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Abstract

AIM: To report a meta-analysis of the studies that compared the laparoscopic with the open approach for colon cancer resection.
METHODS: The total of 47 manuscript were reviewed, 33 of which employed for meta-analysis according to the PRISMA guidelines. The results were differentiated according to the study design (prospective randomized trials vs case-control series) and according to the tumor’s location. Outcome measures included: (1) short-term results (operating times, blood losses, bowel function recovery, post-operative pain, return to the oral intake, complications and hospital stay); (2) oncological adequateness (number of nodes harvested in the surgical specimens); and (3) long-term results (including the survivals’ rates and incidence of incisional hernias) and d) costs.
RESULTS: Meta-analysis of trials provided evidences in support of the laparoscopic procedures for a several short-term outcomes including: a lower blood loss, an earlier recovery of the bowel function, an earlier return to the oral intake, a shorter hospital stay and a lower morbidity rate. Opposite the operating time has been confirmed shorter in open surgery. The same trend has been reported investigating case-control series and cancer by sites, even though there are some concerns regarding the power of the studies in this latter field due to the small number of trials and the small sample of patients enrolled. The two approaches were comparable regarding the mean number of nodes harvested and long-term results, even though these variables were documented reviewing the literature but were not computable for meta-analysis. The analysis of the costs documented lower costs for the open surgery, however just few studies investigated the incidence of post-operative hernias.
CONCLUSION: Laparoscopy is superior for the majority of short-term results. Future studies should better differentiate these approaches on the basis of tumors’ location and the post-operative hernias. 
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Core tip: This is a comprehensive meta-analysis of studies investigating laparoscopic resection in comparison with the open surgery for colon cancer, with the aim of evidencing short term and long term results of the surgical approaches. Results were provided according to the study designs (randomized trials, case control series) and according to the tumor’s location. 
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INTRODUCTION
Colon cancer remains a major health and social issue affecting in the US more than 100000 new patients/year[1]; the surgical resection remains the standard of care for treating and staging non-metastatic colon cancer. During the last twenty years several progresses were made for improving the treatments, the survivals and the quality of life of cancer patients; the main innovation in the surgical technique was that outbreak of the laparoscopy. The use of laparoscopy for colon resection has been introduced in 1991[2,3]. Initial concerns (including e.g., a long training/learning curve, the possible development of port-site metastasis and an inadequate oncologic resection[4-7]) were subsequently surmounted; indeed in recent years a number of studies recognized the adequateness of the laparoscopic approach along with a number of short-term functional benefits and equivalent long-term results. Nevertheless, the scientific literature in this field is quite heterogeneous regarding the study design adopted (randomized/non-randomized studies), objectives and outcome measures (short-term and log-term results, costs analysis), population enrolled (colon and/or rectal cancer patients), thus it might be difficult for clinicians and surgeons to summarize results and “take at home” univocal messages. 
The aim of this manuscript is to review the studies comparing the laparoscopic and the open approach for colon cancer differentiating results by: (1) prospective randomized trials; (2) case-control series (including prospective and retrospective studies); and (3) the comparison of these techniques according to the tumor’s location. This type of differentiation is seldom conducted and might implement the analysis and help the readers in understanding the results. Moreover we focused our investigation on the costs’ analyses provided in the series and trials that were herein reviewed. Indeed, the goal of this paper is to divulgate a comprehensible meta-analysis of the evidences by each category of investigation and to provide a message of clinical use for clinicians and surgeons committed in the care of colon cancer patients. 
MATERIALS AND METHODS

Data source and search strategies 
This investigation has been conducted adhering at the PRISMA Statements for review and meta-analysis (Figure 1). We conducted a systematic review of the literature by searching PubMed database for all the published series and trials comparing the laparoscopic and open surgical approach for colon cancer from 1995 to December 2012. Keywords: “laparoscopic vs open colectomy” AND “colon cancer”, languages: “English”, limit to “human” including clinical trials and comparative studies. We also included references from the retrieved publications. Duplicate references were removed by manual search. 
Authors of this study were blinded to authors’ and journals’ name while reviewing the series, and did not have any contacts with the authors of the included papers. We did not consider any journal’s scores (e.g., journal’s Impact Factors) of the published series as exclusion criteria for this review. 

Study design and selection of papers 
Each paper retrieved was assessed for inclusion or exclusion for this manuscript, by revision of the titles and the abstracts. Published series with the aim to investigate exclusively rectal carcinomas and/or non cancer-diseases (i.e., laparoscopic proctocolectomies for ulcerative colitis or diverticolitis) were excluded (Figure 1). Conversely manuscripts including few rectal cancers (or few non-malignant diseases) into the series, along with the other colon cancer localizations were included into this review. 
Hand-assisted and totally laparoscopy procedures were considered altogether into the laparoscopic group, whereas all the open procedures (midline or transverse incisions) were considered as open resections. 

All selected papers were categorized into the following sub-groups: (1) randomized studies; and (2) non-randomized studies (including prospective and retrospective case-control series). 
Furthermore we identified those researches that investigated the comparison of these two approaches according to the tumor’s location (i.e., right side colectomies, left side colectomies and transverse resections) and highlighted within these groups the comparison of the costs derived by these two approaches.
Outcome measures 
Whenever possible we collected data regarding: study design, population and power of the study, types of surgical procedure. We considered as short-term outcome measures: operating times (measured in minutes), blood loss (measured in ml), bowel function recovery (defined by the passage of the first flatus/stool; measured in days), post-operative pain (defined as the usage of analgesic –measured in days- and/or the score obtained by the visual analogue scale), return to the oral intake (usually liquid diet; measured in days), morbidity defined by peri-operative complications and hospital stay (measured in days).
Of note, since complications were often reported using different modalities (e.g., major vs minor complications, rate of adverse events etc.), we extrapolated the overall morbidity rate in each category (laparoscopic and open surgery) reported in all the investigated series.
The oncologic adequateness was recorded whenever considered by the authors as the mean number of lymph nodes harvested in the surgical specimen. Mean follow-up (months) was recorded and long-term outcome measures were considered as the rate of relapses, the survivals and the incidence of incisional hernias. The costs analysis has been conducted recording the overall hospital costs for both procedures, providing results in US dollars, in order to analyze a single currency. 
We did not considered conversion surgery, since it might bias the results of the open surgery procedures. On the same extent we did not consider the hospital volume, since it is seldom reported, even though the learning curves and the volume of patients might vary short-term results and costs. 
A first analysis has been conducted reviewing papers in each category (prospective-randomized trials; case control series; studies investigating cancer by sites) and highlighting in each article were the evidences stand for (e.g., significant statistical analyses supporting laparoscopy or open surgery) for the different outcome measures (e.g., considering the operating time, blood losses etc.). Moreover and whenever computable we provided a meta-analysis of the results.
Statistical analysis

Continuous variables were analysed using means, medians and standard deviations, whereas categorical variables were analysed using frequencies and percents. Statistical analyses and Meta-analysis were performed using MedCalc for Windows, version 10.2.0.0 (MedCalc Software, MariaKerke, Belgium). In order to provide significant results, a meta-analysis has been conducted for all variables in different categories (prospective-randomized trials; case control series; studies investigating cancer by sites) whenever at least 3 studies provided data computable. 
The Mantel-Haenszel method was used for calculating the weighted summary Odds ratio under the fixed effects model. Next the heterogeneity statistic is incorporated to calculate the summary odds ratio under the random effects model. The total odds ratio with 95%CI is given both for the Fixed effects model and the Random effects model. If the value 1 is not within the 95%CI, then the Odds ratio is statistically significant at the 5% level (P < 0.05).

For meta-analysis of studies with a continuous measure (comparison of means between treated cases and controls), the Hedges g statistic was used as a formulation for the standardized mean difference (SMD) under the fixed effects model. Next the heterogeneity statistic is incorporated to calculate the summary standardized mean difference under the random effects model. If the value 0 is not within the 95%CI, then the SMD is statistically significant at the 5% level (P < 0.05).

Statistical heterogeneity of the results of the trials was assessed on the basis of a test of heterogeneity (standard chi-squared test on N degrees of freedom where N equals the number of trials contributing data minus one). Three possible causes for heterogeneity were pre-specified: (1) differing response according to difference in the quality of the trial; (2) differing response according to sample size; and (3) differing response according to clinical heterogeneity. If the test of heterogeneity is statistically significant (P < 0.05) then more emphasis should be placed on the random effects model.

RESULTS
Figure 1 outlines the study design. Pubmed search provided 80 results, however 39 studies were excluded due to different outcome measures (e.g., investigations aimed to outline the quality of life or the immunological response), due to the evaluation of the laparoscopy procedures per se (missing the open surgery group) or evaluating rectal cancer patients (see exclusion list). All the 47 articles retrieved were included in the systematic review, however only 33 articles provided data computable for meta-analysis. 
Randomized controlled trials
Figure 2 outlines results of this analysis. 11 studies were included for review[8-18] from 1995 to 2012, including overall 2992 patients in the laparoscopy group and 2717 in the open surgery group. Of note 4 studies enrolled less than 50 patients/arm[10-11,13]. The systematic review of the manuscripts documented a number of benefits of the laparoscopic procedure for the vast majority of the short-term outcome measures (bowel function recovery, return to the oral intake, post-operative pain, blood loss and hospital stay), whereas it was documented a longer operating time comparing the open approach. Of note, all the studies - with the exclusion of the first trial conducted by Lacy and co-authors in 1995[8] – reported a comparable morbidity rate within the two approaches. Similarly the mean count of the nodes harvested (LNH) in the surgical specimens were similar in the 3 studies investigating this variable[8-9,15], and the survivals were reported homogeneous in the vast majority of the studies[12-15,17,18], with the sole exception of the trial conducted by Lacy in 1995[8]. It seems important to highlight that only two randomized trials investigated the incidence of post-operative hernias[11,15], reporting a comparable rate of events (Figure 2A). 

Meta-analysis conducted on 9 studies in this group[8-16] confirmed the evidences of the short-term outcome measures in favour of the laparoscopy (bowel function recovery, return to the oral intake, blood loss and hospital stay), plus it documented a better morbidity rate for the laparoscopy group (OR = 0.609; 95%CI: 0.415-0.896). Conversely the operating time has been confirmed shortly in the open procedure group (Figure 2B and C).

Case-control studies
Figure 3 reports data from this analysis. 16 case-control studies were included, counting overall 3819 patients in the laparoscopy group and 6990 in the open surgery group[19-34]. The vast majority of these studies agree in reporting shorter operating time in the open surgery group comparing with the laparoscopic procedures, with the exceptions of the studies conducted by Saba, Bilimoira and De Campos Lobato that provided homogeneous results[19,27,30]. All studies investigating the bowel function recovery recognized a benefit for the laparoscopy procedure[19,21-22,24,26]; similarly the investigation of the return to the oral intake provided homogeneous results in the 2 studies that investigated this outcome measure[19,29]. 
Even if Shabbir reported a similar use of analgesic in the post-operatory recovery[22], the other studies reported significant benefits associated with the laparoscopic procedure in this field[14-15,17]. A significant reduction in the blood loss for the patients undergone laparoscopy has been reported by all the authors[20,26,30,32,33], with the sole exception of Slow[24]. The hospital stay has been reported in favour of the laparoscopy group in all the studies, with the exclusion of the series investigated by Cermak et al[29] in 2008. The study of the morbidity rate provided dis-homogeneous results: even though some studies documented some benefits in the laparoscopy group[20,22,27,32,33], others documented comparable results between the 2 approaches[21,24-26,28,30]. Notably, Cianchi in 2012 highlighted a better LNH in the laparoscopy group[34], whereas the others reported homogeneous results. 
Similarly, with the exception of Lezoche et al[21], the authors reported comparable survival rates within these 2 approaches. Seems important to highlight that the vast majority of the studies did not investigate the rate of post-operative hernias, with the sole exception of Pantankar in 2008[25] that reported similar results in the 2 groups. 
A meta-analysis has been conducted for 11 studies in this category[20-22,24-28,30,32,33], Figure 3B. The operative time has been reported longer in the laparoscopy group, whereas this procedure showed a shorter hospital stay, Figure 3C. Interestingly the meta-analysis provided also in this category of studies some evidences regarding a lower rate of morbidity in the post-operative period following a laparoscopy operation (OR = 0.644; 95%CI: 0.447-0.862). The analysis of the LNH variable was not of statistical value (95%CI: -0.418-1.050). 
Right-sided colectomies 
We identified 10 studies in this category[24,35-43], involving 427 laparoscopy patients and 485 open colectomy patients, Figure 4. Overall we included 8 case-control series[24,35-38,41-43] and 2 randomized trials[39,40]. Of note the open surgical approach (midline vs transverse incisions) has been categorized exclusively in 4 studies[39-40,42-43]. All the studies analysed documented homogeneous results regarding the hospital stay (statistically better associated with the laparoscopy approach), LNH and survival rate (comparable results between the 2 procedures). Discordant data were documented for the operating time: even though the vast majority of the authors reported a shorter operation in the open group, the studies conducted by Zeng in 2005 and by Nakamura in 2009 documented comparable results[36,41]. The bowel function recovery has been reported shorter in the laparoscopy group in the studies conducted by Lezoche, Slow, Zeng, Chung and Tanis[24,35-36,39,43], whereas other 2 articles provided similar recoveries for both groups[37,38]. Three studies reported comparable results within the 2 surgical approaches regarding the return to the oral intake[36-37,43]; opposite Tong, Chung and Braga[38-40] reported results in favour of the laparoscopy group. Zeng, Chung and Slow (exclusively in patients < 75 years old)[24,36,39] reported a lower use of analgesics in the laparoscopy group, whereas Lohsiriwat and Tanis failed in reporting a statistical association[37,43]. Within the laparoscopy procedures, all the authors with the exceptions of Lohsiriwat and Tong[37-38], documented lower blood losses. Also in this category, the investigation of the rate of post-operative hernias has been conducted in a single study[42].

A meta-analysis has been conducted or 9 manuscripts[24,35-42] within this category, Figure 4B. Significant evidences were highlighted for the laparoscopy procedures regarding the bowel function recovery, post-operative pain, blood losses, hospital stay and interestingly for the morbidity rate (OR = 0.524; 95%CI: 0.365-0.754). Also in this category the investigation of the LNH variable was not of statistical value (95%CI: -0.4149-0.562). Conversely the operating time has been confirmed shorter in the open surgery group, Figure 4C.

Left-sided colon cancers
Seven studies were included in this category[24,35,45-48], encompassing 1608 patients undergone laparoscopy and 9981 patients undergone open surgical resections, Figure 5. Three studies were randomized[44-45,47], the remaining were case-control studies. It seems important to highlight that 3 studies enrolled less than 50 patients/arm[24,47,48]. The analyses of the bowel function recovery, the return to the oral intake, the post-operative pain and the survival rates provided homogeneous results among studies (benefits for the laparoscopy patients for the short-term outcome measures, comparable results between the 2 approaches for long term survivals). The operating time has been reported in favour of the open approach in all the studies with the exception of Cheung et al[47]. Conversely the analysis of the blood losses was in favour of the laparoscopy procedures in all the researches, excluding the article by Leung et al[44]. A shorter hospital stay has been reported statistically associated to the laparoscopy procedure in all the studies with the sole exclusion of the report by Cheung et al[47].
Interestingly the analysis of the morbidity rate provided discordant data: 3 studies reported benefits for the laparoscopy procedure[46-48], whereas other 3 studies reported comparable results[28,44-45]. Notably the analysis of the LNH reported homogeneous results among different studies, with the exceptions of Cheung and Nakashima[47,48].

A meta-analysis has been provided including all the 7 studies, but it was computable for only two variables (Figure 5B) and interestingly both the hospital stay and the morbidity rate were confirmed in favour of the laparoscopy group, Figure 5C. 
Transverse colon cancers 
Three studies were included in this category of investigation[49-51], including 124 patients in the laparoscopy group and 141 in the open surgery group, Figure 6. All the studies were case-controls series with some concerns regarding the power of the analyses due to the small samples enrolled. These studies reported homogeneous results in favour of the laparoscopy procedures for the bowel function recovery and the intra-operative blood loss. Notably all the studies documented similar morbidity rates for both surgical approaches. The studies conducted by Kim et al[49] and by Cebrian et al[51] documented comparable operating times, whereas Akiyoshi et al[50] reported benefits in this field in the open surgery group. Cebrian et al[51] documented comparable results within the 2 procedures regarding the return to the oral intake, whereas the others documented a statistical correlation with the laparoscopy procedure[49,50]. The hospital stay has been reported comparable by Kim and by Cebrian[49,51], whereas Akiyoshi et al[50] reported a shorter hospitalization in the laparoscopy group. The analysis of the LNH reported similar results between the surgical procedures in the studies conducted by Kim et al[49] and by Cebrian et al[51], whereas Akiyoshi et al[50] documented a higher mean number of nodes harvested in the open surgery group. None of these studies investigated the survivals or the incidence of post-operative hernias. 
It was not possible to computable data for meta-analysis within this category of investigation. 

Costs analysis 
Nine studies were included in this investigation[19,29,36,44-46,52-54], including 3 randomized trials[44-45,52], Figure 7. The overall number of patients pooled in the laparoscopy group has been of 102763; otherwise 72264 patients were included in the open surgery group. Costs were expressed or converted whenever necessary in United States dollars. Overall laparoscopy procedures provided costs ranging from $4000 to $41000; conversely the open surgery expenses were ranging from $1800 to $43000. 4 studies were meta-analysed[36,44-46]. Results of the meta-analysis confirmed a significant reduction of the costs in the open surgery group comparing with laparoscopy (SMD = 4.843; 95%CI: 3.031-6.656), Figure 7B and C. 
DISCUSSION

The primary goal of this manuscript was to divulgate the evidences obtained reviewing 47 manuscripts in this field, 33 of which provided data computable for meta-analysis; the results were categorized on the basis of the study design (randomized trials, case-control series) and on the basis of the tumor locations. Moreover we conducted an analysis of the costs derived by the two surgical procedures. Our results are in agreement with that of other meta-analyses in this field documenting better short-term results in the laparoscopy groups comparing with the open surgery procedures[55,56], even though it is associated with a significant longer operative time. 
We considered any complications provided by different studies in the “morbidity rate” outcome measure, since it was very difficult to provide homogeneous results reviewing studies in this field; indeed authors considered different complications in the analyzed studies (infections, bleeding etc.). The interpretation of results, however, might be implemented if future studies could stratify the severity of adverse events using standard classifications (e.g., the Clavien’s classification)[57].
Nevertheless, the laparoscopy procedure for colon cancer resection has been reported oncologically safe[58,59]. The same results were reporting analysing exclusively right-sided colectomies[60]. In the field of the evaluation of resections by cancers’ site, we noted that still to-date few studies compared the right-side colectomy by transverse incisions with the laparoscopy procedures; indeed as highlighted by Tanis et al[43] the short-term results obtained by the transverse incisions are often between laparoscopy and the midline approach. It is our opinion that this field of studies should be implemented. Moreover in the field of left-side colectomies the some series pool left-sided and recto-sigmoid cancers[45,46], thus it is often difficult to differentiate “pure” colectomies from the recto-sigmoid resections. Of note just 4 studies out of the 47 reviewed, investigated the rate of post-operative hernias, providing homogeneous results comparing the 2 methodologies[11,14,25,42], thus also this field of investigation should be implemented by incoming studies.
Take at home messages
Short term outcome measures including: a lower blood loss, an earlier recovery of the bowel function, an earlier return to the oral intake, a shorter hospital stay and a lower morbidity rate were statistically associated to the laparoscopic procedures in randomized trials. Opposite the operating time has been confirmed shorter in the open surgery group. 
Even though the majority of the trials reported a statistical association with less post-operative pain in the laparoscopic group, this data was not computable on meta-analysis, similarly the comparable results of the LNH within the 2 procedures was documented at the review but not computable at the meta-analysis. 
This trend has been confirmed analyzing case-control series and cancer by sites, even though there are some concerns regarding the power of the studies in this latter field due to the small number of trials and the small sample of patients often enrolled.

The analysis of the costs documented lower costs for the open surgery procedures, however seems important to highlight that just few studies investigated the incidence of post-operative hernia. The analysis of the post-operative hernia could add important information; indeed a re-intervention might substantially implement the costs and might put into question the cost-effectiveness of the procedure.
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Background 
Colon cancer is a major health issue. Over the last twenty years several progresses were made for improving the treatment and the quality of life of cancer patients, and the main innovation in the field of colon cancer surgical technique was that outbreak of the laparoscopy procedures (minimally-invasive treatments). 
Research frontiers

Several studies recognized the adequateness of the laparoscopic approach along with a number of short-term functional benefits and equivalent long-term results comparing to “open” approach. Nevertheless, the scientific literature in this field is quite heterogeneous, thus it might be difficult for clinicians and surgeons to summarize results and “take at home” univocal messages. 
Innovation and breakthroughs 
The goal of this paper is to divulgate a comprehensible meta-analysis of the evidences and to provide a message of clinical use for clinicians and surgeons committed in the care of colon cancer patients. 

Applications

The results are in agreement with that of other meta-analyses in this field documenting better short-term results in the laparoscopy groups comparing with the open surgery procedures[55,56], even though it is associated with a significant longer operative time. 

Peer review

This is a comprehensive review and meta-analysis of laparoscopic vs open colectomy for colon cancer. It’s well-written with a solid analysis.
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Figure 1 Study design. A: Study design according to the PRISMA statement for systematic reviews and meta-analysis. B: Exclusion list of the manuscripts.
Figure 2 Randomized studies. A: Randomized trails comparing laparoscopy and open surgery. X in the table refers to a statistical association provided in the studies; B: Meta-analysis of the out-come measures; C: Forest plot graph regarding studies investigating blood loss. OS arm: Open surgery arm; FU: Follow-up; OT: Operative time; BF: Bowel function; OI: Oral intake; PP: Post-operative Pain; BL: Blodd loss; HOSP: Hospital stay; LNH: Lymph node harvest; NS: Not significant.
Figure 3 Non-randomized studies. A: Case-control studies comparing laparoscopy and open surgery. X in the table refers to a statistical association provided in the studies; B: Meta-analysis of the out-come measures; C: Forest plot graph regarding studies investigating hospital stay. 1Statistic analysis not performed; 2 Significant difference of follow-up according to the stage of the disease. Lap: Laparoscopy; OS: Open surgery; FU: Follow-up; OT: Operative time; BF: Bowel function; OI: Oral intake; PP: Post-operative Pain; BL: Blodd loss; HOSP: Hospital stay; LNH: Lymph node harvest; NS: Not significant.
Figure 4 Right sided colectomies. A: Studies comparing right-side laparoscopy colectomy and open surgery. X in the table refers to a statistical association provided in the studies; B: Meta-analysis of the out-come measures; C: Forest plot graph regarding studies investigating operative time. 1Statistic analysis not performed; 2 Exclusively if patients > 75 years old; 3Exclusively if patients < 75 years old. Lap: Laparoscopy; OS: Open surgery; M: Midline incision; T: transverse incision R: Randomized, CC: Case-control; FU: Follow-up; OT: Operative time; BF: Bowel function; OI: Oral intake; PP: Post-operative Pain; BL: Blodd loss; HOSP: Hospital stay; LNH: Lymph node harvest; NS: Not significant.

Figure 5 Left sided colectomies. A: Studies comparing left-side laparoscopy colectomy and open surgery. X in the table refers to a statistical association provided in the studies; B: Meta-analysis of the out-come measures; C: Forest plot graph regarding studies investigating morbidity rate. 1Exclusively if patients >75 years old. Lap: Laparoscopy; OS: Open surgery; M: Midline incision; T: transverse incision R: Randomized, CC: Case-control; FU: Follow-up; OT: Operative time; BF: Bowel function; OI: Oral intake; PP: Post-operative Pain; BL: Blodd loss; HOSP: Hospital stay; LNH: Lymph node harvest; NS: Not significant.
Figure 6 Transverse colectomies. Studies comparing transverse laparoscopy colectomy and open surgery. X in the table refers to a statistical association provided in the studies. Lap: Laparoscopy; OS: Open surgery; M: Midline incision; T: transverse incision R: Randomized, CC: Case-control; FU: Follow-up; OT: Operative time; BF: Bowel function; OI: Oral intake; PP: Post-operative Pain; BL: Blodd loss; HOSP: Hospital stay; LNH: Lymph node harvest; NS: Not significant.

Figure 7 Costs analysis. A: Studies comparing laparoscopy and open surgery: analysis of the costs; B: Meta-analysis; C: Forest plot graph. Lap: Laparoscopy; OS: Open surgery; NS: Not significant.
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