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Abstract
Objectives Our study sought to compare the overall survival
in patients with hepatocellular carcinoma (HCC) and portal
venous thrombosis (PVT), treated with either conventional
trans-arterial chemoembolization (cTACE) or drug-eluting
beads (DEB) TACE.
Methods This retrospective analysis included a total of 133
patients, treated without cross-over and compared head-to-

head by means or propensity score weighting. Mortality was
compared using survival analysis upon propensity score
weighting. Adverse events and liver toxicity grade ≥3 were
recorded and reported for each TACE. In order to compare
with historical sorafenib studies, a sub-group analysis was
performed and included patients who fulfilled the SHARP
inclusion criteria.
Results The median overall survival (MOS) of the entire co-
hort was 4.53 months (95 % CI, 3.63–6.03). MOS was similar
across treatment arms, no significant difference between
cTACE (N = 95) and DEB-TACE (N = 38) was observed
(MOS of 5.0 vs. 3.33 months, respectively; p=0.157). The
most common adverse events after cTACE and DEB- TACE,
respectively, were as follows: post-embolization syndrome
[N = 57 (30.0 %) and N = 38 (61.3 %)], diarrhea [N = 3
(1.6 %) and N = 3 (4.8 %)], and encephalopathy [N = 11
(5.8 %) and N=2 (3.2 %)].
Conclusion Our retrospective study could not reveal a differ-
ence in toxicity and efficiency between cTACE and DEB-
TACE for treatment of advanced stage HCC with PVT.
Key Points
• Conventional TACE (cTACE) and drug-eluting-beads TACE
(DEB-TACE) demonstrated equal safety profiles.

• Survival rates after TACE are similar to patients treated with
sorafenib.

• Child-Pugh class and tumor burden are reliable predictors
of survival.
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Abbreviations
BCLC Barcelona Clinic Liver Cancer
CT Computed tomography
cTACE Conventional trans-arterial

chemoembolization
CTCAE National Cancer Institute

Common Terminology Criteria
for Adverse Events

DEB-TACE Drug-eluting beads TACE
EASL European Association for the

Study of the Liver
ECOG PS Eastern Cooperative Oncology

Group performance status
HCC Hepatocellular carcinoma
HKLC Hong Kong Liver Cancer
IAT Intra-arterial therapy
MOS Median overall survival
MRI Magnet resonance imaging
PD Progressive disease
PES Post-embolic syndrome
PVT Portal-venous thrombosis
SD Stable disease
SHARP Sorafenib Hepatocellular

Carcinoma Assessment
Randomized Protocol

TACE Trans-arterial chemoembolization
Y90 RE Yttrium 90 radioembolization

Introduction

Hepatocellular carcinoma (HCC) is the second most common
cause of cancer-related death in the world, with higher inci-
dences in Asian countries and rising incidences in Europe and
the United States [1–3]. HCC is a locally highly invasive
cancer and is often diagnosed at intermediate and advanced
stages (Barcelona Clinic Liver Cancer [BCLC] stage B or C)
[4]. According to the European Association for the Study of
the Liver (EASL) guidelines, catheter-based intra-arterial ther-
apies (IAT) and systemic chemotherapy with sorafenib are the
recommended standard of care for patients with BCLC stage
B and C, respectively [1, 5, 6]. The dual benefit of IAT lies in
their ability to deliver a high concentration of chemotherapeu-
tic agents or local radiation directly to the tumor, while reduc-
ing the systemic toxicity of the delivered payload [5, 7].

According to the BCLC staging system, one of the contra-
indications for trans-arterial chemoembolization (TACE) is
portal-venous thrombosis (PVT). The reported incidence of
macrovascular tumor invasion in general and PVT in particu-
lar is as high as 37 % in patients with HCC [8–10]. While not
officially endorsed by the BCLC staging system, evidence
exists in support of IAT in this subset of patients. There have
been several reports that demonstrated the safety and efficacy

of IAT in patients with PVT and therefore, IATs are widely
used in this subset of patients around the world [11–14].
Contrary to the BCLC recommendations, the recently intro-
duced Hong Kong Liver Cancer (HKLC) staging system pro-
posed a more aggressive therapeutic algorithm by
recommending IAT in patients with intrahepatic vascular in-
vasion and differentiate between intra- and extrahepatic vas-
cular invasion as opposed to BCLC [8, 15]. Yet, there is no
consensus regarding the choice between conventional TACE
(cTACE) and drug-eluting beads TACE (DEB-TACE) in this
subset of patients, and until today, no study has answered this
question [7, 16].

Our study sought to compare the overall survival in patients
with HCC and PVT, treated with either conventional TACE or
DEB-TACE without therapy cross-over (head-to-head com-
parison) by means of propensity score weighting using the
BCLC staging system parameters.

Materials and methods

Study cohort

This retrospective single-institution study was conducted in
compliance with the Health Insurance Portability and
Accountability Act and approved by the institutional review
board (IRB). Between 2000 and 2013, a total of 813
patients with HCC were treated with IAT. The criteria
for inclusion and exclusion of patients are itemized
within the flowchart (Fig. 1).

Our study included patients who received TACE between
2000 and 2013. Therefore, a substantial portion of the ana-
lyzed data stems from an era before the introduction of DEB-
TACE in 2006 [17] and sorafenib (SHARP-trial, 2008) [9].
Consequently, between 2000 and 2008 patients were predom-
inantly treated with cTACE, and between 2009 and 2013 with
DEB-TACE. It was only more recently that both therapies
were used parallel in this institution. There has been no clear
institutional decision algorithm in the choice of cTACE vs.
DEB-TACE. Moreover, according to the already published
literature (Table 1), no clear superiority of Yttrium-90
Radioembolization (Y90 RE), sorafenib or TACE could be
demonstrated. Therefore, the choice of treatment has been
decided case-by-case within the inter-disciplinary tumor board
(consisting of interventional radiologists, medical oncologists
and liver surgeons), and by a discussion with the patient
himself.

Our study included 36 patients treated with cTACE prior to
clinical introduction of DEB-TACE in 2006. The cTACE
group was divided into two groups, before and after 2006.
Accordingly, three analyses were conducted: 1) the entire
cTACE cohort (2000–2013) vs. the DEB-TACE cohort; 2)
patients treated with cTACE (200–2013) upon introduction
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of DEB-TACE were compared with the DEB-TACE cohort;
and 3) the cTACE cohort (2000–2006) was compared with the
other cTACE cohort (2006–2013).

Overall, 194 cTACE procedures (mean 2.0, range 1–10)
and 63 DEB-TACE procedures (mean 1.7, range 1–4) were
performed. Table 2 shows the baseline patient characteristics.
In order to allow for a direct comparison of our data with
survival outcomes reported in the setting of systemic chemo-
therapy (most notably within the Sorafenib HCC Assessment
Randomized Protocol [SHARP] trial [9], as well as the Asia-
Pacific trial [19]), a sub-group analysis was performed and
included patients who fulfilled the SHARP inclusion criteria
(BCLCC, Eastern Cooperative Oncology Group performance
status (ECOG PS) ≤ 2 and Child-Pugh class A; [SHARP
criteria]). After excluding all patients with Child-Pugh > A
(58 and 20 patients from the cTACE and DEB-TACE group,
respectively), no one from the remaining patients had an
ECOG PS > 2 or had a BCLC D, and therefore, no one was
further excluded from this sub-analysis. A total of 37 and 18
patients (cTACE and DEB-TACE, respectively) were includ-
ed in the analysis according to the SHARP inclusion criteria.

Overall survival

The values reported in the time-to-event analysis (i.e., overall
survival) refer to the date of the first TACE session as the
study entry point and the date of death (N=99) as the end-
point. Patients who were lost to follow-up (N=21) or changed

the treatment method (such as liver transplantation [N=5] or
sorafenib [N=8]) were censored.

Treatment history, toxicity report

All clinical and laboratory adverse events were reported per
TACE-procedure according to National Cancer Institute
Common Terminology Criteria for Adverse Events
(CTCAE), version 4.03. The mean post-procedural hospital
stay was 1.2 and 1.4 days for cTACE and DEB-TACE, re-
spectively, and ranged between one and 15 days and one and
eight days for cTACE and DEB-TACE, respectively.

Treatment

All TACE procedures were performed by one experienced
interventional radiologist (JFG with currently 19 years of ex-
perience in hepatic interventions). A consistent approach ac-
cording to our IRB-approved institutional protocols was used
in all patients. First, multiple angiographic steps were per-
formed to define the hepatic arterial anatomy, to determine
portal venous patency and to evaluate tumor vascularity.
Angiography was performed from the superior mesenteric ar-
tery, celiac axis as well as selectively in the right or left hepatic
artery. Injection rates (2–5 mL/sec for a duration of 2–4 sec-
onds) varied according to the blood vessel caliber and flow
(Medrad, Warrendale, Pennsylvania, USA). The contrast
agent used was Oxilan (Guerbet, France). For cTACE,

Fig. 1 Inclusion criteria
flowchart. PVT, portal venous
thrombosis; cTACE,
conventional transarterial
chemoembolization; DEB-TACE,
drug-eluting beads TACE
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patients were treated selectively (lobar or segmental) and
super-selectively (subsegmental). An oil-in-water emulsion
was created by mixing 10 ml Lipiodol (Guerbet, France) in a
1:1 ratio with 10 ml 0.9 % saline solution containing the drug
cocktail of dissolved 50 mg doxorubicin and 10 mg mitomy-
cin-C, and followed by administration of gelfoam, 300–500 or
100–300 μm diameter microspheres (Embospheres, Merit
Medical, South Jordan, Utah, USA). Substantial arterial flow

reduction to the tumor was defined as the technical endpoint
of embolization by measuring the time it takes to clear the
contrast column (typically 2–5 heart beats). For DEB-TACE,
patients were treated selectively with 100–300 μm LC Beads
(Biocompatibles/ BTG, Surrey, United Kingdom). Up to 4 ml
of DEBs (loaded with 25 to 37.5 mg of doxorubicin per mil-
liliter of beads) were administered by alternating injections of
aliquots of the beads and non-ionic contrast, with a total

Table 1 Selected summary of the survival outcome from patients with HCC and PVT after TACE, sorafenib or Y90 RE

Studies Group N Treatment OS in months
(95 % CI)

p Value

Sorafenib
2009 Yau [18] PVT 22 Sorafenib 5
2012 Cheng [19] PVT and/or extrahepatic metastasis 118 Sorafenib 5.6 (4.8–6.7)
2012 Bruix (Sub-analyses from the SHARP trial) [20] PVT 108 Sorafenib 8.1

123 Placebo 4.9
Sorafenib vs. Y90 RE
2015 Edeline [21] PVT 34 glass Y90 RE 18.3 (12.0–28.9) <0.001

117 Sorafenib 6.5 (5.4–8.1)
2016 de la Torre [22] PVT 26 resin Y90 RE 8.8 (1.8–15.8) 0.047

47 Sorafenib 5.4 (2.7–8.1)
Y90 RE
2008 Kulik [23] peripheral PVT 25 glass Y90 RE 10.1 (7.2–16.0)

main PVT 12 glass Y90 RE 4.5 (2.9–7.5)
2010 Salem [24] PVT + Child Pugh A 35 glass Y90 RE 10.4 (7.2–16.6)

PVT + Child Pugh B 57 glass Y90 RE 5.6 (4.5–6.7)
2010 Hilgard [25] PVT 33 glass Y90 RE 10.0 (6.0–n.a.)
2013 Memon [26] peripheral PVT (only Child Pugh A) 19 glass Y90 RE 15.7 (9.0–20.0)

main PVT (only Child Pugh A) 16 glass Y90 RE 9.0 (5.0–14.0)
2016 Biederman [27] PVT 69 glass Y90 RE 9.5 (7.6–15.0) <0.001

21 resin Y90 RE 3.7 (2.3–6.0)
Y90 RE vs. TACE
2010 Carr [28] PVT 295 cTACE 7 (5-9)

PVT 28 glass Y90 RE 5 (4-9)
TACE vs. BSC
1997 Lee [29] main PVT 31 cTACE 5.0 0.11

16 BSC 3.0
2011 Chung [14] main PVT 83 cTACE 5.6 <0.001

42 BSC 2.2
2011 Luo [30] peripheral PVT 40 cTACE 10.2 0.002

24 BSC 5.2
main PVT 44 cTACE 5.3 0.002

56 BSC 3.4
2012 Niu [31] PVT 115 cTACE 8.67 <0.001

35 BSC 1.4
TACE
1995 Chung [32] PVT 110 cTACE 6.0
2005 Georgiades [13] PVT 32 cTACE 9.5 (3–50 )
2012 Kalva [11] peripheral PVT 10 DEB-TACE 11.4 (0–22.7)
2013 Prajapati [12] PVT 41 DEB-TACE 8.8 (3.9–13.6)
2014 Liu [33] main PVT 90 cTACE 4.1 <0.0001

peripheral PVT 98 cTACE 8.4
2014 Zhu [34] main PVT 10 cTACE + Sorafenib 3.0 0.588

11 cTACE 3.0
First order PVT 19 cTACE + Sorafenib 13.0 0.002

21 cTACE 6.9
Second or lower order PVT 17 cTACE + Sorafenib 15.0 0.003

13 cTACE 10.0
2016 Huang [35] PVT 140 cTACE 7.5
2016 Li [36] PVT 735 cTACE 4.8 (4.4–5.2)

cTACE, conventional trans-arterial chemoembolization; DEB-TACE, drug-eluting beads TACE; BSC, best supportive care; Y90 RE, Yttrium 90
radioembolization; MOS, median overall survival; CI, confidence interval; HCC, hepatocellular carcinoma; PVT, portal venous thrombosis;
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maximum dose of up to 100 mg doxorubicin delivered to the
targeted tissue. Complete stasis was avoided to maintain arte-
rial patency in order to allow re-treatment. Re-treatment was
performed with the initial treatment modality if there was no

response or disease progression on contrast-enhanced magnet-
ic resonance imaging (MRI). No rigid embolization schedule
was used.

Imaging technique

122 patients underwent a standardized liver MRI protocol
including breath-hold unenhanced and contrast-enhanced im-
aging before the initial TACE. Eleven patients received multi-
detector computed tomography (CT) on baseline imaging. CT
Images were acquired using a standard abdominal scan proto-
col with acquisitions before and after intra-venous administra-
tion of iodine-based contrast.

Imaging data evaluation

Two radiological readers who did not perform the TACE (RS
and JC with 10 and 2 years of experience with abdominal
MRI, respectively) performed the assessment of all baseline
and follow-up images. Any ambiguities were resolved by con-
sensus. PVTwas defined either by arterial hyper-enhancement
and venous or delayed-phase washout or by restricted diffu-
sion within the portal vein on contrast-enhanced MR or CT
images that were acquired no earlier than one month prior to
the first TACE session [37]. The localization of the vascular
invasion was classified as either main PVT if the main portal
vein or the confluence of the left and right portal vein was
affected, or peripheral PVT if the first and/ or second order of
the portal vein was involved [34]. Patients with an isolated
hepatic invasion were not considered as PVT and were
excluded.

Statistical analysis

Propensity score adjustment

The study design and statistical analysis of the data was per-
formed by two senior statisticians (E.A.S. and B.A.S.N.) with
extensive experience with propensity score matching tech-
niques. A propensity score approach was used to generate a
data set that is balanced in the observed covariates
(Supplementary Table 1) across the two treatment-regimens
(cTACE and DEB-TACE). Weighting was chosen because it
allowed us to use all individuals available in our relatively
small sample. The propensity score adjustment is further de-
scribed in the supplementary section.

Time-to-event analyses

Kaplan-Meier survival curves were plotted and we fitted a
propensity score-weighted Cox proportional hazards regres-
sion model for time to death. All statistical analyses were
conducted in R 3.0.3 (R Core Team [2014]). The propensity

Table 2 Baseline patient characteristics—Pre-weighting

Parameter N N

Treatment cTACE DEB-TACE
Demographics 95 38
Age
>65 years 28 (27.4 %) 16 (42.1 %)
≤65 years 67 (72.6 %) 22 (57.9 %)

Sex
Male 85 (89.5 %) 30 (78.9 %)
Female 10 (10.5 %) 8 (21.1 %)

Cirrhosis
Absent 9 (9.5 %) 6 (15.8 %)
Present 86 (90.5 %) 32 (84.2 %)

Staging System
BCLC class
C 77 (81.1 %) 32 (84.2 %)
D 18 (18.9 %) 6 (15.8 %)

ECOG PS score
0 29 (31 %) 6 (15.8 %)
1 58 (61 %) 25 (65.8 %)
2 3 (3 %) 4 (10.5 %)
3 5 (5 %) 3 (7.9 %)

Child Pugh class
A 37 (39 %) 18 (47.4 %)
B 44 (46 %) 17 (44.7 %)
C 14 (15 %) 3 (7.9 %)

Tumor characteristics
Portal Venous Thrombosis
peripheral 22 (23.2 %) 13 (34.2 %)
main 33 (34.7 %) 12 (31.6 %)
extrahepatic 40 (42.1 %) 13 (34.2 %)

Multiplicity
unifocal 8 (8.4 %) 8 (21.1 %)
multifocal 87 (91.6 %) 30 (78.9 %

Size of the dominant lesion (Diameter)
BCLC

≤3 cm 4 (4.2 %) 2 (5.3 %)
>3 cm 91 (95.8 %) 36 (94.7 %)

Tumor burden
≤50 % 63 (66.3 %) 27 (71.1 %)
>50 % 32 (33.7 %) 11 (28.9 %)

Tumor type
nodular 35 (36.8 %) 22 (57.9 %)
infiltrative 60 (63.2 %) 16 (42.1 %)

Lobe
left 1 (1.1 %) 3 (8 %)
right 10 (10.5 %) 8 (21 %)
bilobar 84 (88.4 %) 27 (71 %)

Extrahepatic Metastasis
no 86 (90.5 %) 35 (92.1 %)
yes 9 (9.5 %) 3 (7.9 %)

Lymph Node Metastasis *
no 40 (42.1 %) 12 (31.6 %)
yes 55 (57.9 %) 26 (68.4 %)

* Enlargement of intrahepatic and paraortic lymph nodes on contrast
enhanced magnetic resonance imaging or computed tomography

cTACE, conventional trans-arterial chemoembolization; DEB-TACE,
drug-eluting beads TACE; BCLC, Barcelona Clinic Liver Cancer;
ECOG PS, Eastern Cooperative Oncology Group performance status
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score weighting was done using the add-in R package twang
and the survival analysis using the package survival [38].

Results

After propensity score weighting, a good balance was
achieved in the covariates defined by the BCLC staging sys-
tem; the absolute standardized difference in means for all of
the included covariates was less than 0.1 and it was below the
recognized threshold value of balance of 0.2 (Supplementary
Table 2).

Study Cohort sub-analysis before vs.
after the introduction of DEB-TACE in 2006

The unadjusted survival comparison for patients treated with
cTACE before and after 2006 showed no significant differ-
ence (median overall survival [MOS] was 4.5 months [95 %
CI, 3.7-9.7] before and 5.0 months [95 % CI, 2.7-8.1] after
2006 [p= 0.56]). Comparable results were observed after
comparing only patients who were treated after 2006. The
survival was 5.00 months (95 % CI, 2.8–8.1) vs. 3.33 months
(95 % CI, 2.7–6.2) for cTACE and DEB-TACE, respectively
(p=0.153). After adjusting for the covariates used in the pro-
pensity score weighting (Supplementary Table 1), treatment
remained non-significant (after 2006 vs. before 2006
[p=0.97; HR, 1.0]). Similar results were observed after com-
paring only patients who were treated after 2006. After
adjusting for the above-mentioned covariates, treatment type
remained non-significant (DEB-TACE vs. cTACE [p=0.34;
HR, 1.31]).

Survival analysis

Survival analysis was performed to compare outcomes be-
tween the two treatment arms. The median overall survival
(MOS) of the entire cohort was 4.53 months (95 % CI,
3.63–6.03). Most importantly, the comparison of patient sur-
vival according to treatment modality showed no significant
difference after propensity score weighting (5.00 [95 % CI,
4.03–6.07] vs. 3.33 [95 % CI, 3.00–5.33] months, p=0.157,
Fig. 2). MOS of patients with BCLC C and D without pro-
pensity score weighting was 5.00 months (95 % CI, 3.97–
6.23) and 1.50 months (95 % CI, 1.23–n/a), respectively
(p=0.00142).

The subgroup survival analysis according to the
SHARP criteria demonstrated a MOS of 8.1 months
vs. 5.3 months in the cTACE and DEB-TACE group,
respectively (p= 0.053) (Fig. 3).

Multivariate Cox proportional hazards regression

Treatment modality (DEB-TACE or cTACE) was found to
have no significant effect on survival before adjusting for
other potential confounding covariates. This was true even

Fig. 2 Kaplan-Meier curves demonstrating survival after propensity
score weighting. The propensity score model has used the covariates
defined by BCLC. Survival was defined as the time from the date of
TACE to the date of death from any cause. Patients who were lost to
follow-up or received another therapy (such as liver transplantation or
sorafenib) were censored. BCLC, Barcelona Clinic Liver Cancer;
cTACE, conventional transarterial chemoembolization; DEB-TACE,
drug-eluting beads TACE

Fig. 3 Survival comparison of cTACE and DEB-TACE according to the
SHARP inclusion criteria [9]. Survival sub-analysis with characteristics
from the SHARP trial [9] and the Asia-Pacific trial [19] (BCLC C, ECOG
PS ≤ 2 and Child-Pugh class A; [SHARP criteria]). SHARP, Sorafenib
Hepatocellular Carcinoma Assessment Randomized Protocol; cTACE,
conventional trans-arterial chemoembolization; DEB-TACE, drug-
eluting beads TACE
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after adjusting for the covariates included in the propensity
score weighting (DEB-TACE vs. cTACE [p = 0.11; HR,
1.43]). It was found that after propensity score weighted anal-
yses, Child-Pugh class C vs. A+B (p =0.013; HR, 3.07) and
tumor burden>50 % (p=0.0001; HR, 3.02) were the only
independent predictive factors for patient survival (Table 3).

Toxicity report

The most common adverse events after cTACE and DEB-
TACE, respectively, were as follows: post-embolization syn-
drome (fatigue, nausea, vomiting, abdominal pain, fever with-
out infection focus) [N=57 (30.0 %) and N=38 (61.3 %)],
diarrhea [N=3 (1.6 %) and N=3 (4.8 %)], encephalopathy
[N=11 (5.8 %) and N=2 (3.2 %)] (Table 4). A complete list
of all occurred adverse events and a separation into 0–7 and 8–
30 days are listed in Supplementary Table 3.

Discussion

Our study did not identify substantial treatment modality-
related differences in MOS among patients with HCC and
PVT who received cTACE or DEB-TACE. However, a sub-
group analysis in cTACE patients who fulfilled the SHARP
trial inclusion criteria revealed a MOS of 8.1 months, thus
matching the life expectancy of comparable patients treated
with sorafenib [9, 20].

Several published studies identified PVT as a negative
prognostic factor in patients with HCC, which is also reflected
in the design of both BCLC and the HKLC staging systems [4,
8]. The bulk of published data includes patients with mostly
peripheral, segmental intrahepatic PVT and largely well pre-
served liver function (Child-Pugh A) [26, 39]. At the same
time, very few studies included large numbers of patients with
main PVT who underwent IAT, and, for the most part, had
poor survival outcomes (Table 1) [14, 23].

The clear clinical evidence for the safety of IATs in such
patient cohorts, however, has not yet been translated into reliable
recommendations for the choice of treatment modality [11–14,
23]. Currently, Y90 RE is favored by some authors in patients
with PVT [23–25]. In a scenario with absent or minimal portal-
venous blood flow and arterially supplied healthy liver tissue,
both clinically available radioembolization devices
(TheraSpheres® and SIRSpheres®) are widely considered as
less micro-embolic as compared with the larger embolic parti-
cles or microspheres used for TACE [40, 41]. However, this
theoretically lower risk of liver infarction and post embolic syn-
drome (PES) for radioembolization has not yet been confirmed
in a dedicated prospective trial and did not translate into clinical
benefits with regard to patient survival [28]. As such and in light
of the herein presented results, TACE remains an equally safe

and effective treatment modality vis-à-vis patients with HCC
and PVT.

Our propensity score weighted analysis failed to show a
survival benefit for patients with PVT who received DEB-

Table 3 Cox hazard regression analysis after propensity score
weighting

Hazard Ratio p value

Intraarterial Therapy (DEB-TACE vs. cTACE) 1.43 0.11

PVT (main vs. peripheral) 0.86 0.57

Child-Pugh (C vs. A-B) 3.07 0.013

Cirrhosis (yes vs. no) 1.11 0.73

ECOG PS score (0 vs. 1–2 or ≥3) 0.39 0.096

ECOG PS score (1–2 vs. 0 or ≥3) 0.47 0.17

Multiplicity (unifocal vs. multifocal) 1.6 0.21

Size of the dominant lesion (>3 cm vs. ≤ 3 cm) 0.53 0.16

Tumor burden (>50 % vs. ≤ 50 %) 3.02 0.0001

Tumor type (infiltrative vs. nodular) 1.15 0.58

Lobe (unilobar vs. bilobar) 0.694 0.23

Extrahepatic Metastasis (yes vs. no) 1.092 0.85

cTACE, conventional trans-arterial chemoembolization; DEB-TACE,
drug-eluting beads TACE; PVT, portal venous thrombosis; ECOG PS,
Eastern Cooperative Oncology Group performance status

Table 4 Summary from the most common Clinical Adverse Events
and Laboratory Toxicities grade 3 or higher per procedure according to
CTCAEv4.03

cTACE DEB-TACE p value

Clinical Toxicity N = 190 N= 62

PES 57 (30.0 %) 38 (61.3 %) 0.63

diarrhea 3 (1.6 %) 3 (4.8 %) 0.67

encephalopathy 11 (5.8 %) 2 (3.2 %) 0.83

30-Day-Mortality 11 (5.7 %) 4 (6.3 %)

Biochemical Toxicity N = 107 N= 47

Albumin 5 (4.7 %) 0 (0.0 %) n/a

Bilirubin 22 (20.6 %) 5 (10.6 %) 0.78

ALP 7 (6.5 %) 5 (10.6 %) 0.85

ALT 12 (11.2 %) 5 (10.6 %) 0.98

AST 20 (18.7 %) 11 (23.4 %) 0.92

Ammonia 20 (18.7 %) 9 (19.1 %) 0.99

The toxicity report refers to all occurred adverse events within 30 days per
procedure from all available post-embolic reports (N= 252) or available
laboratory data (154), respectively. Laboratory events refer to grade 3 or
higher except of ammonia. Latter describes an increased level. Death
refers to all procedures and is not limited to the availability of the post-
procedural clinical reports

CTCAEv4.03; common terminology criteria for adverse events version
4.03; cTACE, conventional trans-arterial chemoembolization; DEB-
TACE, drug-eluting beads TACE; BCLC, Barcelona Clinic Liver
Cancer; PES, post embolic syndrome (fatigue, nausea, vomiting, abdom-
inal pain, fever without infection focus); ALP, alkaline phosphatase; ALT,
alanine transaminase; AST, aspartate transaminase; n/a, not applicable
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TACE (MOS=3.33 months) over those treated with cTACE
(MOS=5.00 months, p=0.157). These results are in line with
the published literature for early to intermediate stage, which
showed no significant difference between DEB-TACE and
cTACE in term of survival, yet demonstrated a better toxicity
profile in the DEB-TACE arm [16, 42, 43]. Evidence exists
that DEB-TACE is also safe in advanced stage disease [11, 12]
and as presented in this study, equally safe to cTACE in pa-
tients with PVT. Due to the missing survival benefit and the
missing beneficial toxicity profile of the more expensive treat-
ment modality DEB-TACE over cTACE, we see no rationality
in using DEB-TACE in this subset of patient. Therefore, we
will prefer cTACE over DEB-TACE in patients with HCC and
PVT.

In our cohort of advanced through end-stage HCC patients,
the BCLC staging system recommends systemic chemothera-
py with sorafenib or best supportive care as the only treatment
option [10]. However, there is clear evidence for potential
survival benefits in patients with HCC irrespective of the stage
when treated with IATas compared to those who received best
supportive care [29, 44]. Specifically, a subgroup analysis in
cTACE patients who fulfilled the SHARP trial inclusion
criteria revealed a MOS of 8.1 months (with a shorter MOS
of 5.3 months for the DEB-TACE group), thus matching the
life expectancy of comparable patients treated with sorafenib
within the SHARP trial [9, 20]. Even though the shorter MOS
of DEB-TACE is not significant, we suggest that this might be
explained with the unique characteristics of Lipiodol, which
functions both as an embolic agent as well as a drug carrier
with the ability to deliver the chemotherapeutic component of
the payload deep inside of the tumor and through arterioportal
communication such as the peribiliary vascular plexus into the
portal vein and thus potentially within the portal-venous
thrombus [14, 39, 45–48]. As for DEB-TACE, our protocol
utilized beads with diameters of 100–300 μm that are known
for their ability to deliver the drug selectively to the tumor
while reducing systemic toxicity [7]. However, these micro-
sphere carriers may not be able to penetrate their target deep
enough and beyond the arterioles in order to exhibit sufficient
anti-tumoral effects within the PVT.

Moreover, the improved survival of the subgroup analysis
according to the SHARP trial inclusion criteria compared to
the entire group can be explained by the exclusion of 78 pa-
tients with Child-Pugh > A. Latter in combination with a tu-
mor burden>50 % have proved to be the only independent
predictive factor for survival in the present study. These results
indicate a truly competitive role of cTACE in this sub-
population of patients, while surpassing the patient outcome
reported in a similar subgroup in the Asia-Pacific trial (MOS
5.6 months) [19]. This observation is in line with the already
published data in which sorafenib failed to show a survival
benefit over cTACE in BCLC C and over Y90 RE in PVT
(Table 1) [21, 22, 49]. In light of the relatively high overall

incidence of minor (Grade I–II, 71.9–84.9 %) and severe ad-
verse events (Grade III–IV, 52–54 %) in patients who were
continuously treated with sorafenib [9, 20], TACE appears as
a safer and effective alternative. In our study cohort, PES was
the most frequently observed toxicity and occurred in 37.6 %
of the BCLC C patients. Aspartate transaminase elevation as
the most commonly observed laboratory toxicity (Grade III–
IV) in the BCLC C group was less frequent in TACE as com-
pared with similar, sorafenib-treated BCLC C populations
(17.2 % vs. 41 %) [18]. In contrast to that, some published
works show that sorafenib might not be tolerated well in pa-
tients with reduced liver function, and may even result in
extremely poor survival outcomes (MOS in Child-Pugh A
8.9 months vs. 2 months in Child-Pugh B, p=0.04) and an
unfavorable toxicity profile (liver dysfunction in 21 % vs.
35 %, fatigue in 58 % vs. 82 % in Child-Pugh A and Child-
Pugh B, respectively) [50]. It can thus be concluded that
TACE may very well offer equal or better survival benefits
in this subgroup of patients while showing a better toxicity
profile in patients with PVT and reduced liver function.

There are some limitations to our study. First, our analysis
was based on a retrospective cohort. Therefore, selection bias
and confounders cannot be fully excluded. However, propen-
sity score weighting makes group similar with respect to ob-
served characteristics and limits the unadjusted confounders to
the unobserved ones [51]. Second, the present study is char-
acterized by a very long recruiting time, which may invariably
skew the data due to adjustments of TACE protocols and
overall technical innovations. Third, our patient selection
criteria led to the exclusion of a significant subset of patients
with PVTwho were treated with DEB-TACE in combination
with sorafenib (in the framework of a Phase II trial,
NCT00844883). This exclusion criterion was justified with
the fact that potential effects of sorafenib on patient survival
cannot be compensated within the analysis because no cTACE
patient received sorafenib; i.e., the DEB-TACE and cTACE
groups could not be balanced with respect to this factor.
Accordingly, our cohort of DEB-TACE patients was poten-
tially less representative as compared to the selection of pa-
tients treated with cTACE. Fourth, there has been no clear
institutional decision algorithm in the choice of cTACE vs.
DEB-TACE, and therefore, the choice of treatment has been
decided case-by-case within the inter-disciplinary tumor board
and by a discussion with the patient himself.

Our retrospective study could not reveal a difference in
toxicity and efficiency between cTACE and DEB-TACE for
treatment of advance staged HCC with PVT. Further, our sub-
group analysis suggests that IATwith TACE can be seen as an
alternative for systemic therapy with sorafenib in selected pa-
tient cohorts with PVT. Overall, only prospective randomized
trials that would include a head-to-head comparison between
TACE and sorafenib will finally solve the clinical dilemma of
choosing the proper therapy in this subset of patients.
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