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Abstract

Purpose To compare treatment response after transarte-
rial chemoembolization (TACE) for hepatocellular carci-
noma (HCC) in patients with and without a transjugular
intrahepatic portosystemic shunt (TIPS).

Materials and Methods A retrospective review of patients
who underwent conventional TACE for HCC between
January 2005 and December 2009 identified 10 patients
with patent TIPS. From the same time period, 23 patients
without TIPS were selected to control for comparable
Model for End-Stage Liver Disease and Child—Pugh-Tur-
cotte scores. The two groups showed similar distribution of
Barcelona Clinic Liver Cancer and United Network of
Organ Sharing stages. Target HCC lesions were evaluated
according to the modified response evaluation criteria in
solid tumors (MRECIST) guidelines. Transplantation rate,
time to tumor progression, and overall survival (OS) were
documented.

Results  After TACE, the rate of complete response was
significantly greater in non-TIPS patients compared with
TIPS patients (74 vs. 30 %, p = 0.03). Objective response
rate (complete and partial response) trended greater in the
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non-TIPS group (83 vs. 50 %, p = 0.09). The liver trans-
plantation rate was 80 and 74 % in the TIPS and non-TIPS
groups, respectively (p = 1.0). Time to tumor progression
was similar (p = 0.47) between the two groups. OS
favored the non-TIPS group (p = 0.01) when censored for
liver transplantation.

Conclusion TACE is less effective in achieving complete
or partial response using mRECIST criteria in TIPS
patients compared with those without a TIPS. Nevertheless,
similar clinical outcomes may be achieved, particularly in
TIPS patients who are liver-transplantation candidates.

Keywords Interventional oncology - Transjugular
intrahepatic portosystemic shunt - Transarterial
chemoembolization - Hepatocellular carcinoma

Introduction

Hepatocellular carcinoma (HCC) is a major cause of cancer
deaths worldwide [1]. Surgical resection and liver trans-
plantation are potentially curative therapies for early stage
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HCC [2, 3]. However, only a minority of patients who
present with early stage HCC are candidates for such sur-
gical treatments [4]. Therefore, liver-directed therapies,
such as transarterial chemoembolization (TACE), have
emerged as a means to bridge or downstage patients to
surgery [5-7] or offer palliation [8].

Transjugular intrahepatic portosystemic shunt (TIPS)
placement is a common treatment for complications of
portal hypertension, including variceal bleeding and
refractory ascites [9]. Moreover, portal hypertension by
itself may be associated with an increased risk for HCC
independent of liver cirrhosis [10, 11]. Patients with a TIPS
who subsequently develop HCC are not ideal candidates
for TACE because portosystemic shunting alters the dual
blood supply to the liver, which is advantageous for TACE
therapy [12].

Little has been reported about TACE in HCC patients
who have a functional TIPS [13-15]. The purpose of this
study was to compare the imaging response after TACE in
patients with and without TIPS. With decreased portal
venous perfusion in TIPS patients, it may be hypothesized
that TACE in TIPS patients may result in increased tissue
ischemia and necrosis. Conversely, TIPS placement has
been found to result in liver arterioportal shunting [16],
which may decrease TACE’s efficacy.

Materials and Methods
Patients

The study was approved by the Committee on Human
Research of the Institutional Review Board at our institu-
tion. Informed consent waiver was obtained. A retrospec-
tive review of records from January 2005 to December
2009 at our institution identified 10 consecutive patients
who received a TIPS at the time of undergoing TACE for
HCC. Seven patients had undergone TIPS placement at a
different institution. Three patients underwent a TIPS
procedure at our institution in the previously described
manner [17]. Stent patency was confirmed by abdominal
Doppler sonogram performed within 6 months before
TACE. In all TIPS patients, vascular flow was demon-
strated throughout the stent with mid-stent Doppler
velocities >60 cm/s [18, 19].

For the control population, 23 patients without TIPS
who underwent TACE for HCC during the same 5-year
time period were included in this study. Patients were
selected based on similar Child-Pugh—Turcotte (CPT) and
calculated Model for End-Stage Liver Disease (MELD)
scores. Patient characteristics are listed in Table 1.

Every patient in the study had a diagnosis of HCC,
which was based on European Association for the Study of

Table 1 Patient Characteristics

Variables TIPS group Non-TIPS group )4
(n =10) (n = 23)
Age (y)* 59 (51-72) 58 (51-70) 0.60
Male sex 9 (90 %) 19 (83 %) 1.0
CPT Class 0.13
A 5 (50 %) 8 (35 %)
B 3 (30 %) 14 (61 %)
C 2 (20 %) 1 (4 %)
CPT Score* 7 (5-11) 7 (5-11) 0.75
MELD Score® 14 (10-18) 12 (10-16) 0.13
BCLC Stage 0.39
0 1 (10 %) 14 %)
A 5 (50 %) 16 (70 %)
B 2 (20 %) 5 (22 %)
C 0 0
D 2 (20 %) 1 (4 %)
TNM Stage 0.64
I 1 (10 %) 3 (13 %)
I 7 (70 %) 16 (70 %)
11 1 (10 %) 4 (17 %)
IVa 1 (10 %) 0
Target tumor size 2.7 (1.2-4.8) 2.6 (1.4-4.6) 0.91

( Cm)a,b

TIPS transjugular intrahepatic portosystemic shunt, CPT Child—Pugh—
Turcotte, MELD Model for End-Stage Liver Disease, BCLC Barce-
lona Clinic Liver Cancer, TNM United Network of Organ Sharing
classification

? Data are presented as median with range in parentheses

® Measurements represents single greatest dimension of the targeted
lesions

the Liver guidelines [20]. All patients underwent a first
TACE therapy for the target lesion at our institution and
had a patent portal vein on pre-TACE cross-sectional
imaging. One patient in the TIPS group had a previous
TACE placed at an outside institution. Patients who
underwent surgical resection, liver transplantation, or other
liver-directed therapies to the target lesions before post-
TACE follow-up imaging study were excluded. Patients
without imaging before or after TACE were also excluded.

TACE

TACE was performed with a combination of doxorubicin
hydrochloride (25 mg), mitomycin C (10 mg), and cis-
platin (50 mg) administered in a 1:1 emulsion with ethi-
odized oil (Ethiodol; Laboratoires Guerbet, Roissy,
France). The aqueous component for the emulsion was
Omnipaque-350 iodinated contrast agent (Amersham
Pharmacia Biotech, Piscataway, NJ). The TACE regimen
was similar for patients with and without TIPS. For patients
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with serum total bilirubin levels >3.0 mg/dL, the dose of
doxorubicin was decreased by half (12.5 mg); this included
2 patients (20 %) in the TIPS group. Mitomycin C was
withheld for patients with white blood cell count < 3,000/uL
and/or platelet count < 60,000/puL (2 patients [20 %] in the
TIPS group and 7 patients [30 %] in the non-TIPS group).
Cisplatin was not administered to 2 patients (20 %) in the
TIPS group and 6 patients (26 %) in the non-TIPS group
who had a serum creatinine level >1.2 mg/dL.

Chemoembolization was performed in a selective fash-
ion using a 3F microcatheter (Renegade HI-FLO; Boston
Scientific, Natick, MA) coaxially placed into a second- or
third-order branch off the right or left hepatic artery in
close proximity to the target lesions. The end point of the
embolization was defined as stasis of flow in the targeted
second- or third-order branches of the selected hepatic
artery. In case of residual arterial flow at the completion of
drug delivery, flow stasis was achieved by injecting a slurry
of gelatin sponge (Gelfoam; Pharmacia and Upjohn, Kal-
amazoo, MI).

Evaluation of Treatment Response

All patients underwent baseline multiphase, contrast-
enhanced abdominal and pelvic computed tomography
(CT) or magnetic resonance imaging (MRI) a median of
34 days (range 1-151) before the TACE session. There
were 12 target lesions in the TIPS group (2 of the 10
patients had 2 target lesions each) and there were 26 target
lesions in the non-TIPS group (3 of the 23 patients had 2
target lesions each). All target lesions were hypervascular
on the arterial phase of imaging and showed washout on
the delayed phase. Tumor staging was based on the Bar-
celona Clinic Liver Cancer (BCLC) [21] and United Net-
work of Organ Sharing (UNOS) TNM classifications.

All patients underwent multiphase, contrast-enhanced
CT or MRI a median of 35 days (range 19-84) after TACE.
Imaging treatment response was assessed in both groups
after a single TACE session. Targeted HCC lesions were
evaluated by the unidimensional modified Response Eval-
uation Criteria in Solid Tumors (mRECIST) guidelines
[22]. At baseline, the enhancing component of each target
lesion had to be >1 cm in size by greatest single dimension
to qualify as a measurable target lesion. Based on mRECIST,
treatment response of the target lesion or lesions was
defined by measurement of the single greatest dimension or
sum of the greatest dimensions for multiple lesions and
were classified as follows: complete response (CR) was
disappearance of any intratumoral enhancement; partial
response (PR) was at least 30 % decrease in the sum of
enhancement dimension; progressive disease (PD) was at
least 20 % increase in the sum of enhancement dimension;
and stable disease (SD) was any response that does not
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qualify as PD or PR. Treatment responses were defined by
a per-patient basis as opposed to per—target lesion basis.
Based on mRECIST, tumor regions that retained ethiodized
oil on post-TACE imaging were considered necrotic [22].
Objective response rate (ORR) was defined as the sum of
CR and PR.

Post-TACE follow-up data were collected to determine
the time to progression (TTP), which was defined as the
time from TACE to objective tumor progression whether
the lesion was hepatic or extrahepatic. Additional liver-
directed therapies after initial TACE, as well as the liver
transplantation rates, were noted. Overall survival (OS)
was also determined, and mortality data were collected
from the medical records or Social Security Death Index
database. For patients who underwent liver transplantation,
the pathology reports of the explanted livers were
reviewed, and the pathologic TNM stage (pTNM) was
determined [23]. Pathologic evaluation of liver explants
involved serial 10-mm sections of the liver and micro-
scopic evaluation of all macroscopically visible nodules for
tumor size and percentage necrosis [24]. The medical
records after liver transplantation were evaluated for
posttransplant HCC recurrence.

Statistical Analysis

Continuous variables, such as age, CPT score, MELD
score, and tumor size, were compared between the two
groups using Wilcoxon test. Categorical variables, such as
HCC pattern and mRECIST outcomes, were compared
using Fisher’s exact test. TTP and OS were analyzed using
Kaplan—Meier analysis with data censored at 1 and 3 years,
respectively. For TTP, liver transplantation or surgical
resection was noted as a censored event. For OS, all-cause
survival analysis was performed both uncensored and
censored for liver transplantation or surgical resection.
Comparison of survival curves was made by log-rank test.
A p value <0.05 was considered statistically significant.

Results

The study groups were not significantly different in terms
of age, sex distribution, CPT score, and MELD score
(Table 1). The distribution of BCLC and UNOS TNM
stages was also similar between the two groups (p = 0.39
and p = 0.64, respectively). The baseline sizes of the HCC
lesions targeted by TACE were similar with a median
single greatest dimension of 2.7 cm (range 1.2—4.8) for the
TIPS and 2.6 cm (range 1.4—4.6) for the non-TIPS groups
(p = 091). The right hepatic lobe was targeted in 8
patients (80 %) in the TIPS group and 15 patients (65 %)
in the non-TIPS group.
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Table 2 Treatment Response by mRECIST

TIPS group Non-TIPS group )4
(n = 10) (n = 23)
Complete 3 (30 %) 17 (74 %) 0.03
Response
Partial Response 2 (20 %) 2 (9 %)
Stable Disease 4 (40 %) 4 (17 %)
Progressive 1 (10 %) 00 %)
Disease
Objective 5 (50 %) 19 (83 %) 0.09
Response®
Disease Control® 9 (90 %) 23 (100 %) 0.3

TIPS transjugular intrahepatic portosystemic shunt, mRECIST modi-
fied response evaluation criteria for solid tumors

# Defined as the sum of Complete Response and Partial Response

® Defined as the sum of Complete Response, Partial Response, and
Stable Disease

Imaging treatment response, as evaluated by mRECIST
criteria, is listed in Table 2. A statistically significant dif-
ference was seen in the response rates (p = 0.05). This is
mainly reflected by a significantly greater rate of CR in the
non-TIPS group compared with the TIPS group (74 vs.
30 %, p = 0.03). The ORR in the non-TIPS group was
83 % (19 patients) compared with 50 % (5 patients) in the
TIPS group (p = 0.09). The disease control rate (CR, PR,
or SD) was 100 % in the non-TIPS group and 90 % in the
TIPS group (p = 0.3).

After TACE, 3 patients (30 %) in the TIPS group and 7
patients (30 %) in the non-TIPS group showed tumor
progression at 1 year. TTP (Fig. 1) was not significantly
different in the two groups (p = 0.47). Median TTP was
103 days (range 33-150) for the TIPS group and 232 days
(range 26-330) in the non-TIPS group. In the TIPS group,
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Fig. 1 Time-to-progression curve of TACE in patients with and
without TIPS (p = 0.47)

4 patients (40 %) underwent additional liver-directed
therapies: 1 patient had two additional TACE sessions for
local tumor progression of the target lesion; 1 patient had
two additional TACE sessions for a stable but persistent
target lesion and for two additional contralateral hepatic
lobe lesions; and 2 patients each underwent percutaneous
ethanol ablation for tumor progression of the target lesion
and for a stable but persistent target lesion, respectively. In
the non-TIPS group, 6 patients (26 %) underwent addi-
tional liver-directed therapies: 2 patients had additional
TACE for new lesions; 1 patient had three additional
TACE for multiple additional nontargeted lesions; 1 patient
had one additional TACE for partial response of the target
lesion after the initial session; 1 patient had TACE fol-
lowed-up by radiofrequency ablation for a stable but per-
sistent target lesion; and 1 patient had two additional
TACE for a stable but persistent target lesion.

The liver transplantation rate was similar in both groups
with 8 patients (80 %) receiving a transplant in the TIPS
group and 17 patients (74 %) receiving a transplant in the
non-TIPS group (p = 1). The time to transplantation
trended shorter in the TIPS group with a median time of
128.5 days compared with 231 days in the non-TIPS
group, however, this did not reach statistical significance
(p = 0.08). Explanted liver pathology reports were avail-
able for 7 TIPS and all 17 non-TIPS patients. In the TIPS
group, 3 patients (43 %) had no residual tumor, 1 patient
(14 %) was pTNM stage I (solitary tumor < 2 cm without
vascular invasion), 2 patients (29 %) were stage II (solitary
tumor > 2 cm or multiple tumors in one lobe <2 cm
without vascular invasion), and 1 patient (14 %) was stage
IVa (multiple tumors in both lobes). In the non-TIPS
group, 4 patients (23.5 %) had no residual tumor, 6 patients
(35 %) were stage I, 4 patients (23.5 %) were stage II, 2
patients (12 %) were stage III (multiple tumors in one
lobe > 2 cm), and 1 patient (6 %) was stage I[Va. No ex-
planted liver showed nodal or metastatic disease. Patho-
logic TNM stages of the explanted liver were similar
between the two groups (p = 0.65). Two posttransplant
recurrences were observed; both cases involved non-TIPS
patients. One patient had a pTNM stage I liver explant with
sacral bone metastatic recurrence 110 days after trans-
plantation, and the other patient had no residual tumor on
liver explant with lung recurrence 630 days after
transplantation.

The 3-year OS (Fig. 2) uncensored for liver transplan-
tation was not significantly different between the two
groups (p = 0.17). In the TIPS group, the 3-year mortality
rate was 40 % with a median time to death of 278 days
(range 176-571). For the non-TIPS group, the 3-year
mortality rate was 22 % with a median time to death of
629 days (range 383-903). When OS analysis was cen-
sored for liver transplantation, the non-TIPS group had
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Fig. 2 Three-year overall survival curve of TACE in patients with
and without TIPS (p = 0.17)

significantly better survival (p = 0.01). Only 2 patients
died within the first year after TACE; these patients were in
the TIPS group and were not liver transplant candidates.

Discussion

For unresectable HCC, liver-directed therapies, such as
TACE, have emerged as a way to bridge patients to surgery
or transplantation [5-7] or to offer palliation [8]. TACE
takes advantage of the hepatic dual blood supply, thus
resulting in embolization of the hepatic arteries supplying
the tumor [12] while preserving the portal venous nutrient
flow to normal hepatocytes. As a corollary, patients with
compromised portal venous flow may not be ideal candi-
dates for TACE. Traditionally, TACE was absolutely
contraindicated in this situation [25]. More contemporary
experiences have supported the safety and efficacy of
TACE in patients with impaired hepatopetal portal flow
[26] or portal vein thrombosis [27].

A patent TIPS alters hepatic portal venous perfusion by
decompressing portal venous flow into the systemic cir-
culation. Therefore, in cases of patients with HCC who
have a TIPS, TACE is considered a relative contraindica-
tion [28]. Published studies on the safety and efficacy of
TACE in TIPS patients have been limited and have
reported conflicting results [13—15]. Although TACE may
be feasible and effective in select patients [13, 15], it may
also be associated with increased hepatotoxicity compared
with similar patients without TIPS [14].

In this study, the ORR was 50 % (5 patients) in the TIPS
group after TACE. This rate is similar, but lower, than the
ORR of 70 % reported by Kang et al. [13] in their cohort of
20 patients, which was likewise evaluated by mRECIST
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criteria. The comparatively lower response rate in this
study may be attributed to differences in the number of
TACE sessions. We assessed treatment response after a
single, primary TACE session, whereas in the study by
Kang et al. [13], most of their cohorts had multiple TACE
sessions (median of 3 sessions), which presumably may
account for the comparatively greater treatment response
rate.

The primary aim of this study was to compare radio-
graphic treatment response after TACE in comparable
patients with and without TIPS. The effect of portal venous
flow diversion by a patent TIPS on the efficacy of TACE is
unclear. The diversion of portal venous flow by way of a
TIPS might be expected to result in an increased risk of
hepatic ischemia after TACE. Although HCC derives its
blood supply primarily from hepatic arteries, portal venous
contribution is observed in some HCCs [12, 29]. With this
hypothetical framework, it may be predicted that patients
with TIPS might develop more extensive tumor necrosis.
However, our findings suggest the opposite. The non-TIPS
group had a statistically greater rate of CR compared with the
TIPS group (74 vs. 30 %, p = 0.03). In addition, the ORR
trended greater for the non-TIPS group (83 vs. 50 %);
however, it did not reach statistical significance (p = 0.09).

This difference in treatment response may be explained
by hepatic artery-to-portal vein (arterioportal) shunting
(Fig. 3). In a study directly measuring flow in the portal
vein and TIPS after TIPS creation, Itkin et al. [16] observed
that ~30 % of flow through a TIPS was attributed to
arterioportal shunting. Moreover, the investigators hypothe-
sized that this may also partly account for the hepatofugal
flow in the intrahepatic portal veins commonly observed
after TIPS [18]. Arterioportal shunting likely has a negative
effect on TACE efficacy. For one, it may divert a portion of
the chemoembolic agents away from the tumor. In addi-
tion, arterioportal shunting alters the normal hemodynam-
ics in the liver. In the setting of decreased portal perfusion,
vascular autoregulation in the liver is known to upregulate
hepatic arterial flow to compensate for decreased portal
flow [30]. With increased reliance on the arterial circula-
tion for perfusion to normal liver, the relative preferential
arterial flow to an HCC lesion is impaired. Last, arterio-
portal shunts have been commonly observed in association
with HCC, likely related to tumor vascular invasion [31,
32]. Vogl et al. [33] reported a significantly increased rate
of progression after TACE by MRI volumetric measure-
ments compared with patients without arterioportal
shunting.

While imaging response after initial TACE was not as
robust in TIPS patients, the clinical end point of TTP
(Fig. 1) was not significantly different between the two
groups. This may in part be due to the shorter time to liver
transplantation (median time 128.5 vs. 231 days, p = 0.08)
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Fig. 3 A 62-year-old woman with liver cirrhosis secondary to
nonalcoholic steatohepatitis with a transjugular intrahepatic porto-
systemic shunt and a 4.5-cm segment 8§ HCC. Right hepatic
arteriogram in the arterial phase A showing tumor blush (red colored

or the greater percentage of patients requiring additional
liver-directed therapies (40 vs. 26 %, p = 0.4) in the TIPS
group. As a result, a similar percentage of patients in both
groups were bridged to liver transplantation (80 and 74 %
of patients in the TIPS and non-TIPS groups, respectively).
Moreover, because of the comparable liver transplantation
rates, the OS (Fig. 2) between the two groups was also
similar. When OS analysis was censored at liver trans-
plantation, the TIPS group showed significantly inferior
survival (p = 0.01). This was mainly due to the observa-
tion that the only mortality events within the first year
corresponded to the 2 patients in the TIPS group who were
not liver transplant candidates. Therefore, it is possible that
TIPS patients may require more liver-directed therapies to
achieve disease control, but clinical outcomes are similar,
likely due to the availability of liver transplantation.

We previously reported the rate of hepatotoxicity in the
TIPS group compared with non-TIPS patients [14]. In that
analysis, the incidence of hepatobiliary severe adverse
events was 70 % for TIPS patients, which was almost twice
the rate (36 %) for the non-TIPS control group. These
results suggest that TACE in TIPS patients may be inferior
in terms of safety and efficacy compared with their non-
TIPS counterparts. Particularly in patients with impaired
hepatic function [15] who are not liver transplant candi-
dates, TACE may present more risk than benefit. Never-
theless, for patients who are liver transplant candidates,
TACE may be appropriate given the option of rescue
transplantation should severe hepatotoxicity or liver
decompensation occur.

This study is limited by the retrospective, case-control
nature of the design. The sample size for the TIPS group

star). A couple of seconds later during the same injection B shows
contrast opacification of right portal vein branches (blue arrows),
which is compatible with arterioportal shunting

was small, and the potential pool of non-TIPS patients was
much larger. The planned sample size of the non-TIPS
group was up to 3 times the number of TIPS patients. The
validity of the study relied largely on the similarity
between the two study groups. To decrease bias and
maintain blinding to pre- and post-TACE imaging, inclu-
sion of non-TIPS patients was based on biochemical
markers of liver reserve, such as CPT and MELD scores,
rather than imaging characteristics. Nonetheless, tumor
stages by BCLC criteria and UNOS TNM stages were
similar between the two groups (Table 1). Inherently the
application of mRECIST evaluation could not practically
be blinded given the visualization of the TIPS on imaging.
Imaging treatment response rates for the non-TIPS group
(83 %) were similar to those reported (69-80 %) in pre-
viously published studies using mRECIST criteria [34-37].
Another limitation was the accurate assessment of TIPS
patency at the time of TACE. Demonstrable TIPS patency
within 6 months of TACE by Doppler sonogram allowed
enough time for stent stenosis to develop before TACE.
Lastly, the primary end point was to assess imaging
response, and our sample size may not be powered to
detect differences in TTP or OS. Furthermore, the addi-
tional liver-directed therapies undergone by a subgroup of
patients may have also confounded survival outcomes.

Conclusion
In summary, the results of our study shows that the

radiographic response to TACE was inferior for patients
with HCC and TIPS compared with patients without TIPS.
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Nevertheless, the clinical end points of TTP and liver
transplantation were similar for both groups. As such,
TACE in TIPS patients may be most appropriate in liver
transplantation candidates, and additional studies will be
necessary to confirm this. For non—transplant candidates,
TACE may still be an option for TIPS patients; however,
this must also be weighed with the decreased efficacy and
increased hepatotoxicity [14] relative to their non-TIPS
counterparts. The results of this study may aid in the
multidisciplinary discussion regarding the treatment of
HCC in patients with a TIPS.
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