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PURPOSE

Hepatocellular carcinoma (HCC) usually occurs accompanied by portal hypertension. Transcath-
eter arterial chemoembolization (TACE) is recommended as an effective treatment in HCC. Re-
cent studies had conflicting results regarding the effectiveness and safety of TACE for HCC in
patients with transjugular intrahepatic portosystemic shunt (TIPS). This meta-analysis aimed to
evaluate the influence of TIPS on the effectiveness and safety of TACE for patients with HCC.

METHODS

A comprehensive search of studies among PubMed, Web of Science and Cochrane Library was
conducted, from the earliest publishing date to January 27, 2020. Statistical analyses were all
performed using the Stata 13.0 software. I? index statistic was used to assess heterogeneity.

RESULTS

Six studies with a total of 536 patients with HCC were included in the analysis. The pooled re-
sponse rate was 51% (95% Cl: 25% to 77%) with a significant heterogeneity (1>=93.3%, p < 0.001).
The TACE + TIPS group had an inferior response rate than the non-TIPS group, but the difference
had no statistical significance (p = 0.171) and heterogeneity was low (1>=0.00%, p = 0.490). Pooled
hepatic failure rate was 8.8% (95% Cl: 5.2% to 12.4%) with low heterogeneity (1>=0.0%, p = 0.747).
But the pooled hepatic failure rate increased to 12.7% (95% Cl: 5.7% to 19.7%) with low heteroge-
neity (12=11.5%, p = 0.323) if the patients who received TIPS after TACE were excluded.

CONCLUSION
TIPS does not influence the effectiveness of TACE, but attention should be paid to the risk of
hepatic failure.

epatocellular carcinoma (HCC) usually occurs accompanied by liver cirrhosis, and

the relationship between them is close (1-3). For patients with liver cirrhosis, the

transjugular intrahepatic portosystemic shunt (TIPS) can be used to relieve portal
hypertension and clinical symptoms when it is combined with various medical conditions
(4-6). Transarterial chemoembolization (TACE) has been recommended as the standard
treatment strategy for intermediate-stage HCC (7, 8). However, as TIPS disrupts the arterial
supply of liver and divert portal venous flow, there is concern for the risks of hepatic dam-
age and transient portal pressure increase after TACE combined with TIPS (9). In this context,
HCC patients with TIPS in need of locoregional therapy or those with portal hypertension
are complicated cases waiting to be solved.

In recent years, there have been conflicting results regarding the effectiveness and safe-
ty of TACE for HCC in patients with existing TIPS or waiting to receive TIPS because of portal
hypertension (10-12). No randomized controlled trial comparing TACE + TIPS vs. non-TIPS
exists. It is difficult to estimate the procedural feasibility, risks and long-term outcomes of
this combined treatment strategy, because most of the evidence derives from retrospec-
tive cohort studies, case reports, or series. The present study aimed to explore hepato-
toxicity, objective reaction rate, and overall survival using meta-analysis and a systematic
review.
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Methods

Search strategy

The study was conducted in accordance
with the Preferred Reporting Items for Sys-
tematic Reviews and Meta-analyses (PRIS-
MA) recommendations (13). Because of the
study design, institutional review board
exemption was approved at Sun Yat-sen
University Cancer Center. A comprehen-
sive search of PubMed, Web of Science
and Cochrane Library was carried out. The
combination of MeSH terms and free-text
words used were as follows: “([transjugu-
lar intrahepatic portosystemic shunt] or
TIPS) AND ([transcatheter arterial chemo-
embolization] or TACE) AND ([liver cancer]
or [hepatocellular carcinomal] or [HCC])"
To avoid neglecting eligible studies, these
terms were combined differently and were
expanded to relevant topics. The search in-
cluded literature published until February
27, 2020, with no lower date limit. No lan-
guage restrictions were applied.

Study selection and eligibility criteria

Two authors screened the titles and ab-
stracts of the literature from the databases
independently. Publications were accepted
if they complied with the following criteria:
(i) prospective and retrospective cohort
studies and randomized-controlled trials
including at least ten patients; (i) HCC di-
agnosed clearly by magnetic resonance
imaging (MRI), computed tomography (CT)
or pathology; (iii) full-text or abstract pub-
lished; (iv) published trials which included
patients receiving TACE and TIPS either be-
fore or after TACE (+/- control group which
did not receive TIPS); (v) clearly described
parametric data (such as tumor response,
overall survival rate or hepatotoxicity ef-
fects); (vi) studies approved by the institu-
tional review board and patients provided
written informed consent.

The exclusion criteria were as follows: (i)
study protocols, reviews, comments or case
reports; (ii) limitation to animals or cells.

* In this study we found that the effectiveness
of TACE is not significantly influenced by TIPS.

* We also determined that one-year overall
survival of patients receiving TACE is not in-
fluenced by TIPS.

* The risk of liver failure will be high when the
two therapeutic strategies are combined.

Data extraction

A standardized form was used to perform
data extraction. Two reviewers collected in-
formation regarding characteristics of the
patients (including sex, age, liver function),
study characteristics (including name of
author, publication year, sample size, study
design, length of follow-up), intervention
methods (such as cases with or without
TIPS). A third reviewer checked the extract-
ed data. Abdominal MRI or CT before and
after treatment were applied to evaluate
tumor response. On the basis of the mod-
ified Response Evaluation Criteria in Solid
Tumors (RECIST) guidelines for HCC, tumor
response rates would be recorded after the
evaluation. Complete response (CR) was
defined if the lesion was completely cleared
after intervention therapy; partial response
(PR) was defined if there was >30% de-
crease in the summed diameters of the
tumor; stable disease (SD) was defined if
there was <30% decrease or <20% increase
in the summed diameters; progressive dis-
ease (PD) was defined as >20% increase in
the summed diameters. The smallest value
was taken as the reference when it was re-
corded since treatment. The total number
of CR and PR was defined as the response
rate (14).

Quality assessment

Two authors assessed the quality of the se-
lected studies independently. Because most
studies included were observational, the
Newcastle-Ottawa Scale was used to perform
quality assessment of the included studies
(15). A study can be rated from 0 to 9 stars on
the basis of the criteria. A low risk of bias was
considered if >7 stars, a moderate risk of bias
was considered if 4 to 6 stars, and a high risk
of bias was considered if <4 stars.

Statistical analysis

The aim of this analysis was to determine
the effect of TIPS on clinical effectiveness
and safety of TACE for HCC patients. All
parametric data were provided as dichot-
omous variables. The proportion of dichot-
omous variables, the relative risk ratio (RR)
and their 95% confidence interval (Cl) were
calculated. We also evaluated the pooled
risk ratio and proportions. The data model
was estimated by heterogeneity (I%). In I?
statistics, serious heterogeneity needs fur-
ther investigation (70% to 100%); moderate
heterogeneity is worth investigating (50%
to 70%); low heterogeneity (0 to 50%) does
not need investigation. Egger’s test was
utilized to quantitatively analyze publica-
tion bias (16); it had to explore the source

References identified by search in
databases
n=411

v
Records screened after duplicates

Records excluded by title and
abstract not involving TIPS or

removed
n=391

y
Potentially relevant references
n=27

v

TACE
n=364

Records excluded for
below reasons:

Data not extractable
Data from same trial

Case-report

Review

n=21

Studies included in final analysis
n=6

Figure 1. Identification of eligible studies from the databases.
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Table. Characteristics of clinical trials

Interventional Numberof Male Child-Pugh class ~ MELD score
Author Year  Country Design therapies patients (number) Age (mean) (A/B/C) (n) (mean)
1 Luo et al. (20) 2019 China Retrospective  TACE+TIPS/ 212/136 191 46.32/44.79 54/129/34; 10.21/11.37
study TACE 33/83/20
2 Miura et al. (19) 2015 USA Retrospective  TACE+TIPS 16 12 60.5 2/12/2 12.5
study
3 Wang et al. (18) 2014 China Retrospective  TACE+TIPS 19 17 54 NA 13.37
study
4  Kuoetal (11) 2013 USA Retrospective  TACE+TIPS/ 10/23 28 59/58 NA 14/12
study TACE
5 Ruohoniemi 2020 USA Retrospective  TACE+TIPS/ 25/25 37 60/61 NA 13/9
etal. (21) study TACE
6  Kangetal (17) 2012  Korea Retrospective  TACE+TIPS 20 15 56.6 7/11/2 NA
study

TACE, transcatheter arterial chemoembolization; TIPS, transjugular intrahepatic portosystemic shunt; MELD, model for end-stage liver disease; NA, not available.

Study %

ID proportion (95% Cl) Weight
i

! :
1

Luo etal.(2019) —— - 0.20(0.14,0.25) 18.51
1

Wang et al.(2014) —_— 0.32(0.11,0.52) 16.61
1

Subtotal (I-squared = 12.5%, p = 0.285) <> H 0.21(0.14,0.29) 35.12
i
i
i
|

2 1
1
1

Miura etal. (2015) e — 0.56 (0.32,0.81) 15.99

Kuo et al.(2013) —0:— 0.50(0.19,0.81) 14.68
1

Ruohoniemi et al. (2020) H ——— 0.80(0.64, 0.96) 17.45
1

Kang etal. (2012) ——s—— 070(0.50,0.90) 16.75
1

Subtotal (I-squared = 31.6%, p = 0.223 ! 0.68 (0.55,0.81) 64.88

(+sq 0,p=0223) <>

1
i

Overall (-squared = 93.3%, p = 0.000) <> 0.51(0.25,0.77) 100.00
i

NOTE: Weights are from random effects analysis i

T T
-957 957

Figure 2. Subgroup analysis results of response rate according to country. First group represents
China, second group represents the other nations. Cl, confidence interval.

of bias in subgroup analyses if there was a
significant risk of bias. We conducted all of
the statistical analyses and data manipula-
tions of this study using the Stata software
(version 13.0).

Results

Results of the article search are shown as a
flowchartin Fig. 1. A total of 411 articles were
initially identified, of which 27 were eligible
for full-text review, and 6 matched our stan-
dards (11, 17-21). Overall, 536 patients with
HCC were included in the studies. The arti-
cles were published from 2012 to 2019 and
all of them were observational cohorts with

or without control groups. The patients in
these studies received therapy of TIPS com-
bined with TACE. The main characteristics
of the studies are provided in the Table. As
shown, two studies were performed in Chi-
na, three in the United States of America, and
one in Korea. Two studies included patients
who received TIPS procedure before or after
TACE (17, 20). In the remaining four studies,
all patients received TIPS before TACE. In
one of the studies, the intervention for HCC
treatment included radiofrequency ablation
(RFA) as well (20), while the other five stud-
ies included TACE only. Child-Pugh class and
mean of model for end-stage liver disease

(MELD) score were collected. According to
quality assessment by the Newcastle Ottawa
scale, all included studies received five stars
or above.

The response rate in all studies followed
the RECIST criteria after therapy. All six stud-
ies compared the response rate. The pooled
rate was 51% (95% Cl: 25% to 77%) with
significant heterogeneity among all stud-
ies (’=93.3%, p < 0.001), as shown in Fig.
2. A subgroup analysis of studies divided
according to the country was performed
in order to determine the sources of het-
erogeneity: two studies were conducted in
China (18, 20) (1>=12.5%, p = 0.285) and four
in other nations (11, 17, 19, 21) ( I’=31.6%,
p = 0.223). No heterogeneity was detected
in either group. The result indicated that
the nationality contributed the most to
study heterogeneity. Moreover, the pooled
rate of Chinese patients was lower than
patients from other nations (21%, 95% Cl:
14% to 29%) vs. (68%, 95% Cl: 55% to 81%).
Three studies had control groups; the pa-
tients in control group (non-TIPS) who did
not receive TIPS before or after TACE were
all selected during the same time period
as in combined group. No heterogeneity
was detected among the three studies with
control groups (I*=0.00%, p = 0.490) (11, 20,
21). The combined TACE+TIPS group had an
inferior response rate compared with the
control group (RR= 0.839, 95%Cl: 0.652 to
1.079), but the difference had no statistical
significance (p = 0.171), as shown in Fig. 3.

One-year overall survival rates were re-
ported in four studies (17-20) and ranged
as 77%-89%; two-year survival rates ranged
as 50%-79%, and three-year survival rates
ranged as 29%-68%.

Effect of TIPS on TACE in HCC patients « 673
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i
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Kuoetal.(2013) T
i
i
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Overall (I-squared = 0.0%, p = 0.491)

T
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Events, Events, %
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Figure 3. Meta-analysis result of comparison between TACE+TIPS and non-TIPS group on response
rate. Significance test of RR=1: (z=1.37 p=0.171). RR, risk ratio; Cl, confidence interval; TACE,
transarterial chemoembolization; TIPS, transjugular intrahepatic portosystemic shunt.

Study %

ID Proportion (95% Cl) Weight
T

Hepatic failure :

Luo et al. (2019) - 0.09 (0.05,0.13) 23.26

Miura etal. (2015) —— 013(-0.04,029) 863
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Figure 4. Meta-analysis results of hepatotoxicity. Cl, confidence interval; AST, aspartate

aminotransferase; ALT, alanine aminotransferase.

The most common hepatotoxic effects
were hepatic failure, high total bilirubin
(grade 3to4),and high AST/ALT (grade 3 to 4).
The hepatotoxicity rate in each trial was sum-
marized in Fig. 4. There was significant het-
erogeneity between the studies (>=54.1%, p
= 0.026). On the other hand, no heterogene-
ity was detected between the studies in the
hepatic failure subgroup (1>=0.0%, p = 0.747)
and pooled hepatic failure rate was calculat-
ed as 8.8% (95% Cl: 5.2% to 12.4%). However,
in one of the studies exploring hepatic failure

rate, patients who received TIPS after TACE
were also included (20) and hepatic failure
rate differed based on the order of TACE and
TIPS procedures (TIPS before TACE or TIPS
after TACE). If the patients who received TIPS
after TACE were excluded, the pooled hepatic
failure rate increased to 12.7% (95% Cl: 5.7%
to 19.7%) with low heterogeneity (I>=11.5%,
p=0.323), as shown in Fig. 5.

The publication bias was determined by an
Egger’s regression test. Results showed that
publication bias was not obvious for one-year
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survival rate in the literature (p =0.190, 95% Cl:
-2.290 to 0.860 for one-year survival rate).

Discussion

Since TIPS has been proven to be an ef-
fective and minimally invasive procedure for
the treatment of portal hypertension and its
complications (22, 23), it has also been es-
tablished as an effective treatment for por-
tal hypertension with HCC (20, 24). Because
portal hypertension and HCC are severe
complications or malignant development
of advanced liver cirrhosis, it is not uncom-
mon that patients suffer from both. Choi
et al. (25) conducted a retrospective study
showing that clinically relevant portal hyper-
tension (grade 2) after TACE was associated
with poor outcome. Results from some other
studies also indicated that pathophysiologi-
cal alterations of portal hypertension can po-
tentially affect the outcome of TACE (26, 27).

Considering the venous and arterial flow
alterations before and after TIPS creation,
the effectiveness and toxicity of TACE de-
serve particular attention when it is com-
bined with the TIPS procedure. Because of
hepatic dual blood supply, hepatic arter-
ies which feed the tumor are embolized
after TACE, while normal hepatocytes still
possess the preserved portal venous flow
(28, 29). Patients may not be ideal candi-
dates for TACE if they have compromised
portal venous flow. A patent TIPS not only
alters hepatic portal venous flow but also
decompresses portal venous flow into the
systemic circulation (30). For these reasons,
TACE is considered a relative contraindica-
tion for HCC patients who have TIPS, and
it demands careful consideration. Further-
more, in patients with HCC and portal hy-
pertension, there are also limitations in the
application of TIPS procedure. The effect of
portal venous flow diversion by TIPS might
cause hepatic ischemia after TACE. Another
study showed that portal venous contribu-
tion can be observed in some HCCs even
though blood supply of HCC is primarily
derived from hepatic arteries (31). Based on
this hypothesis, patients with TIPS and TACE
might have more extensive tumor necrosis
and better prognosis. However, this analysis
did not support this idea. Although the TIPS
group had a lower response rate compared
with the non-TIPS group, there was no sta-
tistically significant difference between the
two groups (p = 0.171). This difference in
the response rate might be explained by ar-
tery-to-portal vein (arterioportal) shunting

Chen etal.
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Figure 5. Meta-analysis results of hepatic failure. Cl, confidence interval.

in liver parenchyma. In a study conducted
by Itkin et al. (32), 30% of the flow through
the shunt of TIPS attributed to arterioportal
shunting directly was detected by measur-
ing flow in the shunt and portal vein after
TIPS creation.

In the subgroup meta-analysis, study na-
tion contributed the most to study hetero-
geneity. This may be mainly associated with
different etiology of HCC in different nations.
In China, the main cause of HCC is hepatitis
B infection, which demands antiviral and im-
mune modulating therapy. Further clinical
studies on HCC etiology are needed to con-
firm this (33). For HCC patients without TIPS,
prior studies have demonstrated that after
TACE, median overall survival ranged from
15 to 18 months (34, 35). According to the
data we collected from the six studies includ-
ed in this analysis, one-year overall survival
of patients receiving TACE is not influenced
by TIPS. Because TIPS decreased portal ve-
nous flow through the disruption of the arte-
rial vasculature, TACE may theoretically lead
to further hepatic dysfunction. When the
liver parenchyma which is nutrient-deprived
is subjected to chemoembolization, hepatic
damage in the form of hyperbilirubinemia,
hepatic failure, or ascites can follow. Tesdal et
al. (9) treated six HCC patients who had prior
TIPS with TACE using epirubicin. The study
indicated that TACE and some other locore-
gional anti-tumor therapies could be safe for
patients with TIPS, under the condition that
liver function was in a good state. Coinciden-
tally, several prior case series have shown
that in patients with HCC and TIPS, TACE as
well as percutaneous ethanol injection can
be utilized safely, although the small num-

bers of patients were the limitation of these
studies (36, 37). In this study, we conducted a
subgroup analysis of hepatotoxic effects and
found the pooled hepatic failure rate to be
8.8%, with no heterogeneity. However, if the
patients who received TIPS after TACE were
excluded, the pooled hepatic failure rate
increased to 12.7% with low heterogeneity.
This result indicates that the order of exe-
cution of these two procedures might influ-
ence the rate of hepatic failure. Increased he-
patic failure rate might also be explained by
the disrupted blood supply of liver after TIPS.
Thus, more studies are needed to explore
the underlying mechanism behind this.

The limitation of this meta-analysis was
the relatively small sample size that includ-
ed only six studies globally and unstandard-
ized therapy (most with TIPS before TACE
and some with TIPS after TACE, no specific
treatment protocol). Additionally, there
were no randomized controlled trials; all six
studies included were retrospective cohorts
and three studies had no control group.

In conclusion, the effectiveness and
one-yearoverall survival of patients receiv-
ing TACE is not influenced by TIPS. Howev-
er, if the patient’s liver function is not ad-
equate, the risk of liver failure will be high
when the two therapeutic strategies are
combined.
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