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Introduction

Ten to twenty-five percent of colorectal cancer patients 
present with liver metastases (1-3). Surgical resection 
provides the patient with the best chance of cure. 
Nevertheless, in patients presenting with resectable disease 
in a synchronous fashion, there is debate regarding the 
timing of both procedures. While a staged colorectal and 
hepatic resection has been preferred in general to reduce 

the risk of postoperative morbidity and mortality (4-6), 
several recent studies have reported that simultaneous 
resection of colorectal primary and liver metastases is safe 
and feasible (1-3,7).  

Laparoscopic resection of primary colorectal cancer 
has become established. Minimally invasive techniques 
have also been developed for liver resection over the last 
decade (8-10). However, data regarding outcomes on 
laparoscopic simultaneous colorectal cancer resection with 
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liver metastases are limited. In the present study, we aimed 
to investigate the perioperative and oncological outcomes of 
laparoscopic resection of primary colorectal tumor and liver 
metastases, with a comparison to the open approach.

Methods

Patients and methods

This was a retrospective analysis of prospectively collected data. 
Between February 2006 and October 2015, 43 patients who 
underwent concomitant resection of the primary colorectal 
cancer and metastatic liver tumor at the Departments 
of Colorectal and General Surgery, Cleveland Clinic, 
were identified through an IRB-approved institutional 
database. The approach was open in 29 and laparoscopic 
in 14 patients. The choice of a laparoscopic versus open 
approach was dependent on surgeon preference and extent 
of the primary and liver tumors. These two groups were 
compared in terms of clinical, perioperative and oncologic 

outcomes. Patient demographics, primary and metastatic 
tumor characteristics (number, size, location), intraoperative 
data (type of colectomy and hepatectomy, operative time, 
blood loss, transfusions), and postoperative hospital course 
(30-day morbidity, mortality, and length of hospital stay) 
were analyzed. Both disease-free and overall-survival were 
calculated. 

All patients underwent CT scans of the chest, abdomen 
and pelvis preoperatively for staging. Pelvic MRI was also 
performed in those with rectal cancer. 

Our techniques for resecting the primary colorectal 
cancer and liver metastases have been reported extensively 
elsewhere (8,11). Intraoperative ultrasonography of the 
liver was performed in each case. Minor liver resection 
was defined as a resection of one or two segments, whereas 
resection of three or more segments was classified as a 
major hepatectomy. 

Patients were followed with blood chemistry, serum 
Carcino embryonic antigen (CEA), and CT scans of the 
abdomen-pelvis quarterly for the first 2 years and then 
biannually. Chest CT was obtained at least once a year. 

Statistical  analysis

Categorical variables were reported as frequency (%) and 
quantitative variables were reported as mean ± standard 
error mean. Categorical variables were compared using 
chi-square test or Fisher’s exact test, while quantitative and 
ordinal variables were compared using the t-test/Wilcoxon 
rank sum test. Overall and disease-free survival (DFS) rates 
were calculated with the Kaplan-Meier method. A P<0.05 
was considered statistically significant.

Results

Table 1 shows the clinical characteristics of the patients 
in each group. The groups were similar in regards to 
age, gender, body mass index (BMI), American Society 
of Anesthesiologists (ASA) score, preoperative CEA, 
cardiopulmonary comorbidities, primary tumor size and 
location, size and number of liver tumors, and distribution 
of metastases throughout the liver (unilobar or bilobar). 
There was no difference between the groups regarding 
the receipt of neoadjuvant chemotherapy directed to the 
liver (P=0.16). The types of colorectal procedures were 
similar between the two groups (P=0.81) (Table 2). In 
the same fashion, the type of liver resections performed 
(hemihepatectomy, bi-segmentectomy and wedge/

Table 1 Demographic and clinical characteristics of patients in each 
group (continuous data are given as mean ± standard error of the 
mean)

Parameter
Open 
(n=29)

Laparoscopic 
(n=14)

P-value

Age¥ (years) 57.7±2.5 56.3±3.3 0.44

Gender (F/M) 13/16 8/6 0.45

BMI¥ (kg/m2) 27.5±1.2 25.1±0.8 0.44

ASA score (I/II/III/IV) 0/6/21/2 0/0/12/2 0.15

Preop CEA (mcg/L) 14.3±4.9 36.9±30.4 0.28

Cardiopulmonary comorbidity 16 (55.2) 10 (71.4) 0.31

Colon 14 (48.3) 6 (42.9) 0.74

Rectum 15 (51.7) 8 (57.1)

Primary tumor size¥ (cm) 3.7±0.5 3.7±0.7 0.93

Liver tumor size (cm)  2.7±0.2 2.4±0.7 0.06

Number of liver tumors¥ 2.1±0.2 1.6±0.3 0.25

Unilobar metastases 19 (65.5) 12 (85.7) 0.28

Bilobar metastases 10 (34.5) 2 (14.3)

Values are expressed as absolute numbers (percentages) unless 
indicated otherwise. ¥, Standard deviation; BMI, body mass 
index; ASA, American society of anesthesiologists score; CEA, 
carcino embryonic antigen.
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segmentectomy) was similar between the groups (P=0.83). 
There were no conversions to open in the laparoscopic 
group. In the open group, a Pringle maneuver was used 
in 12 patients (41.4%) versus none of the patients in the 
laparoscopic group (P=0.004).

There were no differences between the two groups 
regarding operative time, estimated blood loss, blood 
transfusion, pathologic characteristics of primary tumor, and 
surgical margin status for either the primary or metastatic 
liver tumor resection. Postoperative complication rate 
(44.8% vs. 7.1%, P=0.016) was higher, and hospital stay (10 

vs. 6.4 days, P=0.001) longer in the open compared to the 
laparoscopic group. The complications in the open group 
were ileus (n=5), pulmonary (n=3), organ space surgical site 
infection (SSI) (n=3), cardiac (n=2), fascial dehiscence (n=2), 
superficial SSI (n=1), liver abscess (n=1), rectovaginal fistula 
(n=1), in contrast to an anastomotic leak in one patient in 
the laparoscopic group. One patient in the open group died 
on postoperative day 7 due from pulmonary emboli. There was 
no mortality in the laparoscopic group. Time to regular diet 
(4.0±0.5 vs. 6.4±0.5 days) and flatus (2.9±0.3 vs. 4.5±0.3 days) 
was shorter in the laparoscopic compared to the open group 
(P=0.001 and P=0.003, respectively) (Figures 1,2). 

The median follow up in the open group was 24.2±3.7 
and in the laparoscopic group 20.3±6.6 months (P=0.34). 

Table 2 Operative and perioperative details of the study patients 

(continuous data are given as mean ± standard error of the mean)

Parameter
Open 
(N=29)

Laparoscopic 
(N=14)

P-value

Colorectal resection 0.81

LAR 17 (58.6) 8 (57.1)

HC 12 (41.4) 6 (42.9)

Liver resections 0.83

Minor/major 25/4 12/2

Hemi hepatectomy (R/L) 4 2

Bi-segmentectomy 5 1

Wedge/segmentectomy 20 11

Operative time (minutes) 341±27 321±35 0.85

EBL (mL) 578±116 347±37 0.70

PRBC transfusion 10 (34.5) 1 (7.1) 0.07

Postoperative complication 13 (44.8) 1 (7.1) 0.016

Pathological examination 

T (1/2/3/4) 4/3/19/3 2/0/11/1 0.85

N (0/1/2) 12/13/4 4/7/3 0.69

Liver resection margin

R0 27(93.1) 12 (85.7) 0.59

R1 2 (6.9) 2 (14.3)

Hospital stay¥ (days) 10±0.9 6.4±0.8 0.001

Neoadjuvant chemotherapy 19 (65.5) 6 (42.9) 0.16

Adjuvant chemotherapy 20 (80.0) 11 (84.6) 0.99

Values are expressed as absolute numbers (percentages) unless 
indicated otherwise. ¥, Standard Deviation; LAR, low anterior 
resection; HC, hemicolectomy; EBL, estimated blood loss; 
PRBC, packed red blood cells. 

Figure 1 Time to regular diet in the study groups (P=0.001).

Figure 2 Time to flatus in the open and laparoscopic groups 
(P=0.003).
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Figure 3 Kaplan-Meier OS in the study groups. Median OS was 
24.3 and 19.1 months, respectively (P=0.10). OS, overall survival.

Figure 4 Kaplan Meier DFS in the open and laparoscopic groups. 
Median DFS was 10 and 8.4 months, respectively (P=0.028). DFS, 
disease free survival.

Overall survival (OS) was comparable (P=0.10), but DFS 
longer in the laparoscopic group (P=0.028) (Figures 3,4). 
Two groups were comparable in terms of recurrence 
rates [41.3% (n=12) vs. 14.2% (n=2), P=0.08]. Out of 
12 recurrences in the open group, 11 of them were new 
liver disease and one patient had local liver recurrence. 
Seven patients had extra hepatic recurrence. Both of the 
two recurrences in the laparoscopic group were new liver 
disease. 

Discussion

This study focused on a comparison of open versus 
laparoscopic one-stage management of synchronous liver 
metastasis and primary colorectal cancer. Our results 
showed that in patients amenable to a laparoscopic 
resection of both sites, the perioperative outcomes were 
more favorable when compared to a series of patients who 
underwent similar types of primary and liver resections. 
This report is another contribution to the small volume 
of existing data on laparoscopic 1-stage management of 
synchronous liver metastases from colorectal cancer. 

The management of patients with synchronous colorectal 
primary and metastatic liver tumors is challenging. The 
optimal timing and surgical approach remains controversial 
(2-6,8,12,13). It is unknown if staged resection is more 
advantageous to a 1-stage operation in regards to morbidity 
and mortality. With the advances in patient care, a 1-stage 
approach seems attractive to reduce costs and the need for 

two separate admissions. The performance of the 1-stage 
resection laparoscopically might offer significant advantages 
to the patient regarding postoperative recovery (14-17). 
However, there are little data on the feasibility, safety, and 
oncologic equivalency of this approach. 

Our review of the literature identified few studies that 
have specifically compared laparoscopic and open approach 
for synchronous resection of primary and liver metastatic 
colorectal cancer. Iwashashi et al. studied 21 patients who 
underwent laparoscopic resection and compared to 21 
matched patients who underwent open resection. With 
similar demographics, histopathological and procedural 
characteristics, blood loss was less in the laparoscopic group. 
The complications in the laparoscopic group also tended 
to be less compared to the open group. With a shorter 
hospital stay in the laparoscopic group, 5-year overall and 
DFS was similar to the open group (17). Our results are 
similar to this study, with a lower rate of complications and 
shorter hospital stay in the laparoscopic group. In the second 
publication from China (14), 13 patients who underwent 
1-stage laparoscopic colorectal and hepatic resection 
were compared to 13 patients who had open resections. 
In this report, the operative time and hospital stay were 
less in the laparoscopic group. Patients undergoing 
laparoscopic procedures resumed off-bed activities, bowel 
movement, and oral intake earlier than those undergoing 
open procedures. The 1-, 3- and 5-year survival rates 
were comparable between the groups. In our study, the 
resumption of regular diet and return of bowel function 
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were faster in the laparoscopic group. 
The use of neoadjuvant chemotherapy before combined 

liver and colorectal surgery is evolving. It has been shown 
that patients with colorectal cancer metastases who undergo 
perioperative chemotherapy have an improved progression-
free survival compared to surgery alone (18), albeit with 
increased morbidity related to liver toxicity. In our study, 
the rate of neoadjuvant chemotherapy was similar between 
two groups. We prefer upfront surgical approach to the 
primary tumor without neoadjuvant chemotherapy in 
patients with symptomatic or nearly obstructing primary 
colorectal cancer. In these patients, the resection of liver 
metastases concomitantly is controversial. Our approach in 
these patients involves performing minor liver resections 
concomitantly, but leaving major hepatic resections to a 
second stage after chemotherapy. We have established a 
multidisciplinary tumor board in the recent years with 
an aim to standardize the management of these patients. 
Nevertheless, with similar primary and metastatic liver 
tumor characteristics, there was better DFS in laparoscopic 
group compared to open group. 

There were differences in the surgical technique between 
open and laparoscopic liver resections in the current study, 
with the main advantage of the latter approach being the 
avoidance of inflow occlusion (Pringle maneuver). Pringle 
maneuver is proposed to cause transient portal hypertension 
and impair anastomotic healing related to an onset of 
intestinal edema (19,20). Many laparoscopic hepatectomy 
series have reported a low utilization of inflow occlusion 
owing to decrease in liver flow related pneumoperitoneum 
and the use of advanced energy devices (15). In the current 
study, Pringle maneuver was performed in 41.4 % of patients 
in the open group with none in the laparoscopic group. 

Another point of discussion is the issue of which organ 
system should be approached first during concomitant 
resections. At our institution, we prefer to approach the 
organ system whose resection would require a more extensive 
procedure first. Additionally, if the primary colorectal tumor 
is symptomatic or the possibility of a near-future bowel 
obstruction is anticipated, colorectal tumor is resected first. 
However if the liver lesions require a major liver resection 
and the primary site is small (i.e., a non-obstructing right 
colon tumor), we will perform hepatectomy first. There is a 
scarce amount of data on this topic in the literature, however 
a few authors have suggested liver resection first to avoid the 
detrimental effects of prolonged portal vein occlusion on the 
colonic anastomosis (21).

In our study overall morbidity was found to be 

significantly lower in the laparoscopic patients. Our results 
are consistent with the literature and this is an essential 
benefit of the minimally invasive approach. 

The limitations of our study were the retrospective 
nature, small sample size and short mid-term follow up. 
Our results are encouraging and hence we recommend a 
concomitant laparoscopic approach in appropriate patients 
with tumors amenable to minimally invasive surgery by 
surgeons with experience in both procedures. We hope that 
this study can encourage larger prospective studies to be 
performed.
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