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ABSTRACT
Introduction.

Repeat liver resection (RLR) has been adopted by surgeons as the first-line

treatment in the case of intrahepatic recurrence of hepatocellular carcinoma (HCC),
whereas salvage liver transplantation (SLT) is considered a second-line option. The aim
of our study was to evaluate the results of SLT and RLR for HCC.

Methods. We searched for articles published up to December 1, 2017, in the PubMed
database that compared SLT with RLR for HCC. We extracted data about patient and
tumor characteristics, operative and postoperative outcomes, and survival and performed a
meta-analysis.

Results. Patients who underwent SLT had somewhat larger liver lesions (mean difference:
0.73 cm, 95% confidence interval [CI]: 0.29-1.18, P = .001; I’ 0%, P = .82). Moreover,
salvage liver transplantation resulted in higher blood loss, longer operating time, longer
hospital stay, and higher postoperative morbidity (risk ratio [RR]: 2.45, 95% CI: 1.6-3.75,
P <.0001; 1% 0%, P = .58) than RLR, whereas there was no significant difference in terms of
postoperative mortality (RR: 6.48, 95% CI: 0.51-82.54, P = .15; I*: 61%, P = .08). On the
other hand, SLT led to longer disease-free survival (DFS) than RLR (HR: 0.42, 95% CI:
0.25-0.7, P = .0009; I*: 63%, P = .03), but there was no significant difference in regard to

overall survival (OS) (HR: 0.82, 95% CI: 0.55-1.23, P = .34; 1% 0%, P = .62).

Conclusions.

SLT seems to be inferior to RLR regarding operative and postoperative

results but presents a significant advantage in terms of DFS over RLR.

EPATOCELLULAR carcinoma (HCC) is the fifth

most frequent malignancy in men and the ninth most
frequent malignancy in women worldwide |[1]. Liver
transplantation (LT) and liver resection are 2 treatment
modalities that have curative intent for HCC, with the
former offering the best results in terms of survival and
recurrence [2,3]. In the case of operable recurrent HCC,
repeat liver resection (RLR) is adopted as a first-line
treatment. On the other hand, salvage liver trans-
plantation (SLT), which was first described by Majno et al, is
considered a second-line treatment, mainly due to the
shortage of organs [4,5]. The objective of our systematic
review and meta-analysis was to compare SLT with RLR as
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treatment methods in patients who underwent liver resec-
tion for HCC and now their disease has relapsed.

METHODS
Search Strategy

We searched for articles published up to December 1, 2017, in the
PubMed database. We used the following key words for this search:
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“hepatocellular carcinoma,” “recurrence,” “recurrent,” “liver

transplantation,” “salvage,” and “resection.”

Inclusion and Exclusion Criteria

We included only original articles written in English and referring
to patients with recurrent HCC who had undergone liver resection
initially and compared SLT with RLR as a treatment approach. We
excluded case reports, reviews, and original articles that referred
only to SLT or RLR or other treatment modalities or written in
languages other than English.

Review and Analysis

We extracted data about gender, age, cirrhosis status, tumor num-
ber, tumor size, operative time, blood loss, length of hospital stay,
postoperative morbidity and mortality, and disease-free and overall
survival.

Statistical Analysis

Review Manager version 5.3 was used for the meta-analysis. Risk
ratio (RR) was used for the assessment of dichotomous variables
and mean difference for the assessment of continuous variables
hazard ratio (HR) for the assessment of survival. Due to the ex-
pected interstudy heterogeneity, the random effects model was
chosen in all cases. The inverse variance method was chosen for
comparisons between dichotomous variables, as well as between
continuous variables, and the generic inverse variance method was
chosen in case of survival analysis. Higgin’s I statistic was used for
the assessment of statistical heterogeneity. Ninety-five percent
confidence intervals (CI) were noted for all results. We calculated
mean values and standard deviations based on to the equations
proposed by Hozo et al [6] when they were not mentioned in the
studies. Moreover, we calculated log HR and its standard error
(SE) based on the equations proposed by Parmar et al [7] when they
were not reported in the studies. Results were considered statisti-
cally significant when the P value was less than .05.
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RESULTS
Search Results

Out of the 73 articles retrieved during our search, 7 studies
were included in our analysis [8-14], whereas 66 articles
were excluded (Fig 1). Three studies were of Chinese origin
[9,11,12], 1 of Japanese origin [10], 1 of Korean origin [13],
1 of French origin [14], and 1 of combined French and
Japanese origin [8]. There were 3 prospective [8,9,12] and 4
retrospective studies [10,11,13,14].

Patient and Tumor Characteristics

These 7 studies included 516 patients with recurrent HCC.
One hundred and eight patients underwent SLT, while 408
patients underwent RLR [8-14], even though there were some
patients who also underwent radiofrequency ablation in the
study conducted by Zhang et al [9]. There were not sufficient
data about the percentage of cirrhotic patients in most studies.
However, the percentage of cirrhotic patients in the SLT group
ranged between 66.7% and 100% [8,9,12], while this percent-
age ranged between 53.1% and 71.6% in the RLR group [8,9].
The same applies for the number of hepatic lesions. The per-
centage of patients with multiple tumors was 30.6% to 68.4% in
the SLT[9,11,13], whereas this percentage was 27.6% to 33.3%
inthe RLR [9,11]. As far as the size of the tumors is concerned,
the average tumor diameter ranged between 1.8 cm and 4.4 cm
in the SLT group [8-13], while this ranged between 1.9 cm and
3.3 cmin the RLR group [8-11]. Patients who underwent SLT
had somewhat larger liver lesions than patients who underwent
RLR (mean difference: 0.73 cm, 95% CI: 0.29-1.18, P = .001;
% 0%, P = .82) [8-11].

73 articles referring to

salvage liver transplantation
63 excluded articles
referring to salvage liver
> transplantation, but without
comparing it with repeated
liver resection
3 articles referring to
salvage liver transplantation
. 5 -
and repeated liver resection | €
excluded due to insufficient
data
A 4

meta-analysis

7 studies included in the

Fig 1.

Study flowchart.



SLT AND RLR

Operative Outcomes

There were not sufficient data about the operative times in
most studies. However, Yamashita et al [10] and Ng et al
[12] showed that SLT lasts significantly longer than RLR.
Yamashita et al [10] reported a mean duration of 862.9
minutes for SLT and a mean duration of 229.1 minutes for
RLR, while Ng et al [12] reported a median duration of 840
minutes for SLT and a median duration of 210 minutes for
RLR. The same applied for blood loss. However, in those
studies that mentioned the amount of blood loss, it was
significantly higher in SLT than in RLR [9,10,12]. Specif-
ically, Zhang et al [9] and Yamashita et al [10] reported a
mean blood loss of 1178 mL and 24,690 g for SLT,
respectively, whereas their mean blood loss was 265 mL and
596 g for RLR, respectively. Moreover, Ng et al [12]
mentioned a median blood loss of 400 mL for RLR.

Postoperative Outcomes

There were not sufficient data about duration of hospitaliza-
tion in most studies. However, Zhang et al [9] showed a mean
length of hospital stay of 15.6 days for SLT, whereas this was 6.6
days for RLR. Furthermore, Yamashita et al [10] reported a
mean length of hospital stay of 35 days for SLT, while this was
20 days for RLR. As far as postoperative morbidity is con-
cerned, SLT resulted in higher rates of complications than
RLR (RR: 2.45,95% CI: 1.6-3.75, P < .0001; 1% 0%, P = .58)
[9,10,12]. The same results remained when we removed the
study conducted by Zhang et al [9], which also included some
cases treated with radiofrequency ablation, from the analysis
(RR:2.24,95% CI: 1.4-3.58, P = .0007; I*: 0%, P = .6) [10,12].
In regard to postoperative mortality, there is a higher rate of
deaths after SLT than after RLR, but this difference did not
reach statistical significance (RR: 6.48, 95% CI: 0.51-82.54,

= .15; % 61%, P = .08) [8-10,12-14]. The same results
remained after the removal of the study conducted by Zhang
et al [9] from the analysis (RR: 6.48, 95% CI: 0.51-82.54,
P=15;1%61%, P = .08) [8,10,12-14].

Survival

Concerning disease-free survival (DFS), there was an
advantage of SLT, as it provided longer DFS at 5 years after
operation than RLR (HR: 0.42, 95% CI: 0.25-0.7, P = .0009),
even though there was some degree of heterogeneity among
the studies (I*: 63%, P = .03) [8-12] (Fig 2). The results were
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similar when the study conducted by Zhang et al [9], which
also included some cases treated with radiofrequency abla-
tion, was removed from the analysis (HR: 0.41, 95% CI:
0.2-0.84; 1%: 70%, P = .02) [8,10~12]. However, there was no
significant difference between SLT and RLR in terms of
overall survival (OS) at 5 years after operation (HR: 0.82,
95% CI: 0.55-1.23, P = .34; 1: 0%, P = .62) [8-10] (Fig 3).
The results were similar when the study conducted by Zhang
et al [9] was removed from the analysis (HR: 0.66, 95% CI:
0.35-1.22, P = .18; 1*: 0%, P = .77) [8,10].

DISCUSSION

Majno et al presented the first report of SLT for recurrent
HCC [5]. Several case reports followed, indicating the
feasibility of SLT as a treatment method for patients with
intrahepatic recurrence of HCC that underwent liver
resection as a first-line therapy [15-18]. According to those
studies, the average operating time ranges from 7 to 10
hours [15-17], and the average blood loss ranges from 1.5
liters to 3 liters [15-18]. In a large study conducted by Hu
et al [17], which included 888 cases of SLT, several types of
postoperative complication were reported; intra-abdominal
collection or abscess was detected in about 31% of
patients, while intra-abdominal bleeding occurred in
approximately 7% of patients. In the same study, post-
operative infections were observed in about 30% of cases
[17]. The rates of biliary complications, renal failure and
vascular complications were 18%, 3%, and 4%, respectively
[17]. In addition, the rates of postoperative mortality ranged
between 2.1% and 11.8% [15,18]. Regarding the duration of
hospitalization after transplantation, the median length of
hospital stay is between 31 and 41 days [17,19]. As far as
survival is concerned, the 5-year DFS rates vary greatly
among studies, ranging between 37.8% and 86% [17-21],
whereas the S5-year overall survival rates range between
46.6% and 88% [15-19].

There are also studies comparing SLT with other treat-
ment strategies for HCC; a lot of studies have compared
SLT for recurrent HCC with primary LT as the first surgical
treatment for HCC [22]. A recent meta-analysis, conducted
by Xiong et al [22], which compared SLT with primary LT,
showed that SLT resulted in longer operating time, higher
blood loss, increased recurrence rates, and poorer survival
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Fig 2. Five-year disease-free survival.
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Fig 3. Five-year overall survival.

than primary LT, whereas there was no significant differ-
ence between the two treatment options in regard to
postoperative morbidity, mortality, and duration of hospi-
talization. Furthermore, a few studies have proposed that
LT could also be performed in patients who have undergone
liver resection for HCC, and the histopathological exami-
nation of surgical specimens shows high-risk features,
instead of waiting for tumor recurrence in order to proceed
to SLT [18,23,24].

Our meta-analysis is the first attempt to evaluate SLT
versus RLR for recurrent HCC. According to our findings,
SLT is inferior to RLR regarding operative and post-
operative results, but it has an advantage over RLR when
disease-free survival is concerned.
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