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Abstract

Laparoscopic rectal surgery has gained popularity over the last 20 years. Currently there are still questions surrounding
the safety and efficacy of this technique as compared to the traditional open modalities. To date, despite the initial
enthusiasm for laparoscopic rectal surgery this technique is yet to reach non-inferiority in trials when compared to open
resection. This review article discusses the current evidence exploring the value of laparoscopic rectal surgery. It will
discuss its evolution over the last 20 years, exploring all the major randomised control trials and their results. It is our
belief that laparoscopic rectal surgery for malignancy is not non-inferior to conventional open surgery.
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INTRODUCTION

In Western society, rectal cancer is the third most common cause of cancer related deaths". Tt encompass-
es approximately 30% of all colorectal malignanciesm. Surgical resection of the rectum remains pivotal to

the successful management of rectal cancer, especially in stage II or III disease™.

The treatment of rectal cancer has undergone significant change over the last 50 years. Prior to total me-
sorectal excision (TME) rectal cancer had a locoregional recurrence rate of 40% and 5-year survival of less
than 50% . It was revolutionised in the early 1980’s by Heald, who demonstrated that TME significantly
improved the outcomes and prognosis for patients being treated for rectal cancer'®. TME is the precise sur-
gical dissection technique which involves the complete removal of the rectum, together with its draining
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lymph nodes, within an intact mesorectum"’. TME, in addition to neoadjuvant and adjuvant treatments
have led to a reduction in locoregional recurrence to less than 10% and 5-year survivals of more than
70% """, The removal of the rectum and its mesorectum allows for potentially curative resection, pathologi-
cal staging, prognosis and aids in further treatment decisions"’. The quality of this resection is associated
with improved outcomes in terms of survival and locoregional recurrence, thus the push for standardised
good quality surgery*"".

Over the last 30 years there has been a drive towards minimally invasive techniques. Advances in lapa-
roscopic surgery was thought to further revolutionise the surgical treatment of rectal cancer. Current
evidence supports the concept of laparoscopic colonic resection over the traditional open modalities with
known improvements in short-term outcomes, in addition to equivalent long-term results, when com-
pared to open surgery[12’13]. In the short-term patients were noted to have faster recoveries, earlier feeding,
decreased overall morbidity, earlier return of bowel function and decreased amounts of intraoperative
blood loss" """, In the intermediate term there was an earlier return to work. More importantly though the
long term oncological outcomes regarding local recurrence, disease free survival and overall survival were
shown to be improved[m].

Unfortunately to date the promise of similar results in laparoscopic rectal surgery has not yet been de-
livered. Several studies have shown laparoscopic rectal surgery has failed to reach noninferiority when
fo71. However, early reports from
some of the major trials are suggesting that laparoscopic rectal surgery and open resection are equivalent

[18-20]

compared to open resection in terms of short term pathological outcomes
regarding long-term disease-free survival, overall survival and local recurrence

This review article aims to answer the question “is laparoscopic rectal surgery really is non-inferior to open
surgery?” Is there too much focus on the short term pathological outcomes or should we be more patient
and wait for the long-term survival data before we answer this question?

This article will outline the evidence to date, discuss the evolution of laparoscopic colonic surgery and its
applicability to rectal surgery and finally discuss the current evidence for long term oncological outcomes
and the evidence that is yet to be published. It is our belief that laparoscopic rectal surgery is not non-
inferior to open surgical techniques in experienced hands.

EVOLUTION OF LAPAROSCOPIC COLONIC SURGERY

Laparoscopic colonic surgery had a relatively slow progression into accepted surgical practise. It was noted
to have a steep learning curve, there was limited evidence regarding randomised control trials (RCTs),
concerns were raised regarding its lymph node harvests, oncological outcomes and reports of port site
metastasis . Eventually over time, these concerns were laid to rest with robust, quality evidence. Laparo-
scopic colectomies have proven to be not only cost effective but have shown to have improved short-term

outcomes with equivalent long-term oncological outcomes'™"

In 1991, Jacobs et al.”” published their first case series of 20 patients who had received laparoscopic assisted
colectomies. Lacy[”] published the first RCT which was a single institution study comparing 219 patients.
This study revealed significant short-term benefits for the laparoscopic patient group regarding reduced
blood loss, early return of intestinal function and overall decreased morbidity™. However, concerns were
raised over the low lymph node harvests in both groups (average yield of 13 lymph nodes) and the low
number of patients receiving adjuvant chemotherapy[“’”]. Furthermore, there were initial concerns raised
about port site metastasises with reported incidences of 1%-21%"". Ultimately this was disproven, with an
accepted incidence of 1%, The accepted incidence of cutaneous metastasis after open resection is 1%-

[25]

1.5% .
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Eventually large randomised trials such as COST (Clinical Outcomes of Surgical Therapy) Study group,
COLOR (Colon cancer Laparoscopic or Open Resection) trial, ALCCaS (Australian laparoscopic colon
cancer study) trial, and the MRC CLASICC (Conventional versus laparoscopic-assisted surgery in patients
with colorectal cancer) have shown the safety and efficacy of laparoscopic colonic surgery[%_zsl. This same
journey seems to parallel that of for laparoscopic rectal surgery. Currently the main criticism is that the
short term oncological outcome of the resected specimen is not reaching noninferiority of the same speci-
mens resected via open surgery. However, the long-term survival data that is emerging, is supporting equiva-
lent outcomes regarding long term disease free survival, overall survival and locoregional recurrence.

COMPLEXITIES OF LAPAROSCOPIC RECTAL SURGERY

Laparoscopic rectal surgery can be divided into an abdominal component and a pelvic component. For the
operation to be considered laparoscopic both components need to be completed laparoscopically. Regard-
ing the traditional open operations this could be achieved by either the conventional laparotomy or via a
hybrid procedure where the abdominal component is accomplished by laparoscopy (therefore taking ad-
vantage of the known benefits of laparoscopic colonic surgery). The pelvic component is then completed via

. .. . . .. . [17,29]
a pfannensteil incision which allows direct vision of the rectum and surrounding mesorectal envelope "

There are several theoretical advantages to completing the operation completely laparoscopically as com-
pared to open. The first of which is an intensely magnified view of the pelvis, which could allow improved
preservation of the autonomic nerves. Furthermore, this magnification could lead to better visualisation
of the TME plane and theoretically allow a more precise dissection. In addition to this, there has been evi-
dence to support less blood loss, earlier feeding, early return of bowel function and decreased length of stay

in hospital following laparoscopic procedures[”]

However, the learning curve of laparoscopic TME dissection is significant and requires time to master;
more so than that of the curve for laparoscopic colonic resections. It is particularly challenging working
within the narrow, confined space of the bony pelvis which creates issues with tissue retraction and dis-
section of the mesorectum™’. Furthermore, the technical issues with laparoscopic equipment, particularly
with laparoscopic stapling devices and the linear energy devices can be quite difficult to use inside the
rigid, narrow pelvis, therefore requiring a high level of surgical expertise’™”

EVIDENCE FROM MULTICENTRE RANDOMISED CONTROL TRIALS (SHORT TERM ONCOLOGI-
CAL DATA)

To date there have been several studies comparing the short term oncological outcomes of laparoscopic
rectal surgery to that of open surgery. The landmark multicentre RCTs include the early UK-based MRC
CLASICC (Conventional vs. Laparoscopic-Assisted Surgery in Colorectal Cancer) trial®”, the North
American COLOR (Colon Cancer Laparoscopic or Open Resection) II trial™, the South Korean based
COREAN (Comparison of Open Versus Laparoscopic Surgery for mid or low Rectal Cancer After Neoad-
juvant Chemoradiotherapy) trial®”, the Australian based ALaCaRT (Australian Laparoscopic Cancer of
the Rectum Trial) trial"” and the US based ACOSOG Ze051"".

Some of the earliest data published came from the MRC CLASICC trial which was published in the Lancet
in 2005. This was a multicentre trial that compared laparoscopic colon and rectal surgery to the conven-
tional open modalities. Overall, the trial recruited 794 patients of which 242 had rectal cancer between
1996 and 2002. The relatively concerning results reported, likely reflected the challenges of laparoscopic
rectal surgery and its early utilization. Thirty-four percent of patients required conversion, there was a 5%
mortality rate and there was a high positive circumferential resection margin (CRM) rate of 12% for the
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laparoscopic group and 6% for the open group. As compared to the 2015 ALaCaRT trial which had a 6.7%
positive CRM rate in the laparoscopic group[m.

COLOR 1I trial was a noninferiority trial that recruited 1044 patients from 30 centres across 8 countries
between 2004 and 2010, with adenocarcinoma of the rectum, within 15 cm of the anal verge. The primary
outcome measure was to compare the locoregional recurrence after 3 years. Secondary outcome measures
was 3-year disease free and overall survival. Included in the analysis was a comparison of the pathological
data of the resected rectums. On pathological analysis the authors did not find any significant difference in

18]

TME quality, CRM or distal resection margin (DRM)"".

The COREAN trial recruited 340 (170 patients in each group) patients with mid to low rectal cancer from
3 tertiary hospitals in South Korea between 2006 and 2009. It differs from the other trials in that all their
patients received neoadjuvant chemoradiotherapy, whereas not all patients received neoadjuvant treatment
in ALaCaRT or ACOSOG Z6051. Short term outcome measures such as CRM, TME quality, DRM and
number of harvested lymph nodes were collected. Other measures such as post-operative quality of life,
morbidity and return of bowel function were also investigated. Secondary outcomes included longer term
outcomes (disease free and overall survival) at 3 years. Pathological assessment of the resected specimen
in this study showed no statistical difference between the groups. The authors in this study supported the
use laparoscopic rectal surgery after neoadjuvant chemoradiotherapy as it had an improved short-term
benefit regarding post-operative outcomes and its pathological assessment was equivalent between the two

groups[m]

ALaCaRT was a multicentre, randomised, noninferiority trial which aimed to investigate the safety and
outcomes of laparoscopic rectal surgery as compared to open surgery. It recruited 475 patients (237 open
resection group and 238 laparoscopic resection group) from 24 institutions from across Australia and New
Zealand between 2010 and 2014 with T1-T3 rectal cancers within 15 cm of the anal verge. The primary aim
of the study was to compare pathological outcome of the resected specimen. Secondary outcome measures
compared were disease free survival, local pelvic recurrence at 2 years and overall survival at 5 years. The
oncological quality of the specimen was a composite measure of completeness of TME, CRM and DRM.
A successful resection needed to fulfil all the requirements of the composite outcome. The major distinc-
tion of this trial compared to the other landmark trials was the incorporation of the hybrid technique into
the open group. The results failed to show that laparoscopic rectal surgery is non-inferior to open rectal
surgery with only 82% of laparoscopic resected specimens being considered successful in contrast to 89% of
the open group. However, the quality of the surgery was high, with 87% of laparoscopic TME’s being com-
plete, 93% of CRM negative and a clear DRM in 99%. The conversion from laparoscopic to open was only 9%.
The authors concluded that there wasn’t sufficient evidence for the routine incorporation of laparoscopic
rectal surgery. The longer-term outcome measures are still awaited"”.

ACOSOG Z6051 was a similar study to ALaCaRT as it also evaluated the short term pathological outcomes
using the composite outcome measures defined previously. It was a multicentre, randomised control trial
that recruited 462 patients with clinical stage II or III rectal cancer (laparoscopic resection n = 240, open
resection n = 222) from 35 institutions across the United States and Canada between October 2008 to Sep-
tember 2013. The only difference is that the ACOSOG Z6051 defined an acceptable TME as either complete
or nearly complete (TME Grades 2 and 3) whereas the ALaCaRT trial only considered a complete TME
(TME Grade 3) as successful. As with the ALaCaRT trial this multicentre trial failed to prove that laparo-
scopic rectal cancer was non-inferior to open rectal surgery. The results revealed 81.7% of laparoscopically
resected specimens as compared to 86.9% of the open group were successful resections with respect to the
composite pathological outcome measure. The conversion rate was only 11.3% which suggested the quality
of surgical experience was high. The authors concluded that their findings did not support the use laparo-

. . [10]
scopic rectal resection” .
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The evidence from these landmark trials has highlighted the improvement in oncological outcomes as ex-
perience and expertise with laparoscopic rectal surgery increases.

LONGER TERM ONCOLOGICAL OUTCOMES FOR RECTAL SURGERY

At present, there is only limited published data available for the longer term oncological data that compares
laparoscopic and open approaches to rectal cancer. Currently, available datasets include the 10-year data
from the MRC CLASICC trial, the 3-year data from the COREAN and COLOR II trials. The initial 2-year
longer term oncological outcomes are still awaited from ALaCaRT and ACOSOG Z6051 trials.

The MRC CLASICC trial has revealed quite promising outcomes in terms of locoregional recurrence,
disease free survival and overall survival after 10 years. There was no difference in the overall survival,
disease free survival or local recurrence on subgroup analysis. The median disease-free survival was
70.6 months (open 67.1 months, laparoscopic 70.8 months; P = 0.925) with the median overall survival be-

ing 73.6 months (65.8 months open group, 82.7 months laparoscopic group; P = 0.147)™".

In the COREAN trial the 3-year disease free survival was 79.2% for laparoscopic surgery and 72.5% for the
open resection group[m], which was not statistically significant. There was also no significant difference in
the rates of local recurrence or overall survival (disease free survival P = 0.34). These results were similar
to the results of the COLOR II trial in which 3-year disease free survival was 74.8% in the laparoscopic
surgery group and 70.8% in the open group, which did not result in a statistically significant difference.
The 3-year overall survival of the laparoscopic and open TME groups was 86.7% and 83.6% respectively.
This was not statistically significant. Both groups in the COLOR 1I trial had a 5% locoregional recurrence
rate"”. In both studies, the authors concluded that laparoscopic rectal surgery was comparable to that of

the open resection group.

EVIDENCE FROM META-ANALYSES FOR RECTAL CANCER

The most recent meta-analysis was published by Arezzo et al.” in 2015. This included all RCTs and non-
randomised control trials published between 2000 and 2013 (therefore not including the ALaCaRT and
ACOSOG Z6051 trials). Their ultimate primary end point was CRM positivity, but they also analysed
DRM, quality of TME and local recurrence at 5 years. Essentially this revealed no significant differ-
ence in any of these outcome measures. The authors concluded that there was some evidence to support
laparoscopic rectal resection in terms of short term outcomes, pathological outcomes and longer-term

[30]
outcomes .

Moreover, there was a Cochrane review article published in 2014 that evaluated the short and longer-term
outcomes of laparoscopic and open rectal surgery. This review only reviewed RCTs. The conclusion was
that there was moderate strength evidence to support laparoscopic resection. It revealed similar outcomes
for disease free survival, overall survival and local recurrence. In addition, it also noted that there was a
decrease in hospital length of stay and time to first defection in the laparoscopic resection groupm.

Even though the evidence is not considered to be as strong, the general impression is that laparoscopic rec-
tal surgery is not non-inferior to open rectal resection.

SHIFTING OF FOCUS

Should the focus of these noninferiority studies shift focus from immediate oncologic analysis and focus
more upon the long-term survival data? In an experienced surgeon’s hands there appears to be a definite
short-term benefit regarding reduced post-operative morbidity and hospital length of stay[zgl. This cannot
be accepted if the long-term survival data is not equivalent to that of the open surgical group.
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Of note, there is overwhelming data supporting that there are improved outcomes with the increasing
quality of TME excision. However, this evidence was collected in the open operation era. Is quality of
the TME the only predictor in overall survival? Bouvy et al.™ published an article in 1997 which sug-
gested that laparoscopic surgery was associated with less tumour growth when compared to conventional
open surgery because of the reduced operative trauma. They believed that reduced operative stress lead
to decreased production of growth factors and therefore decreased stimulation of tumour cell growth®".
More recently, endocrine and metabolic markers have been studied in attempt to quantify this operative
stress. Human leukocyte antigen (HLA) and the pro-inflammatory marker interleukin 6 (IL-6) have been
proposed potential surrogates to measure the surgical stress response. The evidence suggests that there is
preserved immune function and less inflammation in laparoscopy as compared to the conventional open

. 32
resectlons[ ]

Could this be the reason that despite current trials being unable to show non-inferiority, early survival data
appears equivalent? To answer this, we await the survival data from the more recent trials with great interest.

Should the next focus be more on the quality of the TME using minimally invasive techniques (robotics or
trans-anal TME)? If we are currently obtaining equivalence in survival outcomes with lower grade TME
quality, surely survival will improve with the development of higher quality minimally invasive TME.

Kim ef al.”” have recently published their experience with robotic TME. They retrospectively compared
732 patients (robotic n = 272; laparoscopic n = 460) aiming to evaluate the long term oncological outcomes
between the robotic and laparoscopic TME. Ultimately, they were able to show that the overall 5-year sur-
vival for robotic TME and laparoscopic TME was 90.5% and 78% respectively, with the 5-year disease free
survival being 72.6% and 68% respectively. Despite the limitations of this study, it does reveal that robotic
TME may have a meaningful impact on long term outcomes (in regard to overall survival and disease free
survival)™. Long-term oncological outcomes from the prospective trials Robotic versus Laparoscopic Re-
section for Rectal Cancer (ROLARR) and Comparison of Laparoscopic versus Robotic-Assisted Surgery for
Rectal Cancer (COLRAR) trials are awaited.

CONCLUSION

Currently there is conflicting evidence for the role of laparoscopic TME for rectal cancer patients. The evi-
dence from recent well executed RCTs would suggest that the short term oncological outcome of the lapa-
roscopic TME has failed to reach noninferiority. The long-term survival data from the limited literature
is promising and is showing equivalence between the 2 groups. However more evidence from recent trials
needs to publish to further evaluate this.

It is our belief that in experienced hands laparoscopic rectal resection is not non-inferior but is equivalent
to open resection. In saying this, it is important that whichever modality is chosen, that the surgeon is
comfortable and well trained in that technique. Ultimately the quality of the surgery will facilitate the out-
comes for the patient and hopefully the desired long-term outcome.

DECLARATIONS
Authors’ contributions

Design, manuscript editing, manuscript revision: O'Donohue PF, Warren CD, Chow CFK
Literature research, data analysis, manuscript writing: O’Donohue PF, Warren CD

Availability of data and materials
Not applicable.



O’Donohue et al. Mini-invasive Surg 2018;2:24 | http://dx.doi.org/10.20517/2574-1225.2018.34 Page 7 of 8

Financial support and sponsorship

None.

Conflicts of interest

All authors declared that there are no conflicts of interest.

Ethical approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Copyright
© The Author(s) 2018.

REFERENCES

1.

Vennix S, Pelzers L, Bouvy N, Beets GL, Pierie JP, Wiggers T, Breukink S. Laparoscopic versus open total mesorectal excision for rec-
tal cancer. Cochrane Database Syst Rev 2014; doi: 10.1002/14651858.

Glimelius B, Tiret E, Cervantes A, Arnold D; ESMO Guidelines Working Group. Rectal cancer: ESMO Clinical Practice Guidelines for
diagnosis, treatment and follow-up. Ann Oncol 2013;24 Suppl 6:vi81-8.

Dorrance HR, Docherty GM, O’Dwyer PJ. Effect of surgeon specialty interest on patient outcome after potentially curative colorectal
cancer surgery. Dis Colon Rectum 2000;43:492-8.

Porter GA, Soskolne CL, Yakimets WW, Newman SC. Surgeon-related factors and outcome in rectal cancer. Ann Surg 1998;227:157-
67.

Slaney G. Results of treatment of carcinoma of the colon and rectum. Mod Trends Surg 1971;3:69-89.

Heald RJ, Ryall RD. Recurrence and survival after total mesorectal excision for rectal cancer. Lancet 1986;1:1479-82.

Laurent C, Leblanc F, Wiitrich P, Scheffler M, Rullier E. Laparoscopic versus open surgery for rectal cancer: long term oncological re-
sults. Ann Surg 2009;250:54-61.

Kapiteijn E, Marijnen CA, Nagtegaal ID, Putter H, Steup WH, Wiggers T, Rutten HJ, Pahlman L, Glimelius B, van Krieken JH, Leer
JW, van de Velde CJ; Dutch Colorectal Cancer Group. Preoperative radiotherapy combined with total mesorectal excision for resectable
rectal cancer. N Engl J Med 2001;345:638-46.

Monson JR, Weiser MR, Buie WD, Chang GJ, Rafferty JF, Buie WD, Rafferty J; Standards Practice Task Force of the American Society
of Colon and Rectal Surgeons. Practice parameters for the management of rectal cancer (revised). Dis Colon Rectum 2013;56:535-50.
Fleshman J, Branda M, Sargent DJ, Boller AM, George V, Abbas M, Peters WR Jr, Maun D, Chang G, Herline A, Fichera A, Mutch
M, Wexner S, Whiteford M, Marks J, Birnbaum E, Margolin D, Larson D, Marcello P, Posner M, Read T, Monson J, Wren SM, Pisters
PW, Nelson H. Effect of laparoscopic-assisted resection vs open resection of stage ii or iii rectal cancer on pathologic outcomes: the
ACOSOG Z6051 Randomized Clinical Trial. JAMA 2015;314:1346-55.

Maslekar S, Sharma A, Macdonald A, Gunn J, Monson JR, Hartley JE. Mesorectal grades predict recurrences after curative resection for
rectal cancer. Dis Colon Rectum 2007;50:168-75.

Biondi A, Grosso G, Mistretta A, Marventano S, Toscano C, Drago F, Gangi S, Basile F. Laparoscopic vs. open approach for colorectal
cancer: evolution over time of minimal invasive surgery. BMC Surg 2013;13 Suppl 2:S12.

Kuhry E, Schwenk WEF, Gaupset R, Romild U, Bonjer HJ. Long-term results of laparoscopic colorectal cancer resection. Cochrane Da-
tabase Syst Rev 2008; doi: 10.1002/14651858.

Braga M, Vignali A, Gianotti L, Zuliani W, Radaelli G, Gruarin P, Dellabona P, Di Carlo V. Laparoscopic versus open colorectal sur-
gery: a randomized trial on short-term outcome. Ann Surg 2002;236:759-66.

Pikarsky AJ, Rosenthal R, Weiss EG, Wexner SD. Laparoscopic total mesorectal excision. Surg Endosc 2002;16:558-62.

Askari A, Nachiappan S, Currie A, Bottle A, Athanasiou T, Faiz O. Selection for laparoscopic resection confers a survival benefit in
colorectal cancer surgery in England. Surg Endosc 2016;30:3839-47.

Stevenson AR, Solomon MJ, Lumley JW, Hewett P, Clouston AD, Gebski VJ, Davies L, Wilson K, Hague W, Simes J; ALaCaRT Inves-
tigators. Effect of laparoscopic-assisted resection vs open resection on pathological outcomes in rectal cancer: the ALaCaRT Random-
ized Clinical trial. JAMA 2015;314:1356-63.

Bonjer HJ, Deijen CL, Haglind E; COLOR 1II Study Group. A randomized trial of laparosocpic versus open surgery for rectal cancer. N
Engl J Med 2015;373:194.

Green BL, Marshall HC, Collinson F, Quirke P, Guillou P, Jayne DG, Brown JM. Long-term follow up of the Medical Research Council
CLASICC trial of conventional versus laparoscopic assisted resection in colorectal cancer. Br J Surg 2013;100:75-82.

Jeong SY, Park JW, Nam BH, Kim S, Kang SB, Lim SB, Choi HS, Kim DW, Chang HJ, Kim DY, Jung KH, Kim TY, Kang GH, Chie
EK, Kim SY, Sohn DK, Kim DH, Kim JS, Lee HS, Kim JH, Oh JH. Open versus laparoscopic surgery for mid-rectal or low rectal can-
cer after neoadjuvant chemoradiotherapy (COREAN trial): survival outcomes of an open-label, non-inferiority, randomized controlled
trial. Lancet Oncol 2014;15:767-74.



Page 8 of 8 O’Donohue et al. Mini-invasive Surg 2018;2:24 | http://dx.doi.org/10.20517/2574-1225.2018.34

21.
22.

23.
24.
25.

26.

217.

28.

29.

30.

31.

32.

33.

Aly EH. Laparoscopic colorectal surgery: summary of the current evidence. Ann R Coll Surg Engl 2009;91:541-4.

Jacobs M, Verdeja JC, Goldstein HS. Minimally invasive colon resection (laparoscopic colectomy). Surg Laparosc Endosc 1991;1:144-
50.

Lacy A. Colon Cancer: laparoscopic resection. Ann Oncol 2005;16:ii88-92.

Wexner SD, Cohen SM. Port site metastases after laparoscopic colorectal surgery for cure of malignancy. Br J Surg 1995;82:295-8.
Hughes ES, McDermott FT, Polglase AL, Johnson WR. Tumour recurrence in the abdominal wall scar tissue after large bowel cancer
surgery. Dis Colon Rectum 1983;26:571-2.

Veldkamp R, Kuhry E, Hop WC, Jeekel J, Kazemier G, Bonjer HJ, Haglind E, Pahlman L, Cuesta MA, Msika S, Morino M, Lacy AM;
COlon cancer Laparoscopic or Open Resection Study Group (COLOR). Laparoscopic or Open Resection Study Group (COLOR) Lapa-
roscopic surgery versus open surgery for colon cancer: short-term outcomes of a randomised trial. Lancet Oncol 2005;6:477-84.

Guillou PJ, Quirke P, Thorpe H, Walker J, Jayne DG, Smith AM, Heath RM, Brown JM; MRC CLASICC trial group. Short-term end-
points of conventional versus laparoscopic-assisted surgery in patients with colorectal cancer (MRC CLASICC trial): multicentre, ran-
domised controlled trial. Lancet 2005;365:1718-26.

Clinical Outcomes of Surgical Therapy Study Group, Nelson H, Sargent DJ, Wieand HS, Fleshman J, Anvari M, Stryker SJ, Beart RW
Jr, Hellinger M, Flanagan R Jr, Peters W, Ota D. A comparison of laparoscopically assisted and open colectomy for colon cancer. N
Engl J Med 2004;350:2050-9.

Young M, Pigazzi A. Total mesorectal excision: open, laparoscopic or robotic. Recent Results Cancer Res 2014;203:47-55.

Arezzo A, Passera R, Salvai A, Arolfo S, Allaix ME, Schwarzer G, Morino M. Laparoscopy for rectal cancer is oncologically adequate:
a systematic review and meta-analysis of the literature. Surg Endosc 2015;29:334-48.

Bouvy ND, Marquet RL, Jeekel J, Bonjer HJ. Laparoscopic surgery is associated with less tumour growth stimulation than conventional
surgery: an experimental study. Br J Surg 1997;84;358-61.

Veenhof AA, Vlug MS, van der Pas MH, Sietses C, van der Peet DL, de Lange-de Klerk ES, Bonjer HJ, Bemelman WA, Cuesta MA.
Surgical stress response and postoperative immune function after laparoscopy or open surgery with fast track or standard perioperative
care: a randomized trial. Ann Surg 2012;255:216-21.

Kim J, Baek SJ, Kang DW, Roh YE, Lee JW, Kwak HD, Kwak JM, Kim SH. Robotic resection is a good prognostic factor in rec-
tal cancer compared with laparoscopic resection: long-term survival analysis using propensity score matching. Dis Colon Rectum
2017;60:266-73.





