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Background: Frequent recurrent hepatic metastasis after hepatic metastasectomy is a major obstacle in
the treatment of colorectal liver metastasis (CRLM). We performed the present systematic review to eval-
uate the short- and long-term outcomes after repeat hepatectomy for recurrent CRLM and determine
factors associated with survival in these patients.

Keywords: Data sources: An electronic search of PubMed database was undertaken to identify all relevant peer-
Colorectal cancer reviewed papers published in English between January 2000 and July 2018. Hazard ratios (HR) with 95%
Metastasectomy confidence interval (95% CI) were calculated for prognostic factors of overall survival (0S).

Prognosis Results: The search yielded 34 studies comprising 3039 patients, with a median overall morbidity of

Meta-analysis 23% (range 8%-71%), mortality of 0 (range 0-6%), and 5-year OS of 42% (range 17%-73%). Pooled analysis

showed that primary T3/T4 stage tumor (HR = 1.94; 95% CI: 1.04-3.63), multiple tumors (HR = 1.49;
95% CI: 1.10-2.01), largest liver lesion >5cm (HR = 1.89; 95% CI: 1.11-3.23) and positive surgical margin
(HR = 1.80; 95% CI: 1.09-2.97) at initial hepatectomy, and high serum level of carcinoembryonic antigen
(HR = 1.87; 95% CI: 1.27-2.74), disease-free interval <12 months (HR = 1.34; 95% CI: 1.10-1.62), multiple
tumors (HR = 1.64; 95% Cl: 1.32-2.02), largest liver lesion >5cm (HR = 1.85; 95% CI: 1.34-2.56), positive
surgical margin (HR = 2.25; 95% CI: 1.39-3.65), presence of bilobar disease (HR = 1.62; 95% CI: 1.19-2.20),
and extrahepatic metastases (HR = 1.60; 95% CI: 1.23-2.09) at repeat hepatectomy were significantly
associated with poor OS.
Conclusions: Repeat hepatectomy is a safe and effective therapy for recurrent CRLM. Long-term outcome
is predicted mainly by factors related to repeat hepatectomy.
© 2019 First Affiliated Hospital, Zhejiang University School of Medicine in China. Published by Elsevier
B.V. All rights reserved.

Introduction

Hepatectomy represents a potentially curative treatment for
colorectal liver metastases (CRLM), resulting in a 5-year overall sur-
vival (OS) rate of 40%-60%. Following resection, more than 60% pa-
tients may experience disease recurrence, which is independently
associated with a significantly inferior OS [1]. Approximately 30%
of recurrent metastases were isolated to the liver. Many centers
have demonstrated the therapeutic value of repeat hepatectomy
as the main curative option for treating recurrent CRLM [2-11].
Nonetheless, most published reports were conducted in a single
institution with a small sample size, thus limiting their external
validity and generalizability. The present systematic review was to
evaluate the short- and long-term outcomes after repeat hepatec-
tomy for recurrent CRLM and analyze the prognostic factors for OS.

* Corresponding author.
E-mail address: zhouymsxy@sina.cn (Y.-M. Zhou).
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Methods

This systematic review and meta-analysis was carried out in ac-
cordance with the Preferred Reporting Items for systematic reviews
and meta-analyses statement [12].

Systematic search strategy

An electronic search of PubMed database was undertaken to
identify all related peer-review papers published in English be-
tween January 2000 and July 2018 with MeSH search terms (col-
orectal liver metastases; recurrence; repeat hepatectomy; repeat
hepatic resection; repeat liver resection; hepatectomy). The ref-
erence lists of retrieved articles were reviewed for additional
citations.

Criteria for inclusion and exclusion

Only studies reporting the results of 5-year OS or fac-
tors that may predict survival of recurrent CRLM patients
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Table 1
The characteristics of the included studies.

Studies Year Period of inclusions Country IH (n) IHR after IH RH (n) Resectability M/F? Age® (yr)° PC? AD?
Suzuki et al. [2] 2001 1980-1999 Japan 96 43% 26 63% 17/9 55 - -
Petrowsky et al. [3] 2002 1985-2001 Two countries® 1362 - 126 - 63/63 62 - 54%
Adam et al. [4] 2003 1984-2000 France 615 - 199 - - - 91% -
Takahashi et al. [5] 2003 1992-2001 Japan 120  40% 22 46% - - - 0
Tanaka et al. [6] 2004 1985-2000 Japan 193  45% 26 30% - - - 48%
Sugawara et al. [7] 2005 1991-2001 Japan 106 54% 27 47% 22/5 59 - 33%
Ishiguro et al. [8] 2006 1985-2004 Japan - - 1m - 74/37 59 - -
Pessaux et al. [9] 2006 1992-2002 France 168 - 42 - 25/17 64 67% -
Shaw et al. [10] 2006 1987-2005 UK 784 - 66 - 40/26 61 - -
Yan et al. [11] 2006 1991-2005 Australia 382 - 55 - 3124 62 - -
Nishio et al. [14] 2007 1993-2004 UK 540 - 54 - 34/20 61 1% 24%
Sa Cunha et al. [15] 2007 1985-2000 France 311 45% 40 29% 27/13 63 13% 38%
Thelen et al. [16] 2007 1988-2006 Germany 811 - 94 - - - - 36%
Brachet et al. [17] 2009 1992-2007 France - - 62 - 39/23 62 61% 61%
de Jong et al. [18] 2009 1982-2008 Four countries 1706 - 246 - 165/81 60 - 66%
Andreou et al. [19] 2011 1993-2009 USA - - 43 - 31/12 55 44% 63%
Adair et al. [20] 2012 1993-2010 UK - - 195 - 138/57 63 27% -
Jones et al. [21] 2012 1998-2008 USA 405 37% 52 35% 21/31 56 77% -
Jonsson et al. [22] 2012 1995-2009 Sweden 240 - 32 - 20/12 64 31% 36%
Rolff et al. [23] 2012 1996-2010 Denmark - - 24 - 13/11 52 - -
Kulik et al. [24] 2013  1994-2010 Germany 1026 - 94 - 60/34 58 - -
Neeff et al. [25] 2013  1999-2011 Germany - - 80 - 56/24 - 88% -
Wicherts et al. [26] 2013  1990-2010 France 933 - 288 - 190/98 57 56% 68%
Yamazaki et al. [27] 2013 2004-2011 Japan 268 - 37 - - 67 57% -
Battula et al. [28] 2014 1998-2011 UK 969 - 53 - 29/24 63 6% -
Saiura et al. [29] 2014 1999-2008 Japan 287 - 73 - - - - -
Ali et al. [30] 2015 2001-2013 Italy 16 - 30 - 19/11 62 33% 93%
Lee et al. [31] 2015 1994-2009 Korea 461 - 55 - 36/19 58 - 91%
Hallet et al. [32] 2016 2006-2013 France 2324  30% 447 64% 281/166 61 69% 50%
Denbo et al. [33] 2017 2006-2013 USA - - 98 - 63/35 - 93% -
Dupré et al. [34] 2017 2010-2015 UK 366 - 31 - 24[7 63 42% -
Fukami et al. [35] 2017 1994-2015 Japan 282 - 62 - 44/18 63 - 40%
Nanji et al. [36] 2017 2002-2009 Canada 1310 - 78 - 53/25 56 60% 63%
Neal et al. [37] 2017 2001-2010 UK 488 47% 71 31% 49/22 - 1% 28%

Total (median, range)

44% (30%-54%)

41% (29%-63%) 61 (52-67) 56% (6%-93%) 49% (0-93%)

[H: initial hepatectomy; IHR: intrahepatic recurrence; RH: repeat hepatectomy; M: male; F: female; PC: preoperative chemotherapy; AD: adjuvant chemotherapy.

@ Patients underwent RH.

b Mean or median.

¢ Germany and USA.

d USA, Italy, Switzerland, and Belgium.

undergoing curative-intent resection were considered eligible. Ex-
perimental studies, studies reporting outcomes of patients who un-
derwent local ablation (cryotherapy, radiofrequency or microwave
ablation) other than surgical resection at the time of first treat-
ment or at recurrence of CRLM, studies reporting outcomes of pa-
tients who had a two-stage hepatectomy for initially unresectable
CRLM, abstracts, editorials, expert opinions, and studies with fewer
than 20 patients were excluded.

Data extraction and quality assessment

Data extraction and critical appraisal were independently per-
formed by two authors. Extracted data included first author, year
of publication, study period, sample size, patient demographics,
mortality, morbidity, OS, and prognostic factors for OS. For stud-
ies in which the 1-, 3- and 5-year OS rates were not given directly,
the information was derived from the reported survival graphs. The
quality of each study was classified according to the Oxford Cen-
tre for Evidence-based Medicine Levels of Evidence, ranging from
level 1 to level 5 [13]. Discrepancies between the two reviewers
were resolved by discussion and consensus.

Statistical analysis

Data are presented as median (range) unless otherwise stated.
The meta-analysis was conducted using Review Manager (RevMan),
version 5.3 software (The Cochrane Collaboration, Software Update,
Oxford). A random-effects model using the hazard ratios (HR) with

95% confidence interval (95% CI) from univariate analysis or mul-
tivariate analysis obtained from each study was calculated for the
prognostic factors of 0S: a HR > 1 represents worse outcome for
the test category versus the reference category. Heterogeneity be-
tween studies was assessed with a x 2 test and I2, with significance
set at P < 0.1.

Results

Fig. 1 shows the process of identifying articles for review. The
initial search strategy yielded 2268 studies, of which 34 pub-
lications including a total of 3039 patients undergoing repeat
hepatectomy met the inclusion criteria and were included for
analysis [2-11,14-37]. All studies were retrospective nature and
classified as level 4 evidence. Table 1 summarizes the characteris-
tics of the analyzed studies. The median (range) age at time of re-
peat hepatectomy was 61 (52-67) years with a pooled male/female
ratio of 1:0.56. A laparoscopic approach was used in one study
with four patients overall [35], and the rest was open surgery.

Table 2 summarizes the surgical outcomes after repeat hepa-
tectomy. The median (range) overall morbidity and mortality were
23% (8%-71%) and 0 (0-6%), respectively. The median follow-up pe-
riod ranged from 17 to 61 months. Median (range) OS was 38 (19-
80) months, with 1-, 3-, and 5-year survival of 91% (70%-98%), 56%
(26%-82%), and 42% (17%-73%), respectively.

The data regarding third and fourth hepatectomies were
limited. Twenty-two articles reported a third hepatectomy in-
volving a total of 361 patients [2,4,5,7-10,14,17-21,24-28,34-37].
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Table 2
The surgical outcomes after repeat hepatectomy.

Studies NO'.Of RO resection MH Mortality ~ Morbidity Median follow-up - MOS 1-year OS 3-year OS 5-year OS
patients (months) (months)

Suzuki et al. [2] 26 96% 12% 0 27% - 31 81% 62% 32%
Petrowsky et al. [3] 126 79% 29% 2% 28% 59 37 86% 51% 34%
Adam et al. [4] 199 88% 59% 3% 23% 32 - 88% 54% 35%
Takahashi et al. [5] 22 77% 9% 0 18% 23 23 82% 49% 49%
Tanaka et al. [6] 26 - - 0 30% 21 32 70% 48% 48%
Sugawara et al. [7] 27 96% 26% 0 22% 43 11 83% 68% 49%
Ishiguro et al. [8] 111 84% 12% 0 14% 43 43 91% 74% 41%
Pessaux et al. [9] 42 - - 0 14% - 25 74% 37% 21%
Shaw et al. [10] 66 - 21% 0 18% 32 56 94% 68% 44%
Yan et al. [11] 55 - - 0 29% 30 53 94% 62% 49%
Nishio et al. [14] 54 46% 15% 6% 19% - 50 89% 53% 46%
Sa Cunha et al. [15] 40 88% 28% 3% 43% 31 32 93% 55% 31%
Thelen et al. [16] 94 85% 48% 3% 23% - 27 89% 55% 38%
Brachet et al. [17] 62 95% 24% 0 18% - 35 - - 31%
de Jong et al. [18] 246 90% 21% 1% 21% - 42 91% 52% 33%
Andreou et al. [19] 43 86% 12% 0 12% 33 - 96% 82% 73%
Adair et al. [20] 195 48% 17% 2% 20% - 25 91% 44% 29%
Jones et al. [21] 52 - 21% 2% 27% 19 19 84% 26% 17%
Jonsson et al. [22] 32 - - 0 71% - - 93% 54% 40%
Rolff et al. [23] 24 92% - 0 24% - - 95% 47% 42%
Kulik et al. [24] 94 94% 16% 0 10% - 48 - - -
Neeff et al. [25] 80 79% 35% 3% 53% 61 60 97% 62% 50%
Wicherts et al. [26] 288 61% 17% 2% 34% 45 44 - 58% 41%
Yamazaki et al. [27] 37 - - 0 25% - - 92% 52% 36%
Battula et al. [28] 53 89% 19% 0 8% 32 45 85% 61% 52%
Saiura et al. [29] 73 - - - - - - 95% 75% 67%
Al et al. [30] 30 77% 40% 0 - 25 - 93% 56% 45%
Lee et al. [31] 55 100% - 0 1% 39 - 93% 59% 43%
Hallet et al. [32] 447 - 26% 1% 29% 17 - 94% 78% 57%
Denbo et al. [33] 98 88% 22% - - 35 35 - 69% 44%
Dupré et al. [34] 31 - 26% 0 39% 36 33 93% 52% 22%
Fukami et al. [35] 62 89% 13% 1% 12% - 80 98% 80% 57%
Nanji et al. [36] 78 - 31% 6% - 50 45 91% 57% 45s
Neal et al. [37] 71 62% 17% 1% 21% - 38 - 53% 22%

Total (median, range) 88% (46%-100%) 21% (9%-59%) 0 (0-6%)

23% (8%-71%) 33 (17-61)

38 (19-80) 91% (70%-98%) 56% (26%-82%) 42% (17%-73%)

MH: major hepatectomy; OS: overall survival; MOS: median OS.

Records identified through
database searching
(n=2268)

Records screened (n=2268) |—> Rﬁz‘zﬁ?;zi‘:?ss:2187)

Full-text articles excluded (n=47):
Editorials (n=3)
Reviews (n=8)
Duplicates (n=5)
No data on outcome (n=28)
Less than 20 patients (n=3)

v

Full-text articles assessed
for eligibility (n=81)

Studies included in qualitative
synthesis (n=34)

Fig. 1. Selection of articles for review.

Data were available on morbidity in six studies with a median
(range) value of 26% (19%-33%) [2,4,9,17,18,27]. Data were available
on mortality in 18 studies with a median (range) value of 0 (0-8%)
[2,4,5,7-10,14,17-19,24-28,34,37]. Data were available on median
0S in six studies with a median (range) value of 42 (16-52)
months [9,17,18,24,26,37]. Data were available on 5-year survival
in six studies with a median (range) value of 35% (24%-45%)
[4,9,17,18,26,27].

Twelve articles reported a fourth hepatectomy involving a total
of 42 patients [7,9,10,14,17,18,20,24-26,35,37]. There were no peri-
operative deaths. Data were available on morbidity in four studies
with a median (range) value of 34% (0-50%) [9,17,18,24]. One study
reported median OS of 19 months [18]. None of these studies pre-
sented data on 1-, 3-, and 5-year survival.

The results of the meta-analysis for prognostic variables after
repeat hepatectomy are shown in Table 3.

Four studies [3,16,25,32] including 747 patients reported pri-
mary T3/T4 stage tumor as a prognostic factor (HR=1.94; 95% CI:
1.04-3.63). Heterogeneity between studies was low and not signif-
icant (12 = 39%, P = 0.18; Fig. 2A).

Four studies [3,17,24,37] including 353 patients reported mul-
tiple tumors at initial hepatectomy as a prognostic factor
(HR = 1.49; 95% CI: 1.10-2.01). There was no significant hetero-
geneity between studies (I> = 0, P = 0.93; Fig. 2B).

Five studies [3,17,19,24,37] including 396 patients reported
largest liver lesion >5cm at initial hepatectomy as a prognostic
factor (HR = 1.89; 95% CI: 1.11-3.23). However, there was signif-
icant heterogeneity between studies (2 = 57%, P = 0.06; Fig. 2C),
indicating high levels of inconsistency of effect for this outcome.

Five studies [3,17,19,30,37] including 332 patients reported pos-
itive surgical margin at initial hepatectomy as a prognostic factor
(HR = 1.80; 95% CI: 1.09-2.97). Heterogeneity between studies was
moderate and not significant (2 = 15%, P = 0.32; Fig. 3A).

Six studies [14,17,18,26,32,37] including 1168 patients re-
ported high serum level of carcinoembryonic antigen at repeat
hepatectomy as a prognostic factor (HR = 1.87; 95% CI: 1.27-2.74).
There was no statistical heterogeneity between studies (I?=5%,
P=0.38; Fig. 3B).
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Table 3
Meta-analysis of prognostic factors.

Variables No. of studies No. of patients ~ HR (95% CI) Pvalue P

Sex: male/female 6 [3,16,17,30,36,37] 461 1.01 (0.76, 1.34) 0.97 0

Age: old/young 6 [3,16,17,24,36,37] 525 0.85 (0.48, 1.51) 0.59 78%

Primary tumor
Site: rectum32?/colon 7 [3,16-18,30,32,37] 1076 1.09 (0.85, 1.39) 0.52 0
Stage:T3-T4/T1-T2 4 [3,16,25,32] 747 1.94 (1.04, 3.63) 0.04 39%
Lymph nodes: positive/negative 6 [3,16,17,30,32,37] 830 1.29 (0.98, 1.71) 0.07 0

Initial hepatectomy
Serum CEA level: high/low 3 [5,17,37] 155 1.93 (0.88, 4.26) 0.10 32%
Synchronous metastasis: yes/no 7 [3,8,16-18,30,31] 724 1.18 (0.96, 1.46) 0.12 0
No. of liver lesion: >1 /1 4 [3,17,24,37] 353 1.49 (1.10, 2.01) 0.01 0
Largest liver lesion: >5/<5 cm 5[3,17,19,24,37] 396 1.89 (1.11, 3.23) 0.02 57%
Tumor margin: positive/negative 5[3,17,19,30,37] 332 1.80 (1.09, 2.97) 0.02 15%
Bilobar disease: yes/no 31[24,30,37] 195 1.29 (0.81, 2.06) 0.29 10%
Anatomical resection: yes/no 2 [17,37] 133 1.52 (0.89, 2.58) 0.13 20%
Major hepatectomy: yes/no 5 [3,16,24,30,37] 415 1.07 (0.79, 1.45) 0.66 0
Adjuvant chemotherapy: no/yes 3 [3,17,37] 259 1.24 (0.88, 1.75) 0.23 0

Repeat hepatectomy
Serum CEA level: high/low 6 [14,17,18,26,32,37] 1168 1.87 (1.27, 2.74) 0.001 5%
Disease-free interval: <12/>12 months 10 [3,7,15,16,24,28,30,32,36,37] 1060 1.34 (1.10, 1.62) 0.003 75%
No. of liver lesion: >1 /1 11 [3,16,17,19,24,30-33,36,37] 1198 1.64 (1.32, 2.03) <0.001 0
Largest liver lesion: >5/<5 cm 7 [3,14,16,20,24,36,37] 712 1.85 (1.34, 2.56) <0.001 21%
Tumor margin: positive/negative 6 [3,14,16,17,26,37] 695 2.25 (1.39, 3.65) 0.001 51%
Bilobar disease: yes/no 6 [3,16,24,28,30,37] 468 1.62 (1.19, 2.20) 0.002 0
Extrahepatic metastases: yes/no 6 [7,15,18,28,32,37] 884 1.60 (1.23, 2.09) <0.001 28%
Anatomical resection: yes/no 2 [17,37] 133 1.32 (0.76, 2.29) 0.32 0
Major hepatectomy: yes/no 6 [16,18,24,28,33,37] 656 1.37 (0.95, 1.97) 0.09 45%
Adjuvant chemotherapy: no/yes 4 [3,1718,37] 505 1.22 (0.87, 1.72) 0.25 0

HR: hazard ratio; CI: confidence interval; OS: overall survival.

Hazard ratio Hazard ratio
Study or subgroup  Log [hazard ratio] SE Weight 1V, Random, 95% CI IV, Random, 95% CI
Hallet et al 2016 0.21 0.49 25.4% 1.23[0.47,3.22] ——
Neeffetal 2013 1.20 0.65 17.5% 3.31[0.93,11.78] T
Petrowsky et al 2002 0.17 0.41 31.2% 1.19 [0.53, 2.65] —m—
Thelen et al 2007 1.34 0.48 25.9% 3.84[1.49,9.87] ——
Total (95% CI) 100.0% 1.94 [1.04, 3.63] -
Heterogeneity: Tau’ = 0.16; Chi* = 4.95, df = 3 (P = 0.18); I' =39% I t t i A
Test for overall effect: Z=2.09 (P = 0.04) 0.01 0.1 1 10 100
Without risk factor With risk factor
Hazard ratio Hazard ratio
Study or subgroup  Log [hazard ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
Brachet et al 2009 0.41 0.35 20.0% 1.50[0.76, 2.96] T
Kulik et al 2013 0.49 0.32 22.9% 1.64 [0.87, 3.09] B
Neal etal 2017 0.21 0.32 23.2% 1.23[0.66, 2.32] ———
Petrowsky et al 2002 0.45 0.27 33.9% 1.57 [0.93, 2.64] S
Total (95% CI) 100.0% 1.49 [1.10, 2.01] <
Heterogeneity: Tau’ = 0.00; Chi’= 0.47,df =3 (P = 0.93); I' = 0% I 1 1 i B
Test for overall effect: Z=2.56 (P = 0.01) 0.01 0.1 1 10 100
Without risk factor With risk factor
Hazard ratio Hazard ratio
Study or subgroup  Log [hazard ratio] SE Weight 1V, Random, 95% CI IV, Random, 95% CI
Andreou etal 2011 2.51 0.90 7.4% 12.36 [2.12,72.06]
Brachet et al 2009 0.57 0.35 22.9% 1.76 [0.88, 3.53] T
Kulik etal 2013 1.02 0.34 23.6% 2.77 [1.42, 5.40] —
Neal et al 2017 0.26 0.40 21.0% 1.29[0.60, 2.80] B
Petrowsky et al 2002 0.10 0.31 25.0% 1.11[0.60, 2.06] ——
Total (95% CI) 100.0% 1.89[1.11, 3.23] -
Heterogeneity: Tau” = 0.20; Chi*=9.23,df = 4 (P = 0.06); I'=57% ' } } { C
Test for overall effect: Z = 2.33 (P = 0.02) 0.01 0.1 1 10 100
Without risk factor With risk factor

Fig. 2. Forest plot showing effect of T3/T4 primary tumor (A), multiple tumors (B) and largest liver lesion >5cm (C) at initial hepatectomy on overall survival. Square: HR;
diamond: pooled HR for all studies.
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Hazard ratio Hazard ratio
Study or subgroup  Log [hazard ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
Alietal 2015 2.20 1.79 2.0% 9.01[0.27,302.13] >
Andreou etal 2011 2.26 091 7.4% 9.55 [1.59, 57.36]
Brachet et al 2009 0.43 0.53 19.6% 1.54 [0.54, 4.40] I e
Neal etal 2017 0.38 0.35 38.1% 1.46 [0.74, 2.89] —1—
Petrowsky et al 2002 0.44 0.39 32.9% 1.56 [0.73, 3.33] T
Total (95% CI) 100.0% 1.80 [1.09, 2.97] <
Heterogeneity: Tau’ = 0.05; Chi’ = 4.69, df = 4 (P = 0.32); ' = 15% I } t i A
Test for overall effect: Z = 2.29 (P = 0.02) 0.01 0.1 1 10 100
Without risk factor With risk factor
Hazard ratio Hazard ratio
Study or subgroup  Log [hazard ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
Brachet et al 2009 0.40 0.36 26.8% 1.49[0.73, 3.04] =
de Jong etal 2009 0.63 0.52 13.7% 1.89 [0.68, 5.20]
Halletetal 2016 0.56 0.38 24.9% 1.751[0.84, 3.67] T
Neal etal 2017 0.12 0.73 7.1% 1.13[0.27, 4.69] e
Nishio et al 2007 1.92 0.62 9.7% 6.80[2.02, 22.94] —
Wicherts et al 2013 0.53 0.45 17.7% 1.70[0.70, 4.13] O
Total (95% CI) 100.0% 1.87 [1.27, 2.74] -
Heterogeneity: Tau’ = 0.01; Chi*=5.27,df =5 (P = 0.38); I' = 5% ' } } i B
Test for overall effect: Z = 3.18 (P = 0.001) 0.01 0.1 1 10 100
Without risk factor With risk factor
Hazard ratio Hazard ratio
Study or subgroup  Log [hazard ratio] SE Weight 1V, Random, 95% CI IV, Random, 95% CI
Ali etal 2015 0.01 0.04 27.3% 1.01[0.94, 1.09] %
Battula etal 2014 0.09 0.04 27.1% 1.10[1.01, 1.18] o
Hallet etal 2016 0.17 0.32 7.1% 1.19[0.63, 2.23] i
Kulik et al 2013 0.66 0.27 9.0% 1.93[1.13,3.30] ——
Nanji etal 2017 2.15 0.58 2.6% 8.60 [2.74, 26.99]
Neal etal 2017 0.70 0.31 7.4% 2.00[1.09, 3.70] —
Petrowsky et al 2002 0.08 0.29 8.3% 1.08 [0.61, 1.90] e
Sa Cunha et al 2007 1.99 0.67 2.0% 7.30[1.96, 27.13]
Sugawara et al 2005 1.02 0.51 3.3% 2.78[1.02, 7.59] ——
Thelen et al 2007 0.09 0.36 6.0% 1.09 [0.54, 2.21] —_—
Total (95% CI) 100.0% 1.34[1.10, 1.62] £+
Heterogeneity: Tau® = 0.03; Chi* = 35.89, df = 9 (P < 0.0001); I = 75% ' } } { C
Test for overall effect: Z=2.95 (P =0.003) 0.01 0.1 1 10 100

Fig. 3. Forest plot showing effect of positive surgical margin at initial hepatectomy (A), high carcinoembryonic antigen level (B) and disease-free interval <12 months (C) at

Without risk factor

repeat hepatectomy on overall survival. Square: HR; diamond: pooled HR for all studies.

With risk factor

Ten studies [3,7,15,16,24,28,30,32,36,37] including 1060 patients
reported disease-free interval <12 months at repeat hepatec-
tomy as a prognostic factor (HR=1.34; 95% CI: 1.10-1.62). How-
ever, there was significant heterogeneity between studies (I? = 75%,
P < 0.001; Fig. 3C), indicating high levels of inconsistency of effect
for this outcome.

Eleven studies [3,16,17,19,24,30-33,36,37] including 1198 pa-
tients reported multiple tumors at repeat hepatectomy as a prog-
nostic factor (HR = 1.64; 95% CI: 1.32-2.02). There was no statistical
heterogeneity between studies (I2 = 0, P = 0.63; Fig. 4A).

Seven studies [3,14,16,20,24,36,37] including 712 patients re-
ported largest liver lesion >5cm at repeat hepatectomy as a prog-
nostic factor (HR=1.85; 95% Cl: 1.34-2.56). Heterogeneity be-
tween studies was low and not significant (I? = 21%, P = 0.27;
Fig. 4B).

Six studies [3,14,16,17,26,37] including 695 patients reported
positive surgical margin at repeat hepatectomy as a prognostic fac-
tor (HR=2.25; 95% CI: 1.39-3.65). However, there was significant
heterogeneity between studies (> = 51%, P = 0.07; Fig. 5A), indi-
cating high levels of inconsistency of effect for this outcome.

Six studies [3,16,24,28,30,37] including 468 patients reported
bilobar disease at repeat hepatectomy as a prognostic factor

(HR = 1.62; 95% CI: 1.19-2.20) without statistical heterogeneity be-
tween studies (I> = 0, P = 0.83; Fig. 5B).

Six studies [7,15,18,28,32,37] including 884 patients reported ex-
trahepatic metastases at repeat hepatectomy as a prognostic factor
(HR = 1.60; 95% CI: 1.23-2.09). Heterogeneity between studies was
low and not significant (I = 28%, P = 0.23; Fig. 5C).

No other factors were found to be predictive of postoperative
prognosis.

Discussion

As the remnant liver is the principal site of recurrence for
CRLM, repeat hepatectomy in selected patients may present a ra-
tionale strategy to achieve a long-term survival. Lam et al. [38] pre-
sented a systematic review of 22 observational studies including
1610 patients on this topic. A significant proportion of studies
(23%) included in their review are from pre-2000 studies, which
may not reflect modern practice. Our broader search strategy since
2000 was able to include 17 studies [9,20,22,24-37] not previously
incorporated in addition to 17 studies [2-8,10,11,14-21]. A strong
strength of the present study is the large number of patients.
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Fig. 4. Forest plot showing effect of multiple tumors (A) and largest liver lesion >5cm (B) at repeat hepatectomy on overall survival. Square: HR; diamond: pooled HR for

all studies.

Repeat hepatectomy is a considerable surgical challenge be-
cause of post-operative adhesions, hypertrophy of the residual liver
and modifications in the anatomy due to the previous hepatec-
tomy, all of which constitute major peri-operative concerns and
risks. However, the present study showed that repeat hepatectomy
could be performed safely with a median morbidity and mortality
of 23% and 0, respectively, which are comparable to those obtained
for patients undergoing initial hepatectomy [24,37]. The safety of
repeat hepatectomy can be guaranteed by careful patient selec-
tion, the use of sophisticated surgical techniques, and meticulous
peri-operative management.

Excellent long-term outcomes were obtained for patients un-
dergoing repeat hepatectomy, with a median 5-year OS rate of 42%.
Significantly, both Saiura et al. [29] and Neal et al. [37] demon-
strated that repeat hepatectomy is an independent favorable prog-
nostic factor for patients with CRLM. Together, these data justify
the role of repeat hepatectomy for recurrent CRLM. In clinical prac-
tice, it is crucial to identify suitable candidates who can benefit
from such invasive therapy. The present study showed that fac-
tors related to repeat hepatectomy have principal prognostic signif-
icance. Of these factors, disease-free interval <12 months, multiple
tumors, and the largest liver lesion >5cm are the greatest predic-
tors of short OS. All these three factors can be easily and routinely
assessed preoperatively. Developing a scoring index based on these
factors would hopefully help better select patients for surgical re-
section, and further studies are needed to address this important
issue.

Remarkably, neither the type (anatomic or nonanatomic) nor
the extent (major or minor) of resection at initial or repeat hep-
atectomy has significant impact on survival. Parenchymal-sparing
hepatectomy should therefore be preferred, obviating the need for
resection of large amounts of uninvolved parenchyma, if margin-

negative resection is feasible. This practice is supported by the the-
oretical concept that CRLM rarely harbors micrometastases adja-
cent to the liver metastasis and the width of a negative surgical
margin does not affect the risk of local recurrence or survival [39].

Recently, radiofrequency ablation (RFA) has been used as a re-
gional treatment method to treat primary and metastatic liver tu-
mors. Although RFA has fewer postoperative complications, lower
costs, and a shorter length of hospital stay compared with those of
hepatectomy, incomplete tumor necrosis and local recurrence re-
main limitations of the procedure. Generally, RFA is recommended
for patients who are not optimal candidates for resection and con-
demned to palliative chemotherapy, rather than being used as a
first-line therapeutic option for recurrent CRLM [40].

Theoretically, adjuvant chemotherapy (AD) is effective in resid-
ual micrometastases in the remnant liver. However, survival in pa-
tients who underwent repeat hepatectomy was not influenced by
AD in our study, probable due to the small sample size, which
may render the statistical power insufficiency. Given the well-
established benefit of AD in stage II-Ill colorectal cancer after
surgery [41], it seems rational to administer AD for recurrent CRLM
using modern regimens.

This review is weakened by the heterogeneity of the included
papers, knowing that there were differences in patient selection
criteria, surgical skills, peri-operative chemotherapy regimens and
follow-up strategies and durations among different centers and
institutions. As a result, a test for heterogeneity was significant
for several outcomes analyzed. In addition, only articles pub-
lished in English were included, which may induce publication
bias.

In conclusion, repeat hepatectomy is a safe and effective ther-
apy for recurrent CRLM. Factors that related to repeat hepatectomy
have principal prognostic significance.
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Fig. 5. Forest plot showing effect of positive surgical margin (A), bilobar disease (B) and extrahepatic metastases (C) at repeat hepatectomy on overall survival. Square: HR;

diamond: pooled HR for all studies.
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