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Background: This meta-analysis was conducted to assess the survival benefits of
repeat hepatectomy (RH) and thermal ablation therapy (TAT) in managing
recurrent hepatocellular carcinoma (HCC).

Methods: A comprehensive search was conducted in the PubMed, SinoMed,
Embase, Cochrane Library, Medline, and Web of Science databases using
relevant keywords to identify all studies published on this specific topic. Pooled
odds ratios (ORs) with corresponding 95% confidence intervals (Cls) were
estimated using a fixed-effects model.

Results: This meta-analysis included a total of 21 studies, comprising 2580
patients with recurrent HCC, among whom 1189 underwent RH and 1394
underwent TAT. Meta-analysis results demonstrated that the RH group
exhibited superior overall survival (OS) (HR=0.85, 95%Cl| 0.76~0.95, P=0.004)
and recurrence-free survival (RFS) (HR=0.79, 95%Cl 0.7~0.9, P<0.01) compared
to the TAT group. Regarding postoperative complications, the TAT group
experienced fewer complications than the RH group (OR=3.23, 95%ClI
1.48~7.07, P=0.003), while no significant difference in perioperative mortality
was observed between the two groups (OR=2.11, 95%Cl 0.54~8.19, P=0.28).

Conclusion: The present study demonstrates that, in comparison to TAT, RH
may confer superior survival benefits for patients with recurrent HCC.
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Introduction

The postoperative recurrence rate of hepatocellular carcinoma
(HCC) is significantly high, with an incidence exceeding 50% at 3
years and surpassing 70% at 5 years (1). Therefore, it is crucial to
develop an effective strategy for managing recurrent HCC in order
to improve patient survival. Salvage liver transplantation is
considered the primary therapeutic approach for patients with
recurrent HCC due to its comprehensive consideration of
excising cancerous tissue and addressing the entire cirrhotic liver,
thereby offering patients the most promising prospects for survival
(2). However, it should be noted that this treatment option’s
feasibility is severely limited by donor scarcity, restricting its
applicability and benefits to a select group of patients (3, 4).
Consequently, repeat hepatectomy (RH) and thermal ablation
therapy (TAT) have emerged as viable alternative treatment
modalities for individuals experiencing recurrent HCC (5, 6).

Although hepatectomy is regarded as the gold standard for the
treatment of HCC (7), RH is controversial in the treatment of
recurrent HCC due to the excessive damage to liver function caused
by surgical resection and the extremely difficult to reoperation (8).
As a minimally invasive and repeatable treatment, TAT is currently
considered a good choice for treating recurrent HCC (9). Several
published studies have compared the effectiveness of these two
surgical methods in the treatment of recurrent liver cancer, but
there is still controversy in terms of survival. Numerous studies
have conducted comparative analyses of the efficacy between repeat
hepatectomy and thermal ablation therapy in the treatment of
recurrent liver cancer (10-12). However, controversy remains
surrounds the question of which surgical approach is more
effective in significantly prolonging patient survival. Several meta-
analyses on this topic have been published, but these studies exhibit
certain methodological concerns (13, 14). For instance, in the meta-
analysis conducted by Liu et al (15) and Yang et al (14), the
comparison of prognoses between the two patient groups was
based on 1-year or three-year survival rates, overlooking the
situations of patients lost to follow-up or censored. Additionally,
Yuan et al. (13) meta-analysis included data that were not
appropriately matched or corrected for multiple factors. These
factors may contribute to bias in the results of the meta-analysis.
Simultaneously, new research on the treatment of recurrent liver
cancer using these two surgical modalities has been published (16—
18). Given these circumstances, there is a necessity to update the
meta-analysis on this topic. Therefore, this study conducts a meta-
analysis to explore the clinical efficacy of repeat hepatectomy and
thermal ablation therapy in treating recurrent liver cancer.

Methods
Search strategies

This study adhered to the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guidelines (19).

Two investigators (H.Z. and T.Z.) independently conducted a
comprehensive literature search on the treatment of recurrent
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HCC using TAT and RH. The search was performed in PubMed,
Embase, Cochrane Library, Medline, and Web of Science databases
utilizing relevant MESH terms and free-text variations such as
(“repeat hepatectomy” OR “repeat liver resection” OR “repeat
hepatic resection”) and (“thermal ablation” OR “radiofrequency
ablation” OR “microwave ablation” OR “ablation”) and (“recurrent
hepatocellular carcinoma” OR “recurrent HCC” OR “HCC
recurrence”). No restrictions were imposed on publication date or
journal category. The literature search included articles published in
English and Chinese before December 31, 2023. Additionally, we
thoroughly examined the reference lists of identified studies to
identify any relevant publications that might have been overlooked.
While meta-analyses are commonly employed to evaluate
controversies in randomized controlled trials (RCTs), they can
also be applied to retrospective studies. To ensure more robust
conclusions, our analysis included both randomized controlled
trials and comparable retrospective studies.

Inclusion and exclusion criteria

The inclusion criteria were as follows: (1) patients diagnosed with
recurrent HCC who underwent RH (open or laparoscopy), with a
comparison group undergoing TAT. (2) ensured comparability in
baseline patient characteristics across the included studies. (3)
outcome measures should encompass survival data, including but
not limited to overall survival (OS), recurrence-free survival (RFS),
and other relevant metrics. Conversely, the exclusion criteria include:
(1) studies lacking a control group for comparison. (2) materials
presented solely in the form of case reports, abstracts, conference
presentations, or those involving animal experiments. (3) incomplete
full-text articles where the abstract fails to provide comprehensive
information about the study.

Data extraction and quality assessment

The article selection and data extraction were conducted by two
authors (RH. and T.Z.). In case of any disagreement regarding the
inclusion or exclusion of an article, consultation with the author (H.Z.)
was sought for resolution. Following completion of data extraction, a
thorough review was performed by the author (H.Z.), and in case of
any discrepancies, the data were re-extracted for subsequent analysis
and discussion. The extracted information from included studies
encompassed details such as first author, publication date, study
design, number of cases, age distribution, gender composition,
overall survival rate, recurrence-free survival rate, major morbidity
rates and mortality rates. In addition, all included studies were
evaluated for quality using the ROBINS-I tool.

Data synthesis and analysis
The meta-analysis was conducted using RevMan 5.3 software, a

Cochrane-endorsed tool for systematic reviews. Dichotomous
variables were assessed utilizing the odds ratio (OR) and a 95%
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confidence interval (CI) as statistical measures for effect analysis.
Hazard Ratio (HR) was used to analyze overall survival (OS) and
recurrence-free survival (RFS). In cases where explicit HR values
were not provided in the literature, we applied the method of
Parmar et al. (20) to extract HR values. Heterogeneity within
included studies was examined using the Mantel-Haenszel test
with I? values categorized as follows: low heterogeneity when I* <
25%, moderate heterogeneity when 25% < I* < 50%, and high
heterogeneity when 12 > 50%. A fixed-effects model was used under
conditions of low or moderate heterogeneity; otherwise, a random-
effects model was adopted. Sensitivity analysis employing the one-
out method was conducted to assess our findings’ robustness, while
a funnel plot based on primary outcomes served as an evaluation
tool for publication bias in this study. Throughout all analyses,
statistical significance is considered at P value <0.05 for
overall effect.

Results
Search results

The flow diagram illustrating the search results is presented in
Figure 1. Following the devised retrieval strategy, a total of 324
relevant references were identified after eliminating duplicates.
After reviewing the titles and abstracts, 49 articles with potential
relevance were retained. Among these, 28 studies were excluded
during full-text analysis due to reasons such as overlapping centers
or patient cohorts (2 studies), lack of significant outcomes (10
studies), meeting one or more exclusion criteria (13 studies) and
baseline data inconsistent (21-23). Ultimately, a meta-analysis was
conducted on a selected set of 21 studies (10-12, 16-18, 24-38),

o
© Additional
2 Records identified through _ dditional records
= _ through other sources
2 database searches (n=408)
S (n=16)
=3
o
: }
Records after duplicates
removed (n=324)
©
@
©
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()
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!
0% Full-text articles excluded (n=28)
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= for eligibility (n=21) Lacking interest (n=10)
Match exclusion criteria(n=13)
—/ 1 Baseline data inconsistent(n=3)
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2 analysis (n=21)
=3 1RCT
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—
FIGURE 1

PRISMA flow chart of the literature selection.
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comprising one randomized controlled trial (12) and twenty
retrospective studies.

Characteristics and quality of
included studies

The basic characteristics of the included studies are presented in
Table 1. All publications spanned from 2007 to 2023 and
encompassed a total cohort of 2580 patients, including 1186
patients in the RH group and 1394 patients in the TAT group. Of
these 21 studies, 16 were conducted in China (including Hong Kong
and Taiwan), 3 in Japan and 2 in Korea. In the included studies,
there was no statistically significant difference in baseline data (such
as tumor size and number of tumors, etc.) between the two groups.
Both RH and TAT groups in each study were from the same single
or multiple centers during the same period. The ROBINS-I tool was
used to assess the quality of the 21 included studies, and the specific
results are shown in Supplementary Table SI.

Overall survival and recurrence
free survival

The HR values of OS in all included studies (10-12, 16-18, 24—
38) were extracted as the effect size for meta-analysis. The
heterogeneity among studies was low (I = 21%). Therefore, a
fixed-effect model was employed for combined analysis. The
results of the meta-analysis demonstrated that patients with
recurrent liver cancer who received RH had significantly higher
OS compared to those in the TAT group (HR=0.85, 95%CI
0.76~0.95, P=0.004) (Figure 2). Results showed that patients with
recurrent liver cancer who underwent RH had significantly higher
OS than those in the TAT group.

The HR data from 14 studies (10-12, 16-18, 27, 28, 31-33, 35,
37, 38) on RFS were included for meta-analysis. Given the low
heterogeneity among the study groups (I> = 0%), a fixed effect
model was employed for data integration. The meta-analysis results
showed that patients with recurrent liver cancer who underwent RH
had significantly higher RFS than those in the TAT group
(HR=0.79, 95%CI 0.7~0.9, P<0.01) (Figure 3).

Postoperative complications and mortality

Ten studies (12, 16, 18, 25, 31, 32, 35-38) provided data on
severe postoperative complications (Clavien-Dindo grade III or
higher).The incidence of severe postoperative complications was
11.4% (88/769) in the RH group and 3.6% (31/860) in the TAT
group. The heterogeneity of these trials was moderate (I* = 53%);
therefore, a random effects model was employed to pool data. The
meta-analysis results revealed a significantly lower incidence of
severe postoperative complications in the TAT group compared to
the RH group (OR=3.23, 95%CI 1.48~7.07, P=0.003) (Figure 4).

Eleven studies (12, 16, 18, 28, 31-33, 35-38) provided
perioperative mortality. The perioperative mortality of the RH
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TABLE 1 Characteristics of the included studies.

. Tumor
Tumor size
Age (mean Sex (M/F) (mean + number
Stud Patients < i
Author Year Country ay + SD) SD,cm) (single/
design (n) multiple)
RH TAT RH TAT RH TAT RH TAT
Choi 2007 Korea N-RCT 2 NA NA NA NA | NA NA NA NA | NA | NA
, , 4838 546 34/
Liang 2008 China N-RCT 110 £120 108 395 5412 4400 642 | <3(26) <344) 10 18
680 680 18 18
A A
Ueno 2009 Japan N-RCT 19 +68 +43 45 100 | 81 73 +038  +035 N N
32 3.1 18/
Umed 648 +0.79 63124 200 | 51/7
M 9010 Japan N-RCT 87 / / 7 057 x030 | 11 344
520 59.0 21 22
Ch Chi NA | NA | 29/0  40/5
an 2012 na N-RCT 74 +103  +110 / / +12 13 217 | 29/16
69.0 67.0 19 17
Hirok 82 174 | 101 21/3
roKaWa o011 Japan N-RCT 31 +73 +73 / ! / / +07 06 | 73 | 16/5
563 610 40/ 29 23
h hi 1 st A | NA
Cheng 2012 China N-RCT 104 +123 111 o SUB. 5000 e s N
32 27
7h hi
ang 2014 China N-RCT 66 4713 5213 252 372 270 3772 | +10 | +11 | 252 | 3207
502 527 113/ 148 24 23 89/ | 107
Wang China / / NA NA / /
2015 N-RCT 290 1001 | +£109 15 14 £09  +07 | 39 55
525 536
Song 2015 Korea N-RCT 117% +08 +109 31/8  58/20 | 39/0 78/0 NA NA 327 | 6513
735 73.7 26 25 28/

h hi 41 1 A A

Chen 2018 China N-RCT 105 +35 +29 /7| 56 | N N +114  +£12 20 | 3027
553 56.0 24 24
P Chi 46/5 | 456 | 48/3 49/

h 2018 na N-RCT 102* +143  +143 / / / / +10 | +£09 | 43/8  43/8
Xia 2019 China RCT 240 53.0 + 838 216/24 NA | NA NA NA | NA | NA
Xiao 2019 China N-RCT 35 NA NA 10/1 18/6 | 11/0 | 24/0  NA NA 56| 11/13

Chin 56.6 582 25 25 37/
Feng 2020 N-RCT 96* +9, +75 4206 4206  47/1  46/2 | +05  +05 | 11 | 34/14
Chin 503 509 108/ | 104/ | 120/ 24 22 | 106/ | 106/
Lu 2020 N-RCT 240* £105 | +116 12 16 0 1200 +11 @ +10 | 14 14
Wang 2020 China N-RCT 71* NA NA 232  40/6 NA | NA | <3(20) <3(39) 19/6 @ 38/8
hi 194/ 191 | 222/ <3 <3 71 172
ma
Zhong 2021 N-RCT 454+ NA NA 33 36 5 243 (128) (135 | 56 55
hin 532 552 29 34
Shi 2022 N-RCT e +113  +100 175  17/5 NA | NA  +14  +13 | 14/8 157
China 520 53.0 25 24
Wang 2023 N-RCT 120¢ +89 | +140 546 546 NA NA | +04  +04  NA NA
Chin 56.1 57.6 66/ 63/ 46 49 62/
Wan 2023 N-RCT 152¢ +87 +84 10 697 13 615 +21 | +21 | 14 5719

RH, repeat hepatectomy; TAT, thermal ablation therapy; NA, not available; RCT, randomized controlled trial; NOS, Newcastle-Ottawa scale; SD, standard deviation.
*Data after propensity matching scores.

group was 0.5% (4/805), while that of the TAT group was 0.2% (2/ Sensitivity ana[ysis and pu blication bias
890). The heterogeneity of these trials was low (I = 48%); therefore,

the fixed effect model was used to pool data. Meta-analysis results Sensitivity analysis was conducted by sequentially excluding
indicated no statistically significant difference in perioperative  individual studies and subsequently performing a pool analysis
mortality between the two groups (OR=2.11, 95%CI 0.54~8.19,  again. The findings demonstrated that the results of overall survival
P=0.28) (Figure 5). and recurrence-free survival were basically consistent with the
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Hazard Ratio Hazard Ratio

_Study or log[Hazard Ratio] SE Weight V. Fixed, 95% Cl IV, Fixed, 95% Cl
Hirokawa 2011 2.83 394 0.0% 0.06[0.00, 133.25]
Cheng 2012 071 104 03%  0.49[0.06,3.77] —
Lu 2020 065 025 52%  0.52[0.32,0.85] I
Wang 2014 0.56 019 9.0%  0.57[0.39,0.83] -
Wan 2023 054 021 7.4%  0.58[0.39,0.88] -
Xiao 2019 05 026 48% 0.61[0.36,1.01] -
Wang 2023 037 03 36% 069[0.38 1.24] T
Xia 2019 0.25 019 9.0%  0.78[0.54,1.13] -
wang 2020 023 08 05% 0.79[0.17,3.81] —
Choi 2007 012 126 0.2% 0.89[0.08, 10.48]
Zhong 2021 0.1 014 166%  0.90[0.69, 1.19] -
Chan 2011 008 034 28% 092[0.47,1.80] b
Peng 2018 0.04 035 27%  0.96[0.48,1.91] T
Zhang 2014 003 027 45%  0.97[0.57,1.65] -
Shi 2022 001 054 11%  0.99[0.34,2.85] [ —
Liang 2008 041 041 269%  1.12[0.90, 1.38] -
Ueno 2008 023 093 04%  1.26[0.20,7.79] —
Feng 2020 025 053 12%  1.28[0.45,3.63] B —
Umeda 2010 027 041 19%  1.31[0.59,2.93] T
Chen 2018 038 043 18%  1.46[0.63,3.40] I
Song 2015 077 138  02% 2.16[0.14,32.29]
Total (95% CI) 100.0%  0.85 [0.76, 0.95] ¢
Heterogeneity: Chi? = 25.31, df = 20 (P = 0.19); I = 21% t t t t
Test for overall effect: Z = 2.86 (P = 0.004) 005 02 AT 20

FIGURE 2

Forest plots of pooled data on overall survival.

original results, indicating that the meta-analysis results were
robust. Figure 6 illustrates the funnel plot of the included studies.
Notably, all plots within the funnel plot display a symmetrical
distribution, indicating an absence of discernible publication bias in
this meta-analysis.

Discussion

Recurrence following hepatectomy poses a formidable challenge in
the management of HCC (6). When addressing recurrent HCC, it is
imperative to concurrently pursue the comprehensive elimination of
the tumor and the optimal preservation of residual liver function (5).
RHR and TAT stand out as commonly employed modalities for
treating recurrent HCC (6). During the initial operation, only a
portion of the liver tissue is retained post-hepatectomy, resulting in a
significantly diminished liver function reserve compared to the first
intervention (12). Additionally, postoperative adhesions pose
substantial challenges to reoperation. RHR, with its associated
heightened risks of bleeding, infection, and liver failure, exacerbates
the complexity of treating recurrent HCC (38). Consequently, some
scholars advocate for the utilization of TAT in the management of

Hazard Ratio

RHR [27].
of patients

recurrent HCC, asserting its comparable efficacy to
Literature has reported that only approximately 30%
experiencing recurrence after HCC resection have the opportunity
for subsequent re-resection, with thermal ablation offering a relatively
broad range of applicability (39). Nonetheless, an ongoing debate
persists regarding the survival benefits of both RHR and TAT in
patients with recurrent HCC (12, 30).

Previous meta-analysis have reported that there was no
significant difference between RH and TAT in terms of OS and
REFS for patients with recurrent HCC (13). Additionally, RH was
associated with higher postoperative complications and mortality
(15). However, we conducted a meta-analysis by incorporating
newly published studies (16-18) that met the inclusion criteria
and re-including data after propensity score matched (16-18, 31,
33, 35-38), which yielded different results from the previous
studies. Our findings demonstrate that RH is superior to TAT in
terms of OS and RFS in patients with recurrent HCC. This
superiority may be attributed to the ability of RH to more
thoroughly remove tumor tissue, thereby reducing the risk of
residual cancer cells and their spread (18). Moreover, RH proves
more effective in controlling local disease, which is crucial for
prolonging patient survival time (16). Our sensitivity analysis

Hazard Ratio

_Study or log[Hazard Ratio] SE Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Ueno 2008 -0.6 257 0.1% 0.55[0.00,84.53] ¢ 4
Shi 2022 -0.47 0.17 13.6% 0.63[0.45,0.87] -
Wang 2023 -0.42 0.24 6.8% 0.66[0.41, 1.05] /]
Zhong 2021 -0.32 0.11 326% 0.73[0.59, 0.90] -
Chen 2018 -0.26 0.34 3.4% 0.77[0.40, 1.50] -1
Xia 2019 -0.23 0.18 122% 0.79[0.56, 1.13] -
Wan 2023 -018 02 9.8% 0.84[0.56, 1.24] -
wang 2020 -0.09 0.27 5.4% 0.91[0.54,1.55] T
Chan 2011 -0.08 0.31 4.1%  0.92[0.50, 1.69] 1
Song 2015 0.1 033 3.6% 1.11[0.58,2.11] -
Peng 2018 0.11 029 47% 1.12[0.63,1.97] -
Zhang 2014 019 043 21% 1.21[0.52,2.81] -
Hirokawa 2011 0.24 1.26 0.2% 1.27[0.11, 15.02]
Feng 2020 1.08 0.55 1.3% 2.94[1.00, 8.65]
Total (95% CI) 100.0%  0.79 [0.70, 0.90] ) ¢ )
Heterogeneity: Chi? = 13.02, df = 13 (P = 0.45); I = 0% t t t !
Test for overall effect: Z = 3.71 (P = 0.0002) 002 01 RHR ! TAT 1 50

FIGURE 3
Forest plots of pooled data on recurrence free survival.
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RHR TAT
Lu 2020 5 120 10 120 15.8%
Feng 2020 4 48 4 48 12.9%
Chen 2018 1 48 0 57 4.7%
Xia 2019 7 120 2 120 11.8%
Zhong 2021 43 227 12 227 19.6%
Wan 2023 12 76 3 76 14.0%
Song 2015 2 39 0 78  51%
Shi 2022 5 22 0 22 5.4%
Liang 2008 4 44 0 66  5.4%
wang 2020 5 25 0 46 54%

Total (95% Cl)
Total events 88 31

Heterogeneity: Tau? = 0.70; Chi? = 19.11, df = 9 (P = 0.02); I = 53%
Test for overall effect: Z = 2.93 (P = 0.003)

769 100.0%

FIGURE 4
Forest plots of pooled data on severe postoperative complications.

confirms the robustness of our meta-analysis results, further
enhancing the reliability of these findings.

Similarly, it is imperative to acknowledge that TAT represents a
technical modality for tumor ablation utilizing high-temperature
physical methods, encompassing radiofrequency and microwave
ablation techniques (40). TAT possesses distinctive advantages and
can be performed via percutaneous, laparoscopic, or open surgery
approaches (41). Percutaneous TAT is widely employed in clinical
practice as it obviates the need for traditional open surgery (42),
thereby reducing patient’s pain and recovery time while enhancing
surgical safety. Currently, TAT exhibits extensive applicability
across various types and sizes of liver cancer including primary
and secondary liver cancer (43). Due to its minimal invasiveness
and low postoperative complications, TAT is also regarded as an

10.3389/fonc.2024.1370390

Odds Ratio Odds Ratio
- - o

0.48[0.16, 1.44]
1.00 [0.24, 4.25)
3.63[0.14,91.22]
3.65[0.74, 17.97] T
4.19[2.14,8.18]
456 [1.23, 16.89]
10.47 [0.49, 223.49]
14.14[0.73, 273.39] 1
14.78[0.78, 281.71] 1
24.95 [1.32, 472.60]

>

0.1 10

3.23[1.48, 7.07]

0.001 1000

RHR TAT

appropriate treatment option for HCC (12). The findings of this
meta-analysis further validate that the perioperative complication
rate associated with TAT for recurrent liver cancer is significantly
lower compared to that observed with RH. The lower complication
rate means patients recover faster and have a shorter hospital stay,
making it a potentially safer option for those who can’t handle
major surgery.

However, it is important to note that our study did not find any
statistically significant difference in perioperative mortality rates
between the two treatment modalities. This shows that although
surgery and ablation are technically and operationally different,
they are both acceptable in terms of safety. Additionally, it should
be acknowledged that while targeting the tumor with TAT, thereis a
possibility of overlooking certain adjacent satellite lesions (44).

RHR TAT Odds Ratio 0Odds Ratio
_Study or Subgroup  Events Total Events Total Weight M-H. Fixed.95% Cl M-H, Fixed. 95% CI
Shi 2022 0 22 0 22 Not estimable
Wan 2023 0 76 0 76 Not estimable
Peng 2018 0 51 0 51 Not estimable
Xia 2019 0 120 0 120 Not estimable
Feng 2020 0 48 0 48 Not estimable
Lu 2020 0 120 0 120 Not estimable
wang 2020 0 25 0 46 Not estimable
Chan 2011 0 29 1 45 39.8%  0.50[0.02, 12.77] ol
Zhong 2021 2 227 1 227 33.9% 2.01[0.18,22.31] =
Chen 2018 1 48 0 57 152% 3.63[0.14,91.22] -
Song 2015 1 39 0 78 11.1% 6.12[0.24, 153.67] I
Total (95% CI) 805 890 100.0%  2.11[0.54, 8.19] -
Total events 4 2 . \ , ,
Heterogeneity: Chi? = 1.28, df = 3 (P = 0.73); 2= 0% b t t i
= v 0.001 0.1 1 1000
Test for overall effect: Z = 1.08 (P = 0.28) RHR TAT
FIGURE 5
Forest plots of pooled data on mortality.
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Funnel plot analysis: (A) funnel plot of overall survival; (B) funnel plot of recurrence-free survival.
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Hepatectomy can remove both primary tumor lesions and satellite
lesions metastasized through portal vein branches (30).
Additionally, factors such as tumor morphology, distribution, and
ablation range have a much stronger effect on TAT than RH (45).
These factors may be the reason why RH is superior to TAT in OS
and RFS with recurrent HCC.

The meta-analysis had several limitations. First, almost all the
studies included were retrospective studies and only one RCT's was
included for evaluation. Therefore, potential confounding factors
will reduce the reliability of the meta-analysis results, even if the
included study adopts propensity score matching analysis [33].
Second, most of the studies included in the meta-analysis were
completed in the Asian region, and the results may be affected by
institutional and regional differences. Third, included studies have
different surgical indication for recurrent HCC, and the background
of the two groups of patients in the same study is inevitably
different. Owing to the limitation of data acquisition, this study
did not conduct subgroup analysis on tumor size or number,
cirrhosis, and recurrence time of recurrent HCC. It is not further
clear which patients with recurrent HCC will benefit more from
RH. Above reasons may result in a limitation of the conclusion.
Therefore, a large sample size, multicenter randomized controlled
trial needs to be completed to determine which treatment is most
effective for recurrent HCC.

Conclusion

In conclusion, RH demonstrates a significantly superior survival
benefit compared to TAT in the treatment of recurrent HCC.
Therefore, in clinical decision-making, RH should be considered
as the preferred choice for eligible patients with recurrent HCC.
While, it is also necessary to recognize that TAT is an important
alternative for the management of recurrent HCC.

Author contributions

HZ: Writing - review & editing, Writing - original draft,
Visualization, Validation, Supervision, Software, Resources, Project
administration, Methodology, Investigation, Formal analysis, Data

References

1. Forner A, Reig M, Bruix J. Hepatocellular carcinoma. Lancet. (2018) 391:1301-14.
doi: 10.1016/S0140-6736(18)30010-2

2. Belghiti ], Cortes A, Abdalla EK, Régimbeau J-M, Prakash K, Durand F, et al.
Resection prior to liver transplantation for hepatocellular carcinoma. Ann Surg. (2003)
238:885-892; discussion 892-893. doi: 10.1097/01.s1a.0000098621.74851.65

3. Guerrini GP, Gerunda GE, Montalti R, Ballarin R, Cautero N, De Ruvo N, et al.
Results of salvage liver transplantation. Liver Int. (2014) 34:¢96-e104. doi: 10.1111/
liv.12497

4. Menahem B, Lubrano ], Duvoux C, Mulliri A, Alves A, Costentin C, et al. Liver
transplantation versus liver resection for hepatocellular carcinoma in intention to treat:
An attempt to perform an ideal meta-analysis. Liver Transpl. (2017) 23:836-44.
doi: 10.1002/1t.24758

Frontiers in Oncology

10.3389/fonc.2024.1370390

curation, Conceptualization. RD: Writing - original draft,
Visualization, Validation, Supervision, Software, Resources, Project
administration, Methodology, Investigation, Formal analysis, Data
curation, Conceptualization. TZ: Writing - review & editing,
Visualization, Validation, Supervision, Software, Resources, Project
administration, Methodology, Investigation, Formal analysis, Data
curation, Conceptualization. WW: Writing - original draft,
Visualization, Validation, Supervision, Software, Resources, Project
administration, Methodology, Investigation, Formal analysis, Data
curation, Conceptualization.

Funding

The author(s) declare that no financial support was received for
the research, authorship, and/or publication of this article.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fonc.2024.1370390/
full#supplementary-material

5. Lee MW, Lim HK. Management of sub-centimeter recurrent hepatocellular
carcinoma after curative treatment: Current status and future. World ] Gastroenterol.
(2018) 24:5215-22. doi: 10.3748/wjg.v24.i46.5215

6. Wen T, Jin C, Facciorusso A, Donadon M, Han H-S, Mao Y, et al.
Multidisciplinary management of recurrent and metastatic hepatocellular carcinoma
after resection: an international expert consensus. Hepatobiliary Surg Nutr. (2018)
7:353-71. doi: 10.21037/hbsn.2018.08.01

7. Akoad ME, Pomfret EA. Surgical resection and liver transplantation for hepatocellular
carcinoma. Clin Liver Dis. (2015) 19:381-99. doi: 10.1016/j.cld.2015.01.007

8. Kobayashi Y, Shindoh J, Igata Y, Okubo S, Hashimoto M. A novel scoring system
for evaluating the difficulty of lysis of adhesion and surgical risk at repeat hepatectomy.
J Hepatobiliary Pancreat Sci. (2020) 27:191-9. doi: 10.1002/jhbp.708

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fonc.2024.1370390/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2024.1370390/full#supplementary-material
https://doi.org/10.1016/S0140-6736(18)30010-2
https://doi.org/10.1097/01.sla.0000098621.74851.65
https://doi.org/10.1111/liv.12497
https://doi.org/10.1111/liv.12497
https://doi.org/10.1002/lt.24758
https://doi.org/10.3748/wjg.v24.i46.5215
https://doi.org/10.21037/hbsn.2018.08.01
https://doi.org/10.1016/j.cld.2015.01.007
https://doi.org/10.1002/jhbp.708
https://doi.org/10.3389/fonc.2024.1370390
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Dong et al.

9. Ryu T, Takami Y, Wada Y, Hara T, Sasaki S, Saitsu H. Efficacy of surgical
microwave ablation for recurrent hepatocellular carcinoma after curative hepatectomy.
HPB (Oxford). (2020) 22:461-9. doi: 10.1016/j.hpb.2019.08.001

10. Ueno M, Uchiyama K, Ozawa S, Nakase T, Togo N, Hayami S, et al. Prognostic
impact of treatment modalities on patients with single nodular recurrence of
hepatocellular carcinoma. Surg Today. (2009) 39:675-81. doi: 10.1007/s00595-008-
3942-0

11. Zhang T, Li K, Luo H, Zhang W, Zhang L, Gao M. Long-term outcomes of
percutaneous microwave ablation versus repeat hepatectomy for treatment of late
recurrent small hepatocellular carcinoma: a retrospective study. Natl Med ] China.
(2014) 94:2570-1. doi: 10.3760/cma.j.issn.0376-2491.2014.33.004

12. Xia Y, Li J, Liu G, Wang K, Qian G, Lu Z, et al. Long-term effects of repeat
hepatectomy vs percutaneous radiofrequency ablation among patients with recurrent
hepatocellular carcinoma: A randomized clinical trial. JAMA Oncol. (2020) 6:255.
doi: 10.1001/jamaoncol.2019.4477

13. Yuan B-H, Zhu Y-K, Zou X-M, Zhou H-D, Li R-H, Zhong J-H. Repeat hepatic
resection versus percutaneous ablation for the treatment of recurrent hepatocellular
carcinoma: meta-analysis. BJS Open. (2022) 6:zrac036. doi: 10.1093/bjsopen/zrac036

14. Yang Y, Yu H, Tan X, You Y, Liu F, Zhao T, et al. Liver resection versus
radiofrequency ablation for recurrent hepatocellular carcinoma: a systematic review and
meta-analysis. Int ] Hyperthermia. (2021) 38:875-86. doi: 10.1080/02656736.2021.1933218

15. Liu J, Zhao J, Gu H a. O, Zhu Z. Repeat hepatic resection VS radiofrequency
ablation for the treatment of recurrent hepatocellular carcinoma: an updated meta-
analysis. Minim Invasive Ther Allied Technol. (2022) 31:332-41. doi: 10.1080/
13645706.2020.1839775

16. Shi T, Xu C, Feng Y, Wei Y, Lv H, Zhu Q. Surgical resection versus
radiofrequency ablation for early recurrent hepatocellular carcinoma. Eur |
Gastroenterol Hepatol. (2022) 34:844-51. doi: 10.1097/MEG.0000000000002393

17. Wang W-Q, Lv X, Li ], Li ], Wang J-L, Yuan T, et al. Repeat hepatectomy versus
microwave ablation for solitary and small (<3 cm) recurrent hepatocellular carcinoma
with early or late recurrence: A propensity score matched study. Eur J Surg Oncol.
(2023) 49:1001-8. doi: 10.1016/j.¢js0.2022.12.016

18. Wan W, Zhang H, Ji T, Zhang L, Luo K, Xiong D. Optimal treatment strategy for
recurrent hepatocellular carcinoma based on recurrence time and tumor size: A
propensity score matching study. Clinics Res Hepatol Gastroenterol. (2023)
47:102157. doi: 10.1016/j.clinre.2023.102157

19. Moher D, Shamseer L, Clarke M, Ghersi D, Liberati A, Petticrew M, et al.
Preferred reporting items for systematic review and meta-analysis protocols (PRISMA-
P) 2015 statement. Syst Rev. (2015) 4:1. doi: 10.1186/2046-4053-4-1

20. Parmar MK, Torri V, Stewart L. Extracting summary statistics to perform meta-
analyses of the published literature for survival endpoints. Stat Med. (1998) 17:2815-34.
doi: 10.1002/(sici)1097-0258(19981230)17:24<2815::aid-sim110>3.0.co;2-8

21. Eisele RM, Chopra SS, Lock JF, Glanemann M. Treatment of recurrent
hepatocellular carcinoma confined to the liver with repeated resection and
radiofrequency ablation: a single center experience. Technol Health Care. (2013)
21:9-18. doi: 10.3233/THC-120705

22. Wang C, Li K, Huang Z, Yuan Y, He W, Zheng Y, et al. Repeat hepatectomy
versus percutaneous ablation for recurrent hepatocellular carcinoma: emphasis on the
impact of early or late recurrence. J Cancer Res Clin Oncol. (2023) 149:15113-25.
doi: 10.1007/s00432-023-05286-w

23. LuoJ, Wu F, Tang M. Comparison of reoperation and adiofrequency ablation for
recurrent small hepatocellular carcinoma. Chin J Gen Surg. (2011) 20:676-9.

24. Choi G-H, Kim D-H, Kang C-M, Kim K-S, Choi J-S, Lee W-], et al. Prognostic
factors and optimal treatment strategy for intrahepatic nodular recurrence after
curative resection of hepatocellular carcinoma. Ann Surg Oncol. (2008) 15:618-29.
doi: 10.1245/510434-007-9671-6

25. Liang H-H, Chen M-S, Peng Z-W, Zhang Y-J, Zhang Y-Q, Li J-Q, et al.
Percutaneous radiofrequency ablation versus repeat hepatectomy for recurrent
hepatocellular carcinoma: A retrospective study. Ann Surg Oncol. (2008) 15:3484-93.
doi: 10.1245/510434-008-0076-y

26. Umeda Y, Matsuda H, Sadamori H, Matsukawa H, Yagi T, Fujiwara T. A
prognostic model and treatment strategy for intrahepatic recurrence of hepatocellular
carcinoma after curative resection. World J Surg. (2011) 35:170-7. doi: 10.1007/s00268-
010-0794-8

27. Hirokawa F, Hayashi M, Miyamoto Y, Asakuma M, Shimizu T, Komeda K, et al.
Appropriate treatment strategy for intrahepatic recurrence after curative hepatectomy

Frontiers in Oncology

08

10.3389/fonc.2024.1370390

for hepatocellular carcinoma. J Gastrointest Surg. (2011) 15:1182-7. doi: 10.1007/
s11605-011-1484-z

28. Chan ACY, Poon RTP, Cheung TT, Chok KSH, Chan SC, Fan ST, et al. Survival
analysis of re-resection versus radiofrequency ablation for intrahepatic recurrence after
hepatectomy for hepatocellular carcinoma. World J Surg. (2012) 36:151-6.
doi: 10.1007/s00268-011-1323-0

29. Ho C-M, Lee P-H, Shau W-Y, Ho M-C, Wu Y-M, Hu R-H. Survival in patients
with recurrent hepatocellular carcinoma after primary hepatectomy: Comparative
effectiveness of treatment modalities. Surgery. (2012) 151:700-9. doi: 10.1016/
j.surg.2011.12.015

30. Wang K, Liu G, LiJ, Yan Z, Xia Y, Wan X, et al. Early intrahepatic recurrence of
hepatocellular carcinoma after hepatectomy treated with re-hepatectomy, ablation or
chemoembolization: A prospective cohort study. Eur J Surg Oncol (EJSO). (2015)
41:236-42. doi: 10.1016/j.€js0.2014.11.002

31. Song KD, Lim HK, Rhim H, Lee MW, Kim Y, Lee W], et al. Repeated Hepatic
Resection versus Radiofrequency Ablation for Recurrent Hepatocellular Carcinoma
after Hepatic Resection: A Propensity Score Matching Study. Radiology. (2015)
275:599-608. doi: 10.1148/radiol. 14141568

32. Chen S, Peng Z, Xiao H, Lin M, Chen Z, Jiang C, et al. Combined radiofrequency
ablation and ethanol injection versus repeat hepatectomy for elderly patients with
recurrent hepatocellular carcinoma after initial hepatic surgery. Int ] Hyperthermia.
(2018) 34:1029-37. doi: 10.1080/02656736.2017.1387941

33. Peng Z, Wei M, Chen S, Lin M, Jiang C, Mei J, et al. Combined transcatheter
arterial chemoembolization and radiofrequency ablation versus hepatectomy for
recurrent hepatocellular carcinoma after initial surgery: a propensity score matching
study. Eur Radiol. (2018) 28:3522-31. doi: 10.1007/s00330-017-5166-4

34. Xiao H, Chen Z-B, Jin H-L, Li B, Xu L-X, Guo Y, et al. Treatment selection of
recurrent hepatocellular carcinoma with microvascular invasion at the initial
hepatectomy. Am ] Transl Res. (2019 11(3):1864-75.

35. Feng Y, Wu H, Huang DQ, Xu C, Zheng H, Maeda M, et al. Radiofrequency
ablation versus repeat resection for recurrent hepatocellular carcinoma (< 5 cm) after
initial curative resection. Eur Radiol. (2020) 30:6357-68. doi: 10.1007/s00330-020-
06990-8

36. Lu L, Mei ], Kan A, Ling Y, Li S, Wei W, et al. Treatment optimization for
recurrent hepatocellular carcinoma: Repeat hepatic resection versus radiofrequency
ablation. Cancer Med. (2020) 9:2997-3005. doi: 10.1002/cam4.2951

37. Wang Y, Liao Y, Liu W, Zhang Y, Yuan Y, Qiu Y, et al. Surgical Resection versus
Re-Ablation for Intrahepatic Recurrent Hepatocellular Carcinoma after Initial Ablation
Therapy. Dig Surg. (2021) 38:46-57. doi: 10.1159/000511157

38. Zhong J-H, Xing B-C, Zhang W-G, Chan AW-H, Chong CCN, Serenari M, et al.
Repeat hepatic resection versus radiofrequency ablation for recurrent hepatocellular
carcinoma: retrospective multicentre study. Br J Surg. (2021) 109:71-8. doi: 10.1093/
bjs/znab340

39. Xu X-F, Xing H, Han J, Li Z-L, Lau W-Y, Zhou Y-H, et al. Risk factors, patterns,
and outcomes of late recurrence after liver resection for hepatocellular carcinoma: A
multicenter study from China. JAMA Surg. (2019) 154:209-17. doi: 10.1001/
jamasurg.2018.4334

40. Koza A, Bhogal RH, Fotiadis N, Mavroeidis VK. The role of ablative techniques
in the management of hepatocellular carcinoma: indications and outcomes.
Biomedicines. (2023) 11:1062. doi: 10.3390/biomedicines11041062

41. Zhu F, Rhim H. Thermal ablation for hepatocellular carcinoma: what’s new in
2019. Chin Clin Oncol. (2019) 8:58. doi: 10.21037/cc0.2019.11.03

42. Vigano L, Laurenzi A, Solbiati L, Procopio F, Cherqui D, Torzilli G. Open liver
resection, laparoscopic liver resection, and percutaneous thermal ablation for patients
with solitary small hepatocellular carcinoma (<30 mm): review of the literature and
proposal for a therapeutic strategy. Dig Surg. (2018) 35:359-71. doi: 10.1159/000489836

43. Liu M, Huang G-L, Xu M, Pan F-S, Lu M, Zheng K-G, et al. Percutaneous
thermal ablation for the treatment of colorectal liver metastases and hepatocellular
carcinoma: a comparison of local therapeutic efficacy. Int ] Hyperthermia. (2017)
33:446-53. doi: 10.1080/02656736.2017.1278622

44. Ding ], Jing X, Wang Y, Wang F, Wang Y, Du Z. Thermal ablation for
hepatocellular carcinoma: a large-scale analysis of long-term outcome and prognostic
factors. Clin Radiol. (2016) 71:1270-6. doi: 10.1016/j.crad.2016.07.002

45. Weinstein JL, Ahmed M. Percutaneous ablation for hepatocellular carcinoma.
AJR Am ] Roentgenol. (2018) 210:1368-75. doi: 10.2214/AJR.17.18695

frontiersin.org


https://doi.org/10.1016/j.hpb.2019.08.001
https://doi.org/10.1007/s00595-008-3942-0
https://doi.org/10.1007/s00595-008-3942-0
https://doi.org/10.3760/cma.j.issn.0376-2491.2014.33.004
https://doi.org/10.1001/jamaoncol.2019.4477
https://doi.org/10.1093/bjsopen/zrac036
https://doi.org/10.1080/02656736.2021.1933218
https://doi.org/10.1080/13645706.2020.1839775
https://doi.org/10.1080/13645706.2020.1839775
https://doi.org/10.1097/MEG.0000000000002393
https://doi.org/10.1016/j.ejso.2022.12.016
https://doi.org/10.1016/j.clinre.2023.102157
https://doi.org/10.1186/2046-4053-4-1
https://doi.org/10.1002/(sici)1097-0258(19981230)17:24%3C2815::aid-sim110%3E3.0.co;2-8
https://doi.org/10.3233/THC-120705
https://doi.org/10.1007/s00432-023-05286-w
https://doi.org/10.1245/s10434-007-9671-6
https://doi.org/10.1245/s10434-008-0076-y
https://doi.org/10.1007/s00268-010-0794-8
https://doi.org/10.1007/s00268-010-0794-8
https://doi.org/10.1007/s11605-011-1484-z
https://doi.org/10.1007/s11605-011-1484-z
https://doi.org/10.1007/s00268-011-1323-0
https://doi.org/10.1016/j.surg.2011.12.015
https://doi.org/10.1016/j.surg.2011.12.015
https://doi.org/10.1016/j.ejso.2014.11.002
https://doi.org/10.1148/radiol.14141568
https://doi.org/10.1080/02656736.2017.1387941
https://doi.org/10.1007/s00330-017-5166-4
https://doi.org/10.1007/s00330-020-06990-8
https://doi.org/10.1007/s00330-020-06990-8
https://doi.org/10.1002/cam4.2951
https://doi.org/10.1159/000511157
https://doi.org/10.1093/bjs/znab340
https://doi.org/10.1093/bjs/znab340
https://doi.org/10.1001/jamasurg.2018.4334
https://doi.org/10.1001/jamasurg.2018.4334
https://doi.org/10.3390/biomedicines11041062
https://doi.org/10.21037/cco.2019.11.03
https://doi.org/10.1159/000489836
https://doi.org/10.1080/02656736.2017.1278622
https://doi.org/10.1016/j.crad.2016.07.002
https://doi.org/10.2214/AJR.17.18695
https://doi.org/10.3389/fonc.2024.1370390
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Repeat hepatectomy versus thermal ablation therapy for recurrent hepatocellular carcinoma: a systematic review and meta-analysis
	Introduction
	Methods
	Search strategies
	Inclusion and exclusion criteria
	Data extraction and quality assessment
	Data synthesis and analysis

	Results
	Search results
	Characteristics and quality of included studies
	Overall survival and recurrence free survival
	Postoperative complications and mortality
	Sensitivity analysis and publication bias

	Discussion
	Conclusion
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


