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Abstract

Background

While complete mesocolic excision (CME) has been shown to have an oncological benefit as
compared to conventional colonic surgery for colon surgery, this benefit must be weighed up
against the risk of major intra-abdominal complications. This paper aimed to assess the

comparative oncological benefits of CME.

Methods

Following the Preferred Reporting Items for Systematic Reviews and Meta-analyses
(PRISMA) guidelines, a systematic review of the literature until May 2020 was performed.
Comparative studies assessing CME versus conventional colonic surgery for colon cancer were

compared, and outcomes were pooled.

Results

A total of 700 publications were identified, of which 19 were found to meet the inclusion
criteria. A total of 25,886 patients were compared, with 14,431 patients in the CME arm. CME
was associated with a significantly higher rate of vascular injury (odds ratio (OR) 3, p<0.001).
Rates of local and distant recurrence were lower in the CME group (OR 0.66 and 0.73
respectively, both p<0.001). CME patients had a significantly higher lymph node vyield
(p<0.001). While no significant differences were noted between the two groups in terms of
pooled 3-year or 5-year disease-free survival, pooled 5-year overall survival was significantly

higher in the CME group (relative risk 0.82, p<0.001).

Conclusion



Based on the available evidence, CME is associated with improved oncologic outcomes at the
expense of higher complication rates, including vascular injury. The oncological benefits need
to weighed up against a multitude of factors including the level of hospital support, surgeon

experience, patient age, and associated comorbidities.

Keywords: Complete mesocolic excision, complete mesocolic rection, D3 resection,

colorectal cancer



Introduction

Complete mesocolic excision (CME) for the treatment of colorectal cancer is a surgical
technique that was first proposed in 2009.[1] The caecum, ascending, transverse, descending,
and sigmoid colon are all enveloped by visceral fascia and attached to the retroperitoneum by
the mesocolon. The mesocolon contains blood vessels, lymphatic vessels, and lymph nodes,
which are all structures that can potentially facilitate metastatic spread.[1] The idea of CME
was conceived from this anatomical understanding, in performing a meticulous sharp
dissection along the visceral plane, and mobilising the mesocolon away from the
retroperitoneum without breaching the fascial layer.[1] A key component of CME as described
by Hohenberger et. al is central vascular ligation (CVL); this entails a D3 dissection, thus

maximizing lymph node clearance.[1]

Several publications have shown an oncological benefit to performing CME. [2-4] However,
this benefit must be weighed up against the risk of major intra-abdominal complications such
as vascular injury. This systematic review and meta-analysis aimed to assess the comparative
oncological benefits of CME, as compared to traditional colon surgery for colonic cancer, by

pooling the outcomes from several comparative studies published on this topic.



Methods

A meta-analysis was performed according to the Preferred Reporting Items for Systematic
Reviews and Meta-analyses (PRISMA) guidelines. Three authors (JCK, SP, KTC) were
responsible for the literature search and data extraction. A systematic research was performed
in PubMed and Medline, and the last search date was 29 May 2020. The following keywords
were used: “complete mesocolic resection” OR “complete mesocolic excision” OR “D3

resection” OR “extended lymphadenectomy” AND *“colon cancer”.

Comparative studies comparing CME and standard colonic resection which reported at least
one outcome of interest were included. Studies were excluded if they were video vignettes,
letters, conference abstracts, systematic reviews, or technical descriptions of CME. The
outcomes of interest were mean blood loss, mean lymph node yield, mean length of stay (LOS),
mean operating time, oncological outcomes such as the rates of distant and local recurrence,
disease-free and overall survival, the rate of overall complications and mortality, and the rate

of specific complications such as vascular injury, ileus, and anastomotic leak.

Statistical analysis

Any continuous data that was reported as median and range was converted to mean and
standard deviation. Categorical data was collected as absolute numbers; overall survival (OS)
and disease-free survival (DFS) was collected as a percentage. Any data that reported zero
events was replaced with 0.5 to allow for computation of statistical calculation. A pooled odds
ratio (OR) and relative risk (RR) was calculated based on the Cochran-Mantel-Haenszel test
and random effect model analysis respectively. 12 statistics were performed to assess for inter-

study heterogeneity. The Newcastle-Ottawa Scale and the Jadad score were used to assess the



quality of non-randomised and randomised studies respectively. A p-value of <0.05 was
considered significant. All data analysis was performed in R Studio Team (2015). RStudio:
Integrated Development for R Studio, Inc., Boston, MA using the metaphor package for meta-

analysis.[5]



Results

After an extensive search in accordance with the PRISMA guidelines, a total of 700
publications were identified (Figure 1). Of these, a full text review was performed for 72
publications following title and abstract review. A total of 19 publications met the inclusion
criteria, and these were included in the final analysis (Table 1).[2-4,6-22] There was a total of
25,688 patients who underwent surgery for colorectal cancer, who were dichotomised into two
groups; patients who underwent CME, and those who underwent traditional colectomy. 14,431
patients (56.2%) underwent CME. Of these, 6159 (42.7%) had right-sided cancers. The two
groups were compared in terms of operative complications, oncological outcomes, and

survival.

Overall complications were significantly more common in the CME group, with a pooled OR
of 1.21 (95% CI 1.06 — 1.37, p = 0.006), whereas vascular injury had the highest pooled OR of
3(95% CI 1.56 —5.76, p < 0.001) when compared to non-CME resection (Figure 2, Supporting
Information). However, other complications did not show any statistical differences including
mean operative blood loss (SMD -0.21, 95% CI -1.09 — 0.68, p = 0.649), operative time (SMD
0.22,95% CI1 -0.30 — 0.73, p = 0.409), anastomotic leak rate (OR 1.12, 95% CI 0.85-1.49, p
= 0.483), post-operative ileus (OR 1.04, 95% CI 0.65 — 1.66, p = 0.956), and mean length of

stay in hospital (SMD -0.36, 95% CT -0.98 — 0.26, p = 0.255) (Supporting Information).

In terms of oncological outcomes, rates of local and distant recurrence favoured the CME
group, with a pooled OR of 0.66 (95% CI 0.52 — 0.83, p < 0.001) and 0.73 (95% CI 0.61 —
0.87, p < 0.001) respectively as compared to the non-CME group (Table 2, Figure 3 & 4). In
one study with 45 patients, there were no instances of local recurrence, and another study had

just one patient with local recurrence among a pool of 56 patients.[4,16] There was a significant



difference between lymph node yield between the two groups with a standard mean difference

(SMD) of 1.31 favouring CME (95% CI 0.66 — 1.95, p < 0.001) (Supporting Information).

There were no significant differences between the two groups in terms of pooled 3-year DFS
(RR 0.92, 95% Cl 0.82 — 1.04, p = 0.174), 5-year DFS (RR 0.99, 95% CI 0.90 — 1.09, p =
0.827), and overall mortality (OR 1.19, 95% CI 0.86 — 1.66, p = 0.335), but pooled 5-year OS
was significantly higher in the CME group (RR 0.82, 95% CI 0.77 — 0.87, p < 0.001). (Table

2, Figure 5, Supporting Information).



Discussion

In this meta-analysis consisting of predominantly non-randomised studies, CME was
associated with an improvement in intermediate oncological outcomes, with a reduced rate of
both local and distant recurrence, when compared to conventional colonic resection technique.
However, the risk of vascular injury, and other surgical complications was higher with CME
than with traditional colectomy. While no significant differences were identified between
patients undergoing CME and traditional colon surgery in terms of pooled DFS, pooled 5-year

OS was significantly higher in the CME group

Vascular injury is a potentially catastrophic complication that is associated with performing
CME for colon cancer. For right colon cancers, CME requires radial dissection along
embryological planes up to the middle colic artery (MCA) and middle colic vein (MCV) with
central ligation of the ileocolic vein (ICV) and artery (ICA), and the right branch of the
MCA.[23,24] In doing so, the superior mesenteric vein (SMV) needs to be exposed and may
be inadvertently injured when performing nodal clearance of the D3 lymph node basin,
potentially leading to bowel ischemia.[23] Other mechanisms for vascular injury include the
avulsion of the ICV near its origin along the SMV as a result of excessive retraction, inadvertent
injury to the gastrocolic trunk, MCA, or MCYV as a result of anatomical variations, or traction
of the colon to be resected through a proportionally small incision whilst performing this
procedure in a minimally invasive fashion, causing possible life-threatening venous
bleeding.[23,24] Prevost et al. reported that most vascular injuries occurred around the
SMV.[14] As with all procedures, there is a learning curve that can mitigate the risk of such
operative complications, with the learning curve estimated to be between 23 and 25 cases in

published literature.[25,26] While the rate of vascular injury was significantly higher with



CME in our study, other technical markers were reassuring, with no differences noted between
the CME and non-CME groups with regards to intra-operative blood loss, operative time, post-

operative anastomotic leak, or length of stay in hospital.

As expected, our study showed a significant increase in pooled lymph node harvest when a
CME was performed as opposed to traditional colectomy. Additional lymph node yield from
another nodal basin could improve staging, allowing clinicians to accurately understand the
potential risk of distant recurrence prior to advocating for adjuvant chemotherapy. This is
particularly important, as some studies have found there is a potential risk of skip lymph node
metastasis to the D3 basin (in which D1 and D2 lymph node basins are negative) in
approximately 1-5% of patients.[27] The benefits of D3 lymphadenopathy are still being
studied, with one study showing a positive D3 lymph node basin is a poor prognostic indicator

and long-term outcome, regardless of having a more aggressive surgical approach.[28]

There were two randomised controlled trials (RCTs) included in this meta-analysis. Yan et al.
found that lymph node yield was significantly higher with CME, and that CME was found to
have markedly increased overall survival and tumour-free survival rates as compared to
traditional radical operation for colon cancer.[21] These results are similar to ours of
significantly higher lymph node harvest, and improved overall survival with CME. Conversely,
Karachan et al. did not find a significant difference in lymph node yield despite performing
CME. However, they did note that there was a significant increase in nodal positivity in the
CME group. The authors of this study thought that this potential for better nodal staging in

CME was a contributing factor to improved survival.



The benefits of CME in terms of the potentially reduced risk of local and distant recurrence,
need to be weighed up against the risk of intra-operative complications. Patient selection for
CME should be based, among other individual factors, on the cancer stage at time of surgical
resection. There has been a lack of consensus on how to select the most appropriate patients to
benefit from CME. The Japanese Society for Cancer of the Colon and Rectum published
guidelines for the treatment of colorectal cancer in 2019, which included an algorithm to assist
with this decision, which is based on radiological staging.[29] The recommendations included
an assessment of mesocolic lymph nodes for any suspicious micro metastasis. If there is no
suspicious lymph node micro metastasis, the decision would be based on the depth of tumour

invasion (Figure 6).[29]

Our study did not differentiate the outcomes between different approaches (open, laparoscopic
or robotic) to performing a CME, but this is an area that is quickly evolving in the last few
years, with increasing uptake of robotic CME. There is some suggestion that robotic CME
may contribute to safer vessel and lymph node dissection as compared to laparoscopic or open
CME. Robotic CME allows for more precise vessel dissection with articulated instruments and
is not subject to human tremors. It also incorporates a stable camera platform allowing for
optical three-dimensional vision to clearly identify accurate dissection planes.[30,31] A direct
comparison of robotic CME with laparoscopic CME has shown a lower conversion rate with
robotic CME, which was found to be beneficial for dissection and performing an intracorporeal

anastomosis[32]. This remains an area for future study.

There are some limitations to this study, namely that it is limited by the quality of the individual
studies contributing to this pooled analysis. Only two randomised studies were included in this

analysis. Furthermore, there was significant inter-study heterogeneity. The finding of a



reduction in the rate of local and distant recurrence was based on pooled data from only a few
studies, and therefore must be interpreted with caution. 5-year DFS, which was not statistically
different between the two groups, was pooled from a larger number of studies. Additionally,
the expertise of the surgeons would have potentially impacted on the rate of complications,
particularly in the non-randomised studies. Lastly, the absence of individual patient data

precluded adjustment for potential confounders in this study.

Conclusion

This study shows that CME for colon cancer is associated with improved oncologic outcomes
at the expense of higher morbidity rates including vascular pedicle injury. The oncological
benefits need to weighed up against a multitude of factors including hospital support, surgeon
experience, patient age, and associated comorbidities. Studies should not only focus on long-
term oncological outcomes, but also appropriate patient selection that will allow maximum

oncological benefit.



Tables

Table 1: Studies included in the meta-analysis

No. Author Year Patient Selection Study Type No. of Patients (Right) NOS/
CME Non-CME Jadadt
1 Anetal. 2018 All right hemicolectomies Retrospective 34 81 6
0S
2 Bertelsenet 2015 All resections for Stage | — 111 colonic RSFPMD 364 (145) 1031 (429) 8
al. adenocarcinomas
3 Bertelsenet 2016 All resections for Stage | — Il colonic RSFPMD 529 (212) 1701 (731) 8
al. adenocarcinomas
4  Galiziaetal. 2013 Consecutive resections for right sided Prospective 45 58 7
colonic adenocarcinomas oS
5 Gao et al. 2020 All radical resections for colon cancer Prospective, non- 220 (128) 110 (57) 7

randomised, double blind
controlled trial

6 Ishihara 2016 Curative resections for Stage | — 111 colonic RSFPMD 3756 (1347) 2185 (564) 8
adenocarcinomas
7 Karachunet 2019 Colonic resections for primary colonic Randomised controlled 56 (21) 43 (21) 3
al. cancer - T1-4aN0-2MO0-1 (resectable trial
metastases)
8 Kotakeetal. 2014  Curative resections for pT3 or pT4 colon RSFPMD 6580 (3358) 3518 (1923) 9
cancer
9 Kotakeetal. 2015 All curative resections for pT2 colon cancer RSFPMD 774 (343) 659 (309) 9
10 Merkeletal. 2016 All consecutive resections for primary Retrospective 1099 (335) 920 (405) 7
colon cancer 0OS
11 Prevostetal. 2018 All elective right colectomies RSFPMD 71 84 7
12 Rinneetal. 2020 All laparoscopic resections for Stage I-11I RSFPMD 325 (168) 340 (168) 6
colon cancers
13 Sammouret 2019 Consecutive laparoscopic or RSFPMD 141 56 6

al.



14

15

16

17

18

19

Storli et al.
Tagliacozzo
et al.
Thorsen et al.
West et al.

Yan et al.

Zurleni et al.

Abbreviations
RSFPMD: Retrospective study from a prospectively maintained database
OS: Observational study
t Newcastle-Ottawa score for non-randomised studies and Jadad score for randomised studies

2014

1997

2016

2009

2020

2017

robotic right or extended-right
hemicolectomy for primary colon
adenocarcinoma
All consecutive resections for Stage I-I1
colon cancer
All curative colorectal resections for right
colon cancer
All consecutive curative resections for right
colon cancer
Consecutive resections for colon
adenocarcinoma
All resections for stage 111 colon cancer

All consecutive curative resections for right
colon cancer

Prospective
(O]
Retrospective
(0N}

Case control study

Prospective
0OS
Randomised controlled
trial
Retrospective
0OS

84 (27)
60
49

49 (30)

98 (45)

97

105 (39)
84
49

40 (16)

98 (51)

95



Table 2: Recurrence rates and survival of patients

Anetal 34 | 81 NR 7 | 206% | 28 |34.6% NR 94.2% | 89.0% | 100% | 89.5%
BerteSen et | aea | 1031 | 715 | O3 | 7 | O% | 140 | 3sw | 365 | 35% NR NR 74.8% | 69.6%
Be”ea'lse” ® | 520 | 1701 | 707 7685'3 729 865'1 194 | 36.7% | 587 | 34.5% NR NR NR

Galizia et 0 0 ) 0 0

o 45 | 58 | 67 | 13 | 68 | 11 | 19 |422% | 20 [345% | 0 | O | 12 |207% | 90% | 74% NR

Gaoetal. | 220 | 110 | 68 | 5877 | 73 | 57-79 | 94 | 427% | 42 | 38.2% NR NR NR

Ishiara. | 3756 | 2185 | 64 - | 675 | - | 1616 | 43% | 562 | 25.7% NR 91.0% | 93.5% NR
Kara;:‘““ 1 56 | 43 NR 37 | 66% | 22 | 51% NR NR NR

K"t::‘e ® | 6580 | 3518 | 622 | - |6501| - | 2906 | 44.2% | 1397 | 39.7% NR NR 79.2% | 74.6%

KoKk et | 774 | 659 NR 172 | 22.2% | 129 | 19.6% NR NR 9L.7% | 90.3%

Me;'je' ® | 1009 | 920 | 66.7 | - 64 - | 370 |33.7% | 382 | 41.5% | 146 | 13.3% | 204 | 22.2% | 78.0% | 73.4% | 78% | 73.4%

PrevOSLet | 71 | 84 | 736 | oo | 738 | S | 18 | 305% | 33 | 465% NR NR NR
Rinneetal. | 325 | 340 | 72 11 72 18 124 | 385% | 122 | 35.9% NR 85.6% | 89.2% | 72.9% | 77.9%
Samr:f“r ® | 141 | 56 | 64 12 64 14 | 48 | 34% | 15 |268% | 0 0 1 | 1.8% | 79.2% | 84.4% | 77.8% | 62.4%




Storlietal | 8 | 105 | 725 | 113 | 726 | 126 | 0 0 0 0 1 ‘ 12% | 3 ‘ 2.9% | 82.3% | 64.8% | 87.9% | 66.1%
Tagé'ta;fzzo 60 | 84 | 63 | 65 | 61 7 26 | 433% | 32 | 38.1% NR 43.8% | 36.3% | 64.3% | 62.8%
Thorsenet | 49 | 49 | 67 | 2775 | 65 | 2875 N NR NR NR

49 | 40 | 68 |60-79 | 76 | 67-80 | 20 | 40.8% | 20 | 50.0% NR NR NR
West et al.
Yanetal. | 98 | 98 | 595 | 101 | 60.7 | 98 | 98 | 100% | 98 | 100% NR 59.8% | 49.9% | 73.8% | 47.7%
zurleniet | g7 | g5 | 71 - 73 - 32 | 33% | 33 |347% NR NR NR

al.




Figure Legends

Figure 1: Study Selection from PRISMA Guidelines
Figure 2: Pooled odds ratio of vascular injury

Figure 3: Pooled odds ratio of local recurrence

Figure 4: Pooled odds ratio of distant recurrence
Figure 5: Pooled relative risk of 5-year overall survival

Figures 6: Algorithm for patient selection for CME

Supporting information: Additional statistical data



References

1. Hohenberger W, Weber K, Matzel K, Papadopoulos T, Merkel S. Standardized surgery for
colonic cancer: complete mesocolic excision and central ligation--technical notes and outcome.
Colorectal Dis. 2009;11(4):354-64; discussion 64-5.

2. An MS, Baik H, Oh SH, Park YH, Seo SH, Kim KH, et al. Oncological outcomes of complete versus
conventional mesocolic excision in laparoscopic right hemicolectomy. ANZ journal of surgery.
2018;88(10):E698-e702.

3. Bertelsen CA, Neuenschwander AU, Jansen JE, Wilhelmsen M, Kirkegaard-Klitbo A, Tenma JR,
et al. Disease-free survival after complete mesocolic excision compared with conventional colon
cancer surgery: a retrospective, population-based study. The Lancet Oncology. 2015;16(2):161-8.

4, Galizia G, Lieto E, De Vita F, Ferraraccio F, Zamboli A, Mabilia A, et al. Is complete mesocolic
excision with central vascular ligation safe and effective in the surgical treatment of right-sided colon
cancers? A prospective study. International journal of colorectal disease. 2014;29(1):89-97.

5. RStudio. RStudio: Integrated Development for R. Boston, MA: RStudio Team; 2020.

6. Bertelsen CA, Bols B, Ingeholm P, Jansen JE, Neuenschwander AU, Vilandt J. Can the quality of
colonic surgery be improved by standardization of surgical technique with complete mesocolic
excision? Colorectal disease : the official journal of the Association of Coloproctology of Great Britain
and Ireland. 2011;13(10):1123-9.

7. Bertelsen CA, Neuenschwander AU, Jansen JE, Kirkegaard-Klitbo A, Tenma JR, Wilhelmsen M,
et al. Short-term outcomes after complete mesocolic excision compared with 'conventional' colonic
cancer surgery. Br J Surg. 2016;103(5):581-9.

8. Gao Z, Wang C, Cui Y, Shen Z, Jiang K, Shen D, et al. Efficacy and Safety of Complete Mesocolic
Excision in Patients With Colon Cancer: Three-year Results From a Prospective, Nonrandomized,
Double-blind, Controlled Trial. Ann Surg. 2020;271(3):519-26.

9. Ishihara S, Otani K, Yasuda K, Nishikawa T, Tanaka T, Tanaka J, et al. Prognosticimpact of lymph
node dissection is different for male and female colon cancer patients: a propensity score analysis in
a multicenter retrospective study. Int J Colorectal Dis. 2016;31(6):1149-55.

10. Karachun A, Panaiotti L, Chernikovskiy I, Achkasov S, Gevorkyan Y, Savanovich N, et al. Short-
term outcomes of a multicentre randomized clinical trial comparing D2 versus D3 lymph node
dissection for colonic cancer (COLD trial). Br J Surg. 2020;107(5):499-508.

11. Kotake K, Mizuguchi T, Moritani K, Wada O, Ozawa H, Oki I, et al. Impact of D3 lymph node
dissection on survival for patients with T3 and T4 colon cancer. Int J Colorectal Dis. 2014;29(7):847-
52.

12. Kotake K, Kobayashi H, Asano M, Ozawa H, Sugihara K. Influence of extent of lymph node
dissection on survival for patients with pT2 colon cancer. Int J Colorectal Dis. 2015;30(6):813-20.

13. Merkel S, Weber K, Matzel KE, Agaimy A, Gohl J, Hohenberger W. Prognosis of patients with
colonic carcinoma before, during and after implementation of complete mesocolic excision. BrJ Surg.
2016;103(9):1220-9.

14. Prevost GA, Odermatt M, Furrer M, Villiger P. Postoperative morbidity of complete mesocolic
excision and central vascular ligation in right colectomy: a retrospective comparative cohort study.
World J Surg Oncol. 2018;16(1):214.

15. Rinne JK, Ehrlich A, Ward J, Vayrynen V, Laine M, Kellokumpu IH, et al. Laparoscopic Colectomy
vs Laparoscopic CME: a Retrospective Study of Two Hospitals with Comparable Laparoscopic
Experience. J Gastrointest Surg. 2020.

16. Sammour T, Malakorn S, Thampy R, Kaur H, Bednarski BK, Messick CA, et al. Selective central
vascular ligation (D3 lymphadenectomy) in patients undergoing minimally invasive complete
mesocolic excision for colon cancer: optimizing the risk-benefit equation. Colorectal disease : the
official journal of the Association of Coloproctology of Great Britain and Ireland. 2020;22(1):53-61.
17. Storli KE, Sgndenaa K, Furnes B, Nesvik I, Gudlaugsson E, Bukholm |, et al. Short term results
of complete (D3) vs. standard (D2) mesenteric excision in colon cancer shows improved outcome of
complete mesenteric excision in patients with TNM stages I-1l. Tech Coloproctol. 2014;18(6):557-64.



18. Tagliacozzo S, Tocchi A. Extended mesenteric excision in right hemicolectomy for carcinoma
of the colon. Int J Colorectal Dis. 1997;12(5):272-5.

19. Thorsen Y, Stimec B, Andersen SN, Lindstrom JC, Pfeffer F, Oresland T, et al. Bowel function
and quality of life after superior mesenteric nerve plexus transection in right colectomy with D3
extended mesenterectomy. Tech Coloproctol. 2016;20(7):445-53.

20. West NP, Hohenberger W, Weber K, Perrakis A, Finan PJ, Quirke P. Complete mesocolic
excision with central vascular ligation produces an oncologically superior specimen compared with
standard surgery for carcinoma of the colon. J Clin Oncol. 2010;28(2):272-8.

21. Yan D, Yang X, Duan Y, Zhang W, Feng L, Wang T, et al. Comparison of laparoscopic complete
mesocolic excision and traditional radical operation for colon cancer in the treatment of stage Ill colon
cancer. Journal of BUON : official journal of the Balkan Union of Oncology. 2020;25(1):220-6.

22. Zurleni T, Cassiano A, Gjoni E, Ballabio A, Serio G, Marzoli L, et al. Surgical and oncological
outcomes after complete mesocolic excision in right-sided colon cancer compared with conventional
surgery: a retrospective, single-institution study. Int J Colorectal Dis. 2018;33(1):1-8.

23. Koh FH, Tan KK. Complete mesocolic excision for colon cancer: is it worth it? J Gastrointest
Oncol. 2019;10(6):1215-21.
24. Freund MR, Edden Y, Reissman P, Dagan A. latrogenic superior mesenteric vein injury: the

perils of high ligation. International Journal of Colorectal Disease. 2016;31(9):1649-51.

25. Guo P, Ye YJ, Jiang KW, Gao ZD, Wang T, Yin MJ, et al. [Learning curve of complete mesocolic
excision for colon cancer]. Zhonghua Wei Chang Wai Ke Za Zhi. 2012;15(1):28-31.

26. Kim CW, Han YD, Kim HY, Hur H, Min BS, Lee KY, et al. Learning curve for single-incision
laparoscopic resection of right-sided colon cancer by complete mesocolic excision. Medicine
(Baltimore). 2016;95(26):e3982.

27. Bertelsen CA, Kirkegaard-Klitbo A, Nielsen M, Leotta SM, Daisuke F, Gogenur I. Pattern of
Colon Cancer Lymph Node Metastases in Patients Undergoing Central Mesocolic Lymph Node
Excision: A Systematic Review. Diseases of the colon and rectum. 2016;59(12):1209-21.

28. Siani LM, Lucchi A, Berti P, Garulli G. Laparoscopic complete mesocolic excision with central
vascular ligation in 600 right total mesocolectomies: Safety, prognostic factors and oncologic
outcome. American journal of surgery. 2017;214(2):222-7.

29. Hashiguchi Y, Muro K, Saito Y, Ito Y, Ajioka Y, Hamaguchi T, et al. Japanese Society for Cancer
of the Colon and Rectum (JSCCR) guidelines 2019 for the treatment of colorectal cancer. Int J Clin
Oncol. 2020;25(1):1-42.

30. Baek SK, Carmichael JC, Pigazzi A. Robotic surgery: colon and rectum. Cancer J.
2013;19(2):140-6.
31. Petz W, Ribero D, Bertani E, Borin S, Formisano G, Esposito S, et al. Suprapubic approach for

robotic complete mesocolic excision in right colectomy: Oncologic safety and short-term outcomes of
an original technique. Eur J Surg Oncol. 2017;43(11):2060-6.

32. Spinoglio G, Bianchi PP, Marano A, Priora F, Lenti LM, Ravazzoni F, et al. Robotic Versus
Laparoscopic Right Colectomy with Complete Mesocolic Excision for the Treatment of Colon Cancer:
Perioperative Outcomes and 5-Year Survival in a Consecutive Series of 202 Patients. Ann Surg Oncol.
2018;25(12):3580-6.



Eligibility Screening Identification

Included

Database search Medline and Pubmed
(n=700)

A 4

Records after duplicates removed
(n=579)

A 4

Records screened according to titles and
abstracts
(n=579)

Records excluded
(n=517)

A 4

Full-text articles assessed
for eligibility
(n=72)

A 4

Studies included in
qualitative synthesis
(n=19)

A 4

Studies included in
guantitative synthesis
(meta-analysis)
(n=19)

Full-text articles excluded;
No comparison — 20
Video vignette — 14

Technical description — 8
Letters, conference

abstracts or systematic
reviews —7
Comparison based on
techniques — 4




Author and Year CME (+) CME (-) Non-CME (+) Non-CME (-) Weight Odds Ratio [95%Cl]

Rinne et al., 2020 9 316 5 335 443 I L I 1.91[0.63, 5.76]

Sammour et al., 2020 0.5 141 0.5 56 6.7 | o 0.40[0.01, 20.26]

An et al., 2018 1 33 0.5 81 27 I | 4.91[0.16, 149.89]

Prevost et al., 2018 7 64 4 80 30.8 I = | 2.19[0.61, 7.80]

Bertelsen et al., 2016 9 520 4 1967 15.5 I | 8.51[2.61, 27.75]
Total 26.5 (2.2%) 1166 (97.8%) 14 (0.5%) 2623 (99.5%) 100%
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Cochran-Mantel-Haenszel Test: p-value<0.001
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Author and Year CME (+) CME (-) Non-CME (+) Non-CME (-) Weight Odds Ratio [95%Cl]
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Merkel et al., 2016 146 658 204 649 91.8 —a— 0.71[0.56, 0.90]
Storli et al., 2014 1 83 3 102 1.5 | 0.41[0.04, 4.01]
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Cochran-Mantel-Haenszel Test: p-value<0.001
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Gao et al., 2020 0.5 220 1 109 0.5 - f | 0.25[0.01, 7.44]
Merkel et al., 2016 207 625 266 618 67 - 0.77 [0.62, 0.95]
Bertelsen et al., 2015 41 323 167 864 26.7 — i 0.66 [0.46, 0.95]
Storli et al., 2014 5 79 13 92 3.7 | - 0.45[0.15, 1.31]
Galizia et al., 2013 6 39 8 50 2.1 I f | 0.96 [0.31, 3.00]
Total 259.5 (16.8%) 1286 (83.2%) 455 (20.8%) 1733 (79.2%) 100%
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Pooled Relative Risk ‘ 0.82[0.77, 0.87]
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RE Model: p-value<0.001
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Abstract

Background

While complete mesocolic excision (CME) has been shown to have an oncological benefit as
compared to conventional colonic surgery for colon surgery, this benefit must be weighed up
against the risk of major intra-abdominal complications. This paper aimed to assess the

comparative oncological benefits of CME.

Methods

Following the Preferred Reporting Items for Systematic Reviews and Meta-analyses
(PRISMA) guidelines, a systematic review of the literature until May 2020 was performed.
Comparative studies assessing CME versus conventional colonic surgery for colon cancer were

compared, and outcomes were pooled.

Results

A total of 700 publications were identified, of which 19 were found to meet the inclusion
criteria. A total of 25,886 patients were compared, with 14,431 patients in the CME arm. CME
was associated with a significantly higher rate of vascular injury (odds ratio (OR) 3, p<0.001).
Rates of local and distant recurrence were lower in the CME group (OR 0.66 and 0.73
respectively, both p<0.001). CME patients had a significantly higher lymph node vyield
(p<0.001). While no significant differences were noted between the two groups in terms of
pooled 3-year or 5-year disease-free survival, pooled 5-year overall survival was significantly

higher in the CME group (relative risk 0.82, p<0.001).

Conclusion



Based on the available evidence, CME is associated with improved oncologic outcomes at the
expense of higher complication rates, including vascular injury. The oncological benefits need
to weighed up against a multitude of factors including the level of hospital support, surgeon

experience, patient age, and associated comorbidities.

Keywords: Complete mesocolic excision, complete mesocolic rection, D3 resection,

colorectal cancer



Introduction

Complete mesocolic excision (CME) for the treatment of colorectal cancer is a surgical
technique that was first proposed in 2009.[1] The caecum, ascending, transverse, descending,
and sigmoid colon are all enveloped by visceral fascia and attached to the retroperitoneum by
the mesocolon. The mesocolon contains blood vessels, lymphatic vessels, and lymph nodes,
which are all structures that can potentially facilitate metastatic spread.[1] The idea of CME
was conceived from this anatomical understanding, in performing a meticulous sharp
dissection along the visceral plane, and mobilising the mesocolon away from the
retroperitoneum without breaching the fascial layer.[1] A key component of CME as described
by Hohenberger et. al is central vascular ligation (CVL); this entails a D3 dissection, thus

maximizing lymph node clearance.[1]

Several publications have shown an oncological benefit to performing CME. [2-4] However,
this benefit must be weighed up against the risk of major intra-abdominal complications such
as vascular injury. This systematic review and meta-analysis aimed to assess the comparative
oncological benefits of CME, as compared to traditional colon surgery for colonic cancer, by

pooling the outcomes from several comparative studies published on this topic.



Methods

A meta-analysis was performed according to the Preferred Reporting Items for Systematic
Reviews and Meta-analyses (PRISMA) guidelines. Three authors (JCK, SP, KTC) were
responsible for the literature search and data extraction. A systematic research was performed
in PubMed and Medline, and the last search date was 29 May 2020. The following keywords
were used: “complete mesocolic resection” OR “complete mesocolic excision” OR “D3

resection” OR “extended lymphadenectomy” AND *“colon cancer”.

Comparative studies comparing CME and standard colonic resection which reported at least
one outcome of interest were included. Studies were excluded if they were video vignettes,
letters, conference abstracts, systematic reviews, or technical descriptions of CME. The
outcomes of interest were mean blood loss, mean lymph node yield, mean length of stay (LOS),
mean operating time, oncological outcomes such as the rates of distant and local recurrence,
disease-free and overall survival, the rate of overall complications and mortality, and the rate

of specific complications such as vascular injury, ileus, and anastomotic leak.

Statistical analysis

Any continuous data that was reported as median and range was converted to mean and
standard deviation. Categorical data was collected as absolute numbers; overall survival (OS)
and disease-free survival (DFS) was collected as a percentage. Any data that reported zero
events was replaced with 0.5 to allow for computation of statistical calculation. A pooled odds
ratio (OR) and relative risk (RR) was calculated based on the Cochran-Mantel-Haenszel test
and random effect model analysis respectively. 12 statistics were performed to assess for inter-

study heterogeneity. The Newcastle-Ottawa Scale and the Jadad score were used to assess the



quality of non-randomised and randomised studies respectively. A p-value of <0.05 was
considered significant. All data analysis was performed in R Studio Team (2015). RStudio:
Integrated Development for R Studio, Inc., Boston, MA using the metaphor package for meta-

analysis.[5]



Results

After an extensive search in accordance with the PRISMA guidelines, a total of 700
publications were identified (Figure 1). Of these, a full text review was performed for 72
publications following title and abstract review. A total of 19 publications met the inclusion
criteria, and these were included in the final analysis (Table 1).[2-4,6-22] There was a total of
25,688 patients who underwent surgery for colorectal cancer, who were dichotomised into two
groups; patients who underwent CME, and those who underwent traditional colectomy. 14,431
patients (56.2%) underwent CME. Of these, 6159 (42.7%) had right-sided cancers. The two
groups were compared in terms of operative complications, oncological outcomes, and

survival.

Overall complications were significantly more common in the CME group, with a pooled OR
of 1.21 (95% CI 1.06 — 1.37, p = 0.006), whereas vascular injury had the highest pooled OR of
3(95% CI 1.56 —5.76, p < 0.001) when compared to non-CME resection (Figure 2, Supporting
Information). However, other complications did not show any statistical differences including
mean operative blood loss (SMD -0.21, 95% CI -1.09 — 0.68, p = 0.649), operative time (SMD
0.22,95% CI1 -0.30 — 0.73, p = 0.409), anastomotic leak rate (OR 1.12, 95% CI 0.85-1.49, p
= 0.483), post-operative ileus (OR 1.04, 95% CI 0.65 — 1.66, p = 0.956), and mean length of

stay in hospital (SMD -0.36, 95% CT -0.98 — 0.26, p = 0.255) (Supporting Information).

In terms of oncological outcomes, rates of local and distant recurrence favoured the CME
group, with a pooled OR of 0.66 (95% CI 0.52 — 0.83, p < 0.001) and 0.73 (95% CI 0.61 —
0.87, p < 0.001) respectively as compared to the non-CME group (Table 2, Figure 3 & 4). In
one study with 45 patients, there were no instances of local recurrence, and another study had

just one patient with local recurrence among a pool of 56 patients.[4,16] There was a significant



difference between lymph node yield between the two groups with a standard mean difference

(SMD) of 1.31 favouring CME (95% CI 0.66 — 1.95, p < 0.001) (Supporting Information).

There were no significant differences between the two groups in terms of pooled 3-year DFS
(RR 0.92, 95% Cl 0.82 — 1.04, p = 0.174), 5-year DFS (RR 0.99, 95% CI 0.90 — 1.09, p =
0.827), and overall mortality (OR 1.19, 95% CI 0.86 — 1.66, p = 0.335), but pooled 5-year OS
was significantly higher in the CME group (RR 0.82, 95% CI 0.77 — 0.87, p < 0.001). (Table

2, Figure 5, Supporting Information).



Discussion

In this meta-analysis consisting of predominantly non-randomised studies, CME was
associated with an improvement in intermediate oncological outcomes, with a reduced rate of
both local and distant recurrence, when compared to conventional colonic resection technique.
However, the risk of vascular injury, and other surgical complications was higher with CME
than with traditional colectomy. While no significant differences were identified between
patients undergoing CME and traditional colon surgery in terms of pooled DFS, pooled 5-year

OS was significantly higher in the CME group

Vascular injury is a potentially catastrophic complication that is associated with performing
CME for colon cancer. For right colon cancers, CME requires radial dissection along
embryological planes up to the middle colic artery (MCA) and middle colic vein (MCV) with
central ligation of the ileocolic vein (ICV) and artery (ICA), and the right branch of the
MCA.[23,24] In doing so, the superior mesenteric vein (SMV) needs to be exposed and may
be inadvertently injured when performing nodal clearance of the D3 lymph node basin,
potentially leading to bowel ischemia.[23] Other mechanisms for vascular injury include the
avulsion of the ICV near its origin along the SMV as a result of excessive retraction, inadvertent
injury to the gastrocolic trunk, MCA, or MCV as a result of anatomical variations, or traction
of the colon to be resected through a proportionally small incision whilst performing this
procedure in a minimally invasive fashion, causing possible life-threatening venous
bleeding.[23,24] Prevost et al. reported that most vascular injuries occurred around the
SMV.[14] As with all procedures, there is a learning curve that can mitigate the risk of such
operative complications, with the learning curve estimated to be between 23 and 25 cases in

published literature.[25,26] While the rate of vascular injury was significantly higher with



CME in our study, other technical markers were reassuring, with no differences noted between
the CME and non-CME groups with regards to intra-operative blood loss, operative time, post-

operative anastomotic leak, or length of stay in hospital.

As expected, our study showed a significant increase in pooled lymph node harvest when a
CME was performed as opposed to traditional colectomy. Additional lymph node yield from
another nodal basin could improve staging, allowing clinicians to accurately understand the
potential risk of distant recurrence prior to advocating for adjuvant chemotherapy. This is
particularly important, as some studies have found there is a potential risk of skip lymph node
metastasis to the D3 basin (in which D1 and D2 lymph node basins are negative) in
approximately 1-5% of patients.[27] The benefits of D3 lymphadenopathy are still being
studied, with one study showing a positive D3 lymph node basin is a poor prognostic indicator

and long-term outcome, regardless of having a more aggressive surgical approach.[28]

There were two randomised controlled trials (RCTs) included in this meta-analysis. Yan et al.
found that lymph node yield was significantly higher with CME, and that CME was found to
have markedly increased overall survival and tumour-free survival rates as compared to
traditional radical operation for colon cancer.[21] These results are similar to ours of
significantly higher lymph node harvest, and improved overall survival with CME. Conversely,
Karachan et al. did not find a significant difference in lymph node yield despite performing
CME. However, they did note that there was a significant increase in nodal positivity in the
CME group. The authors of this study thought that this potential for better nodal staging in

CME was a contributing factor to improved survival.



The benefits of CME in terms of the potentially reduced risk of local and distant recurrence,
need to be weighed up against the risk of intra-operative complications. Patient selection for
CME should be based, among other individual factors, on the cancer stage at time of surgical
resection. There has been a lack of consensus on how to select the most appropriate patients to
benefit from CME. The Japanese Society for Cancer of the Colon and Rectum published
guidelines for the treatment of colorectal cancer in 2019, which included an algorithm to assist
with this decision, which is based on radiological staging.[29] The recommendations included
an assessment of mesocolic lymph nodes for any suspicious micro metastasis. If there is no
suspicious lymph node micro metastasis, the decision would be based on the depth of tumour

invasion (Figure 6).[29]

Our study did not differentiate the outcomes between different approaches (open, laparoscopic
or robotic) to performing a CME, but this is an area that is quickly evolving in the last few
years, with increasing uptake of robotic CME. There is some suggestion that robotic CME
may contribute to safer vessel and lymph node dissection as compared to laparoscopic or open
CME. Robotic CME allows for more precise vessel dissection with articulated instruments and
is not subject to human tremors. It also incorporates a stable camera platform allowing for
optical three-dimensional vision to clearly identify accurate dissection planes.[30,31] A direct
comparison of robotic CME with laparoscopic CME has shown a lower conversion rate with
robotic CME, which was found to be beneficial for dissection and performing an intracorporeal

anastomosis[32]. This remains an area for future study.

There are some limitations to this study, namely that it is limited by the quality of the individual
studies contributing to this pooled analysis. Only two randomised studies were included in this

analysis. Furthermore, there was significant inter-study heterogeneity. The finding of a



reduction in the rate of local and distant recurrence was based on pooled data from only a few
studies, and therefore must be interpreted with caution. 5-year DFS, which was not statistically
different between the two groups, was pooled from a larger number of studies. Additionally,
the expertise of the surgeons would have potentially impacted on the rate of complications,
particularly in the non-randomised studies. Lastly, the absence of individual patient data

precluded adjustment for potential confounders in this study.

Conclusion

This study shows that CME for colon cancer is associated with improved oncologic outcomes
at the expense of higher morbidity rates including vascular pedicle injury. The oncological
benefits need to weighed up against a multitude of factors including hospital support, surgeon
experience, patient age, and associated comorbidities. Studies should not only focus on long-
term oncological outcomes, but also appropriate patient selection that will allow maximum

oncological benefit.



Tables

Table 1: Studies included in the meta-analysis

No. Author Year Patient Selection Study Type No. of Patients (Right) NOS/
CME Non-CME Jadadt
1 Anetal. 2018 All right hemicolectomies Retrospective 34 81 6
0S
2 Bertelsenet 2015 All resections for Stage | — 111 colonic RSFPMD 364 (145) 1031 (429) 8
al. adenocarcinomas
3 Bertelsenet 2016 All resections for Stage | — Il colonic RSFPMD 529 (212) 1701 (731) 8
al. adenocarcinomas
4  Galiziaetal. 2013 Consecutive resections for right sided Prospective 45 58 7
colonic adenocarcinomas oS
5 Gao et al. 2020 All radical resections for colon cancer Prospective, non- 220 (128) 110 (57) 7

randomised, double blind
controlled trial

6 Ishihara 2016 Curative resections for Stage | — 111 colonic RSFPMD 3756 (1347) 2185 (564) 8
adenocarcinomas
7 Karachunet 2019 Colonic resections for primary colonic Randomised controlled 56 (21) 43 (21) 3
al. cancer - T1-4aN0-2MO0-1 (resectable trial
metastases)
8 Kotakeetal. 2014  Curative resections for pT3 or pT4 colon RSFPMD 6580 (3358) 3518 (1923) 9
cancer
9 Kotakeetal. 2015 All curative resections for pT2 colon cancer RSFPMD 774 (343) 659 (309) 9
10 Merkeletal. 2016 All consecutive resections for primary Retrospective 1099 (335) 920 (405) 7
colon cancer 0OS
11 Prevostetal. 2018 All elective right colectomies RSFPMD 71 84 7
12 Rinneetal. 2020 All laparoscopic resections for Stage I-11I RSFPMD 325 (168) 340 (168) 6
colon cancers
13 Sammouret 2019 Consecutive laparoscopic or RSFPMD 141 56 6

al.



14

15

16

17

18

19

Storli et al.
Tagliacozzo
et al.
Thorsen et al.
West et al.

Yan et al.

Zurleni et al.

Abbreviations
RSFPMD: Retrospective study from a prospectively maintained database
OS: Observational study
t Newcastle-Ottawa score for non-randomised studies and Jadad score for randomised studies

2014

1997

2016

2009

2020

2017

robotic right or extended-right
hemicolectomy for primary colon
adenocarcinoma
All consecutive resections for Stage I-I1
colon cancer
All curative colorectal resections for right
colon cancer
All consecutive curative resections for right
colon cancer
Consecutive resections for colon
adenocarcinoma
All resections for stage 111 colon cancer

All consecutive curative resections for right
colon cancer

Prospective
(O]
Retrospective
(0N}

Case control study

Prospective
0OS
Randomised controlled
trial
Retrospective
0OS

84 (27)
60
49

49 (30)

98 (45)

97

105 (39)
84
49

40 (16)

98 (51)

95



Table 2: Recurrence rates and survival of patients

Anetal 34 | 81 NR 7 | 206% | 28 |34.6% NR 94.2% | 89.0% | 100% | 89.5%
BerteSen et | aea | 1031 | 715 | O3 | 7 | O% | 140 | 3sw | 365 | 35% NR NR 74.8% | 69.6%
Be”ea'lse” ® | 520 | 1701 | 707 7685'3 729 865'1 194 | 36.7% | 587 | 34.5% NR NR NR

Galizia et 0 0 ) 0 0

o 45 | 58 | 67 | 13 | 68 | 11 | 19 |422% | 20 [345% | 0 | O | 12 |207% | 90% | 74% NR

Gaoetal. | 220 | 110 | 68 | 5877 | 73 | 57-79 | 94 | 427% | 42 | 38.2% NR NR NR

Ishiara. | 3756 | 2185 | 64 - | 675 | - | 1616 | 43% | 562 | 25.7% NR 91.0% | 93.5% NR
Kara;:‘““ 1 56 | 43 NR 37 | 66% | 22 | 51% NR NR NR

K"t::‘e ® | 6580 | 3518 | 622 | - |6501| - | 2906 | 44.2% | 1397 | 39.7% NR NR 79.2% | 74.6%

KoKk et | 774 | 659 NR 172 | 22.2% | 129 | 19.6% NR NR 9L.7% | 90.3%

Me;'je' ® | 1009 | 920 | 66.7 | - 64 - | 370 |33.7% | 382 | 41.5% | 146 | 13.3% | 204 | 22.2% | 78.0% | 73.4% | 78% | 73.4%

PrevOSLet | 71 | 84 | 736 | oo | 738 | S | 18 | 305% | 33 | 465% NR NR NR
Rinneetal. | 325 | 340 | 72 11 72 18 124 | 385% | 122 | 35.9% NR 85.6% | 89.2% | 72.9% | 77.9%
Samr:f“r ® | 141 | 56 | 64 12 64 14 | 48 | 34% | 15 |268% | 0 0 1 | 1.8% | 79.2% | 84.4% | 77.8% | 62.4%




Storlietal | 8 | 105 | 725 | 113 | 726 | 126 | 0 0 0 0 1 ‘ 12% | 3 ‘ 2.9% | 82.3% | 64.8% | 87.9% | 66.1%
Tagé'ta;fzzo 60 | 84 | 63 | 65 | 61 7 26 | 433% | 32 | 38.1% NR 43.8% | 36.3% | 64.3% | 62.8%
Thorsenet | 49 | 49 | 67 | 2775 | 65 | 2875 N NR NR NR

49 | 40 | 68 |60-79 | 76 | 67-80 | 20 | 40.8% | 20 | 50.0% NR NR NR
West et al.
Yanetal. | 98 | 98 | 595 | 101 | 60.7 | 98 | 98 | 100% | 98 | 100% NR 59.8% | 49.9% | 73.8% | 47.7%
zurleniet | g7 | g5 | 71 - 73 - 32 | 33% | 33 |347% NR NR NR

al.




Figure Legends

Figure 1: Study Selection from PRISMA Guidelines
Figure 2: Pooled odds ratio of vascular injury

Figure 3: Pooled odds ratio of local recurrence

Figure 4: Pooled odds ratio of distant recurrence
Figure 5: Pooled relative risk of 5-year overall survival

Figures 6: Algorithm for patient selection for CME

Supporting information: Additional statistical data
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