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Abstract

Background: The optimal timing of resection for synchronous colorectal liver metastases is still controversial. Retrospective
cohort studies always had baseline imbalances in comparing simultaneous resection with staged strategy. Significantly
more patients with mild conditions received simultaneous resections. Previous published meta-analyses based on these
studies did not correct these biases, resulting in low reliability. Our meta-analysis was conducted to compensate for this
deficiency and find candidates for each surgical strategy.

Methods: A systemic search for major databases and relevant journals from January 2000 to April 2013 was performed. The
primary outcomes were postoperative mortality, morbidity, overall survival and disease-free survival. Other outcomes such
as number of patients need blood transfusion and length of hospital stay were also assessed. Baseline analyses were
conducted to find and correct potential confounding factors.

Results: 22 studies with a total of 4494 patients were finally included. After correction of baseline imbalance, simultaneous
and staged resections were similar in postoperative mortality (RR = 1.14, P = 0.52), morbidity (RR = 1.02, P = 0.85), overall
survival (HR = 0.96, P = 0.50) and disease-free survival (HR = 0.97, P = 0.87). Only in pulmonary complications, simultaneous
resection took a significant advantage (RR = 0.23, P = 0.003). The number of liver metastases was the major factor interfering
with selecting surgical strategies. With .3 metastases, simultaneous and staged strategies were almost the same in
morbidity (49.4% vs. 50.9%). With #3 metastases, staged resection caused lower morbidity (13.8% vs. 17.2%), not
statistically significant.

Conclusions: The number of liver metastases was the major confounding factor for postoperative morbidity, especially in
staged resections. Without baseline imbalances, simultaneous took no statistical significant advantage in safety and efficacy.
Considering the inherent limitations of this meta-analysis, the results should be interpret and applied prudently.
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Introduction

Colorectal cancer (CRC) remains one of the most common

malignancies all over the world [1,2]. Up to 50% of patients with

CRC might have liver metastases during the course of the disease

[3], and 15% to 20% have synchronous colorectal liver metastases

(SCRLM) at the time of diagnosis [4,5]. Liver resection has been

considered the only treatment offering the chance for a cure and

long-term survival of SCRLM. However, optimal timing of liver

surgery for upfront resectable synchronous metastases remains

controversial. Traditionally, most investigators have recom-

mended a staged strategy with resection of primary colorectal

tumor followed by chemotherapy, then hepatectomy 2 to 3

months later. But over the last 20 years, simultaneous resection of

upfront resectable SCRLM has been widely carried out due to

advances in oncological concepts and surgical techniques.

The safety and efficacy of simultaneous resection has been

demonstrated by some recent studies [6–9]. However, the

consensus has not been reached. In traditional opinions, simulta-

neous resection would result in greater surgical trauma, and

surgeons always selected simultaneous resection for patients with

mild conditions. For this reason, there were significant baseline

imbalances between simultaneous and staged resection groups.

The conclusion of previous meta-analyses could have low

reliability without correction of the imbalances [10–12]. In

addition, the selection of surgical strategy is only one of potential
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factors affecting the prognosis of patients with SCRLM. Other

confounding factors could interfere with the surgical strategy.

Patients with different clinical characteristics might be suitable for

different strategy. We therefore conducted this meta-analysis to

evaluate the safety and efficacy of simultaneous resection strategy

with correction of baseline imbalance, and tried to find candidates

for each surgical strategy.

Materials and Methods

The methods of literature search, inclusion and exclusion

criteria, outcome measures, and methods of statistical analysis

were defined in a protocol according to the PRISMA (Preferred

Reporting Items for Systematic Reviews and Meta-Analyses)

checklist and flow diagram. Considering the large number of

retrospective cohort studies previously reported, the Meta-analysis

of Observational Studies in Epidemiology (MOOSE) recommen-

dations for study reporting [13] was also followed. To ensure the

scientificity of analysis procedures, we also gained support from

the Cochrane group of Zhongshan Hospital, Fudan University

and the Department of Biostatistics, Shanghai Medical College,

Fudan University.

Literature search
Literature search was performed to identify all relevant studies

that compared the outcomes following simultaneous resection or

staged resection for the treatment of SCRLM. The databases

including PubMed, Web of Science, Embase and Cochrane

Central Register of Controlled Trials were searched systematically

for all articles published from January 2000 to April 2013.

Database-specific search terms of simultaneous resection and

staged resection were combined with truncated search terms using

the wildcard (‘‘*’’) character to ensure the integrity of search

results. Additionally, the ‘‘related articles’’ function and manual

searches for reference lists were used to broaden the search. When

the results of a single study were reported in more than one

publication, only the most complete and latest data were included.

Selection of studies
All clinical studies in which simultaneous resection was

compared with staged resection in SCRLM were selected. In

simultaneous resection, primary colorectal tumor and liver

metastases were resected in one operation. In staged resection,

primary tumor was resected first, then a second hepatectomy was

conducted during the following 2 to 3 months. The inclusion

criteria were as follows: (1) clinical trials or cohort studies; (2)

studies with a definition of SCRLM as diagnosed liver metastases

before or during surgery; (3) primary colorectal tumors and liver

metastases were both resectable at diagnosis; (4) studies reported at

least one primary outcome; (5) studies published or accepted for

publication as full-length articles.

The following studies were excluded: (1) studies lacking a

control group or in which the control group was unreasonable; (2)

‘‘Liver First’’ resection which meant a hepatectomy first, followed

by a second primary tumor resection; (3) studies from which it was

impossible to extract or calculate the data of interest; (4) low-

quality studies.

Two reviewers independently screened the literature and

determined whether to include each study by reading the title,

abstract, and full text. Disagreement between the two reviewers

was resolved by discussion or third-party arbitration, if necessary.

Quality assessment
The quality of clinical trials was evaluated using the seven-point

Jadad ranking system [14], and the quality of cohort studies was

evaluated using the Newcastle-Ottawa Scale (NOS) [15]. All

evaluations were independently conducted by two reviewers.

Disagreement between the two reviewers was resolved by

discussion or third-party arbitration, if necessary. Low quality

was defined as follows: a score ,2 on the Jadad Scale or a score

,6 on the NOS.

Data extraction and measurement
Outcomes assessed were primary parameters of postoperative

mortality, morbidity, overall survival and disease-free survival.

Secondary outcomes were number of patients who need blood

transfusion during the surgery, and length of hospital stay. Studies

included in the meta-analysis should report at least one primary

outcome. Postoperative mortality was defined as death during

postoperative hospitalization or within 30 days after hepatectomy.

Postoperative morbidity included complications directly related to

primary colorectal cancer resection, to hepatectomy, and others

during postoperative hospitalization or within 30 days after

surgery. Overall survival (OS) and disease-free survival (DFS)

were calculated since the hepatectomy was performed, and

patients died within 90 days were excluded. Data of long-term

survival was extracted from the Kaplan-Meier curves as described

by Tierney et al. [16]. In staged resection groups, patients need

blood transfusion and hospital stay were calculated as a sum of the

primary tumor resection and the following hapetectomy. Minor

hepatectomy was defined as resection of ,3 liver segments, and

major hepatectomy was defined as resection of $3 liver segments.

In terms of primary tumor location, the transverse colon was

included in the right-sided, and the sigmoid colon was included in

the left-sided.

A data form was designed for extraction, consisting of four

parts: patient characteristics, surgery-related factors, study out-

comes, and analysis methods. The extracted data were indepen-

dently checked by two reviewers. Emails were sent to each author

for detailed data unavailable from the published article.

Statistical methods
The meta-analysis was performed using RevMan software ver.

5.0.23 and SPSS software ver. 19. The reported risk ratio (RR)

and weighted mean difference (WMD) with 95% confidence

interval (CI) were used to assess the short-term outcomes, and the

odds ratio (OR) was used to assess the baseline imbalance in the

analysis. Continuous variables reported as medians were convert-

ed to means using the technique described by Hozo et al [17]. For

long-term outcomes, the hazard ratio (HR) was used to pool the

survival curves as described by Tierney et al [16]. The statistical

tests were two-sided, and P,0.05 was considered statistically

significant.

Statistical heterogeneity among trials was assessed with

Cochrane’s Q statistic, and was considered statistically significant

when the Cochrane Q test P value was #0.1. In addition, a

transformation of Q test, the I2 statistic (I2 = 100%6(Q2df)/Q),

was used to assess the consistency of the effect sizes. The I2 value of

less than 25% was defined to represent low heterogeneity, a value

between 25 and 50% was defined as moderate heterogeneity, and

a value of .50% was defined as high heterogeneity [18]. A fixed-

effects model was used when no significant heterogeneity was

detected. If heterogeneity existed (Cochrane Q test P value .0.1,

or I2.50%), a random-effects model was used for the meta-

analysis instead.
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Sensitivity analyses were performed by consecutively omitting

every study from the meta-analysis (leave-one-out procedure) to

determine the extent to which the combined risk estimate might be

affected by individual studies. Funnel plots were used to screen for

publication bias.

Results

Studies and patients
After searching the databases, 24 studies were selected for

quality assessment. The search process is shown in Figure 1, and

the search strategy is shown in Information S1. All these studies

were retrospective cohort studies, and one of them was case-

matched [19]. No randomized controlled trial was found. NOS

was used for quality assessment, and only studies with high quality

(NOS score $6) were included for the following meta-analysis.

After excluding 2 studies of low quality (Vigano et al. [20] and

van der Pool et al. [21]), 22 studies were finally included, with the

scores ranged from 6 to 9. All the 22 studies got full scores in

‘‘Cohort Selection’’. The quality defects mainly existed in ‘‘Cohort

Comparability’’: only 10 studies analyzed the potential confound-

ing factors when comparing the outcomes. In addition, some

studies didn’t have long-enough follow-up time, nor explained the

missing cases. The quality assessment is detailed in Table S1.

A total of 4494 patients from 22 studies were finally included in

the meta-analysis, of which 1708 (38.0%) underwent simultaneous

resection, and 2786 (62.0%) underwent staged resection. The

detailed characteristics of the studies are listed in Table 1.

Short-term outcomes
To evaluate the safety of simultaneous and staged resection for

treating SCRLM, RRs of postoperative mortality and morbidity

were calculated using the data extracted from the 22 included

studies. For postoperative mortality, the pooled results showed no

significant difference between simultaneous and staged resection

(RR = 1.14, 95%CI = [0.77, 1.69], P = 0.52, details in Figure S1).

However, simultaneous resection showed a significant advantage

in reducing the postoperative morbidity (RR = 0.88,

95%CI = [0.81, 0.96], P = 0.003, details in Figure 2), which meant

that simultaneous resections were safer for patients with SCRLM.

The analyses of different complications showed that the

advantage of simultaneous resections mainly came from the lower

morbidity of cardiac complications (RR = 0.43, 95%CI = [0.22,

0.84], P = 0.01) and pulmonary complications (RR = 0.58,

95%CI = [0.40, 0.83], P = 0.003). There were no significant

differences between the two groups in wound infection

(RR = 0.77, 95%CI = [0.55, 1.08], P = 0.13), anastomotic leakage

(RR = 1.23, 95%CI = [0.58, 2.59], P = 0.59), bile leakage

(RR = 0.66, 95%CI = [0.39, 1.11], P = 0.12), subphrenic or

perihepatic abscess (RR = 1.33, 95%CI = [0.87, 2.02] P = 0.19),

or hepatic insufficiency and failure (RR = 0.80, 95%CI = [0.46,

1.37], P = 0.41). Detailed results are shown in Figure S2.

Long-term outcomes
To evaluate the efficacy of simultaneous and staged resections

for treating SCRLM, HRs of overall and disease-free survival were

summarized using data extracted from Kaplan-Meier curves. Of

all 22 studies, 15 studies reported the Kaplan-Meier curves of

overall survival, with a total of 2639 patients. The pooled results

showed no significant difference between simultaneous and staged

resections (HR = 0.96, 95%CI = [0.86, 1.08], P = 0.50, details in

Figure 3). Additionally, 6 studies reported the disease-free survival,

with a total of 698 patients. And there was no significant difference

between the two groups (HR = 0.97, 95%CI = [0.64, 1.47],

P = 0.87, details in Figure S3). The pooled results showed similar

long-term outcomes of both simultaneous and staged resections.

Secondary outcomes
9 studies reported the number of patients who need blood

transfusion. The pooled results showed no significant difference

between simultaneous and staged resections (RR = 1.13,

95%CI = [0.97, 1.32], P = 0.12, details in Figure S4).

15 studies reported the length of hospital stay. Compared to

staged resections, simultaneous resections significantly reduced

about 5.53 days of hospital stay (95%CI = [26.42, 24.64], P,

0.00001, details in Figure S5).

Baseline imbalances and subgroup analyses
The pooled analysis previously mentioned showed that simul-

taneous resections had significant advantages in reducing postop-

erative complications. However, all studies included were retro-

spective studies, and lacked randomization process in patient

enrollment. There were significant baseline imbalances between

simultaneous and staged groups in several studies included (Data

of baseline imbalance is detailed in Table 2). Therefore we carried

out summarized baseline analyses for all studies included in this

meta-analysis, and found 5 major imbalanced factors: number of

liver metastases, size of liver metastases, distribution of liver

metastases, scope of hepatectomy and primary tumor location.

The number of liver metastases in studies included was mainly

reported as ‘‘Single vs. Multiple’’ or ‘‘#3 vs. .3’’ (Details in

Figure 4A). The size of metastases was mainly reported as ‘‘#5 cm

vs. .5 cm’’ or ‘‘difference of mean diameter’’ (Details in

Figure 4B). The distribution of metastases was reported as

‘‘unilobar vs. bilobar’’ (Details in Figure 4C). The scope of

hepatectomy was reported as ‘‘minor hepatectomy vs. major

hepatectomy’’ (Details in Figure 4D). The primary tumor location

was reported as ‘‘right-sided vs. left-sided vs. rectum’’ (Details in

Figure 4E) or ‘‘colon vs. rectum’’. The summarized baseline

analyses showed that patients were more likely to undergo

simultaneous resection when they had lower number of liver

metastases (Single metastasis, P = 0.002; #3 metastases, P,

0.0001), smaller size of liver metastases (diameter #5 cm,

P = 0.04; smaller mean diameter, P,0.00001), unilobar distribu-

tion of liver metastases (P = 0.0002), and need only minor

hepatectomy for radical resection (P,0.00001). In terms of

primary tumor located, there was no significant imbalance when

baseline was compared as ‘‘colon vs. rectum’’ (10 studies reported,

OR = 0.82, 95%CI = [0.59, 1.13], P = 0.22). Also, no significant

baseline imbalance was observed in low anterior resection vs.

abdominoperineal resection (5 studies reported, OR = 0.66,

95%CI = [0.36, 1.21], P = 0.18). But compared as ‘‘right-sided

vs. left-sided’’, significantly more patients had primary tumor

located right-sided when they received simultaneous resections

(P = 0.0006). Thus, the advantage of simultaneous resection in

reducing postoperative complications should be tested and

corrected.

We conducted subgroup analysis of all the 5 imbalanced factors

previously mentioned to test the reliability of pooled postoperative

morbidity. In terms of the number of liver metastases, the baseline

imbalances mainly came from 9 studies, and the other 7 studies

had no significant baseline imbalance. Studies with or without

significant baseline imbalance were summarized respectively

(Details in Figure 5A). By comparing the re-pooled postoperative

morbidity of the two subgroups, we found that the re-pooled RRs

and 95% confidence interval had significant difference: in the

subgroup without baseline imbalance, the pooled morbidity was

centered (RR = 1.02, 95%CI = [0.86, 1.21], P = 0.85); but in the
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subgroup with baseline imbalance, the pooled morbidity was

lateralized (RR = 0.74, 95%CI = [0.65, 0.84], P = 0.0001). The

95% confidence interval of two subgroups had no overlap region,

which indicated significant differences between the two subgroups.

As a confounding factor, number of liver metastases significantly

affected the postoperative morbidity when comparing simulta-

neous and staged strategies. The previously reported advantage of

simultaneous resection in reducing complications was not due to

the surgical strategy, but due to the lower number of metastases in

simultaneous resection group. Actually patients could not benefit

more from simultaneous surgical strategy in terms of safety.

Without imbalance in number of liver metastases, simultaneous

and staged resections were almost the same in postoperative

morbidity.

Then, we assessed size of liver metastases, distribution of liver

metastases, scope of hepatectomy and primary tumor location

(Details in Figure 5). The overlap regions of 95% confidence

interval between each subgroup showed that these four factors did

not significantly interfere with the postoperative morbidity. The

number of liver metastases was the prime factor of selecting

surgical strategies. Also, we corrected the baseline imbalances in

the subtypes of postoperative complications. After correction,

simultaneous resections took significant advantages only in

reducing pulmonary complications (RR = 0.23, 95%CI = [0.09,

0.61], P = 0.003). In the other detailed complications (wound

infection, anastomotic leakage, bile leakage, subphrenic or

perihepatic abscess, cardiac complication, hepatic insufficiency

Figure 1. Study search process.
doi:10.1371/journal.pone.0104348.g001
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and failure), we failed to observed significant differences between

simultaneous and staged groups (Detalis in Figure S6).

Furthermore, we estimated the postoperative morbidity of each

subgroup with different number of liver metastases (Details in

Information S2). In staged resection group, the morbidity was

13.8% with #3 metastases (95%CI = [0–28.6%]), and was 50.9%

with .3 metastases (95%CI = [33.8%–67.9%]). In simultaneous

resection group, the postoperative morbidity was 17.2% with #3

metastases (95%CI = [0–37.3%]), and was 49.4% with .3

metastases (95%CI = [9.4%–89.5%]). For patients received staged

resections, the number of metastases was a significant risk factor of

postoperative morbidity (P = 0.011). However, for patients re-

ceived simultaneous resections, the influence of number of

metastases was not so significant (P = 0.142). Details were listed

in Table 3.

Subgroup analyses were also conducted to correct the pooled

postoperative mortality and overall survival, and showed that the 5

imbalanced factors previously mentioned did not interfere with

these two outcomes. The pooled postoperative mortality and

overall survival were credible.

Preoperative chemotherapy
Preoperative chemotherapy was also one of the possible factors

for the short-term and long-term outcomes of SCRLM. The

baseline analysis showed that significantly more patients in staged

group received preoperative chemotherapy (OR = 0.28, P = 0.004,

details in Figure S7). The subgroup analysis showed that the

baseline imbalance of preoperative chemotherapy did not interfere

with the postoperative morbidity (Details in Figure S8). However,

only 6 studies [6,8,9,19,22,23] reported both preoperative

chemotherapy and long-term survival after operations. Because

of lacking of essential data, we were unable to correct the baseline

imbalance of preoperative chemotherapy for long-term survival.

The results of univariate and multivariate analyses of all studies

were listed in Table S2.

Sensitivity analysis and publication bias test
Sensitivity analyses were performed by consecutively omitting

every study from the meta-analysis (leave-one-out procedure). The

results were all consistent with each other, indicating the strong

robustness of the current study (Details in Table S3).

Publication bias was tested using funnel plots. The funnel plots

were symmetrical, similar to inverted funnels, which meant little

publication bias existed in this meta-analysis for primary measures

(Details in Figure S9).

Discussion

Without correction of baseline imbalances, pooled results of this

meta-analysis showed that for patients with SCRLM, simultaneous

resection seemed to have lower postoperative morbidity than

staged strategy. In terms of postoperative mortality and long-term

Figure 2. Pooled postoperative morbidity. Forest plots displayed the results of the meta-analysis comparing postoperative complication
morbidity following simultaneous resection vs. staged resection for SCRLMs. M-H: Mantel-Haenszel method. Fixed: The heterogeneity test showed no
significant heterogeneity, and fixed effect model was used. CI: confidence interval. Favours Simultaneous: With results on this side, simultaneous
group had lower postoperative mortality. Favours Staged: With results on this side, staged group had lower postoperative mortality.
doi:10.1371/journal.pone.0104348.g002
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survival, simultaneous and staged strategies were similar. In

addition, simultaneous strategy could significantly reduce the

length of hospital stay, and would not increase the number of

patients requiring blood transfusion. These results were consistent

with several meta-analyses previously published [10–12].

However, we must recognize that many confounding factors

also influenced the safety and efficacy of the surgery, just like the

number of metastases, the size of metastases, the distribution of

metastases, and the scope of hepatectomy. Through baseline

analyses we found significant baseline imbalances within studies

included: patients in simultaneous groups had much milder

conditions than in staged groups. We considered that the

advantages of simultaneous strategy in reducing postoperative

complications were due to the milder conditions of patients in

simultaneous group, but not the surgical procedure itself. And we

conducted subgroup analyses to confirm this hypothesis. After the

subgroup analyses of imbalanced factors, we found that number of

liver metastases was the most significant impact factor for surgical

strategy selection. The significantly lower number of metastases in

simultaneous resection group, not the surgical strategies, caused

the advantages in reducing postoperative morbidity in previously

published articles. After baseline correction, simultaneous took no

statistical significant advantage in total postoperative morbidity. At

the same time, the size and distribution of metastases, the scope of

hepatectomy, and the primary tumor location did not significantly

interfere with the selection of surgical strategy.

Although there was no difference between the two surgical

strategies in total postoperative morbidity, simultaneous resections

significantly reduced pulmonary complications, mostly pneumonia

and pleuritis. We considered this advantage associated with

reducing bedridden time and avoiding a second inhalation

anesthesia. In staged resection, a second hepatectomy required

another endotracheal intubation and inhalation anesthesia with

mechanical ventilation. This also led to additional recovering time

in bed, which were risk factors of hospital acquired pneumonia

[24,25].

Then, we attempted to estimate postoperative morbidity of each

subgroup with different number of liver metastases. With lower

(number #3) and higher (number .3) number of liver metastases,

the postoperative morbidity in simultaneous and staged resection

groups both had no significant difference. But the two surgical

approaches were not the same: in staged resection group, higher

number of liver metastases was significantly associated with higher

postoperative morbidity (P = 0.011); but in simultaneous group,

the relevance was not significant (P = 0.142). For simultaneous

resections, there might be other confounding factors not detected

in our meta-analysis. More data were need to validate and explain

these results.

Simultaneous resections were always considered to avoid

missing the surgical opportunity. For patients received staged

resections, liver metastases may progress during the interval

between primary tumor resection and hepatectomy, which would

result in missing the opportunity for curative surgery. Simulta-

neous strategy can avoid this defect. However, this benefit was

neglected by most retrospective studies included in this meta-

analysis. In these studies, staged group only enrolled patients

received successful staged resection. Patients were excluded if their

liver metastases progressed and became unresectable during the

interval. Thus the OS of staged group was greatly improved. With

this in mind, future studies should include patients with progressed

liver metastases and missing the secondary hepatectomy to correct

this selection bias.

Preoperative neoadjuvant chemotherapy is also one of the

factors affecting long-term survival of patients with resectable

SCRLM. Because of lacking of data, we were unable to assess the

role of preoperative chemotherapy on long-term survival. As a

Figure 3. Subtype analyses of pooled postoperative morbidity. Forest plots displayed the results of the meta-analysis comparing overall
survival following simultaneous resection vs. staged resection for SCRLMs. IV: Inverse Variance method. Fixed: The heterogeneity test showed no
significant heterogeneity, and fixed effect model was used. CI: confidence interval. Favours Simultaneous: With results on this side, simultaneous
group had longer overall survival. Favours Staged: With results on this side, staged group had longer overall survival.
doi:10.1371/journal.pone.0104348.g003
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Figure 4. Pooled analyses of baseline imbalances. Forest plots displayed the potential confounding factors found by baseline analyses. M-H:
Mantel-Haenszel method. IV: Inverse Variance method. Random: In some subgroups there were significant heterogeneity, and random effect model
was used. CI: confidence interval. A) Baseline analysis on number of liver metastases. Staged/Sim. favours lower: more patients in staged/
simultaneous group had lower number of metastases. B) Baseline analysis on size of liver metastases. Staged/Sim. favours small: more patients in
staged/simultaneous group had smaller size of metastases. C) Baseline analysis on distribution of liver metastases. Staged/Sim. faours unilobar: more
patients in staged/simultaneous group had unilobar liver metastases. D) Baseline analysis on scope of hepatectomy. Staged/Sim. favours minor: more
patients in staged/simultaneous group received minor hepatectomy. E) Baseline analysis on primary tumor location. Staged/Sim. favours right-sided:
more patients in staged/simultaneous group had primary tumor located at right-sided colon.
doi:10.1371/journal.pone.0104348.g004
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remedy, we summarized the results of univariate and multivariate

analyses of all studies included in Table S2. In univariate analyses,

only one study considered preoperative chemotherapy as a

significant protect factor for liver recurrence after hepatectomy

(de Haas et al. [26] P = 0.015). And in multivariate analyses, no

study reported preoperative chemotherapy as an independent

predictor for long-term survival. However, the influence of this

factor displayed mainly in DFS/PFS (progress-free survival), which

were reported infrequently in retrospective studies. Currently only

one large randomized controlled trial, EORTC 40983 [27],

reported perioperative chemotherapy for resectable colorectal liver

metastases. The results showed no significant difference between

the experimental group and control group in OS (HR = 0.88,

P = 0.34). Only eligible patients receiving perioperative chemo-

therapy had longer PFS after hepatectomy (HR = 0.78, P = 0.035).

Considering the primary endpoint of the study was designed as

PFS benefit, this result was reasonable. However, it must be noted

that study EORTC 40983 compared the perioperative chemo-

therapy, including both preoperative and postoperative chemo-

therapy. It was hard to identify the benefits from preoperative

chemotherapy.

The limitations of this meta-analysis must be taken into

consideration when interpreting its results. Meta-analysis of

retrospective studies takes an important part in evidence-based

medicine. But compared with RCTs, retrospective studies lack

randomization. The comparability between experimental and

control group is often poor, and the baseline imbalances

significantly affect the accuracy of the pooled results. The method

of meta-analysis can only improve the precision of results, not the

accuracy. With widespread bias among studies included, meta-

analysis is unable to correct errors, even makes the errors more

‘‘credible’’. Therefore, the population baseline of studies should be

tested before pooled analyses. In our meta-analysis, the baseline

imbalances were corrected, but not in the best method. The ideal

method to correct the confounding factors and establish the

selection criteria would be based on the individual patient data

analysis (IPD meta-analysis). However, this is not always available,

and the diverse reporting forms from the included studies could

reduce the reliability of the conclusion. Therefore, the pooled

results should be interpret and applied in the most cautious

attitude.

At the same time, all studies included in our meta-analysis

lacked blinding. Surgeons might pay more attention to patients

who received simultaneous resections because of the traditional

opinions. These patients might get more strict preoperative

preparation and more elaborate postoperative care, which would

reduce the postoperative death and complications. Additionally,

publication bias was also important. Although the funnel plots

suggested no significant presence of publication bias, the impact of

bias is always inevitable.

Conclusions

This meta-analysis was conducted at an appropriate time

because simultaneous resection strategy for patients with SCRLM

is used more commonly, and enough data has accumulated for

pooled analyses. From the pooled analyses and baseline correction,

simultaneous resection was as efficient as staged strategy for long-

term outcomes, and took an advantage in reducing length of

hospital stay. However, it should be emphasized that simultaneous

resections took no advantages in reducing postoperative morbidity.

Further studies should pay more attention on the number of

metastases, which played a significant role in selecting surgical

strategies. The size and distribution of liver metastases, the scope

of hepatectomy and the primary tumor location did not

significantly affect the selection of surgical strategies. Considering

the inherent limitations of this meta-analysis, the results should be

interpret and applied prudently.
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Figure S2 Subtype analysis of pooled postoperative morbidity.
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Figure S3 Pooled disease-free survival.
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Figure 5. Subgroup analyses in terms of postoperative morbidity. Forest plots displayed the subgroup analyses in terms of postoperative
morbidity. Studies with significant baseline imbalances were compared with studies without baseline imbalances. The shaded area between vertical
dotted lines represented the overlap regions of the 95% confidence interval of the pooled results between each subgroup. M-H: Mantel-Haenszel
method. Fixed: The heterogeneity test showed no significant heterogeneity, and fixed effect model was used. CI: confidence interval. Favour
simultaneous/staged: Simultaneous/Staged group had lower postoperative morbidity. A) Subgroup analysis on number of liver metastases. B)
Subgroup analysis on size of liver metastases. C) Subgroup analysis on distribution of liver metastases. D) Subgroup analysis on scope of
hepatectomy. E) Subgroup analysis on primary tumor location.
doi:10.1371/journal.pone.0104348.g005

Table 3. Postoperative morbidity with different number of liver metastases.

Simultaneous resection Staged resection

Number of liver metastases Morbidity 95% CI Morbidity 95% CI

#3 17.2% 0–37.3% 13.8% 0–28.6%

.3 49.4% 9.4%–89.5% 50.9% 33.8%–67.9%

CI: confidence interval.
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