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Abstract

Background and Aims: Intermediate stage hepatocellular
carcinoma (HCC) can be treated by transarterial chemoem-
bolization (TACE). However, there appear to be side effects,
such as induction of proangiogenic factors, e.g. vascular en-
dothelial growth factor (VEGF), which have been shown to be
associated with a poor prognosis. This prospective study was
designed to compare serum VEGF level response after TACE
with different embolic agents in patients with HCC. Methods:
Patients were assigned to one of three different TACE regi-
mens: degradable starch microspheres (DSM) TACE, drug-
eluting bead (DEBDOX) TACE or Lipiodol TACE (cTACE). All
patients received 50 mg doxorubicin/m? body surface area
(BSA) during TACE. Serum VEGF levels were assessed before
TACE treatment, 24 h post-treatment and 4 weeks later.
Results: Twenty-two patients with 30 TACE treatments
were enrolled. Compared to baseline VEGF levels, a marked
increase was observed for 24 h post-TACE (164% of baseline
level) and during the 4-week follow-up (170% of baseline
level) only for the cTACE arm (p < 0.05). In contrast, the
increase of serum VEGF levels were only 114% and 123%
for DEBDOX and 121% and 124% for DSM, respectively.
Conclusions: Conventional TACE using Lipiodol shows marked
increase in blood levels of the proangiogenic factor VEGF,
while DEBDOX and DSM TACE induce only a moderate VEGF
response.
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Introduction

Hepatocellular carcinoma (HCC) is one of the most frequent
cancers worldwide. Treatment options are sparse and are
highly dependent on the hepatic tumor infiltration. In the
treatment of intermediate HCC Barcelona Clinic Liver Cancer
(BCLC) stage B, conventional transarterial chemoemboliza-
tion (cTACE) is an accepted and widely used treatment
approach. This technique yields objective tumor response
rates of approximately 60%-70%? and, when compared
to best supportive care, a 20%-25% benefit of intermediate-
to long-term survival.>* Beyond the different treatment
regimes, Lipiodol is found to be the predominant embolization
compound,® followed by drug-eluting beads (DEB)® and
degradable starch microspheres (DSM),” all in conjunction
with doxorubicin, for example, as a DNA-intercalating cyto-
toxic agent. TACE thus affects the tumor in parallel, by deliver-
ing doxorubicin in a high concentration to the targeted tissue
and reducing blood supply by embolization, thus leading to
ischemia.® As hypoxia is a definite threat to viable tissue, it
affects a vast majority of intra- and intercellular signaling pro-
cesses counteracting and reversing hypoxia.® In malignant
tissues, these biological countermeasures can potentially
interfere with the underlying intention of antitumor treatment.

DSM-TACE, DEB-TACE, and cTACE show different emboli-
zation characteristics, which are crucial in the understanding
of their mechanisms of biological action. While the beads used
in DEB-TACE lead to an irreversible permanent embolization
and ischemia,*® DSM-TACE leads to a transient ischemia with
an occlusion half time of 35-50 minutes in vitro and 90-120
minutes in vivo in HCC patients (EmboCept® S).*:12 Lipiodol,
the predominant chemoembolization agent, used in cTACE
procedures has an ill-defined wide range of occlusion half
time, ranging between 4 to 12 weeks.”

One of the key agents strongly activated by hypoxia, the
vascular endothelial growth factor (VEGF), mediates angio-
genesis and is thought to play a key role in tumor growth and
metastatic seeding.'®>"'> Consequently, anti-VEGF therapies
are being investigated as potential anti-cancer treatments
and supportives. In HCC, it was shown that a temporary over-
production of VEGF is caused by a single session of TACE; an
increase of serum VEGF is related with future distant meta-
stases, mainly in lungs and bones.'®18 Moreover, the post-
TACE peak of serum VEGF is an independent prognostic
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factor of progression-free survival in HCC.'>!° Anti-VEGF
therapies have been reported and established in metastatic
colorectal carcinoma in combination with other chemother-
apeutic agents,?® macula degeneration?! and diabetic retin-
opathy.?? Consequently, avoidance of the post-TACE VEGF
overproduction is of major interest for the treatment regi-
mens of HCC patients, directly affecting their expected life
span in a palliative situation.

Our prospective pilot-study addressed the hypothesis that
the prolonged or permanent occlusion, other than the tran-
sient occlusion of DSM-TACE, causes a major and sustained
VEGF response, possibly in accordance with the concept of
an ischemia/reperfusion mechanism.

Methods

This two-center investigator-initiated pilot-study was approved
by the local institutional review board. We included patients
with intermediate stage HCC (BCLC stage B), either proven
non-invasive by two imaging modalities or histologically. Sub-
jects aged over 18, presenting with 4 or more HCC nodules
=3 cm or with a single lesion =3 cm, and without portal vein
invasion who had no contraindication for TACE were recruited
for the study. We only included TACE-naive patients; in cases
of prior surgical resection or local ablation, at least 4 weeks had
to pass before inclusion in the study.

Our study was designed to include 12 patients per treat-
ment arm by randomization, addressing 3 different treat-
ments; DEB-TACE (DEBDOX™; BTG International Ltd.,
London, UK), DSM-TACE (EmboCept® S; PharmaCept GmbH,
Berlin, Germany), and cTACE (Lipiodol®; Guerbet LLC, Bloo-
mington, IN, USA). Dose of doxorubicin was 50 mg/m? body
surface area in each treatment arm. All patients included
received standard TACE treatment according to a standard
operating procedure as previously reported.?* Of 36 patients
intended to include, 14 were either lost to 4-weeks of follow-up
(n = 7), samples having thawed on transport (n = 4), or rele-
vant patient data missing (n = 3).

Plasma levels of VEGF were assessed right before trans-
arterial therapy as baseline, 24 h after and 4 weeks after
arterial treatment. A period of at least 4 weeks without intra-
arterial therapy was observed before further TACE. Peripheral
whole blood samples were acquired according to our standard
operating procedure, centrifuged at 1500 rpm for 5 minutes
and plasma samples were stored at —20°C until shipping to a
central laboratory on dry ice. VEGF levels in our samples were
measured using a commercial ELISA kit (Human VEGF Quan-
tikine ELISA Kit; R&D Systems Inc., Minneapolis, MN, USA) by
a third-party member not involved in patient inclusion, treat-
ment or analysis of results. Plasma levels of VEGF right before
TACE were set as reference (100%).

Patient characteristics were analyzed by using descriptive
statistics. A t-test or a Mann-Whitney U-test was used to
compare metric data. A p-value <0.05 was considered to indi-
cate a statistically significant difference. Statistical analyses
were performed by using the JMP statistics software package
(SAS Institute, Cary, NC, USA).

Results
Patients characteristics

In our pilot-study, complete data sets of 22 patients were
obtained, represented by 9 for DSM-TACE, 7 for DEB-TACE,

Table 1. Baseline characteristics of patients and tumor burden

DSM-TACE DEB-TACE CTACE
No. of patients 9 7 6
No. of TACE- 9 9 12
cycles
Age, 67 = 7.3 709 = 7.7 64.5 + 12.7
mean = SD
Tumor burden, 6.1 + 4.9 5.2 +4.3 6.3 +5.1
cm = SD

and 6 for cTACE (Table 1). Thereby, 9 TACE cycles were com-
pleted for DSM-TACE, 9 for DEB-TACE, and 12 for cTACE.
Patients who received DSM-TACE were mean age of 67 £ 7.3
years, those who received DEB-TACE were 70.9 + 7.7 years,
and those who received cTACE were 64.5 £ 12.7; there were
no statistically significant differences between the groups.
Tumor burden was calculated as 6.1 £ 4.9 cm (DSM-TACE),
5.2 £ 4.3 cm (DEB-TACE), and 6.3 £ 5.1 cm (cTACE), with
no statistically significant differences between the groups.

VEGF levels before and after different
TACE procedures

Plasma levels of VEGF right before TACE were set as reference
(100%). For DSM-TACE, plasma VEGF levels 24 h after TACE
and 4 weeks later were elevated to 121 + 29% and 124 +
43%, respectively. Results for DEB-TACE did not differ signifi-
cantly, with 114 £ 31% at 24 h after TACE (p = 0.35; Figs. 1
and 3) and 123 £+ 55% at 4 weeks later (Fig. 2).
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Fig. 1. Serum VEGF levels at 24 h after cTACE with standard Lipiodol,
DEB, or DSM. Levels in DEB-TACE (n = 7) and DSM-TACE (n = 9) were sig-
nificantly lower than in cTACE (n = 6; p = 0.01 and p = 0.04, respectively). Bars
show mean + SEM.

Abbreviations: cTACE, conventional transarterial chemoembolization; DEB, drug
eluting beads; DSM, degradable starch microspheres; VEGF, vascular endothelial
growth factor.
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Fig. 2. Serum VEGF levels 1 month after cTACE with standard Lipiodol,
DEB, or DSM. Levels in DEB-TACE (n = 7) and DSM-TACE (n = 9) were sig-
nificantly lower than in cTACE (n = 6; p = 0.03 and p = 0.04, respectively). Bars
show mean + SEM.

Abbreviations: cTACE, conventional transarterial chemoembolization; DEB, drug
eluting beads; DSM, degradable starch microspheres; VEGF, vascular endothelial
growth factor.

In the cTACE group, VEGF plasma levels were elevated
to 164 + 68% of baseline at 24 h post-TACE (vs. DSM-TACE:
p = 0.04 and vs. DEB-TACE: p = 0.01; Fig. 1) and remained at
high levels (170 + 81%) for at least 4 weeks after the treat-
ment (vs. DSM-TACE: p = 0.04 and vs. DEB-TACE: p = 0.03;
Fig. 2).
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Fig. 3. Serum-VEGF levels at 24 h and 1 month post-treatment compared
to baseline. Bars show mean + SEM.

Abbreviation: VEGF, vascular endothelial growth factor.

Discussion

VEGF plays a key role in hypoxia signaling.!* Elevated levels
are found in a vast variety of tissues when put at risk of
tissue-threatening ischemia, e.g. in heart (myocardial infarc-
tion),2* brain (stroke),?> muscle (peripheral arterial occlusive
disease),?® liver (tumor, infarction)?” and kidney (infarc-
tion).2® While VEGF causes both long- and short-term tissue
protective effects in healthy tissue, its effects in tumorous
tissues include, but are not limited to, faster and more pro-
found metastatic seeding, as well as regeneration and growth
of malignant tissues.'6-18

Since its first publication in the late 1980’s,%° cTACE became
a standard treatment in intermediate stage HCC.3® In the
meantime, other technologies have been reported, including
DSM,” DEB,® and Lipiodol as the so-called ‘conventional’
CTACE.> Among the factors potentially interfering with its
effectiveness is a potent VEGF-dependent neoangiogenic
response due to the ischemia (and reperfusion) caused by
the embolization agents, which shows characteristic occlu-
sion half-life values of 90-120 minutes for DSM-TACE, 4 to
12 weeks in Lipiodol cTACE, and irreversible occlusion in DEB-
TACE. Therefore, we set up a pilot-study to assess changes
in VEGF plasma levels depending on the used embolic
agents.

Our results show a rise of the VEGF plasma levels above
baseline in all three treatments, as a result of ischemia
caused by embolization. While the permanent embolization
by DEB-TACE and the transient ischemia in DSM-TACE yielded
levels of 7% and 22% above baseline at 24 h, respectively, the
persistent but non-permanent embolization in cTACE causes
a significantly enlarged (1.7-fold) rise in VEGF plasma levels.
These elevations essentially remained unchanged for (at least)
4 weeks following the TACE procedure in all three studied
substances. Thus, Lipiodol cTACE patients are subject to a
profound VEGF release for at least 4 weeks. These post-cTACE
results are in line with prior published results of both human
and animal study protocols; Sergio et al.'® even found a
further increase of VEGF in their follow-up of 4 weeks after
CTACE. According to the data of 8 patients receiving two
TACE treatments in our study, an accumulative effect seems
possible; further studies are needed to clarify the VEGF serum
kinetics after TACE.

Potential underlying mechanism

A hypothetic key to understanding the significant changes
arising from the different chemoembolization agents are the
chemical properties of the oily Lipiodol emulsion, causing an
“unstable” ischemia with reperfusion situation in the targeted
tissue. While, to the contrary, DSM has a defined occlusion
time of 90 to 120 minutes in vivo, and Lipiodol has an occlu-
sion half time ranging between 4 and 12 weeks. It is known
that sustained ischemia either causes tissue death by both
necrosis and apoptosis,?®-3132 or in case of survival, regen-
eration and adaptation of the tissue. Other than Lipiodol,
DEB-TACE does not enable a reperfusion of the embolized,
ischemic tissue, which is crucial for the cellular and humoral
response to hypoxia. DSM-TACE on the other hand seems to
not yield a durable tissue ischemia, long enough to elicit a
stronger response in VEGF plasma levels. As an oily emulsion,
Lipiodol has no defined particle size, enabling a sustained
but dynamic situation of tissue hypoxia with subsequent,
perpetual reperfusion.
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From a completely different set of organs,>33* as well as

liver,° it is known that reperfusion is an essential component
in eliciting both strong cellular and humoral signaling pro-
cesses, including the expression of cytokines, growth factors
and adhesion molecules that are repeatedly reported to foster
growth of malignant tumors. Microcirculatory dysfunction,
as assumed to be predominant in cTACE, has repeatedly
been found to resemble a source of hypoxia.>® Mechanisti-
cally, besides hypoxia-inducible factor (HIF-)1a,3” which acts
as a cell survival factor, and Fas-Fas ligand interactions,38
essential in the regulation of both apoptosis and necrosis,
the main component reportedly is the up-regulation of VEGF
expression.

VEGF causes tumor angiogenesis, and it was shown
that, especially in the liver, ischemia/reperfusion-triggered
up-regulation of VEGF causes improved tumor vascularization.
Moreover, positive-feedback autoregulatory functions of VEGF
were found via a parallel overexpression of VEGF receptors in
malignant cells, including HCC cells. Recent reports addition-
ally credit side effects like promotion of cancer cell survival and
cancer cell migration to the up-regulation of VEGF and the
VEGF receptor.3®

Clinical implication

When transferring these reported observations to the clinical
setting of HCC treatment by TACE, avoiding the use of
Lipiodol in favor of DEB- or DSM-TACE could directly affect
the clinical outcome of HCC patients; it was shown that the
temporary overexpression of circulating VEGF caused by a
single session of cTACE can contribute to inducing future
distant metastatic seeding, mainly pulmonary and osseous.'®
The VEGF serum levels, moreover, were shown to be an inde-
pendent prognostic factor of progression-free survival in HCC
treated with cTACE. Therefore, it should be of major interest
to preserve low VEGF levels in HCC patients. Prevention
of ischemia-induced microcirculation with L-arginine (an
enhancer of endothelial nitric oxide synthesis) reduces the
seeding of micrometastases by minimizing tissue hypoxia,
and direct scavenging of free-circulating VEGF by the anti-
VEGF monoclonal antibody bevacizumab is approved by the
FDA as first-line therapy, e.g. in metastatic colorectal carci-
noma, in combination with other chemotherapeutic agents
and, moreover, is used on- and off-label in a wide variety of
oncology and non-oncology indications, including macular
degeneration and diabetic retinopathy.??

While these approaches try to ameliorate an apparently
TACE-inherent VEGF up-regulation, the results of our pilot-
study support the use of DEB- or DSM-TACE instead of Lipiodol
as the first causally determined treatment of VEGF over-
expression. Additionally, differences in safety and side effects
of the embolic agents have to be observed and taken into
account.

Limitations

Since our study was designed as a pilot-study in a proof-of-
principle fashion, some inherent limitations have to be
considered. The small sample size in each treatment arm
may limit generalizability of results. Nonetheless, implica-
tions derived from our results for clinical treatment need
to be tested in a larger cohort, e.g. investigation of potential
differences between DEB-TACE and DSM-TACE, or safety and
side effects of different embolic agents.

The major physiological transporters of VEGF in blood are
circulating platelets. It is known that VEGF concentrations
highly correlate with platelet counts. Moreover, the platelet
load of VEGF in patients with malignant tumors correlates
quantitatively with the expression of VEGF in malignant
tissues. Our study design did not cover collection and analysis
of platelet counts. Both platelet count changes as well as
changes of VEGF receptor expression should be addressed by
future studies.

Previous studies have shown that pre-TACE levels per se
are correlated with HCC characteristics, including tumor size,
vascular invasion and metastasis. Thus, further studies
should allow for an in-depth analysis of baseline VEGF-levels
in HCC patients.

Conclusions

Among the factors potentially interfering with the intention of
TACE in HCC, post-interventional up-regulation of VEGF is of
major concern, since VEGF is known to promote tumor growth
via neoangiogenesis, metastatic seeding, and both cancer cell
migration and survival. The widely used cTACE causes an
enlarged VEGF serum response sustaining for at least 28 days
post-TACE. On contrary, both DEB-TACE and DSM-TACE elicit
a significantly lower VEGF response, making the preferred use
of these chemoembolization agents the first causally deter-
mined approach to an ameliorated post-TACE VEGF over-
expression. Parallel use of anti-VEGF therapies could be of
value in the treatment of HCC.
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