K., Aoki, Y., Fujimoto, T., 
Sakai T.,…Tanikawa K. (1989). Arterial chemotherapy 
and transcatheter arterial embolization therapy for non-
resectable hepatocellular carcinoma. Cancer Chemo-
therapy and Pharmacology, 23(suppl 1), S37–S41. http://
dx.doi.org/10.1007/BF00647237

Hong, K., Khwaja, A., Liapi, E., Torbenson, M. S., Georgiades, 
C. S., & Geschwind, J. F. H. (2006). New intra-arterial 
drug delivery system for the treatment of liver cancer: 
Preclinical assessment in a rabbit model of liver cancer. 
Clinical Cancer Research, 12(8), 2563–2567. http://dx.doi.
org/10.1158/1078-0432.CCR-05-2225

Kalva, S. P., Pectasides, M., Liu, R., Rachamreddy, N., Surakan-
ti, S., Yeddula, K.,…Zhu, A. X. (2014). Safety and efficacy 
of chemoembolization with drug-eluting beads for ad-
vanced-stage hepatocellular carcinoma. Cardiovascular 
Interventional Radiology, 37(2), 381–387. http://dx.doi.
org/10.1007/s00270-013-0654-7

Kruskal, J. B., Hlatky, L., Hahnfeldt, P., Teramoto, K., Stokes, 
K. R., & Clouse, M. E. (1993). In vivo and in vitro analysis 
of the effectiveness of doxorubicin combined with tem-
porary arterial occlusion in liver tumors. Journal of Vas-
cular and Interventional Radiology, 4(6), 741–747. http://
dx.doi.org/10.1016/S1051-0443(93)71965-X

Lammer, J., Malagari, K., Vogl, T., Pilleul, F., Denys, A., Wat-
kinson, A.,…Lencioni, R. (2010). Prospective randomized 
study of doxorubicin-eluting-bead embolization in the 
treatment of hepatocellular carcinoma: Results of the 
PRECISION V study. Cardiovascular Interventional Ra-
diology, 33(2), 41–52. http://dx.doi.org/10.1007/s00270-
009-9711-7

Lee, K. H., Liapi, E. A., Cornell, C., Reb, P., Buijs, M., Vossen, 
J. A.,…Geschwind, J. F. H. (2010). Doxorubicin-loaded 
QuadraSphere microspheres: Plasma pharmacokinetics 
and intratumoral drug concentration in an animal model 
of liver cancer. Cardiovascular and Interventional Radi-
ology, 33(3), 576–582. http://dx.doi.org/10.1007/s00270-
010-9794-1

Lewandowski, R. J. Geschwind, J. F., Liapi, E., & Salem, R. 
(2011). Transcatheter intraarterial therapies: Rationale 
and overview. Radiology, 259(3), 641–657. http://dx.doi.
org/10.1148/radiol.11081489

Liccioni A., Reig, M., & Bruix, J. (2014). Treatment of hepa-
tocellular carcinoma. Digestive Diseases, 32(5), 554–563. 
http://dx.doi.org/10.1159/000360501

Llovet, J. M., Bru, C., & Bruix, J. (1999). Prognosis of hepa-
tocellular carcinoma: The BCLC staging classification. 
Seminars in Liver Disease, 19(3), 329–338. http://dx.doi.
org/10.1055/s-2007-1007122

Malagari, K., Pomoni, M., Kelekis, A., Pomoni, A., Dourakis, 
S., Spyridopoulos, T.,…Kelekis, D. (2010). Prospective 

randomized comparison of chemoembolization with 
doxorubicin-eluting beads and bland embolization with 
BeadBlock for hepatocellular carcinoma. Cardiovascu-
lar and Interventional Radiology, 33(3), 541–551. http://
dx.doi.org/10.1007/s00270-009-9750-0

Malagari, K., Pomoni, M., Moschouris, H., Bouma, E., Koski-
nas, J., Stefaniotou, A.,…Kelekis D. (2012). Chemoembo-
lization with doxorubicin-eluting beads for unresectable 
hepatocellular carcinoma: Five-year survival analysis. 
Cardiovascular and Interventional Radiology, 35(5), 1119–
1128. http://dx.doi.org/10.1007/s00270-012-0394-0

Malagari, K., Pomoni, M., Moschouris, H., Kelekis, A., Charo-
kopakis, A., Bouma, E.,…Kelekis, D. A. (2014). Chemoem-
bolization of hepatocellular carcinoma with HepaSphere 
30-60 μm: Safety and efficacy study. Cardiovascular and 
Interventional Radiology, 37(1), 165–175. http://dx.doi.
org/10.1007/s00270-013-0777-x

Mazzaferro, V., Regalia, E., Doci, R., Andreola, S., Pulvirenti, 
A., Bozzetti, F.,…Gennari L. (1996). Liver transplanta-
tion for the treatment of small hepatocellular carcino-
mas in patients with cirrhosis. New England Journal of 
Medicine, 334(11), 693–699. http://dx.doi.org/10.1056/
NEJM199603143341104

Merit Medical Systems, Inc. (2013). 15-Day physical and 
chemical stability of HepaSphere® microspheres loaded 
with doxorubicin HCl. Retrieved from http://www.merit.
com/products/media.aspx?type=brochure&id=342709

Miura, J. T., & Gamblin, T. C. (2015). Transarterial chemoem-
bolization for primary liver malignancies and colorec-
tal liver metastasis. Surgical Oncology Clinics of North 
America, 24(1), 149–166. http://dx.doi.org/10.1016/j.
soc.2014.09.004

Nakamura, H., Hashimoto, T., Oi, H., & Sawada, S. (1989). 
Transcatheter oily chemoembolization of hepatocellu-
lar carcinoma. Radiology, 170(3), 783–786. http://dx.doi.
org/10.1148/radiology.170.3.2536946

National Comprehensive Cancer Network. (2015). NCCN 
Clinical Practice Guidelines in Oncology: Hepatobili-
ary cancers. Version 2.2015. Retrieved from http://www.
nccn.org/professionals/physician_gls/pdf/hepatobili-
ary.pdf

Osuga, K., Maeda, N., Higashihara, H., Hori, S., Nakazawa, 
T., Tanaka, K.,…Tomiyama, N. (2012). Current status of 
embolic agents for liver tumor embolization. Interna-
tional Journal of Clinical Oncology, 17(4), 306–315. http://
dx.doi.org/10.1007/s10147-012-0445-1

Otto, G., Heise, M., Moench, C., Herber, S., Bittinger, F., 
Schuchmann, M.,…Pitton, M. (2007). Transarterial 
chemoembolization before liver transplantation in 60 
patients with hepatocellular carcinoma. Transplant 
Proceedings, 39(2), 537–539. http://dx.doi.org/10.1016/j.
transproceed.2006.12.007

Padia, S. A., Shivaram, G., Bastawros, S., Bhargava, P., Vo, N. 
J., Vaidya, S.,…Kogut, M. J. (2013). Safety and efficacy of 
drug-eluting bead chemoembolization for hepatocel-
lular carcinoma: Comparison of small-versus medium-
size particles. Journal of Vascular and Interventional 
Radiology, 24(3), 301–306. http://dx.doi.org/10.1016/j.
jvir.2012.11.023

Patt, Y. Z., Chuang, V. P., Wallace, S., Benjamin, R. S., Fuqua, 
R., & Mavligit, G. M. (1983). Hepatic arterial che-
motherapy and occlusion for palliation of primary 
hepatocellular and unknown primary neoplasms 



778J Adv Pract Oncol AdvancedPractitioner.com

DASSE, LANDER, and NOVELLIGRAND ROUNDS

in the liver. Cancer, 51(8), 1359–1363. http://dx.doi.
org/10.1002/1097-0142(19830415)51:8<1359::AID-
CNCR2820510807>3.0.CO;2-V

Prajapati, H. J., Xing, M., Spivey, J. R., Hanish, S. I., El-Rayes, 
B. F., Kauh, J. S.,…Kim, H. S. (2014). Survival, efficacy, 
and safety of small versus large doxorubicin drug-elut-
ing beads TACE chemoembolization in patients with 
unresectable HCC. American Journal of Roentgenol-
ogy, 203(6), W706–W714. http://dx.doi.org/10.2214/
AJR.13.12308

Ray, C. E., Brown, A. C., Green, T. J., Winston, H., Curran, C., 
Kreidler, S. M.,…Rochon, P. J. (2015). Survival outcomes 
in patients with advanced hepatocellular carcinoma 
treated with drug-eluting bead chemoembolization. 
American Journal of Roentgenology, 204(2), 440–447. 
http://dx.doi.org/10.2214/AJR.14.1284

Sacco, R., Antonucci, M., Bargellini, I., Marceglia, S., Mismas 
V., & Cabibbo, G. (2015). Transarterial chemoemboliza-
tion and sorafenib in patients with intermediate-stage 
hepatocellular carcinoma: Time to enter routine clini-
cal practice? Future Oncology, 11(17), 2371–2373. http://
dx.doi.org/10.2217/FON.15.173

Sacco, R., Bargellini, I., Bertini, M., Bozzi, E., Romano, A., 
Petruzzi, P.,…Bartolozzi, C. (2011). Conventional versus 
doxorubicin-eluting bead transarterial chemoemboliza-
tion for hepatocellular carcinoma. Journal of Vascular 
and Interventional Radiology, 22(11), 1545–1552. http://
dx.doi.org/10.1016/j.jvir.2011.07.002

Sapisochin, G., Castells, L., Dopazo, C., Bilbao, I., Minguez, B., 
Lazaro, J. L.,…Charco, R. (2013). Single HCC in cirrhotic 
patients: Liver resection or liver transplantation? Long-
term outcome according to an intention-to-treat basis. 
Annals of Surgical Oncology, 20(4), 1194–1202. http://
dx.doi.org/10.1245/s10434-012-2655-1

Sasaki, Y., Imaoka, S., Kasugai, H., Fujita, M., Kawa-
moto, S., Ishiguro, S.,…Iwanaga, T. (1987) A new ap-
proach to chemoembolization therapy for hepa-
toma using ethiodized oil, cisplatin, and gelatin 
sponge. Cancer, 60(6), 1194–1203. http://dx.doi.
org/10.1002/1097-0142(19870915)60:6<1194::AID-
CNCR2820600607>3.0.CO;2-T

Song, D. S., Choi, J. Y., Yoo, S. H., Kim, H. Y., Song, M. J., Bae, 

S. H.,…Lee, H. G. (2013). DC bead transarterial chemo-
embolization is effective in hepatocellular carcinoma 
refractory to conventional transarterial chemoemboli-
zation: A pilot study. Gut and Liver, 7(1), 89–95. http://
dx.doi.org/10.5009/gnl.2013.7.1.89

Song, M. J., Chun, H. J., Song, D. S., Kim, H. T., Yoo, S. H., 
Park, C. H.,…Yoon, S. K. (2012). Comparative study be-
tween doxorubicin-eluting beads and conventional tran-
sarterial chemoembolization for treatment of hepatocel-
lular carcinoma. Journal of Hepatology, 57(6), 1244–1250. 
http://dx.doi.org/10.1016/j.jhep.2012.07.017

Talenfeld, A. D., Sista, A. K., & Madoff, D. C. (2014). Transarte-
rial therapies for primary liver tumors. Surgical Oncology 
Clinics of North America, 23(2), 323–351. http://dx.doi.
org/10.1016/j.soc.2013.11.002

Tam, K. Y., Leung K. C., & Wang Y. J. (2011). Chemoembo-
lization agents for cancer treatment. European Journal 
of Pharmaceutical Sciences, 44(1–2), 1–10. http://dx.doi.
org/10.1016/j.ejps.2011.06.013

Torre, L. A., Bray, F., Siegel, R. L., Ferlay, J., Lortet-Tieulent J., 
& Jemal A. (2015). Global cancer statistics, 2012. CA: A 
Cancer Journal for Clinicians, 65(2), 87–108. http://dx.doi.
org/10.3322/caac.21262

Van Malenstein, H., Maleux, G., Vandecaveye, V., Heye, S., 
Laleman, W., van Pelt, J.,…Verslype, C. (2011). A random-
ized phase II study of drug-eluting beads versus trans-
arterial chemoembolization for unresectable hepatocel-
lular carcinoma. Onkologie, 34(7), 368–376. http://dx.doi.
org/10.1159/000329602

Vogl, T. J., Naguib, N. N., Zangos, S., Eichler, K., Hedayati, A., 
& Nour-Eldin, N. E. (2009). Liver metastases of neuroen-
docrine carcinomas: Interventional treatment via tran-
sarterial embolization, chemoembolization and thermal 
ablation. European Journal of Radiology, 72(3), 517–528. 
http://dx.doi.org/10.1016/j.ejrad.2008.08.008

Wheeler, P. G., Melia, W., Dubbins, P., Jones, B., Nunnerley, 
H., Johnson, P.,…Williams, R. (1979). Non-operative ar-
terial embolization in primary liver tumours. British 
Medical Journal, 2, 242–244. http://dx.doi.org/10.1136/
bmj.2.6184.242


