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Background: Bridging treatments are employed in liver transplant waitlist patients with hepatocellular carcinoma (HCC)
because of the risk of tumor progression during the waiting time. Radioembolization is mostly employed in
the control of large or multifocal HCCs when other locoregional treatment modalities cannot be applied be-
cause of the number or size of lesions. The purpose of this study was to evaluate our experience with the use
of radioembolization as a bridge to transplantation and its effect on tumor recurrence and survival after liver
transplantation.

Material/Methods: A retrospective review of 40 consecutive patients with HCC who underwent liver transplantation after radio-
embolization bridging treatment between January 2007 and December 2015 at the University Hospital Essen,
Germany, was performed. Patients’ characteristics, alpha-fetoprotein (AFP) levels, pathologic tumor response,
tumor recurrence rate, and survival rates were examined through chart review.

Results: Histopathological examination of the explanted liver specimen revealed complete tumor necrosis in 17 speci-
mens, partial necrosis in 18 specimens, and no significant necrosis in five specimens. Median overall survival
was 46 months. Nine patients developed recurrent HCC. Median time from liver transplantation to diagnosis
of tumor recurrence was 15 months. There was a trend towards a lower risk of tumor recurrence for patients
with complete necrosis on explant specimens. Patients with tumor recurrence demonstrated statistically signif-
icantly higher pre- and post-treatment AFP levels (p=0.0234 and p=0.0236) and statistically significantly more
frequently microvascular invasion (p=0.0163).

Conclusions: Histopathological assessment of explanted livers revealed at least partial necrosis in 87.5% of patients. Patients
with successful bridging treatment, i.e. complete necrosis of explant specimens, demonstrate a trend towards
a lower risk of tumor recurrence.
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Background

Hepatocellular carcinoma (HCC) is the sixth most common ma-
lignancy worldwide and the second most frequent cause of
cancer-related mortality [1,2]. Liver transplantation remains
the best treatment option for selected HCC of the cirrhotic
liver; and in addition to removal of tumor tissue, liver tissue
with multifocal HCC potential is also removed [3]. Expansion
of the Milan criteria continues to be discussed because select-
ed patients with larger tumors may achieve similar survival
rates after liver transplantation [4,5]. The increasing shortage
of donor organs, however, prolongs waiting time and there-
fore increases the risk of tumor progression [6].

As a bridge to transplantation, locoregional therapies are em-
ployed to prevent waitlist dropout because of tumor progres-
sion [5]. Treatment strategies intended to control tumor growth
include transarterial chemoembolization (TACE), radiofrequen-
cy ablation (RFA) or radioembolization, among other strategies.

The acceptable safety profile and the efficacy of radioemboliza-
tion in controlling tumor progression have been acknowledged
in several international guidelines, and it has been approved
for treatment of HCC with or without portal vein thrombo-
sis [7,8]. Radioembolization is mostly employed in the control
of large or multifocal HCCs, particularly in the case of portal
vein thrombosis, when other locoregional treatment modali-
ties cannot be applied because of the number and/or size of
lesions or portal vein thrombosis [9,10]. In a prospective phase
2 study, radioembolization was shown to have the potential
for an effective local tumor control rate with low morbidity in
patients with intermediate to advanced HCC [11]. Since there
is only minimal alteration in vascularity without compromis-
ing the blood flow to the hepatic parenchyma, radioemboli-
zation can be utilized even in patients with compromised liv-
er function [12]. In a recent phase 2 prospective randomized
study of chemoembolization versus radioembolization in pa-
tients with early to intermediate HCC, radioembolization pro-
vided better local tumor control [13].

In our center, radioembolization treatment is applied using
nonbiodegradable glass microspheres containing the radio-
nuclide yttrium-90 (TheraSphere®, BTG International, London,
United Kingdom) [14,15]. Yttrium-90 is a pure beta-emitter
with a half-life of 64.2 hours and an average and maximum
tissue penetration of 2.5 mm and 10 mm, respectively. The
microspheres are predominantly taken up by the tumor cap-
illary bed and exert a local radiation effect leading to signif-
icant tumor necrosis and sparing of the surrounding non-tu-
morous liver parenchyma [16,17]. The majority of the radiation
dose is delivered over ten days. To date, several thousands of
patients have been treated with radioembolization but there
is little data on radioembolization used as bridging treatment
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before liver transplantation [18-23]. In the largest published
prospective dataset of 291 patients, 32 were able to undergo
liver transplantation [24].

Liver transplantation provides the unique opportunity to study
the treated lesions histopathologically. Riaz et al. demonstrat-
ed that radioembolization led to complete necrosis in 61% of
the treated lesions. The length of time from first treatment to
liver transplantation predicted the degree of necrosis. All of
the tumor lesions that were explanted <3 months after radio-
embolization had <50% necrosis [22]. Still, the effect of abla-
tive therapy on survival and tumor recurrence after liver trans-
plantation is not yet clear.

We here report pathologic response, tumor recurrence, and sur-
vival in 40 patients treated with radioembolization as a bridge
to transplantation for HCC at our transplant center. The aim
of this study was to evaluate the effect of radioembolization
as a bridge to transplantation on tumor recurrence and sur-
vival after liver transplantation.

Material and Methods

We retrospectively analyzed prospectively collected data on
40 patients who underwent liver transplantation after bridg-
ing treatment consisting of radioembolization with yttrium-90
microspheres at our transplant center between January 2007
and December 2015. The study was approved by the local
ethics committee and was conducted in accordance with the
Helsinki Declaration of 1975, as revised in 2008.

All patients were reviewed at a multidisciplinary transplant con-
ference and a multidisciplinary radioembolization conference.
A consensus was reached that each of these patients would
be treated with radioembolization as a bridge to transplanta-
tion to avoid tumor progression during waiting time. Baseline
diagnostic imaging consisted of contrast-enhanced abdominal
computed tomography (CT) scan or magnetic resonance imaging
(MRI). All patients underwent mapping angiography of the liver
to determine vascular anatomy and arterial variant anatomy.
Technetium-99 macroaggregated albumin (*’Tc-MAA) scanning
quantified potential gastrointestinal and pulmonary shunting.
Prophylactic embolization of nontarget vessels was performed
in order to avoid nontarget deposition of microspheres.

Yttrium-90 microspheres were administered into the tumor via
a catheter placed within the right or the left hepatic artery at
the lobar or segmental level [12]. Sequential bilobar treatment
was performed within four weeks as indicated. Follow-up CT
scans one month after treatment and then every three months
assessed tumor response according to Response Evaluation
Criteria in Solid Tumors (RECIST) criteria [25].
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Alpha-fetoprotein (AFP) levels were obtained before treatment
and monthly afterwards. Retrospectively, patients with base-
line AFP levels of >200 IU/mL were studied for changes in pre-
treatment and post-treatment levels. AFP response was de-
fined as >50% decrease from baseline [26].

When a suitable organ offer became available, patients un-
derwent orthotopic liver transplantation without veno-venous
bypass. Initial immunosuppression consisted of tacrolimus 0.1
mg/kg adjusted to a trough level of 5-7 ng/mL and predniso-
lone 20 mg, tapered and withdrawn over six weeks.

Tumor response was determined using explant pathology. One
centimeter sections of the explanted liver were performed and
representative samples of the lesions were stained with rou-
tine hematoxylin-eosin stains for histologic examination. The
target lesions were carefully examined for the presence of vi-
able tumor cells. The percentage of necrosis of the treated le-
sions was judged as follows: complete necrosis (100% necro-
sis, absence of any viable tumor cells), partial necrosis (>50%
necrosis, clusters of viable tissue), and viable tumor cells
(<50% necrosis) [22].

Data collection and statistical analysis were performed using
Microsoft Excel 2010 (Microsoft Corporation, Redmond, WA,
USA) and GraphPad Prism version 6.07 for Windows (GraphPad
Software, San Diego, CA, USA). All data were tested for normal-
ity using the method of Kolmogorov-Smirnov. Data are present-
ed as median (range) for continuous variables unless stated
otherwise. Differences in continuous variables were tested us-
ing t-tests or Mann-Whitney tests as appropriate. For compar-
ison of pre- and post-treatment AFP levels, Wilcoxon matched
pairs test was performed. Differences between categorical
variables were tested using Fisher’s exact test or chi-square
test as appropriate. A p value < 0.05 (two-tailed) was consid-
ered to be significant. Least-squares linear regression analysis
was performed to analyze the association between the time
elapsed from first radioembolization treatment to liver trans-
plantation and the rate of tumor necrosis, as well as the as-
sociation between maximum tumor size on explant specimen
and the rate of tumor necrosis. Patient survival was evaluated
using the Kaplan-Meier method and compared with the log-
rank test. The reference point for all calculations of survival
was the day of liver transplantation. In order to provide con-
clusions focusing on the oncological issue, i.e., tumor recur-
rence, patients who died within 30 days after liver transplan-
tation were excluded from further survival analysis.
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Results

Study population

Thirty-two patients were male and eight patients were female.
The patients had a mean age of 59+6 years. The etiology of
HCC was alcoholic liver cirrhosis (n=12), chronic hepatitis B
(n=8), chronic hepatitis C (n=9), non-alcoholic steatohepati-
tis (NASH) (n=6), cryptogenic cirrhosis (n=2), hemochromato-
sis (n=2), and one patient had developed HCC in the absence
of cirrhosis. Non-tumoral portal vein thrombosis was present
in one patient.

Prior to bridging treatment, severity of liver disease as measured
by true Model for End-Stage Liver Disease (MELD) score was
12 (range 6—40). Pre-treatment radiological imaging showed
a maximum tumor size of 3.5 cm (range 0.5-11.0). In 15 pa-
tients, <3 nodules were found, whereas in 25 patients, tumor
extent was multifocal. According to Eurotransplant International
Foundation (Eurotransplant), 10 patients received an upgrad-
ed MELD score as they met Milan criteria.

Bridging treatment

Radioembolization was applied to the right liver lobe in 18 pa-
tients and to the left liver lobe in two patients. In 20 patients,
radioembolization of both lobes was performed in two con-
secutive treatment sessions. The mean dose administered to
target site was 114+12 Gy in the right lobe and 108+17 Gy in
the left lobe. The mean activity delivered to treatment site was
2.9+1.1 GBq in the right lobe and 1.3+0.7 GBq in the left lobe.

Pre- and post-bridging treatment AFP levels were similar among
all patients (22.5 IU/mL (range 1.0-13926.0) vs. 24.4 |U/mL
(range 3.1-6373.0). In nine patients, pre-treatment AFP was
elevated above 200 IU/mL and five of those demonstrated an
AFP response, i.e., >50% decline in baseline AFP after bridg-
ing treatment, resulting in a statistically significant decrease
in AFP levels in this subgroup (p=0.0039).

None of the patients demonstrated progressive tumor dis-
ease or deteriorating liver function after bridging treatment
and none of the patients dropped out from the waitlist. MELD
score before and after radioembolization was without signifi-
cant alterations (9 (range 5-17) vs. 10 (range 5-22), p=0.1144).
Patients underwent liver transplantation 129 (range 13-658)
days after radioembolization.

Tumor necrosis
Histopathological examination of the explanted liver speci-

men revealed a maximum tumor size of 2.6 cm (range 0.7-
10.5). Complete tumor necrosis was detected in 17 (42.5%)
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Figure 1. Rate of histologic necrosis stratified according to
time period between first radioembolization bridging
treatment and liver transplantation.
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Figure 2. Rate of histologic necrosis stratified according to
maximum tumor size on explant specimen.

Table 1. Comparison of patients’ und tumor characteristics according to rate of necrosis on explant specimen.

Complete necrosis (n=17)

Partial necrosis (n=18) Viable tumor (n=5)

Milan in pre-treatment (%) 5.9 28.9 40.0 0.0560

. AP pretreatment (Uml) 83 [10-12620] 760[37-139260] 1761 [47-74540]  0.0425
© ARPposttreatment (W/ml) 158 [31-1134] 366 [4963730] | 547 [62-54960] 02885
 Timeto (T after bridging (days) 180  [26-658] - 146 [13528] 95 [37-473] 08450
. Maximum tumorsize em) 27 [07-80] 24 [13105] 45  [24-90] 01465
 Tumorgrading>62(%) 00 wa 200 01200
© Micovascular invasionVi %)) 00 - 67 600 0.0041
©Tumorrecurrence %) ns 28 40 03183
LT — liver transplantation.

specimens, partial necrosis in 18 (45.0%) specimens and in Survival

five (12.5%) specimens no significant necrosis was detected.

Linear regression analysis demonstrated that the time from
radioembolization to liver transplantation does not predict
the rate of tumor necrosis in the explanted liver specimen
(r?=0.0002143). Yet, there is a trend that when liver transplan-
tation is performed at least three months post radioemboli-
zation bridging treatment, there will be a higher rate of com-
plete tumor necrosis (Figure 1). Maximum tumor size on explant
specimen does not predict the rate of tumor necrosis either
(r?=0.07685); there is a trend that tumor nodules of less than 3
cm present tumor necrosis more frequently, however (Figure 2).

Patients with viable tumor on explant specimen demonstrat-
ed significantly higher AFP levels prior to bridging treatment
as well as significantly more frequently microvascular invasion
(p=0.0425 and p=0.0041, respectively) (Table 1). Patients with
AFP response did not present a higher rate of tumor necrosis
on explant specimen.

Median overall survival was 46 months (Figure 3). Periope-
ratively, i.e., within the first 30 days after liver transplanta-
tion, six patients died, three due to infectious complications
(bacterial sepsis), two due to cardiovascular complications
(cirrhotic cardiomyopathy), and one from primary non-func-
tion of the graft. Within one year after liver transplantation,
three patients died from infectious complications (sepsis, af-
ter three months; pneumonia, after four months; HCV rein-
fection, after 12 months) and one patient died from cardio-
vascular complications (right heart failure, eight months after
liver transplantation).

Tumor recurrence

Nine patients were diagnosed with HCC recurrence. Time to di-
agnosis of HCC recurrence was 13 months (range 4-56) after
liver transplantation. A comparison of patients with and with-
out recurrent hepatocellular carcinoma is given in Table 2. There
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Figure 3. Overall survival after radioembolization bridging
treatment and liver transplantation.
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Figure 4. Risk of tumor recurrence stratified according to rate of
tumor necrosis on explant specimen.

Table 2. Comparison of patients with and without recurring hepatocellular carcinoma.

Tumor recurrence (n=9)

Age (years) 56+4
Male gender (%) 55.6
Underlying disease

Hepatitis B/C 6

Alcoholic cirrhosis 1

Other 2
True MELD score 10 [8-40]
Milan in (%) 333
AFP pre-treatment (U/mL) 129.3 [4.5-7454.0]

Recurrence-free (n=31) p

60+7 0.1216
""""""""""""" 21 o054

11 0.3773

9

13 [6-37] 0.9093
"""""""""""""" 26  oess0
© ns(o1ses0 00238
13 preso 00236

Tumor necrosis
Complete necrosis
Partial necrosis 5
Viable tumor cells 2

LT — liver transplantation.

were no statistically significant differences in age, gender, un-
derlying liver disease, true MELD score, and Milan criteria. Pre-
and post-treatment AFP levels were statistically significantly
higher among patients with tumor recurrence (p=0.0234 and
p=0.0236, respectively) while patients without recurrence ex-
pressed stable AFP levels <20 IU/mL pre- and post-treatment.

There were no statistically significant differences in waiting
time from radioembolization bridging treatment to liver trans-
plantation nor in maximum tumor size, rate of tumor necrosis,

and tumor grading on explant specimen. Microvascular inva-
sion was statistically significantly more frequently present in
patients with recurrent HCC (p=0.0163). There is a trend to-
wards a lower risk of tumor recurrence among patients with
complete necrosis on explant specimen; however, this did not
reach statistical significance (Figure 4).

Patients with pre-treatment AFP values of <20 IU/mL demon-
strate a statistically significant lower risk for tumor recurrence
(p=0.0266; Figure 5). Remarkably, patients with recurrent HCC
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Figure 5. Risk for tumor recurrence stratified according to pre-
treatment AFP (p=0.0266).

presented an AFP response after radioembolization bridging
treatment (129.3 IU/mL (range 4.5-7454.0) vs. 82.3 IU/mL
(range 11.3-5496.0, p=0.0234) as opposed to patients with-
out recurrence (11.8 IU/mL (range 1.0-13926.0) vs. 17.3 IU/mL
(range 3.1-6373.0), p=0.7585).

Survival of recurrence-free patients was statistically signifi-

cantly longer than among patients with tumor recurrence as
depicted in Figure 6 (p=0.0193).

Discussion

Waiting time to liver transplantation has progressively in-
creased due to critical donor organ shortage. Therefore, there
is a substantial need for bridging procedures that provide pro-
longed disease control in HCC patients during waiting time.
Furthermore, bridging treatment may help to exclude high-
risk patients who have tumors with an unfavorable tumor bi-
ology resulting in early tumor progression after locoregional
treatment. The aim of this study was to provide evidence on
the safety and efficacy of radioembolization bridging treat-
ment and to determine long-term survival in HCC patients af-
ter bridging treatment and liver transplantation.

Compared with TACE, radioembolization has been reported to
be more effective in downstaging, better tolerated, and asso-
ciated with less hospitalization and fewer treatment sessions
[13,27-29]. Patients who sustain tumor response after bridg-
ing treatment may demonstrate a favorable tumor biology
contributing to recurrence-free survival. Otto et al. showed
that the response to pre-transplant TACE influences the out-
come after liver transplantation significantly [30,31]. Similar
data concerning radioembolization are not available so far.

Although locoregional treatments have proven to be effective
in tumor growth control, viable residual tumor cells are often
identified on explant specimens [32]. In our study, patients
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Figure 6. Survival stratified according to tumor recurrence
(p=0.0193).

demonstrated an overall favorable radiologic response to ra-
dioembolization bridging treatment without significant alter-
ations in MELD score. The favorable tumor response was con-
firmed by the histopathological assessment of the explanted
livers providing evidence of at least partial necrosis in 87.5%
of patients treated. Riaz et al. observed a trend for smaller le-
sions to exhibit better response to radioembolization and that
the length of time from first treatment to liver transplantation
predicted the degree of necrosis on explant specimen [22].
Nalesnik et al. showed no obvious correlation between the
date of radioembolization and the extent of necrosis [16]. In
our study, no influence of tumor size or waiting time to liver
transplantation on rate of tumor necrosis was evident.

Pre-treatment AFP level has been identified as a risk factor for
HCC recurrence [5,33]. In our study, patients with pre-treat-
ment AFP levels <20 IU/mL were less likely to develop recur-
rent HCC. Previous studies have shown some degree of cor-
relation between the decline in AFP after bridging treatment
and patient outcome [26,34,35]. Unfortunately, we detected
AFP response particularly in patients with tumor recurrence.
AFP response to locoregional treatment seems to be sufficient-
ly heterogeneous and we cannot conclude that AFP response
may be a surrogate marker of tumor biology.

Despite refined selection criteria, recurrent HCC is the rate-
limiting factor for long-term survival in approximately 20% of
patients undergoing liver transplantation for HCC [36,37]. In
our study, 23% of patients developed recurrent HCC. There is
a trend towards a lower risk of tumor recurrence among pa-
tients with complete necrosis on explant specimen. Yet, we
cannot conclude that successful radioembolization bridging
treatment resulting in tumor necrosis on explant specimen
decreases risk of tumor recurrence.
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Conclusions

Optimal measures to prevent tumor progression and drop-out
as patients await liver transplantation still need to be defined.
The combination of locoregional treatment and liver trans-
plantation may improve long-term recurrence-free survival in
HCC patients. In our study, histopathological assessment of
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