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ABSTRACT

Background: Hepatocellular carcinoma (HCC) recurrence is still threatening patient survival after liver transplantation (LT). The efficacy
and safety of sorafenib in the setting of post-LT recurrence are still equivocal. This study aims to disclose the efficacy and safety profile
of sorafenib in treating post-LT HCC recurrence.

Materials and Methods: Electronic databases were searched to retrieve relevant publications suitable for inclusion. Data from 23 stud-
ies containing 411 patients were analyzed. The primary outcome of interest was 1-year survival rate after sorafenib treatment, and the
secondary endpoints included median overall survival (OS), time to progression (TTP), treatment response, and adverse events.

Results: Patients with HCC recurrence after LT treated with sorafenib achieved a 1-year survival rate of 56.8%, with a median OS of
12.8 months and a median TTP of 6.0 months. Univariate logistic regression analysis showed that male gender (P =.048), TTP (P=.021),
median duration of sorafenib (P =.021), diarrhea (P =.027), fatigue (P =.044), and partial response (P = .026) were associated with a
better 1-year survival rate. In addition, sorafenib exerted a significant superior effect on OS compared with best supportive care in the
setting of untreatable post-LT HCC recurrence.

Conclusions: Based on the results of this meta-analysis, sorafenib therapy seems to be safe and feasible and exhibits survival benefit
in patients with post-LT HCC recurrence. However, prospective randomized controlled trials with larger sample sizes and more rigorous

study design are required to confirm the efficacy of sorafenib.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is the sixth most
prevalent cancer and the third most common cause of
cancer-related death worldwide."? Liver transplanta-
tion (LT) is considered as the most effective therapy in
certain patients with HCC.? In patients within the Milan
criteria, LT has shown to provide 5-year recurrence-
free survival and overall survival (OS) rates of 83 and
75%, respectively.* Despite the stringent selection of
transplant candidates, post-transplant HCC recurrence
occurs in 8-20% of the recipients and leads to death
in approximately 50% of cases.>® Moreover, with the
expansion of criteria for LT candidates, the recurrence
rate is likely to increase in the future. It is urgent to seek
effective treatment strategies for this life-threatening
disease.

In some patients, surgical resection, radiofrequency abla-
tion, and transarterial chemoembolization are consid-
ered as a curative treatment for HCC recurrence after
LT.” However, patients presenting with untreatable pre-
sentation/progression (UP) are not amenable to surgi-
cal, ablative, or any locoregional treatment. For these
patients, best supportive care (BSC) remained to be the
only choice until 2007. Recent data support the efficacy
of sorafenib, a multiple tyrosine kinase inhibitor, in the
treatment of post-transplant HCC recurrence in the UP
stage.® Several studies suggest a potential survival ben-
efit of sorafenib over BSC in treating post-LT HCC recur-
rence.®'2 However, some are concerned about the safety
of sorafenib.®

Up until now, there is no consensus on the efficacy
and safety of sorafenib in the setting of post-LT HCC
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recurrence. Moreover, a single study cannot conclu-
sively confirm the usefulness of sorafenib for patients
with HCC recurrence after LT. Therefore, a systematic
review and meta-analysis are needed. The present meta-
analysis was performed with the aim of estimating the
efficacy and safety profile of sorafenib in the treatment
of post-LT HCC recurrence, and identifying factors that
affect OS. Also, a comparison between sorafenib and BSC
was conducted to further disclose the survival benefit of
sorafenib treatment.

MATERIALS AND METHODS

Search Strategy

This meta-analysis was conducted in accordance
with the guidelines of the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses state-
ment.'”® Relevant studies published from January 1,
2007 to January 31, 2020 were searched and identi-
fied through electronic databases PubMed, Embase,
ScienceDirect, and Web of Science, with the following
subject headings: HCC, recurrence, LT, and sorafenib.
The searches were not limited by date, but exclusive
to English publications. All of the titles and abstracts
retrieved from the initial search were screened by two
reviewers, and the potentially eligible studies were fur-
ther reviewed as full-text. Manual search for reference
lists of the eligible studies and reviews were also per-
formed to find additional studies. Discrepancies between
the reviewers were resolved by discussion.

Inclusion and Exclusion Criteria

Studies that assessed the efficacy and safety of sorafenib
treatment for HCC recurrence in post-LT setting were
within the field of interest in this meta-analysis. All of
the eligible studies included patients with post-LT HCC
recurrence, with regard to the use of sorafenib for the
treatment of HCC recurrence after LT, and provided at
least 1-year survival outcome from the time of sorafenib
start. Studies that did not meet the aforementioned
criteria, review articles, case reports, ongoing trials, and
studies that applied sorafenib for the prevention of HCC
recurrence after LT were excluded. For multiple reports
that included the same cohort of patients, only the latest
publication or the one with the most complete data was
included.

Data Abstraction and Quality Assessment

Two investigators independently reviewed the retrieved
articles and extracted relevant data using a predefined
standardized form. Information concerning study design,

patients characteristics, treatment option, target out-
comes, and other variables that affected patient out-
comes were extracted. Disagreements were resolved
through discussion or the opinion of the third reviewer.
The methodological quality of the included non-random-
ized studies was estimated using the Newcastle-Ottawa
scale (NOS)." The NOS is based on a star awarded system
(range 0-9 stars), with a higher score representing better
methodological quality.

Statistical Analysis

A random-effects meta-analysis of proportions model
using the Dersimonian and Laird method was run to
calculate an overall pooled 1-year survival rate of the
included studies. Statistical heterogeneity among the
studies was measured using chi-squared Q test and
I? statistics. Univariate meta-regression analysis was
also conducted to determine if variance could affect
the heterogeneity and the overall result. The differences
on time to recurrence (TTR), time to progression (TTP),
and median survival after recurrence between sorafenib
and BSC treatment were also calculated and expressed
using weighted mean differences (WMD) with 95% CI.
A random-effects model was adopted for analysis when
heterogeneity existed (P <.05 or I? > 50%). Otherwise, a
fixed-effects model was used. Hazard ratios (HRs) with
95% Cls were calculated to assess the correlation of
sorafenib treatment with OS for patients with HCC recur-
rence after LT. AHR > 1 indicated that the patients in the
comparator group had poor prognosis. On the contrary, a
HR < 1 meant that the patients in the comparator group
had better prognosis. Sensitivity analysis was performed
by removing one study result at a time to determine if a
certain study altered the overall effect or heterogeneity.
Publication bias related to the 1-year survival rates was
calculated with Deeks funnel plot and Egger's asymmetry
testing. The existence of publication bias was confirmed
when P <.05. Statistical analysis was performed using
Stata version 15.0 (Stata Corporation, College Station,
TX, USA) and R-2.15.2 (the Comprehensive R Archive
Network) software. A P-value <.05 was considered sta-
tistically significant.

RESULTS

Literature Search

By applying the abovementioned search terms and all
the possible combinations, the databases identified a
total of 1526 articles for initial review. Based on titles
and abstracts, 1468 studies were excluded. The remain-
ing 58 publications were full-text reviews, and another
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35 reports not satisfying our inclusion criteria were fur-
ther excluded. No additional study was retrieved from the
cross-checking of reference lists. Eventually, 23 studies
were enrolled in the meta-analysis. Figure 1 presents the
flow chart of the literature selection process.

Study Description

All of the included studies were retrospective cohort
studies. Sample sizes ranged from 7 to 54, with a total
of 411 patients receiving sorafenib treatment.®-'2'5-33 The
median patient age ranged from 46.3 to 61 years. The
percentage of male patients ranged from 45.5 to 100%.
Eighteen studies reported the number of patients within
the Milan criteria before LT, with a percentage range from
10 to 100%. The percentage of patients with microvas-
cular invasion on the explant pathology was reported
in 17 studies and ranged from 8.3 to 100%. Thirteen
studies reported the median follow-up duration (range

3.7-87 months), and the overall follow-up time was
19.9 months (95% CI, 9.3-30.5). TTR was reported in
20 studies (range 6.5-38.1 months) and the overall TTR
was 15.6 months (95% Cl, 11.9-19.2). Detailed informa-
tion on each study is presented in Table 1.

The methodological quality NOS scores ranged from 4 to
8 stars with a median score of 5.8 (maximum 9), indicat-
ing that most of the included studies had low to moderate
quality. Only one study with a score of 8 was considered
as high quality.® The total distribution for each study is
presented in Supplemental Table 1.

Sorafenib Regimen and Safety

The time of onset of sorafenib treatment after the diag-
nosis of post-LT HCC recurrence was reported in 14 stud-
ies, and the overall time to start of sorafenib therapy
was 5.6 months (95% Cl, 3.9-7.4). Most of the studies

Records identified through
database searching
(n=2192)

Additional records identified
through other sources
(n=0)

(n=1526)

Records after duplicates removed

A 4

(n =1526)

Records screened

Records excluded
(n =1468)

A 4

A 4

(n=58)

Full-text articles assessed
for eligibility

Full-text articles excluded,

> with reasons (n = 35)

Overlapping population
(n=4)

A 4

No quantitative data
(n=31)

(n=23)

Studies included in
qualitative synthesis

A 4

(n=23)

Studies included in
quantitative synthesis
(meta-analysis)

Figure 1. PRISMA flow diagram of literature search and study selection.
PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analyses.
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applied an initial dose of 400 mg/b.i.d., and adjusted doses
according to the patient’s tolerability and safety. In two
studies, sorafenib was started at a dose of 200 mg/b.i.d.
and increased subsequently to 400 mg/b.i.d. if the patient
demonstrated good tolerance. The overall rate of sorafenib
dose reduction due to adverse events from 16 studies
was 47.8% (95% Cl, 25.0-70.5), while the overall rate of
temporary sorafenib discontinuation was 43.3% (95% Cl,
25.5-61.1). The median duration of sorafenib treatment
was recorded in 13 studies, ranging from 1.7 to 13 months.
The overall treatment duration was 5.5 months (95% ClI,
3.5-7.5). Ten studies reported the median TTP, and the
overall TTP was 6.0 months (95% CI, 4.9-7.1).

The most reported Grade 3-4 adverse event was hand-
foot skin reaction, which ranged from 0 to 30% with an
overall incidence rate of 11.3% (95% CI, 4.2-18.3) from
10 studies. Diarrhea and fatigue were the second and third
most reported Grade 3-4 adverse events, ranging from
0-50% to 0-30%, with overall incidence rates of 23.9%
(95% CI, 14.6-33.3) and 24.7% (95% CI, 15.5-34.0),
respectively. The detailed characteristics of sorafenib
treatment in each study are summarized in Table 2.

Outcome of Sorafenib Therapy

Median OS from the start of sorafenib treatment was
reported in 19 studies, ranging from 5 to 23.5 months,
with an overall OS of 12.8 months (95% Cl, 10.6-
15.1). Treatment response was recorded in 13 studies
using the Response Evaluation Criteria in Solid Tumors
(RECIST 1.1) criteria. Only two studies, Kim et al. and
Waghray et al2°%" reported complete response after
sorafenib therapy. The percentage of patients achieving
a complete response was 11.1 and 11.8%, respectively.
Partial response was reported in 10 studies, ranging from
0 to 26.7%, with an overall rate of 7.2% (95% ClI, 2.7-
11.6). Stable disease was reported in 13 studies, ranging
from 0 to 73.3%, with an overall rate of 38.3% (95% CI,
25.4-51.3). Progressive disease was reported in 13 stud-
ies, ranging from 11.1 to 100%, with an overall rate of
35.5% (95% Cl, 28.4-42.5). The detailed treatment out-
comes in each study were presented in Table 3.

Thirteen studies reported 1-year survival rate after
sorafenib therapy, ranging from 18.2 to 93.3%. The over-
all 1-year survival rate was 56.8% (95% CI, 42.8-70.9;
2 = 78.9%) (Figure 2). Since significant heterogeneity
was detected among studies, univariate meta-regression
analysis was conducted to identify the potential sources
of heterogeneity and variates associated with 1-year

survival rate. Results of univariate logistic regression anal-
ysis showed that the following variables were associated
with a better 1-year survival rate: male gender (P =.048),
TTP (P = .021), median duration of sorafenib (P = .021),
diarrhea (P=.027), fatigue (P =.044), and partial response
(P =.026) (Table 4).

Treatment Effect between Sorafenib and Best
Supportive Care

Pooled result from five studies suggested that patients
receiving sorafenib therapy had longer TTR com-
pared with that of BSC (WMD = 7.2, 95% ClI, 1.5-12.8,
I2=282.4%, P =.013) (Figure 3A). However, no significant
difference in TTR was found between groups in sensitivity
analysis when removing the outcome of de'Angelis et al,,
Kang et al, and Sposito et al., respectively.®"'® Pooled
outcome from three studies showed longer TTP in the
sorafenib group than in the BSC group (WMD = 8.0, 95%
Cl, 5.0-11.0, I> = 90.2%, P < .001) (Figure 3B). The sig-
nificant difference in TTP remained in sensitivity analy-
sis when removing each study outcome. Median survival
after recurrence was recorded in five studies, and patients
with sorafenib treatment showed to have a significantly
longer median survival compared with patients who only
received BSC after HCC recurrence (WMD = 7.6, 95% C],
6.0-9.1, 2= 0%, P <.001) (Figure 3C).

Eight studies provided data on multivariate analysis for OS
after post-LT HCC recurrence. The pooled results showed
that sorafenib treatment was correlated with a better OS
when compared with BSC (BSC vs sorafenib: HR = 2.50,
95% ClI, 1.20-5.23, ?=71.4%, P = .015; sorafenib vs BSC:
HR = 0.40, 95% Cl, 0.25-0.66, I> = 12.6%, P < .0001)
(Figure 4). The sensitivity analysis confirmed that the
results of OS were robust, since no individual study domi-
nantly affected the overall HR.

Publication Bias

Begg's funnel plot and Egger's test were applied to
estimate possible publication bias for the 1-year survival
rate. The result of Egger's test showed the existence of
publication bias for the 1-year survival rate (P = .037)
(Figure 5).

DISCUSSION

Before the introduction of sorafenib, no chemotherapy
has been proven to be effective in improving survival for
patients with HCC recurrence after LT.3* Sorafenib is the
first agent that demonstrated improvement in OS for
patients with advanced HCC, and is nowadays considered
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Table 3. Outcomes of Sorafenib Therapy

Median TTP 1-Year Survival
Author Median OS (months) (months) CR(%) PR(%) SD(%) PD (%) Rate (%)
de'Angelis et al. 235 15.9 0 13.3 46.7 26.7 60
Desimone et al. 5 3.5 0 0 0 100 71.4
Gomez-martin et al. 19.3 6.8 0 3.8 50 38.5 61.3
Invernizzi et al. - 6 - - - - -
Jung et al. - - - - - - -
Kang et al. 14.2 7 - - - - -
Kim et al. - - 11.1 0 44.4 33.3 -
Lépez Ortega et al. 75 - 0 0 41.7 58.3 -
Martin et al. 9.5 - - - - - -
Naetal. 17.2 - - - - - 417
Nagai et al. - - - - - - -
Pfeiffenberger et al. 9 45 - - - - 20
Pfiffer et al. 6.7 - - - - - -
Pifiero et al. 16.5 - - - - - -
Sotiropoulos et al. 12 - - - - - -
Sposito et al. 21.3 9.1 0 26.7 73.3 0 93.3
Staufer et al. 19.4 - 0 7.7 30.8 53.8 69.2
Tan et al. 14 - 0 10 70 30 60
Vitale et al. 18 8 0 20 60 20 80
Waghray et al. 7 - 11.8 5.9 11.8 29.4 64.7
Weinmann et al. 201 41 0 0 36.4 63.6 545
Yoon et al. 5.4 2.9 0 0 46.2 30.8 385
Zavaglia et al. 5 - 0 18.2 9.1 545 18.2

OS, overall survival; TTP, time to progression; CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease.

as standard therapy for recurrence patients.® The objec-
tive of the present meta-analysis was to provide addi-
tional information for the field of sorafenib treatment for
patients with post-LT HCC recurrence. Our study showed
a median OS of 12.8 months for patients who received
sorafenib therapy after HCC recurrence. This result was
much higher than that reported for other systemic treat-
ments, % which only demonstrated a median OS of
16.8 weeks for patients with HCC recurrence. This high-
lighted the potential of sorafenib in prolonging the sur-
vival of patients with post-LT HCC recurrence.

An overall 1-year survival rate of 56.8% was detected in
our study, which was lower than that reported for a previ-
ous meta-analysis (63%).8” However, our studies included
five more publications than the former report, which would
be preferable in meta-analysis. It is suggested that the

variability in patients’ demographic, clinical, and biologi-
cal characteristics and sorafenib treatment might affect
patients’ survival. Twenty-two variables were assessed,
and our study further confirmed that male gender, lon-
ger median TTP, and an increase in adverse events were
positively correlated with the 1-year survival rate.®8-40 In
addition, the present study demonstrated that patients
with longer median duration of sorafenib and achieving
a partial response after sorafenib therapy correlated with
an increase in 1-year survival rate. These surrogate and
clinical markers may be effective in predicting survival
after sorafenib treatment.

Despite the potential efficacy on survival, the safety pro-
file of sorafenib treatment is of great concern. The over-
all percentages of patients requiring dose reduction and
temporary discontinuation due to adverse events during
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Study %
ID Proportion (95% CI) Weight
1
De'Angelis (2016) —:4— 0.60 (0.35, 0.85) 7.71
Desimone (2014) i - 0.71(0.38, 1.05) 6.44
Gomez-martin (2011) _i’_ 0.61(0.44, 0.78) 8.80
Na (2016) —O—E 0.42 (0.14, 0.70) 7.24
Pfeiffenberger (2013) - i 0.20 (-0.05, 0.45) 7.71
Sposito (2013) i —— 0.93(0.81, 1.06) 9.36
Staufer (2014) —io— 0.69 (0.44, 0.94) 7.66
Tan (2010) —E-o— 0.60 (0.30, 0.90) 6.88
Vitale (2012) 4:—6— 0.80 (0.55, 1.05) 7.71
Waghray (2013) —i—#— 0.65 (0.42, 0.87) 8.01
Weinmann (2012) —0-5— 0.55 (0.25, 0.84) 7.02
Yoon (2010) —O—é— 0.38(0.12, 0.65) 7.46
Zavaglia (2013) o s ] i 0.18 (-0.05, 0.41) 8.00
Overall (I-squared =78.9%, p = 0.000) @ 0.57 (0.43,0.71) 100.00
|
NOTE: Weights are from random effects analysis :
)
I 1

-1.06 0

1.06

Figure 2. Forest plot of 1-year survival rates of patients treated with sorafenib for hepatocellular carcinoma recurrence after liver
transplantation in 13 studies.

sorafenib treatment were 47.8 and 43.3%, respectively.
However, a majority of patients could tolerate the treat-
ment after the adjustment. This finding along with other
studies in clinical practice suggested that dose-adjusted
sorafenib may have implications for tailored ther-
apy.*'*? The most recorded Grade 3-4 adverse events
were hand-foot skin reaction, diarrhea and fatigue, with
incidence rates of 11.3, 23.9, and 24.7%, respectively.
Yet, none of the above adverse events resulted in death,
indicating that sorafenib has a tolerable safety profile in
treating post-LT HCC recurrence.

Recently, the combined use of sorafenib with mTOR
inhibitors has attracted increasing attention. However,
no consensus has been reached in terms of the efficacy
of sorafenib plus mTOR inhibitors in post-LT HCC recur-
rence settings. While several preclinical trials supported
the use of combined therapy,*3#* recent phase | and

I trials failed to find a superior effect of sorafenib plus
mTOR inhibitors on OS compared with sorafenib alone
in treating post-LT HCC recurrence.*>*¢ Instead, higher
incidences of adverse events were found with the use
of combined treatment.*® Moreover, the meta-analysis
of Mancuso et al. did not find a significant association
between mTOR inhibitors and patients’ survival (P=.682);
on the contrary, all episodes of fatal bleeding were associ-
ated with the use of mTOR inhibitors therapy.®” Our study
found similar results (P = .377). In addition, three of the
included studies provided data on multivariate analysis
for the association between mTOR inhibitors treatment
and 0S."71924 The pooled result showed that the use of
mTOR inhibitors did not have a significant correlation
with OS (HR = 0.62, 95% Cl, 0.37-1.04, P = .071) (data
not shown). Taken together, the use of sorafenib in com-
bination with mTOR inhibitors should be discouraged or
applied with caution.
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Table 4. Results of Univariate Logistic Regression Analysis of 1-Year Survival Rate.

Subgroup No. of Studies No. of Patients Beta SE P

Region 13 175 0.15 0.34 167
Age 13 175 0.16 0.29 .076
Male 13 175 0.21 0.29 .048
Milan in (%) 12 165 0.04 0.32 .165
Microvascular invasion (%) 10 122 0.17 0.38 1565
Down staging before LT (%) 6 70 0.51 0.44 133
mMTOR-I (%) 11 152 -0.27 0.22 377
Time to recurrence (months) 12 165 0.13 0.31 107
Time to progression (months) 8 112 0.57 0.29 .021
Time of onset of sorafenib after recurrence (months) 9 131 0.26 0.30 .076
Initiated dosage (mg/b.i.d.) 13 175 -0.42 0.32 .892
Median duration of sorafenib (months) 7 85 0.74 0.38 .021
Reduction (%) 10 132 -0.41 0.35 .89

Discontinuation (%) 11 152 -0.32 0.27 .809
Hand—foot skin reaction (%) 13 175 -0.01 0.29 178
Diarrhea (%) 13 175 0.29 0.28 .027
Nausea and vomiting (%) 13 175 -0.03 0.29 198
Fatigue (%) 13 175 0.24 0.28 .044
Grade 3-4 adverse effects (%) 13 175 0.13 0.30 .079
Partial response (%) 13 175 0.35 0.28 .026
Stable disease (%) 11 152 0.04 0.35 .239
Progression disease (%) 11 152 -0.17 0.34 489

LT, liver transplantation; SE, standard error.

In addition, our study addressed a specific question, which
was, regardless of the previous treatment for post-LT
HCC recurrence, once HCC recurrence has reached the
UP stage, which treatment, sorafenib or BSC, results in
better patient survival. Results from our analysis showed
that patients managed by sorafenib treatment achieved
a better OS compared with patients who received BSC.
Since significantly longer TTR was found in the sorafenib
group, the significant improvement in OS we observed for
sorafenib treatment may be due to the late HCC recur-
rence. Late recurrence (>12 months) has been regarded
as an independent prognostic factor related to better sur-
vival on a multivariable analysis.®'®2"” Thus, it is possible that
TTR can be a selection criterion of sorafenib treatment
candidates.

Several limitations need to be taken into consideration.
The inclusion of low methodology quality and small
sample size studies are the first two reasons weakening
the credibility of the present meta-analysis. However,

high-quality studies within our field of interest was quite
rare; therefore, it was unavoidable for us to include the
relatively low-quality studies. Furthermore, the results of
this meta-analysis certainly need to be interpreted with
caution due to the small number of patients. Though
23 publications were enrolled, they only contained a total
of 411 patients, and each group of analysis contained an
even smaller sample size. Prospective randomized con-
trolled trials with a larger sample size, more rigorous study
design, and higher methodology quality are needed to
confirm the efficacy of sorafenib treatment in a post-LT
HCC recurrence setting.

CONCLUSION

Results of this meta-analysis showed that sorafenib
treatment in patients with HCC recurrence after LT pro-
vided a 1-year survival rate of 56.8%, with an overall TTP
of 6.0 months. Taken together, sorafenib therapy seems
to be associated with an acceptable safety profile and
survival benefit in patients with post-LT HCC recurrence.
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Figure 3. Comparisons between sorafenib therapy and best
supportive care treatment on (A) time to recurrence; (B) time to
progression; (C) median overall survival.

In the setting of untreatable post-LT HCC recurrence,
sorafenib treatment significantly and independently
improved OS compared with BSC. More data are required
to verify the current findings.
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Figure 5. Publication bias of 1-year survival rate.
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