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Background: Orthotopic liver transplantation (OLT) is the most effective treatment for hepatocellular
carcinoma (HCC) in patients with underlying cirrhosis and portal hypertension. Availability of OLT is
limited by donor-organ shortages, which increase patient waiting time until OLT. A variety of bridging
therapies (BT) have been used to halt tumor progression in patients on the OLT waiting list. Despite
complete radiologic responses following BT, viable tumor is often present in explants.

Methods: Treatment outcomes were evaluated in 50 patients who had a total of 125 BT for treatment of
93 nodules. Success of BT was assessed by radiologic response compared to histopathological examination of
explanted livers.

Results: Pre-transplant treatments included: transcatheter arterial chemoembolization (TACE), alcohol
ablation (ETOH), radiofrequency ablation (RFA), microwave ablation (MWA), selective internal radiation
therapy (SIRT) and stereotactic body radiation therapy (SBRT). Fifty-nine (64%) nodules had a complete
radiographic response to therapy; however, only 28 nodules (30%) had complete tumor necrosis (CTN) on
explant examination. Ten nodules with CTN were treated with TACE alone. Seven of the 28 nodules with
CTN were treated with TACE and RFA. Three of seven nodules treated with TACE and SIRT had CTN.
Patients underwent a mean of 2.5 BTs. Six of 50 patients (12%) had no residual HCC in their explants. Five
of those six patients (83 %) had complete response (CR) on pre-transplant imaging.

Conclusions: Although favorable radiologic responses are seen following BT, viable HCC is seen in the
majority of liver explants and radiographic imaging cannot always accurately predict pathological response.

This underscores the need for aggressive treatment of patients who otherwise may not be eligible for OLT.
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Introduction

It is estimated that there will be more than 39,000 new
cases of liver and intrahepatic bile duct cancer this year in
the United States, and more than 25,000 people will die
of these diseases (1). An increase in new hepatocellular
carcinoma (HCC) cases can be attributed to the aging

patient cohort with chronic hepatitis C virus infection (2).
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HCC is the fastest-growing cause of cancer-related death
in United States, with an overall 5-year survival of less
than 12% in patients who do not undergo orthotopic liver
transplantation (OLT) (2). Worldwide, HCC is the 5th
most common cancer and the third most common cause of
cancer-related death (3,4).

Currently, OLT is the only curative treatment for
patients with cirrhosis, portal hypertension and early-stage
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HCCs that meet Milan criteria (single lesion <5 ¢cm or up to
three lesions each <3 cm) (5). Since the Milan criteria began
to be used to determine eligibility of patients with HCC
for OLT, the 5-year survival rate after surgery has increased
to 70-80% (6,7). Although OLT may be a successful
treatment for patients with cirrhosis and HCC, there are
many considerable challenges to transplantation. By far one
of the biggest challenges to OLT for patients with HCC is
the shortage of donor organs and prolonged waiting times
until transplantation. While patients await transplantation,
a variety of bridging therapies (B'Is) have been used in an
effort to maintain disease control including; radiofrequency
ablation (RFA), transcatheter arterial chemoembolization
(TACE), microwave ablation (MWA), selective internal
radiation therapy (SIRT) and stereotactic body radiation
therapy (SBRT) varies. The goal of this study was to assess
the pathologic response on explant analysis for patients who
undergo BT prior to OLT.

Methods

We retrospectively reviewed the clinical data in all
69 patients who underwent OLT for HCC between April,
2009 and December, 2014 at Montefiore Medical Center,
Bronx, NY. During this period, 50 patients underwent a
total of 125 treatment sessions prior to OLT. Nineteen
patients were excluded because they did not receive BTs
prior to transplant. The diagnosis of HCC was made using
standard imaging criteria; lesions with equivocal imaging
findings had biopsy confirmation of their diagnosis.

The study included 37 men and 13 women. The
most common etiology of cirrhosis was hepatitis C virus
infection, which was present in 44 of the 50 patients (88%).
Two patients had cryptogenic cirrhosis, four patients had
hepatitis B virus infection and four patients had alcoholic
cirrhosis. Twenty-five of the 50 patients had multiple
nodules treated with BT. The rest had solitary nodules.

Treatment decisions were made by the members of the
institutional Multidisciplinary Tumor Board that included
oncologists, hepatologists, radiologists, radiation oncologist
and surgeons. B'Ts included TACE, RFA, MWA, ETOH,
SBRT and SIRT. Complete response was defined as the
absence of standard radiographic or magnetic resonance
(MR) features of HCC following the patient’s last BT.
The last imaging available immediately prior to transplant
was compared to explant pathology. Tumor necrosis was
classified as 0%, <80%, >80% or 100% on the basis of
imaging. If necrosis was present but further quantification
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was not available, nodules were categorized conservatively
as <80% necrosis. Tumor response based on imaging was
compared to tumor necrosis on explant pathology.

Results

Ninety-three nodules in 50 patients were evaluated after BT.
Untreated nodules identified either on imaging or explant
pathology were excluded from the analysis. Patients had
from 1 to 7 BTs (mean =2.5). Eighty-three nodules received
therapy with TACE alone or TACE in combination with
another therapy (Table 1).

On radiographic examination, 59 of the 93 tumor
nodules had a complete imaging response to therapy.
One-third (28 of the 93) of nodules had complete necrosis
on pathological examination. Of the nodules with a
complete pathological response, 10 had been treated with
TACE alone, 7 with TACE and RFA, and 3 with TACE
and SIR. The other nodules with a complete pathological
response were treated with a variety of other B'Ts (1able 1).

Only 6 of 50 patients (12%) had complete necrosis of
all tumors on pathologic examination after BT. Four of
the 6 patients had solitary nodules, and 2 patients each had
two nodules. Table 2 gives tumor nodules dimension and
BT used for the six patients with complete tumor necrosis
(CTN). Of 22 patients with a complete imaging response
to BT, 17 (77%) had viable tumor in their explants. One
patient had viable tumor on imaging but no viable tumor on

pathology.

Discussion

Many BTs have been used to slow the progression of HCC
prior to transplantation or to downstage HCC to within
Milan criteria. Of these treatments, TACE and RFA have
been the most studied BTs, but newer therapies such as
SIRT and SBRT are also being used (8-10). Five-year
survival of patients after TACE prior to transplantation
ranged from 51% to 93% (11-13). Studies have shown that
TACE improves survival in patients with unresectable HCC
who are not transplant candidates (14,15). One-year survival
after TACE can be up to 85%, with a median overall survival
of ranging from 20 to 36 months (16,17). In comparison,
patients with inoperable HCC have a 5-year survival of
27% to 61% after RFA (18,19). In one series, however,
44% of patients had satellite nodules after RFA (20).
The majority of our patients underwent TACE, RFA or
combination TACE and RFA prior to transplant.
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Table 1 Bridging therapy modalities and the number of treated nodules
Radiographical response Pathological response
Bridging therapy combo No. of tumors treated
CR PR SD PD 0% <80% >80% 100%
MWA 3 2 - 1 - - 1 - 2
RFA 1 1 - - - - - - 1
RFA/MWA 2 2 - - - - - - 2
SIR 4 2 - 1 1 - 4 - -
TACE 38 21 1 9 7 5 14 9 10
TACE/ETOH 2 1 - 1 - - 1 1 -
TACE/RFA 23 17 1 3 2 1 10 5 7
TACE/MWA 4 2 1 1 _ 1 1 _ o
TACE/SIR 7 4 - 3 - - 4 - 3
TACE/SBRT 2 2 - - - - 2 - -
TACE/MWA/RFA 2 2 - - - - 1 1 -
TACE/MWA/ETOH 1 - - 1 - - 1 - -
TACE/RFA/ETOH 2 1 - 1 - - - 2 -
TACE/RFA/SIR 2 2 - - - - 1 - 1

MWA, microwave ablation; RFA, radiofrequency ablation; SIR, selective internal radiation therapy; TACE, transcatheter arterial
chemoembolization; ETOH, alcohol ablation; SBRT, stereotactic body radiation therapy; CR, complete response; PR, partial response; SD,

stable disease; PD, progressive disease.

Table 2 Patients who achieved complete necrosis on explant

Patients Bridging therapy Nodule dimensions (cm)

1 RFA/TACE/TACE 2.7x2.3x1.7

2 MWA 5.6x4.2x3.8

3 RFA 2.2

4 TACE/MWA 3.7x3.0x2.5

5 TACE/TACE (1) 5.5%4.0%x2.5; (1) 1.2x0.9x0.5
6 TACE/TACE/RFA () 6.5%5.0%3.1; (Il) 2.2x1.4x1.4

MWA, microwave ablation; RFA, radiofrequency ablation; TACE,
transarterial chemoembolization

Patients treated with other BTs such as MWA, have a
survival similar to that of patients treated with TACE and
RFA (21). Patient treated with newer therapies such as
SBRT and SIRT may have less rapid tumor progression
as compared to individuals treated with TACE (22-24).
In our study, a total of 15 nodules were treated with BTs
that included the newer modalities of SIRT and SBRT.
Complete necrosis of four nodules (27%) after SIRT was
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documented on explant. The remainder of the nodules had
<80% necrosis on explant.

Although the literature suggests that B'Ts are associated
with improved tumor-free survival after transplantation, the
benefit of BT prior to liver transplantation is unclear when
evaluating pathologic response treatment. Published results
of examinations of explanted livers following BTs have shown
that the extent of tumor necrosis varies widely, ranging from
0-100% (20,25-28). The effectiveness of TACE in treating
27 tumor nodules was assessed by examination of explants
that showed 64% mean necrosis; 12 (44%) had 99-100%
tumor necrosis (27). More recent studies have documented
CTN of approximately 50% of nodules after TACE or
TACE and RFA (29,30). In our patients, approximately 30%
of nodules had CTN after BT. This data suggests that most
patients still have macroscopic HCC after BT, confirming
the necessity of OLT as the best chance for cure.

Four of the six patients in our cohort who had CTN
initially had solitary nodules. Numerous patients had
successfully treated nodules but developed satellite nodules
or multinodular disease. Schroeder et 4l. reported similar
findings: 38% of patients had tumor progression on
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explant that was not seen on imaging (31). Unfortunately,
imaging may underestimate residual or recurrent disease
after BT (32-34). Our data supports this finding; the
majority of our patients who had a complete response to
treatment on imaging had viable tumor in their explants.
The goal of BT is to achieve adequate tumor control in
order for patients to remain eligible for OLT. Given lengthy
waitlists for patients awaiting OLT, this strategy is often
imperative. These findings have important implications for
patients with HCC who are otherwise not OLT candidates;
given the high likelihood of residual disease following
BT, these patients must be managed aggressively. Current
BTs tend not to produce complete responses, and better
treatment modalities or sequencing are required in order to
improve patient outcomes.
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