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We compare the value of TACE to liver resection for patients with BCLC stage A and B HCC. For patients with HCC in cirrhosis
LT is the treatment of choice. TACE represents the current standard for unresectable BCLC stage B patients not eligible for LT.
Recently liver resection for HCC and significant cirrhosis has become increasingly popular. A systematic search of the literature
and meta-analysis was conducted to identify studies, reporting short- and long-term results of hepatic resection versus TACE
for HCC treatment. The data were analyzed regarding the odds for 30-day mortality and hazard ratio for overall-survival. 12
studies comparing short- and long-term outcome of HR versus TACE for HCC were identified. Peri-interventional mortality and
overall survival were investigated. Peri-interventional mortality was higher for surgical resection (n.s.), and overall-survival was
significantly better for surgically treated patients at one year (𝑃 = 0.002) and 3 years (𝑃 ≤ 0.00001). The hazard ratio of overall-
survival for all twelve studies was 0.70 (𝑃 = 0.0001) and significantly in favor of surgical treatment. Although large RCTs aremissing
and the available data are limited andnot homogeneous a reappraisal of the current treatment guidelines should be considered based
on the superior long-term outcome for surgically treated patients.

1. Introduction

Hepatocellular carcinoma (HCC) most often develops in
patients with liver cirrhosis. Liver transplantation (LT) is the
treatment of choice for those patients with limited tumor load
within the Milan criteria and younger than approximately
70 years [1, 2]. Despite increasing numbers of HCC patients
on the waiting lists for LT since the introduction of the
MELD score based allocation system the universal shortage
of adequate liver grafts complicates treatment options. Based
on the BarcelonaClinic Liver Cancer (BCLC) criteria surgical
resection should be attempted for patients with HCC if
portal hypertension is absent and serum-bilirubin values are
normal and patients are not eligible for LT [3]. Transarterial
chemoembolization of HCC is currently regarded as the
standard treatment for stage B patients.

For tumors of diameter ≤ 3 cm radiofrequency ablation
is recommended in current guidelines (EASL, AASLD, and
JSH) [4]. Surgical resection of HCC in cirrhotic liver tissue
has been regarded as a risky procedure incorporating both

elevated perioperative morbidity and mortality and limited
long-term benefit [5]. Therefore surgical treatment has been
restricted to patients with rather limited disease, meaning
that only patients with relatively small tumors, no portal
hypertension, Child-PughA status, and normal serumbiliru-
bin values have been candidates for hepatic resection.

While both surgical techniques and experience and anes-
thesiological and intensive care management have improved
significantly during the last 15 +/− years, the limits of indica-
tion for liver resection have been expanded. Several special-
ized hepatobiliary surgeons have demonstrated encouraging
results for surgical resection of BCLC stage A and B tumors
[6, 7]. Up to this date a number of studies have shown
favorable long-term results for surgical treatment compared
to TACE [8, 9].

However, most of these investigations are of nonrandom-
ized, single-center character incorporating rather a heteroge-
neous patient collective.

Surgical resection and radiofrequency ablation for HCC
patients have been compared in rather a large randomized
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Figure 1: ((a), (b)) Strategy for staging and treatment assignment in patients diagnosed with HCC according to the BCLC proposal [12].

trial of 230 patients within the Milan criteria (BCLC stage A)
indicating a favorable outcome for surgically treated patients
[10]. A recent meta-analysis incorporates three randomized
and 25 nonrandomized trials investigating this issue; the
results confirm the long-term superiority of surgical treat-
ment [11].

As RFA can only be recommended for tumors ≤ 3 cm in
diameter TACE is currently advocated for larger or multiple
lesions (BCLC stage B).

A comparably profound data analysis does not exist for
the important question whether to perform TACE or surgery
on BCLC stage A and B HCC patients. This meta-analysis
aims to analyze the available studies in order to clarify
the picture and shed some more light upon the important
question whether or not to expand the limits of surgical
resection in cirrhotic patients with HCC.

2. Methods

Meta-analysis according to the Cochrane Collaboration
guidelines concerning short- and long-term outcome of
TACE versus surgical resection for HCC was performed.
Different follow-up intervals, that is, 30-day or in-hospital

mortality, one, three, and five years after the respective pro-
cedures were investigated. Strategy for staging and treatment
assignment in patients diagnosed with HCC according to the
BCLC proposal [12] is shown in Figure 1.

2.1. Literature Search. Employing six electronic bibliographi-
cal databases (PubMed, Medline, Embase, CINAHL, BIOSIS,
and Cochrane Database of Systemic Reviews) the literature
was screened for studies investigating concurrently hepatic
resection and TACE. For the search the following keywords
were used: hepatic resection, transcatheter arterial chemoem-
bolization, hepatocellular carcinoma, overall-survival, and
short- and long-term overall-survival. A manual search was
performed using the references in reviews and articles. The
selection was limited to articles published in English.

2.2. Study Selection Criteria. Inclusion criteria were defined
as follows: published comparative studies reporting short-
and long-term overall-survival outcomes. Studies reporting
less than 30 patients were omitted from the analysis. Data
extraction and comparison were carried out and checked for
accuracy by two independent reviewers. Disagreements were
resolved by consensus. Studies not containing extractable
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comparative data were not included. Publications presenting
outcome by Kaplan-Meier survival curves in which the exact
number of annual survivals could not be determinedwere not
considered.

The literature search identified a total of 129 publications.
Fourteen articles were considered potentially relevant. Of
these, 12 full-text papers reporting on short- and long-term
outcome data after concurrent HCC treatment by either
hepatic resection or TACE met the criteria for inclusion
(see flowchart in Figure 2). Most studies were retrospective
and single-center and all were not randomized. Patient
collectives were heterogeneous and very variable in size. The
characteristics of these publications are listed in Table 1.

2.3. Data Extraction and Analysis. All studies identified in
our literature search reported the short- and long-term
survival in the form of Kaplan-Meier curves. The number of
patients event-free at each time point within a Kaplan-Meier
curve is known and can be used to estimate the amount of
censoring in a trial [24].Themethods to extract and calculate
these statistics data have been described in detail by Tierney
et al. [25] and Parmar et al. [26]. A calculation spreadsheet
in Microsoft Excel was developed to obtain the observed
minus expected events (O-E), the variance V, the hazard
ratio HR, the log hazard ratio, and its standard error SE
for each individual trial. Statistical analysis was undertaken
using Review Manager software version 4.2.7 (the Cochrane
Collaboration, Oxford, UK). The end points of this meta-
analysis were 30-day or in-hospital mortality and short- and
long-term overall-survival. The effect measures for 30-day
mortalitywere described in odds ratios (ORs) and the overall-
survival rates were expressed as hazard ratios (HRs). Random
effects model was used because of heterogeneity among the
studies. Meta-analysis was displayed graphically as “forest
plots.” Heterogeneity was explored using chi-squared test. 𝐼2
value was calculated to measure and quantify heterogeneity.
Funnel plot (Figure 5) was used to examine reporting bias
and heterogeneity in the results of meta-analyses. Statistical
significance of the overall result was expressed with the
probability value (𝑃 value). The result was regarded as
statistically significant if 𝑃 < 0.05.

3. Results

3.1. 30-Day Mortality. Six studies reported on 2,718 patients
(HR 𝑛 = 1.605, TACE 𝑛 = 1.113). Odds ratios with 95%
confidence intervals of the individual studies and in meta-
analytic random effects model are shown in a forest plot in
Figure 2. The 30-day mortality was higher in the hepatic
resection group (OR, 1.87; 95% CI, 0.73 to 4.80; 𝑃 = 0.19)
but was not significantly in favor of TACE. The chi-squared
test 𝐼2 = 45% showed moderate heterogeneity (Figure 3).

3.2. Overall-Survival. The overall-survival was based on
twelve trials incorporating a total of 9.116 patients (HR 𝑛 =
5.394, TACE 𝑛 = 3.722). The hazard ratios for short- and
long-term overall-survival rates across the twelve trials were
in favor of hepatic resection at one year (HR, 0.62; 95% CI,
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Figure 2: PRISMA flowchart diagram of search strategy.

0.46 to 0.85; 𝑃 = 0.002) and at three years (HR, 0.59; 95% CI,
0.51 to 0.69; 𝑃 ≤ 0.00001). At five years data incorporating
3.675 patients (HR, 1.07; 95% CI, 0.71 to 1.61; 𝑃 = 0.75)
showed no significant difference. The pooled estimates for
hazard ratio of overall-survival for all studies among the
entire follow-up period were HR, 0.70, 95% CI, 0.60 to 0.83,
𝑃 = 0.0001, and were significantly in favor of the surgical
procedure.The heterogeneity test showed high heterogeneity.

4. Discussion

The treatment of hepatocellular carcinoma is often complex
with various medical disciplines involved. As the majority
of patients with HCC suffer from liver cirrhosis surgical
resection is limited due to the risk of inducing postop-
erative liver failure. Liver transplantation (LT) has clearly
been demonstrated to offer the best chances of long-term
survival [1]. This treatment, however, cannot be offered to all
patients due to organ shortage. Age limitations and tumor
dimension criteria (Milan/San Francisco/up-to-seven/and
others) have been developed in order to allocate the scarce
resources to the most adequate recipients [1, 27, 28]. For
many patients who are not eligible for LT local ablation
represents the current standard of care. Radiofrequency-
induced tumor ablation (RFA) is advocated for cirrhotic
patients with tumors no larger than 30mm in diameter
while transarterial chemoembolization (TACE) should be
performed for larger or more diffuse tumors. While RFA has
been evaluated quite extensively in large meta-analyses the
value of TACE has not been clearly defined when compared
to hepatic resection [29–31]. With increasing experience and
improved surgical strategies, the limits of liver surgery in
cirrhotic patients have been expanded in recent years leading
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Study or subgroup HR
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1.42 [0.33, 6.14]
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Test for overall effect: Z = 1.30 (P = 0.19) 0.001
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Figure 3: 30-day mortality.

to extended resection indications. Specialized HPB centers
have demonstrated encouraging results for BCLC stage A and
B patients [7]. Based on these recent findings the question
has been raised if the current EASL standards which advocate
RFA BCLC stage A and TACE for stage B HCC patients,
respectively, need to be revised [4].Therefore the intention of
this meta-analysis was to compare the short- and long-term
results of hepatic resection versus TACE in BCLC stage A and
B patients.

The results of our literature research underline the het-
erogeneity of the available data. While 12 studies could be
integrated into our survival analysis, only six studies demon-
strated peri-interventional morbidity information. Further
in-depth evaluation of potential prognostic parameters such
as tumor size was complicated by the variety of classifications
applied in the different studies.

Although the available literature is limited and prospec-
tive studies are rare our investigation draws a rather clear-cut
picture. Based on the currently published information liver
resection shows significantly improved long-term survival
compared to TACE in cirrhotic patients with BCLC stage A
and B HCC. The pooled estimate hazard ratio of the overall-
survival was in favor of hepatic resection, 0.70 (95% CI, 0.60
to 0.83, 𝑃 = 0.0001). Peri-interventional mortality had an
odds ratio of 1.87 (95% CI, 0.73 to 4.80; 𝑃 = 0.19). As
expected 30-day peri-interventional mortality is significantly
higher for surgically treated patients than for TACE patients.
However, despite this short-term effect long-term survival
is significantly improved for surgically resected patients.
Despite this straightforwardmessage several limitations have
to be taken into account. All liver resections incorporated into
this meta-analysis have been performed in highly specialized
HPB surgical units. Most of the data are of retrospective and
of nonrandomized nature, generating a potential bias that has
to be respected when interpreting the results. The study by
Luo et al. [18], a radiologic prospective nonrandomized inves-
tigation, demonstrates that TACE may serve as a potential
selection tool for HCC patients who profit most from liver
resection. In this study, patients who displayed good tumor
response to TACE showed improved oncological outcome
after liver resection following the TACE.

According to recent experiences of various groups it may
be suggested that TACE serves to discriminate the patients
with favorable tumor biology from the ones for whom all
types of available treatment options offer merely dismal
prognosis [18, 32, 33].

This theory may be supported by the fact that despite
significantly improved 1- and 3-year survival figures 5-year
survival was not statistically different for patients treatedwith
TACE versus resection. For one reason, patient numbers were
considerably smaller in the 5-year survival analysis than in
the 1- and 3-year data pool. On the other hand, it may be
suggested that those patients who were successfully treated
by TACE for longer than three years were treated sustainably
with very low risk of tumor recurrence.

Recently, a large prospective multicentre trial demon-
strated clear superiority for hepatic resectionwhen compared
to TACE and RFA for patients with Child-Pugh stage A and
B liver cirrhosis and stage II HCC (JIS scores 1 and 2) [22].

In 2012 Peng et al. [19] demonstrated that even for patients
with portal venous tumor thrombus liver resection improves
long-term survival compared to TACE as long as tumor
thrombosis was confined to the liver. This effect vanished in
the presence of extensive tumor thrombosis into the portal
venous confluence and the superior mesenteric vein.

The largest published analysis on this topic stems from
a Chinese group and was published in 2014 by Zhong
et al. [8]. The authors demonstrate clear superiority for
hepatic resection versus TACE in terms of patient survival.
Despite a rather heterogeneous patient collective the total
number of 1259 that included individuals from a single
regional database is impressive. The vast majority of cases
are hepatitis-B positive and therefore are not typical for
western HCC patient collectives. The study is somewhat
limited by the fact that mean patient age and tumor size
were both greater in the TACE group, a fact that is certainly
attributable to preinterventional patient selection, a major
drawback of retrospective investigations. For this reason
matched-pair analysis was performed between TACE and
resection patients with identical demographics confirming
the positive overall results for surgically treated patients.
AFP values ≥ 400 ng/mL, macrovascular invasion, and portal
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Test for overall effect: Z = 6.83 (P < 0.00001)

1.5.3 5-year overall-survival

28.8% 1.07 [0.71, 1.61]
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Figure 4: Forest plot illustrating subgroup analysis of short- and long-term overall-survival comparing hepatic resection to TACE.The center
of each square represents the hazard ratio for individual trial and each horizontal line represents its 95% CI. The size of the box is directly
related to the “weighting” of the study.The center of the diamond represents the pooled hazard ratio and the width represents its 95% CI. For
each subgroup (1, 3, and 5 years), the sum of the statistics is represented by the first three diamonds. The last diamond illustrates the overall
result of the meta-analysis.



Gastroenterology Research and Practice 7
SE

 (l
og

[h
az

ar
d 

ra
tio

])

Hazard ratio
0.01 0.1 1 10 100

0.5

0.4

0.3

0.2

0.1

0

Figure 5: Funnel plot at 3-year overall-survival depicting the
distribution of hazard ratios for the 12 studies included in the meta-
analysis.The outer dashed lines indicate the triangular regionwithin
which 95% of studies are expected to lie in the absence of reporting
biases and heterogeneity. The solid vertical lines correspond to no
intervention effect.

hypertension were identified as significantly negative prog-
nostic parameters in multivariate analysis for both treatment
modalities. However, even for these “high recurrence risk”
patients hepatic resection offered significantly better survival
than TACE (Figure 4).

As mentioned above there are some limitations of this
meta-analysis. A patient selection bias in selecting the choice
of treatment cannot be ruled out in this meta-analysis.
In-depth investigation of the available data is complicated
by the fact that different parameters and classifications are
employed by various authors. It is therefore hard to generate
substantial connections between outcome and potentially
relevant parameters such as tumor size/number of tumor
nodules/Child-Pugh stage. We have tried to elucidate the
picture by analyzing outcome with respect to tumor size and
liver function (see Table 1); however, small numbers clearly
limit our results. For example, the study from Choi et al.
incorporated similar numbers of tumors < 3 cm for both
TACE and resection treatment; for tumors > 3 cm, however,
TACEwas employed almost three timesmore frequently [13].
Tumor size, on the contrary, was often greater for surgically
treated patients in the large study by Zhong et al. [8].

Based on the currently published data a more aggressive
surgical approach in the treatment of both BCLC stages A
and B HCC seems justified. However, stratified prospective
studies on this important and controversial issue are needed
in order to consolidate the findings of this meta-analysis.
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