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Meta-analysis of clinical outcome after
first and second liver resection for
colorectal metastases

Anthony Antoniou, FRCS,” Richard E. Lovegrove, MRCS,” Henry S. Tilney, MRCS,*
Alexander G. Heriot, MD, FRCS,* Timothy G. John, MD, FRCS,? Myrddin Rees, MS, FRCS,?
Paris P. Tekkis, MD, FRCS,* and Fenella K.S. Welsh, MD, FRCS,? London and Basingstoke,

United Kingdom

Background. The perioperative risk and long-term survival benefit of repeat hepatectomy for patients
with liver metastases from colorectal cancer, compared with that of a first liver resection, has been

reported with varying results in the literature.

Methods. The literature was searched using Medline, Embase, Ovid, and Cochrane databases for all
studies published from 1992 to 2006. Two authors independently extracted data using the following
outcomes: postoperative complications and mortality; disease recurrence; and long-term survival. Trials
were assessed using the modified Newcastle-Ottawa Score. Random-effect meta-analytical techniques

were used for analysis.

Results. Twenty-one studies met the inclusion criteria, comprising 3,741 patients. The use of adjuvant
chemotherapy was similar in both groups (odds ratio [OR] = 0.97; 95% confidence interval [CI] =
0.54, 1.74; P = .92), as was the number of hepatic nodules present at the time of first or second
resection (weighted mean difference [WMD] = 0.18; 95% CI = —0.22, 0.57; P = .380). Wedge
resection was carried out less often at first hepatectomy (39% vs 46 %; OR = 0.66; 95% CI = 0.44,
1.00; P = .05). There was significantly less blood loss in patients undergoing first versus second
hepatectomy (WMD = 238 ml; 95% CI = 90, 385; P = .002). There was no difference in
perioperative morbidity (OR = 1.01; 95% CI = 0.65, 1.55; P = .98), mortality (OR = 1.01; 95%
CI= 0.18, 5.72; P = .99) or long-term survival (HR = 0.90; 95% CI = .66, 1.24; P = .530)

between groups.

Conclusions. Repeat hepatectomy for patients with colorectal cancer metastases is safe and provides
survival benefit equal to that of a first liver vesection. (Surgery 2007;141:9-18.)

From the Imperial College London, Department of Biosurgery and Surgical Technology, St. Mary’s Hospital,
London, and the Department of Hepatobiliary Surgery, North Hampshire Hospitals NHS Trust, Basingstoke,

United Kingdom

COLORECTAL CANCER is common, with 34,000 new
cases per annum in the United Kingdom and

Abstract presented to the International Hepato Pancreato Bili-
ary Association, Edinburgh, September 3-7, 2006.

Accepted for publication July 29, 2006.

Reprint requests: Paris P. Tekkis, MD, FRCS, Senior Lecturer/
Consultant Colorectal Surgeon, Imperial College London, De-
partment of Biosurgery and Surgical Technology, St. Mary’s
Hospital, 10th Floor QEQM Building, Praed Street, London W2
INY, United Kingdom. E-mail: p.tekkis@imperial.ac.uk
0039-6060/% - see front matter

© 2007 Mosby, Inc. All rights reserved.

doi:10.1016/j.surg.2006.07.045

145,000 in the United States. Half of these patients
will either present with or develop metastatic dis-
ease during their lifetime, most commonly within
the liver."™ Of the patients with liver metastases,
20% to 30% have potentially resectable disease,”
leading to 5-year survival rates of 25% to 44%."5!°
Despite hepatic resection with curative intent, how-
ever, 60% of patients will develop recurrent intra-
or extra-hepatic disease. Of these, approximately
20% are potentially amenable to re-resection.
Despite favorable accounts of repeat hepatic re-
sections for patients with recurrent colorectal liver
metastases, there remains controversy regarding
the optimal treatment for such patients. Moreover,
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the advent of minimally invasive therapies such as
radiofrequency ablation (RFA) or microwave abla-
tion that potentially offer less procedure-associated
morbidity and mortality, has further fueled this
debate.'? A keen concern, however, is the variable
rate of local recurrence that can follow such tar-
geted therapies.'” How this impacts on long-term
outcome is as yet unclear and emphasizes the im-
portance of determining the benchmark as repre-
sented by repeat liver resection.

The present study uses meta-analytical tech-
niques to achieve consensus regarding the periop-
erative risk and long-term survival benefit of repeat
hepatectomy for patients with liver metastases from
colorectal cancer, compared with that of a first liver
resection.

MATERIALS AND METHODS

Study selection. The literature was searched us-
ing Medline, Embase, Ovid, and Cochrane data-
bases for studies published up to 2006 comparing
outcomes after first and second liver resections for
colorectal metastases. The following MeSH search
headings were used: “colorectal neoplasms,” “neo-
plasm metastasis,” “liver,” “hepatectomy,” and “re-
operation.” The following text searches and search
headings and their combinations were used: “colo-
rectal cancer,” “liver resection,” “liver metastasis,”
“first,” “second,” and “redo.” The “related articles”
function was used to broaden the search, and all
abstracts, studies, and citations scanned were re-
viewed. No language restrictions were made.

Data extraction. Two reviewers (R.E.L. and A.A.)
independently carried out the search, as well as
reviewing and extracting the following data accord-
ing to a pre-specified protocol. First author, year of
publication, study population characteristics, study
design, inclusion, and exclusion criteria, number
of subjects, length of follow-up, short-term, and
long-term outcomes were extracted.

Inclusion criteria. Studies had to (1) compare
outcomes between first and second liver resection;
and (2) report on at least one of the outcomes
mentioned below. Furthermore, when 2 studies
were reported by the same institution, either the
one of better quality or the most recent publication
was included, unless the study outcomes were mu-
tually exclusive or measured at different time
intervals.

Exclusion criteria. Non-comparative studies
were excluded. If end-points were not comparable,
or if it was impossible to calculate them from the
published results, then the assessed study was ex-
cluded. Studies that displayed a “zero cell” for an
outcome of interest in both groups were excluded
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from the analysis of that outcome but were taken
into consideration when considering its total sam-
ple size.

Outcomes of Interest and Definitions The fol-
lowing outcomes of interest were used to compare
the 2 operative techniques.

Short-term adverse events: Post-operative mortality de-
fined as occurring within 30 days of operation from
any cause. All complications were recorded includ-
ing wound infection (defined as the presence of
inflammation, or purulent discharge, or positive
wound swab for bacterial growth), bile leak and
fistula, subphrenic abscess, pleural effusion, he-
patic insufficiency, and postoperative hemorrhage.

Disease recurrence: Recurrence of cancer within
the liver with and without extrahepatic disease was
recorded. Where stated the disease free-interval
(DFI) was also noted.

Survival: Cancer-specific survival data was com-
pared between patients undergoing first or second
liver resection. The published survival curves had
to commence censoring at the time of the first or
second resection. Those studies using identical pa-
tient populations for outcomes of first versus sec-
ond resection were excluded from survival analysis
to eliminate bias. Bias would be introduced be-
cause those patients undergoing a first resection
would survive long enough to require a second
resection, and this would be reflected in the sur-
vival curves.

Statistical analysis. Meta-analysis was carried out
in line with recommendations from the Cochrane
Collaboration ‘The Quality of Reporting of Meta-
Analyses’ (QUORUM) guidelines.'*'> The effect
measures estimated were odds ratio (OR) for di-
chotomous data and weighted mean difference
(WMD) for continuous data, both reported with
95% confidence intervals (CI).'® This ratio repre-
sented the odds of an adverse event occurring in a
“control” group compared with a “treatment”
group. The analysis was undertaken by comparing
first resection to second resection with an OR of
more than “one” favoring the second resection
group. The point estimate of the OR was consid-
ered statistically significant at the P less than .05
level if the 95% CI did not include “one.” Studies
that contained a “zero” in 1 cell for the number of
events of interest in 1 of 2 groups resulted in prob-
lems with the computation of ratio measurement.
To overcome this problem the Haldane correction
was applied, whereby a value of 0.5 was added in
both groups from that particular study."”

For categoric variables the OR were combined
with the Mantel-Haenszel chi-square method using
a “random effect” meta-analytical technique.'® In a
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random effect model it is assumed that there is
variation between studies and the calculated OR
thus has a more conservative value.'”* In opera-
tive research, meta-analysis using the random effect
model is preferable particularly because patients
that are operated on in different centers have vary-
ing risk profiles and selection criteria for each op-
erative technique. In the tabulation of the results,
squares indicate point estimates of treatment effect
(OR), with the size of the square representing the
weight attributed to each study and 95% CI indi-
cated by horizontal bars. The diamond represents
the summary OR from the pooled studies with 95%
CI. For studies that presented continuous data as
mean and range values, the standard deviation
(SD) was calculated using statistical algorithms and
checked using “bootstrap” re-sampling techniques.
Thus all continuous data were standardized for the
analysis. Meta-analysis of survival data was under-
taken by extracting cumulative survival data from
published Kaplan-Meier plots and calculating the
log hazard ratio (HR) and standard error (SE), as
described by Parmar et al.?’ An HR of less than
“one” represented a survival benefit favoring the
second resection group, whereas an HR greater
than “one” represented a survival benefit favoring
the first resection group.

The quality of the randomized and non-random-
ized studies was assessed by using the Newcastle-
Ottawa Scale (NOS) with some modifications to
match the needs of this study.”” The quality of the
studies was evaluated by examining three items:
patient selection, comparability of the 2 study
groups, and assessment of outcome. “High quality”
studies were defined as those achieving 7 or more
stars on this quality assessment.

Two strategies were used to quantitatively assess
heterogeneity: (1) graphic exploration with funnel
plots was used to evaluate publication bias'®**; and
(2) sensitivity analysis was undertaken for the fol-
lowing subgroups: (i) year of publication 2000 on-
ward; (ii) studies of high quality; and (iii) study size
more than 100 patients total.

Analysis was conducted by using the statistical soft-
ware Stata version 9.1 SE for Windows (StataCorp,
College Station, Tex) and Review Manager Version
4.2 (The Cochrane Collaboration, Software Update,
Oxford, UK).

RESULTS

Studies selected. The literature search identified
24 comparable studies that met the selection crite-
ria.?1%**5 One study was excluded as it became
apparent that this was a review article.?® Another
was excluded to prevent overlap with another arti-
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cle from the same institution.? A third exclusion
was made because the article was a single-patient
case report.”’ The remaining 21 studies were in-
cluded for analysis. All included studies were retro-
spective, and 13 had matched groups of patients
who had undergone a first then second hepatic
resection :2425.27.28,81.82,35,8780.48.44 () Lavions of
the extracted data there was 100% agreement be-
tween the 2 reviewers.

A total of 3,741 patients in 21 studies underwent
primary liver resection for colorectal liver metasta-
sis between 1971 and 2005. Table I presents a sum-
mary of these studies. Of these, 892 (23.8%)
underwent a repeat liver resection for recurrence
of intrahepatic disease. When the 8 studies with
different patients in the first and second resection
groups were considered, 277 (8.9%) of 3,126 pa-
tients underwent a re-resection. Where gender was
discussed there were 1,312 (40.7%) women from
3,225 patients undergoing primary liver resection
and 264 (39.9%) from 662 patients undergoing
repeat resection. Age at primary operation ranged
from 23 to 87 years. There was no significant dif-
ference in the number of liver nodules at the time
of first and second liver resection (WMD = 0.18;
95% CI = —0.22,0.57; P = .380). Follow-up ranged
from 0 to 175 months after first resection and 0 to
199 months after second resection.

Although more patients (93/512 [18.2%]) had
extra-hepatic metastases at the time of second liver
resection, compared with patients undergoing first
liver resection (308/2,314 [13.3%]), this was not
statistically significant (OR = 0.55; 95% CI = 0.15,
1.98; P = .36). There was, however, significant
heterogeneity (P < .001) between the 7 published
studies that reported this finding. There was no
difference in the percentage of patients in either
group who received chemotherapy during their
management (560/1,636 [34.2%] first resection vs
233/615 [37.9%] second resection; OR = 0.97;
95% CI = 0.54, 1.74; P = .920). With regard to
operative procedure, there were significantly less
wedge resections carried out in patients undergo-
ing their first liver resection (1,034/2,654 [39%])
compared with those undergoing repeat liver op-
eration (321/692 [46%]; OR = 0.66; 95% CI =
0.44, 1.00; P = .050). The remaining patients un-
derwent an anatomic resection. Operating time,
recorded in 5 articles, did not differ significantly
between first and second resections, with the first
resection being a mean of 28 minutes shorter than
the second (P = .140). Mean blood loss was signif-
icantly lower (WMD = 238 ml; 95% CI = 90, 385)
during the first resection compared with the sec-
ond (P = .002).
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Table I. Characteristics of included studies
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Study & Age at first Follow-up Study

Study (y) type Ist 2nd resection (years) Matching (mo) quality
Adam (1997)%* Retro 64 64 56 (31-73) 2,7 — H g
Bozzetti (1992)2° Retro 11 11 58 = 8.7 2,4,7 16.6 = 11.8 ok
Chiappa (1999)%” Retro 10 10 62+9 2,3,4,7 — okt otk
Chu (1997)28 Retro 9 9 50 = 11 2,6,7 — R
Kin (1998)>! Retro 15 15 — 2,3,7 — ek dkok
Muratore (2001)32 Retro 29 29 61 (50-70) 2,7 — okt
Nagakura (2002)* Retro 100 17 63 (32-87)* 2 — Hk gk
Nordlinger (1994)%* Retro 1,818 116 59 (32-80) 1,2,5 20 (0-121) Fkgskckokk
Pessaux (2006)>° Retro 42 42 64 (24-80) 2,7 56 Hedk
Petrowsky (2002)° Retro 126 126 62 (34-82)* 2,7 58.8%* Aokopeok ok
Pinson (1996)>° Retro 95 10 53 £ 10.2 3,5,6 33 + 27 Rl
Shaw (2006)'° Retro 718 66 63 (26-86) 2,3,4,6 32 (5.2-199) kol gk
Sugarbaker (1999)37 Retro 170 170 58 (28-84) 7 29 (1-128) Hk gk
Sugawara (2005)%® Retro 27 27 59 = 8.5 2,3,4,6,7 41 = 22 ool
Suzuki (2001)%° Retro 26 26 55 (30-76) 2,4,7 — Fakkdkokokk
Takahashi (2003)*° Retro 120 23 60 (23-78) 3 23 (1-69)* Aokopeok ok
Tanaka (2004)*! Retro 193 26 — 6 32 (1-125) kol
Tascheri (2003)* Retro 26 5 54 (30-69) — — ok
Yamada (2001)*® Retro 11 11 — 3,7 429 = 27.3 H A
Yamamoto (1999)%* Retro 75 75 — 2,7 24 (2.4-121)* HedRdk
Zacharias (2004)*° Retro 56 14 74 (70-81)* 1,3,6 — okt otk

Mean age and follow-up (£SD or range). Matching criteria: 1, age; 2, gender; 3, number of liver nodules; 4, chemotherapy; 5, follow-up; 6, resection type;

7, number of patients in each group.
*Median (interquartile range).

Meta-analysis of adverse events. Sixteen studies
reported on postoperative adverse events,®!%2+2
28,323442.45 There were no significant differences
between any of the adverse outcomes analyzed in
the 2 groups. There were 29 (2.4%) episodes of
postoperative hemorrhage in 1,221 patients after
primary liver resection and 25 (4.8%) episodes in
524 patients after second resection (P = .580).
Biliary leak or fistula occurred in 21 (2.1%) of
1,005 patients undergoing primary resection and
15 (3.2%) of 469 patients undergoing repeat resec-
tion (P = .520). Meta-analysis of the 20 stud-
jes™10:2425:27.28.31- 86,5845 15 reported perioperative
mortality showed no difference between the 2 groups,
with 15 deaths in 1,732 patients (0.87%) after first
liver resection and 6 deaths in 690 patients (0.87%)
undergoing repeat resection (OR = 1.01; 95% CI =
0.18, 5.72; P = .990). Overall complications occurred
in 345 of 1,468 patients (23.5%) undergoing first liver
resection and 119 of 598 patients (19.9%) undergo-
ing repeat resection (P = .980) (Fig 1).

Disease recurrence. Recurrence of tumor was
reported in 1,377 of 2,348 patients (58.6%) after
first resection and 126 of 191 patients (66.0%) after
second resection. The time to tumor recurrence
after first and second resections did not differ sig-

nificantly with a WMD of 3.27 months between the
groups (P = .310) (Table II).

Meta-analysis of survival data. Meta-analysis of
survival data extracted from Kaplan-Meier plots was
possible in 7 studies.'%-#*2%31-33:3640 Apalysis of sur-
vival after first and second resections (Fig 2)
showed that there was no significant difference
between the 2 groups, with an HR of 0.90 (95% CI
= 0.66, 1.24; P = .530).

Sensitivity analysis. Sensitivity analysis was car-
ried out by comparing outcomes between first and
second liver resections for high quality studies (=7
stars), studies published since 2000 and those stud-
ies with more than 100 patients (Table III). It
reinforces the finding that there is no significant
difference in the incidence of adverse events after
first or second liver resection. Perioperative blood
loss remained significantly less in those patients
undergoing their first liver resection in all but the
analysis of high quality studies. Analysis of the 4
studies published from the year 2000 that reported
on operating time showed that the first liver resec-
tion was quicker than a repeat hepatectomy by
almost 46 minutes (P = .002). The only study with
more than 100 patients that documented operating
time also showed a similar trend (P = .07).*' Sen-
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Study First Second OR (random) OR (random)
or sub-category nM i 95% CI 95% Cl
01 Any complication
Adam (1997) 10/64 13/64 —a— 0.73 (0.29, 1.80)
Bozzetti (1992) 3711 5711 —_— 0.45 [0.08, 2.867)
Chu (1997) 2/9 3/9 —_— 0.57 [0.07, 4.64]
Muratore (2001) 3/29 z/29 _ 1.56 [0.24, 10.09]
Pessaux (2006) 4/42 6/42 —_— 0.63 [0.16, 2.42)
Shawy (2006) 1887718 6/66 —— 3.55 [1.51, 8.35]
Sugarbaker (1999) 18/168 21/1658 — 0.55 [0.30, 1.02Z)
Sugavvara (2005) 3/27 6/27 _— 0.44 [0.10, 1.97)
Suzuki (2001) 12/26 7/26 —— 2.33 [0.73, 7.42)
Takahashi (2003) 267120 4/22 — 1.2z4 [0.239, 4.00]
Tanaka (2004) 51/193 8/26 — 0.81 (0.33, 1.97)
Zacharias (2004) 2Z2/56 4/14 ——— 1.62 [0.45, 5.80]
Subtotal (35% CI) 1463 501 RS 1.01 [0.65, 1.55]
Total events: 343 (First), 95 (Second)
Test tor heterogeneity: Chi* = 1851, df =11 (P = 0.07), F = 40 6%
Test for overall effect: Z = 0.03 (P = 0.98)

01 1 10 100

Favours First  Favours Second

Fig 1. Forrest plot of complications after first and second liver resection.

Table II. Treatment and outcomes for first and second liver resections of colorectal metastases

No. No. OR/WMD*/HR" HGP
Outcome patients studies (95% CI) P value value
Perioperative treatment
Wedge resection 2,654 14 0.66 (0.44,1.00) .050 .001
Chemotherapy 1,474 11 0.97 (0.54,1.74) .920 <.001
Operating time (min) 332 5 —27.5 (—63.9, 8.9)* .140 .090
Blood loss (ml) 1,005 6 —238 (—385, —90)* .002 230
Length of stay (d) 1,016 5 0.7 (—2.8,4.3)* .680 .008
Postoperative complications
Perioperative mortality 1,126 4 1.01 (0.18,5.72) 990 770
Hemorrhage 1,028 5 1.19 (0.64,2.21) .580 .900
Pleural effusion 36 2 1.01 (0.10,10.28) 1.000 .320
Bile leak/fistula 1,005 7 0.72 (0.26,1.96) 520 .950
Hepatic insufficiency 849 3 0.73 (0.09,5.64) 760 170
Subphrenic abscess 76 3 0.89 (0.15,5.21) .890 720
Wound infection 203 3 0.65 (0.20,2.05) .460 .990
Any complication 1,463 12 1.01 (0.65,1.55) .980 .070
Disease recurrence
Intrahepatic recurrence 2,322 5 0.69 (0.42,1.14) 150 120
Extrahepatic = intrahepatic recurrence 2,222 4 0.71 (0.42,1.19) .200 170
Overall recurrence 2,322 5 0.79 (0.58,1.08) .150 .620
Disease free 409 3 0.99 (0.56,1.74) 970 970
Disease-free interval (mo) 20 2 —3.27 (—9.65,3.10)* .310 750
Survival
First vs second resection 1,417 7 0.90 (0.66, 1.24)* .530 .060

CI, confidence interval; HG, heterogeneity; HR, hazard ratio (values <1 favor second resection, values >1 favor first resection); OR, odds ratio (values <1
favor first resection, >1 favor second resection; WMD, weighted mean difference) (negative values favor first resection, positive values favor second

resection). Numbers in bold represent statistically significant P values.

sitivity analysis of survival data showed that the
survival benefit of a first liver resection was
matched by repeat resection.

Publication bias. A “funnel plot” of the studies
comparing first and second liver resections, focus-
ing on the peri-operative complications is shown in
Figure 3. This is a scatter plot of the treatment

effects estimated from individual studies plotted on
the horizontal axis (OR), against the SE of the log
of the estimate shown on the vertical axis SE (Log
OR). Two of 12 studies lie outside of the 95% CI
limits as reflected by the trend toward heterogene-
ity in this outcome (P = .070). When only high
quality studies are considered it is found that all of
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Study First Second Hazard ratio (random) Hazard ratio (random)
or sub-category N M log[Hazard ratio] (SE) 95% Cl 95% Cl
01 First vs second _.l_
Adam (1997) 243 64 -0.1489 (0.1939) 0.86 [0.59, 1.26]
Chu (1997) 74 9 -0.0757 (0.4653) —_— 0.93 [0.37, 2.31)
Kin (1998) 67 15 0.2182 (0.3342) —ta— 1.37 (0.71, 2.65]
Nagakura (2002) 100 28 0.08ld (0.2310) — 1.08 [0.61, 1.92]
Pinsun(1998) 95 10 -0.6859 (0.9845) + 0.50 [0.07, 3.47]
Shaw (2006) 718 66 -0.6203 (0.1750) —=— 0.54 [0.38, 0.76]
Takahashi (2003) 120 22 0.3172 (0.3302) e 1:37 [0:72. 2:62]
Subtotal (35% CI) 1417 214 - 0.90 [0.66, 1.24]
Test for heterogeneity: Chi* = 11.94, df =6 (P =0.08), " = 48.5%
Test for overal effect: Z = 0.63 (P = 0.53)
01 02 0s 1 2 s 10
Favours Second  Favours First
Fig 2. Meta-analysis of survival data after first and second liver resections.
Table III. Subgroup analysis of selected outcomes
No. No. OR/WMD*HR™" HGP
Outcome patients studies (95% CI) P value value
Studies published =2,000
Wedge resection 547 7 0.56 (0.32,1.00) .050 .080
Intrahepatic 409 3 0.88 (0.51,1.51) .640 470
recurrence
Bile leak/fistula 921 4 0.99 (0.27,3.62) 1990 .890
Any complication 1,211 8 1.34 (0.80,2.26) .260 .160
Blood loss (ml) 906 4 —252 (—395,—110)* <.001 .250
Operating time (min) 317 4 —45.9 (=74.7,—17.1)* .002 .920
1st vs 2nd survival 938 3 0.89 (0.48,1.64) ™ .700 .010
High quality studies (=7
stars)
Wedge resection 1,982 9 0.65 (0.40,1.06) .080 230
Intrahepatic 1,913 2 0.59 (0.23,1.51) .270 .140
recurrence
Bile leak/fistula 821 5 0.75 (0.20,2.76) .670 920
Any complication 847 6 1.34 (0.63,2.88) .450 .090
Blood loss (ml) 770 4 —204 (—459,52)* 120 .260
Operating time (min) 97 3 —10.5 (—65.6,44.7)* 710 .080
1st vs 2nd survival 954 4 0.79 (0.45,1.39) " 420 .080
Studies with =100
patients
Wedge resection 2,397 5 0.65 (0.33,1.31) .230 <.001
Intrahepatic 2,227 4 0.65 (0.38,1.11) 110 110
recurrence
Bile leak/fistula 838 2 1.51 (0.27,8.40) .640 .820
Any complication 1,199 4 1.15 (0.48,2.79) 750 .005
Blood loss (ml) 838 2 —261 (—496,—27)* .030 .180
Operating time (min) 193 1 —59.0 (—121.8,3.8)* .070 —
1st vs 2nd survival 938 3 0.89 (0.48,1.64) ™ 700 .010

CI, confidence interval; HG, heterogeneity; HR, hazard ratio (values <1 favor second resection, values >1 favor first resection); OR, odds ratio (values <1 favor

first resection, >1 favor second resection; WMD, weighted mean difference) (negative values favor first resection, positive values favor second resection). Numbers
in bold represent statistically significant P values.

the studies now lie within the 95% CI limits, and
this is reflected by the heterogeneity being non-

significant (P = .450)

DISCUSSION

The optimal therapy for patients with recurrent
colorectal liver metastases remains under debate.

This meta-analysis attempted to assess whether re-
peat hepatectomy for recurrent colorectal liver me-
tastases can achieve clinical outcomes comparable
to a first hepatectomy. In the 21 studies that met
the inclusion criteria, the patients undergoing a
first or second liver resection had similar demo-
graphic characteristics. The operative procedure,
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Fig 3. Funnel plot of any complications. All studies (top) and high quality studies (bottom). The dots represent

individual studies and the lines 95% CI.

however, seemed to differ between the first and
second resection groups. As might be expected, an
increased percentage of wedge resections was car-
ried out in the repeat hepatectomy group, probably
reflecting the need for a parenchymal-sparing ap-

proach in re-do hepatic operation. This seems to be
oncologically justifiable as there was no difference
in the incidence of recurrent disease or survival
between the 2 groups. In contrast, wedge resections
have been shown previously as having an increased
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risk of a positive operative margin,*'"*® with margin

positivity being associated with a higher incidence
of recurrent disease*' and reduced survival.*® The
impact of positive margins has been critically ana-
lyzed in a more recent study that looked at patho-
logic margin status per se in 557 patients
undergoing hepatic resection for colorectal metas-
tases.”” They found that a positive operative margin
was associated with a significantly higher incidence
of recurrent disease and a shorter median survival
compared with patients with margins of 1 to 4 mm,
5 to 9 mm, and more than 10 mm. There was no
difference in recurrence rate or survival in these 3
latter groups of margin-negative patients, empha-
sizing that it is the margin involvement rather than
the type of resection, that impacts on long-term
outcome. There was insufficient data to comment
on resection margin involvement in this meta-anal-
ysis, with only one study reporting on this.*®

The overall data indicate that the operating time
for a first liver resection was 30 minutes faster than
a repeat resection. Subgroup analysis of the 4 most
recent studies showed, however, that the repeat
hepatectomies took significantly longer. This was
consistent with the authors’ own experience and
that of others*® that re-do liver operation is poten-
tially more lengthy and challenging than a first-
time resection. There are a number of reasons for
this: (1) exposure of the liver is more difficult due
to extensive peri-hepatic adhesions; (2) there may
be altered intra-hepatic and portal anatomy due to
hypertrophy of the liver remnant and subsequent
rotation of the porta hepatis; and (3) the texture
and consistency of the liver parenchyma may be
altered, leading to a longer duration of clamping of
the hepatic pedicle and increased blood loss.*®
This later factor was supported by the consistent
finding that perioperative blood loss is significantly
greater during repeat hepatectomy (P = .002, HG
P = .23).

This meta-analysis showed that repeat hepatec-
tomy can be carried out with a morbidity and mor-
tality equal to that of a first hepatectomy. There was
no significant difference in specific or overall com-
plications between the 2 groups and this result
remained robust on sensitivity analysis. Mortality
rates of less than 1% in both groups are a testament
to advances in operative and anesthetic tech-
niques,49 the use of low CVP anesthesia,””®! and
the advent of modern chemotherapeutic agents
that can potentially down-size critically-placed le-
sions.”*%?

Comprehensive evidence that repeat hepatec-
tomy matches the survival benefit of a first hepa-
tectomy is provided here. Although there is some
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heterogeneity between survival data as shown by
sensitivity analysis, this probably reflects differences
in patient selection between series and also the
expanding criteria for resectability in the past 20
years. In the early years, only lesions that were
unilateral or small in number were tackled opera-
tively. In contrast, the current accepted criteria for
resectability are that there must be a treatment
strategy for every lesion (resection + ablation) to
remove all macroscopic disease with clear resection
margins, while leaving sufficient liver parenchyma
to support function.’ The favorable survival data
for patients after both a first and second liver re-
section supports this current aggressive approach.
Eighteen percent of patients undergoing repeat
hepatectomy had extra-hepatic disease, compared
with 13% of patients undergoing a first resection.
Although this result was not significantly different
(P = .36), there was considerable lack of consis-
tency between the studies (HG P < .001), probably
reflecting differences in patient selection. A num-
ber of early studies have shown that the presence of
extra-hepatic disease is a poor prognostic factor for
patients undergoing either primary” or repeat liver
resection.'"** Five-year survival rates of 50% have
been shown for patients undergoing sequential
liver and lung resection for colorectal metastases.’”
More recently, Elias and colleagues reported a se-
ries of 111 patients who underwent hepatectomy
with concurrent resection of hilar lymph nodes,
adrenals, ovaries, or peritoneal disease (with intra-
peritoneal chemotherapy), or subsequent (within 2
months) lung resection.”® They reported an overall
5-year survival rate of 20%, increasing to 29% in the
75 patients who had an RO resection. The present
study supports current evidence®” that treatable
extra-hepatic disease should not be a contra-indi-
cation to hepatic resection, repeat, or otherwise.
There are, to date, no published, randomized,
controlled trials comparing the outcome of repeat
hepatectomy to potential alternatives such as RFA;
indeed, the role of such ablative therapies is still
being defined.”® Certainly there are no random-
ized data to support the use of RFA in preference
to repeat hepatectomy.'? Lesions treated with RFA
have local recurrence rates of 4% to 55%.'> More-
over, the procedure is not without risk®® and usu-
ally requires general anesthesia and multiple
treatment episodes. As discussed above, ablation
may be used in conjunction with operative resec-
tion to increase resectability rates. In a series of 418
consecutive patients with colorectal liver metastases
from the MD Anderson Cancer Center, 45% un-
derwent resection only, 24% RFA and resection,
14% RFA only, and 17% chemotherapy only. It was
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found that the 4-year survival after resection (65%)
was better than after RFA and resection (36%) or
RFA only (22%) (P < .0001). Survival for “unre-
sectable” patients treated with RFA and resection
or RFA only was greater than those treated with
palliative chemotherapy only (P = .0017).%" A fur-
ther large published case series of 117 patients
treated with RFA who were unfit for or unsuitable
for resection reported 3-year survival rates of
46%.°"

The current meta-analysis has shown that repeat
hepatectomy for resectable colorectal metastases
can be carried out with morbidity, mortality, and
long-term survival benefit equal to that of a first
hepatectomy. These promising data rely on inten-
sive surveillance after the first hepatectomy, early
referral to a specialist hepatobiliary surgeon, and
meticulous operative treatment and perioperative
care. In the absence of other proven therapies,
repeat hepatectomy is the treatment of choice for
resectable disease.

The authors would like to thank T. Athanasiou, Clin-
ical Senior Lecturer at Imperial College London, for his
contribution to the statistic methodology and quality
scoring of the manuscripts.
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