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Abstract

Purpose Complete mesocolic excision improves lymphadenectomy for right hemicolectomy and respects the embryological
planes. However, its effect on cancer-free and overall survival is questioned. Therefore, we aimed to determine the potential
benefits of the technique by performing a systematic review of the literature and meta-analysis of the available evidence.
Methods Web of Science, PubMed/Medline, and Embase were searched on February 22, 2023. Original studies on short-
and long-term oncological outcomes of adult patients undergoing right hemicolectomy with complete mesocolic excision
as a treatment for primary colon cancer were considered for inclusion. Outcomes were extracted and pooled using a model
with random effects.

Results A total of 586 publications were identified through database searching, and 18 from citation searching. Exclusion
of 552 articles left 24 articles for inclusion. Meta-analysis showed that complete mesocolic excision increased the lymph
node harvest (5 studies, 1479 patients, MD 9.62, 95% CI 5.83-13.41, p> 0.0001, P 84%), 5-year overall survival (5 studies,
2381 patients, OR 1.88,95% CI 1.14-3.09, p=0.01, P 66%), 5-year disease-free survival (4 studies, 1376 patients, OR 2.21,
95% CI 1.51-3.23, p<0.0001, I? 0%) and decreased the incidence of local recurrence (4 studies, 818 patients, OR 0.27,
95% CI 0.09-0.79, p=0.02, I> 0%) when compared to standard right hemicolectomy. Perioperative morbidity was similar
between the techniques (8 studies, 3899 patients, OR 1.04, 95% CI 0.89-1.22, p=0.97, & 0%).

Conclusion Meta-analysis of observational and randomised studies showed that right hemicolectomy with complete meso-
colic excision for primary right colon cancer improves oncologic results without increasing morbidity/mortality. These
results need to be confirmed by high-quality evidence and randomised trials in selected patients to assess who may benefit
from the procedure.
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Introduction

In 1986, Heald and colleagues from Basingstoke revolution-
ised the outcomes of rectal cancer surgery by reporting total
mesorectal excision (TME) [1]. This standardized technique
combines proctectomy with complete removal of the meso-
rectum following the embryological planes, therefore allow-
ing a complete lymphadenectomy of the first lymph node
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concept of complete mesocolic excision (CME). The aim
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hypothesis that an increased number of harvested lymph
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nodes and complete removal of the mesocolon correlates
with improved survival [3].

It is noteworthy that Yamaoka et al. reported that the inci-
dence of lymph node metastases in patients with right-sided
colon cancer was 41.5%. These lymph node metastases were
present in the D2 lymph nodes in 9.7% of patients and in D3
lymph nodes in 1.5% of patients [4]. However, D3 lymph
nodes located along the superior mesenteric vein are not
removed when performing conventional (D2) right hemi-
colectomy. Therefore, to improve the lymph node yield and
remove these nodes, CME is based on three concepts: 1.
Sharp embryological plane dissection to completely remove
the mesocolon, including all the lymph nodes draining the
tumour, 2. Central vascular ligation to remove central lymph
nodes and 3. Sufficient bowel resection to be able to remove
the pericolic lymph nodes and the adjacent vascular arcades
[5, 6]. This partially overlaps with the recommendation from
Asian professional societies, notably the Japanese Society
for Cancer of the Colon and Rectum, which recommends D3
lymphadenectomy (LND3) for > cT?2 colorectal cancer [7].

A recent consensus statement article by Tejedor et al.
showed that the main characteristics of the procedure to
qualify for CME are central vascular ligation, exposure of
the superior mesenteric vein and intact mesocolon excision
[8].

Complete mesocolic excision could therefore theoreti-
cally improve overall and disease-free survival for selected
patients with right-sided colon cancer. However, implemen-
tation of this procedure has not been universally adopted,
because doubts have been raised concerning a potential
increase in the perioperative morbidity of the procedure,
notably central vascular injuries, and also as a result of its
increased technical difficulty. Therefore, we aimed to assess
the current state of the literature to determine if CME in
right hemicolectomy has better oncological outcomes when
compared to non-CME procedures and if it has an impact on
perioperative morbidity/mortality.

Methods

The present methodology follows the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA)

Table 1 Literature search strategy

2020 guidelines [9]. The study protocol was registered in the
PROSPERO database (CRD42021225411).

Literature search

Medline, Embase, and Web of Science were searched on
22 February 2023. The literature search strategy is reported
in Table 1. Additional records were identified by screening
the reference lists of existing reviews in the field.

Study selection: inclusion and exclusion criteria

In this article, we use the term CME to define the technique
reported by Hohenberger et al. [6]. Conversely, we use the
term non-CME to designate the study control groups defined
by the use of standard right hemicolectomy. D2 lymphad-
enectomy (LND2), the conventional procedure used in most
centres in our studies, is defined by the Japanese Society for
Cancer of the Colon and Rectum and requires the removal
of the pericolic and intermediate lymph nodes [10]. To be
included, publications had to be original studies reporting
on short- and long-term oncological and non-oncological
outcomes of adult patients undergoing right hemicolectomy
with CME as a curative treatment for primary colorectal
cancer. Studies including fewer than 50 patients, those which
included patients with metastatic disease, those without a
control group (with non-CME right hemicolectomy), the
grey literature, or any kind of secondary analysis (meta-
analyses, systematic reviews, or duplicate patients) were
excluded. No language restriction was applied.

Data extraction and outcomes

Two reviewers (GDL, JM) independently selected articles
for inclusion and extracted the data according to a pre-estab-
lished data collection form. Any discrepancies were solved
by reaching a consensus between the two reviewers. The
following data were extracted: first author, publication year,
the country where the investigation took place, study period,
study design, TNM inclusion criteria, number of patients,
number of patients who underwent CME, sex, age, surgical
technique, postoperative pain, time to passage of flatus, time
to diet, blood loss, number of harvested lymph nodes, length

Web of science

AB = ((complete mesocolic excision OR CME) AND (colectomy OR hemicolectomy OR colon resection) AND (cancer)) and

Article (Document Types) and 2000-2023 (Publication Years)

Pubmed/Medline ((Complete Mesocolic Excision [Title/Abstract]) OR (CME [Title/Abstract]) OR (Mesocolon [MeSH Terms)) AND
((colectomy[MeSH Terms] AND cancer[MeSH Terms]))

Filters applied: Adult: 194 years, 2000-2023

Embase

(‘complete mesocolic excision’:ab,ti OR ‘cme’:ab,ti) AND (‘colectomy’:ab,ti OR ‘hemicolectomy’:ab,ti OR ‘colon

resection’:ab,ti) AND (‘cancer’:ab,ti OR ‘malignant neoplasia’:ab,ti) AND ‘article’/it AND [2000-2023]/py
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of hospital stay, postoperative complications, conversion
rate, reoperation rate, 30-day mortality, 3-year and 5-year
OS, 3-year and 5-year disease-free survival (DFS), local
recurrence, metastatic recurrence, and overall recurrence.

Risk of bias assessment of included studies

The Cochrane risk of bias tool was used to assess the qual-
ity and risk of bias for the included randomised controlled
study [11]. The methodological quality of all included non-
randomised studies was assessed on the basis of the New-
castle-Ottawa Scale [12]; the studies that scored >7 were
considered to be of high quality. This tool was used to assess
each study for eight parameters and categorised into three
groups: first, the selection of the study groups; second, the
comparability of the groups; and third, the ascertainment of
either the exposure or outcome of interest for case—control
studies. One point was awarded for each quality item. High-
quality studies were awarded up to 9 points [12] (Table 1).
Funnel plots were used to check the risk of publication bias
(Supplemental material 1).

Statistical analysis

Qualitative data were summarized in tables. For studies
that only provided median and interquartile range, conver-
sion into mean was done using the method proposed by Liu
et al. [13] and standard deviation with the method from Wan
et al. [14]. Quantitative analysis was performed using the
ReviewManager 5.4.1 software (The Cochrane Collabora-
tion, The Nordic Cochrane Center, Copenhagen, Denmark).
Odds ratios with 95% CI were reported. Model with random
effects was applied (DerSimonian and Laird’s approach).
Heterogeneity was quantified using the /* value. The results
of meta-analyses are shown as forest plots. Statistical sig-
nificance was defined as p <0.05.

Results
Study selection process

A total of 209 publications were identified on Web of Sci-
ence, 200 on Pubmed/Medline, and 159 on Embase. Eight-
een publications were identified from citation searching.
Two hundred and ten duplicates were removed. Of the
376 publications that were identified as eligible, 260 were
excluded after title/abstract screening and 92 after the full-
text screening, based on our inclusion/exclusion criteria.
Ultimately, 24 publications were included in the qualitative
and quantitative review (Fig. 1).

Characteristics of included studies

Included studies were conducted in Europe and Asia. These
articles were recent; 15 were published in the last 5 years
[15-29], and none before 2013. Data from three studies
were prospectively collected [17, 24, 28], two were retro-
spective case—control studies [15, 16], 18 were retrospec-
tive cohort studies [18, 19, 21-23, 25-27, 29-38], and one
was a randomised controlled trial [20]. Thirteen compared
surgical techniques for CME [25-29, 31-38]. All studies
included patients with right colon cancer stages T1 to T4,
NO to N2, and without any known distant metastases. TNM
stages ranged between I and III. Three studies included
only laparoscopic surgery [15, 19, 20], and one study only
open surgery [30]. Newcastle-Ottawa Scale scores ranged
between 6/9 and 8/9. Cochrane Risk of Bias assessment for
our included randomised controlled trial showed a high risk
of bias for blinding of participants and personnel, low risk
of bias for random sequence generation, blinding of outcome
assessment, selective outcome reporting and other sources of
bias, and an unclear risk of bias for allocation concealment
and incomplete outcome data. Data from studies comparing
CME vs non-CME are summarized in Table 2.

Short-term outcomes

The data on short-term outcomes are summarized in Table 3.

Operative time

Two studies reported no significant difference in terms of
operative time [15, 19], two studies reported an increased
operative time for the CME group [20, 23], and one reported
a decrease in operative time for the CME group [21]. In
the quantitative meta-analysis, no difference was found in
terms of mean operative time between the CME and the
non-CME group (5 studies, 1689 patients, mean difference
(MD) — 0.63, 95% confidence interval (CI) — 19.37-18.11,
p=0.95, I 91%) (Fig. 2a).

Perioperative blood loss

Two studies reported a statistically significant decrease in
blood loss in the CME group [15, 19]. Two other studies
reported no significant difference in this outcome [20, 23].

According to our meta-analysis, there was no differ-
ence in mean blood loss between the CME and the non-
CME group (4 studies, 1397 patients, MD — 25.33, 95% CI
—50.73-0.07, p=0.05, I* 92%) (Fig. 2b).
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Table 3 Postoperative outcomes for studies comparing CME versus non-CME

POST-OPERATIVE OUTCOMES

Operative time Conversion rate Number of LNs
Study Blood loss (mL)
(min) (n, (%)) harvested (n)
239.7+38.1vs
An, 2018 2(5.8) vs 1(1.2)
237.9+459
Benz, 2013
23(21) vs
Bertelsen, 2019
85 (14)
192.4+31.4vs
Ouyang, 2019
187.1+33.1

60.1+65.0vs
Xu, 2021 13 (3)vs 7 (1)

54.7+63.8

Giani, 2022 5(3.7) vs 6 (4.7)

Tumay, 2020

10 (0-20) vs 50
Khan, 2021 0(0) vs 4 (5)

(10-250)

Benz, 2022

Reoperation (n, Passage of flatus Length of hospital | Postoperative 30-day mortality
(%)) (days) stay (days) complications (%) | (n, (%))
10.8+3.2vs
29.4vs 24.6 Ovs0
10.6 5.0
5(7.2) vs 2 (5.3) 0(0) vs 1(2.6)
13 (5) vs
18vs 17
39(5)
29+1.4vs 6.44+2.1vs
12.1vs 16.7 0(0) vs 0 (0)
ERIEENIN) 7.29+29
7 (6-8) vs 7 (6-9) 20vs 22 0(0) vs 0 (0)
6 (5-9) vs 6 (5-8) 21.9vs 19.9 0(0) vs 0 (0)
7.0 (5-41) vs 6.0
31.3vs35.9
(4-38)
6(3-14) vs 5 (2—
B w5 15vs 17.5 0(0)vs0(0)
41)
B(Ee) e 13.1£8.3vs13.9
29.8vs 27.8 0(0) vs 1(0.2)
(Ze) +11.4

Green in favour of CME (p value <0.05), yellow neutral (p value>0.05), red in favour of non-CME (p value <0.05), and white not reported.
The value reported first corresponds to results for CME and the second value for non-CME. Values are reported as mean + standard deviation or

median (range) LN =Lymph node

Conversion to open surgery

Five studies reported the incidence of conversion to open
surgery. The incidence of conversion to open surgery
ranged between 1% and 14% for the non-CME group [17,
20], and between 0% and 21% for the CME group [17,
20]. Meta-analysis found that patients who underwent
CME were at increased risk of conversion to open surgery
(5 studies, 2234 patients, OR 1.57, 95% CI 1.04-2.37,
p=0.03, I> 0%) (Fig. 2¢).

Lymph node harvest

All studies comparing CME versus non-CME reported a
statistically significant increase in harvested lymph nodes
in favour of the CME technique, with mean values ranging
between 22.6 and 57.9 lymph nodes for the CME group
and between 14.0 and 50.4 lymph nodes for the non-
CME group [15, 17, 19-24, 30]. Meta-analysis found that
CME increased the number of harvested lymph nodes by
9 lymph nodes when compared to non-CME (9 studies,
3955 patients, MD 9.03, 95% CI 5.36-12.71, p <0.00001,
I? 95%) (Fig. 2d).
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Table 4 Long-term outcomes of interest for studies comparing CME versus non-CME

LONG-TERM OUTCOMES

Study 3-year OS (%) 3-year DFS (%)

An, 2018

Benz, 2013

Bertelsen, 2019 71.6 vs 66.9

Ouyang, 2019

5-year OS (%)

5-year DFS (%) Local recurrence (%) Distant recurrence (%)

94.12 vs 89.17

2.8vs6.7 5.6vs13.3

Giani, 2022

87.9vs 87.4 90.4 vs 89.6

Ovs3.7 89vs9.6

Tiimay, 2020

93.8 vs 66.7%

85.4vs 64.1% 2.1vs10.3 12.5vs12.8

Khan, 2021 90vs 78

Ovs 6

Benz, 2022 81.4vs 77.8

Green in favour of CME (p value <0.05), yellow neutral (p value >0.05), red in favour of non-CME (p value < 0.05), and white not reported. The
value reported first corresponds to results for CME and the second value for non-CME. LN lymph node, OS overall survival, DFS disease-free

survival, LR local recurrence, MR metastatic recurrence

Incidence of reoperation

Two studies reported the incidence of reoperation, which
ranged between 5.3% and 7.5% for the non-CME group,
and between 7.2% and 8.9% for the CME group. These dif-
ferences were not statistically significant [24, 30]. Pooled
analysis did not show any difference in terms of the inci-
dence of reoperation between the CME and the non-CME
group (2 studies, 1111 patients, OR 1.24,95% CI1 0.81-1.92,
p=0.32, I* 0%) (Fig. 2e).

Time to first passage of flatus
One study reported time to passage of flatus, with a mean

value of 3.1 days (non-CME) versus 2.9 days (CME); this
difference was not statistically significant [19].

@ Springer

Length of hospital stay

Seven studies reported the length of hospital stay, without
showing a statistically significant difference between the
techniques: CME groups ranged between 6.4 and 13.1 days,
and non-CME groups ranged between 6.4 and 16.7 days
[15, 19-24]. Quantitative analysis did not show any dif-
ference between CME and non-CME in terms of length of
hospital stay (7 studies, 2780 patients, MD — 0.83, 95% CI
—0.9-0.17, p=0.18, I 54%) (Fig. 2f).

Incidence of postoperative complications

Eight studies reported similar incidences of postoperative
complications such as anastomotic leak, chylous ascites,
pneumonia, bleeding, small bowel obstruction, wound infec-
tion, venous thromboembolism and urinary tract infections
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Fig. 1 PRISMA flow chart of the inclusion process

between CME (incidence ranging between 12.1% and
31.3%) and non-CME (incidence ranging between 16.7%
and 35.9%) [15, 17, 19-24]. One study reported a median
follow-up for postoperative complications of 30 days [20].
One study followed patients for complications for 60 days
[17], and another study for 90 days [21]. The timing for
follow-up was not reported in 5 studies [15, 16, 19, 22,
24]. According to the meta-analysis, there was no differ-
ence in terms of the incidence of postoperative complica-
tions between the CME and the non-CME group (8 studies,

Identification of studies via databases and registers
)
c . .
o Records identified from™:
3 Web of Science (n =209) oo e beore
% M(Mnidlg‘g)(“ =20 _Dl;;:%cate records removed (n
§ Citation searching (n=18) =210)
—
R \4
Records screened ) Records excluded**
(n=376) (n =260)
Reports sought for retrieval | Reports not retrieved
= (n=0) (n=0)
=
o
5 v
(7]
Reports assessed for eligibility Reports excluded:
(n=116) Wrong patient population
(n=37)
Wrong intervention (n=20)
Wrong outcomes (n=33)
Duplicate population (n=2)
—
\4
3
s Studies included in review
S (n=24)
c

3899 patients, OR 1.04, 95% C10.89-1.22, p=0.97, I> 0%)
(Fig. 2g). The funnel plot for this outcome shows a sym-
metrical distribution (Supplemental material 1A).

Incidence of 30-day mortality
The incidence of 30-day mortality was reported in eight arti-
cles ranging between 0% and 5% for both the CME and the

non-CME groups [17, 19-21, 23, 24, 30], with no significant
difference. Quantitative analysis did not show any difference
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(A) Operative time

CME Non-CME Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
An, 2018 239.7 38.1 34 2379 459 81 21.2% 1.80 [-14.45, 18.05] —_
Giani, 2022 202 52.4 146 240.3 723 146 21.9% -38.30([-52.78,-23.82] —
Khan, 2021 204.1 1323 40 168.8 143.4 80 8.7% 35.30 [-16.36, 86.96] ]
Ouyang, 2019 192.4 31.4 107 187.1 33.1 60 23.5% 5.30 [-4.97, 15.57] ™=
Xu, 2021 164.4 44.6 495 151.9 40.88 500 24.7% 12.50[7.18, 17.82] -
Total (95% CI) 822 867 100.0% -0.63[-19.37,18.11] ’
Heterogeneity: Tau? = 362.36; Chi? = 43.18, df = 4 (P < 0.00001); I* = 91% k + T + J
Test f Il effect: Z = 0.07 (P = 0.95 -100 -0 0 >0 100
est for overall effect: Z = 0.07 (P = 0.95) Favours CME Favours non-CME
(B) Peri-operative blood loss
CME Non-CME Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Random, 95% ClI 1V, Random, 95% CI
An, 2018 95.5 87.6 34 112.3 83.2 81 20.1% -16.80[-51.37,17.77] ——
Ouyang, 2019 108 23.9 107 1287 252 60 31.1% -20.70([-28.52,-12.88] -
Xu, 2021 60.1 65 495 547 63.8 500 31.0% 5.40 [-2.60, 13.40] T
Khan, 2021 10 15.4 40 106.4 181.2 80 17.8% -96.40[-136.39, -56.41] ¢————
Total (95% CI) 676 721 100.0% -25.33 [-50.73, 0.07] el
Heterogeneity: Tau? = 524.77; Chi? = 39.49, df = 3 (P < 0.00001); I> = 92% F - + J
Test for overall effect: Z = 1.95 (P = 0.05) 100 Fsglours CMEO Favours noSnO—CME 100
(C) Conversion to open surgery
CME Non-CME Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% Cl _Year M-H, Random, 95% CI
An, 2018 2 34 1 81 2.9% 5.00 [0.44, 57.09] 2018 —
Bertelsen, 2019 23 107 85 605 63.9% 1.68[1.00, 2.80] 2019 i
Khan, 2021 0 40 4 80 2.0% 0.21[0.01, 4.00] 2021
Xu, 2021 13 495 7 500 19.7% 1.90 [0.75, 4.80] 2021 T
Giani, 2022 5 146 6 146 11.6% 0.83[0.25, 2.77] 2022 L
Total (95% Cl) 822 1412 100.0% 1.57 [1.04, 2.37] s 2
Total events 43 103
ity: Tau? = . Chi? = —4pP= - I t : y
?eterfogeneltyl.lTa;;J = 2202 (ﬂ‘:l P—_.'<S(.)EJ(€)),3 df =4 (P =0.41); I = 0% 001 o1 10 100
est for overall effect: Z = 2.14 (P = 0.03) Favours CME Favours non-CME
(D) Lymph node harvest
CME Non-CME Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
An, 2018 30.7 11.3 34 233 73 81 11.6% 7.40 [3.28, 11.52] —_
Benz, 2013 41 20 69 29.2 15.1 37 9.3% 11.80[5.02, 18.58]
Benz, 2022 55 17.6 496 50.4 16.8 508 13.0% 4.60[2.47,6.73] -
Bertelsen, 2019 38 14.9 256 22.4 10.4 813 13.1% 15.60[13.64, 17.56] -
Giani, 2022 22.6 9.7 146 20.1 9.7 146 13.0% 2.50[0.27, 4.73] =
Khan, 2021 36.5 31.5 40 26.8 34 80 5.4% 9.70[-2.58, 21.98] T
Ouyang, 2019 23.2 6.8 107 14 35 60 13.3% 9.20 [7.64, 10.76] -
Tamay, 2020 57.9 245 48 33.6 16.7 39 7.7% 24.30[15.61, 32.99] e —
Xu, 2021 26.7 11.9 495 23.2 8.5 500 13.4% 3.50[2.21, 4.79] -
Total (95% CI) 1691 2264 100.0%  9.03 [5.36, 12.71] <o
Heterogeneity: Tau® = 25.83; Chi? = 147.96, df = 8 (P < 0.00001); I> = 95% o =T > 50
Test for overall effect: Z = 4.81 (P < 0.00001) Favours non-CME Favours CME
(E) Incidence of re-operation
CME Non-CME Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
Benz, 2013 5 69 2 38 6.6% 1.41[0.26, 7.62] 2013
Benz, 2022 45 496 38 508 93.4% 1.23[0.79, 1.94] 2022
Total (95% CI) 565 546 100.0% 1.24 [0.81, 1.92]
Total events 50 40
[ 2 _ . Chi2 — _ _ L2 = 09 [} + T t J
Heterogeneity: Tau® = 0.00; Chi*> = 0.02, df = 1 (P = 0.88); I> = 0% o1 o 1 T 100

Test for overall effect: Z = 0.99 (P = 0.32) Favours CME Favours non-CME

(F) Length of hospital stay

CME Non-CME Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
Ouyang, 2019 6.4 2.1 107 73 29 60 19.2% -0.90[-1.73,-0.07] —
Benz, 2022 13.1 8.3 496 139 11.4 508 12.4% -0.80 [-2.03, 0.43] i
An, 2018 10.8 3.2 34 10.6 5 81 9.1% 0.20 [-1.33, 1.73]
Xu, 2021 7 15 495 7.4 22 500 33.8% -0.40[-0.63,-0.17] L
Giani, 2022 6.7 3 146 6.4 2.2 146 24.7% 0.30 [-0.30, 0.90] 1=
Tumay, 2020 18.3 27.5 48 16.7 26.2 39 0.2% 1.60[-9.72, 12.92] >
Khan, 2021 7.8 8.5 40 16.6 29.4 80 0.6% -8.80[-15.76,-1.84] ——
Total (95% CI) 1366 1414 100.0% -0.36 [-0.90, 0.17] q
Heterogeneity: Tau? = 0.21; Chi? = 13.08, df = 6 (P = 0.04); I* = 54% k _55 5 + 105

Test for overall effect: Z = 1.33 (P = 0.18) -10 Favours CME Favours non-CME

Fig.2 Meta-analysis of CME versus non-CME. Forest plots of short-
term outcomes comparing CME versus non-CME. Each horizontal
bar summarizes a study. The bars represent 95% confidence intervals.
The squares inform each study’s weight in the meta-analysis. The dia-
mond in the lower part of the graph depicts the pooled estimate along

with 95% confidence intervals. Odds ratio (OR) and mean difference
(MD) were obtained using models with random effect (Mantel-Haen-
szel). Heterogeneity was assessed using the Q-test and quantified
using the I value
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(G) Incidence of post-operative

CME
Study or Subgroup

complications

Non-CME Odds Ratio

Events Total Events Total Weight M-H, Random, 95% Cl Year

Odds Ratio
M-H, Random, 95% CI

An, 2018 10 34 20 81 3.2% 1.27[0.52, 3.11] 2018 ]
Ouyang, 2019 13 107 10 60 3.2% 0.69[0.28, 1.69] 2019 — T
Bertelsen, 2019 46 256 138 813 18.8% 1.07 [0.74, 1.55] 2019 -
Tumay, 2020 15 48 14 39 3.2% 0.81[0.33, 1.99] 2020 I
Khan, 2021 6 40 14 80 2.3% 0.83[0.29, 2.36] 2021 I
Xu, 2021 97 495 109 550 27.3% 0.99 [0.73, 1.34] 2021 -
Giani, 2022 32 146 29 146 8.0% 1.13 [0.64, 1.99] 2022 T
Benz, 2022 148 496 141 508 34.0% 1.11[0.84, 1.45] 2022 -
Total (95% CI) 1622 2277 100.0% 1.04 [0.89, 1.22] L 2
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Heterogeneity: Tau? = 0.00; Chi? = 1.90, df = 7 (P = 0.97); I> = 0% ; + t J
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(H) Incidence of 30-day mortality
CME Non-CME Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% Cl
Benz, 2013 0 69 1 38  3.7% 0.18[0.01, 4.52] 2013 I
An, 2018 0 34 0 81 Not estimable 2018
Bertelsen, 2019 13 256 39 813 92.6% 1.06 [0.56, 2.02] 2019
Ouyang, 2019 0 107 0 60 Not estimable 2019
Khan, 2021 0 40 0 80 Not estimable 2021
Xu, 2021 0 495 0 500 Not estimable 2021
Benz, 2022 1 508 0 496 3.7% 2.93[0.12, 72.22] 2022
Giani, 2022 0 146 0 146 Not estimable 2022
Total (95% CI) 1655 2214 100.0% 1.03 [0.56, 1.92]
Total events 14 40

e 2 . i2 .12 } + + i
Heterogeneity: Tau® = 0.00; Chi*> = 1.54, df = 2 (P = 0.46); I> = 0% o1 o1 1 10 100

Test for overall effect: Z = 0.10 (P = 0.92)

Fig.2 (continued)

in terms of 30-day mortality rates between the CME and the
non-CME group (8 studies, 3869 patients, OR 1.03, 95% CI
0.56-1.92, p=0.92, I 0%) (Fig. 2h).

Long-term outcomes

The data on long-term outcomes is summarized in Table 4.

Three-year overall survival

Two studies reported an increase in 3-year OS: Ouyang et al.
reported 93.5% (CME) versus 85.0% (non-CME) (p=0.017)
[19], and Khan et al. reported 99% (CME) versus 90% (non-
CME) (p=0.0454) [23]. One other study reported no sig-
nificant difference [21].

In the quantitative meta-analysis, no difference was found
in terms of 3-year OS between the CME and the non-CME
group (3 studies, 579 patients, OR 1.79, 95% CI 0.72-4.43,
p=0.21, I? 44%) (Fig. 3i).

Three-year disease-free survival

Three-year DFS was greater in the CME group in one study,
with a reported 91.6% (CME) versus 80.0% (non-CME)
(p=0.014) [19]. Two studies reported no significant differ-
ence [21, 23].

Favours CME Favours non-CME

Pooled analysis did not show any difference in terms
of the incidence of 3-year DFS between the CME and the
non-CME group (3 studies, 579 patients, OR 1.81, 95% CI
0.96-3.45, p=0.7, I 30%) (Fig. 3j).

Five-year overall survival

Two studies reported an increase in 5-year OS for the CME
group: 100% (CME) versus 89.49% (non-CME) (p =0.049)
[15], and 89.4% (CME) versus 71.5% (non-CME) (p=0.011)
[30]. Three studies reported no difference between the two
groups for this outcome [17, 22, 24].

Meta-analysis found that patients who underwent CME
showed improved 5-year OS (5 studies, 2381 patients, OR
1.87,95% CI 1.13-3.09, p=0.02, I* 66%) (Fig. 3k). The
funnel plot for this outcome shows an asymmetrical distri-
bution, indicating potential publication bias (Supplemental
material 1B).

Five-year disease-free survival

Five-year DFS was similar for both groups in two stud-
ies [15, 22], but two studies reported results in favour of
the CME group: 93.8% (CME) versus 78% (non-CME)
(p=0.049) [30], and 89.9% (CME) versus 82.0% (non-
CME) (p =0.00028) [17].
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Pooled analysis showed an improvement in terms of
5-year DFS for the CME group (4 studies, 1376 patients,
OR 1.95, 95% CI 1.35-2.82, p=0.0004, I* 0%) (Fig. 31).
The funnel plot for this outcome a shows symmetrical dis-
tribution (Supplemental material 1C).

Incidence of local recurrence

All four studies reporting incidence of local recurrence
showed no significant difference [19, 21-23].

Quantitative analysis showed improved incidence in
terms of local recurrence for the CME group (4 studies,
666 patients, OR 0.24, 95% CI 0.08-0.71, p=0.01, I 0%)
(Fig. 3m).

Incidence of distant recurrence

One study reported an improved incidence in distant recur-
rence, with 8% (CME) versus 24% (non-CME) (p =0.026)
[23], whilst three studies no significant difference for this
outcome [19, 21, 22].

Pooled analysis showed no difference in the incidence
of distant recurrence between the CME and the non-CME
group (4 studies, 666 patients, OR 0.60, 95% CI 0.32-1.10,
p=0.10, I> 23%) (Fig. 3n).

Discussion

Studies comparing CME and non-CME included in this
review have tended to show that CME increases the number
of lymph nodes harvested, without increasing postoperative
complications, or 30-day mortality. The incidence of con-
version to open surgery seemed to be increased in the CME
group, but this may be due to one included study where
authors reported higher overall conversion rates as a result of
the implementation of laparoscopic surgery in their centres
[17]. The ongoing randomised controlled trial included in
our review, named the RELARC trial, has for the moment
only published preliminary short-term outcomes but will
release long-term outcomes in the future. The authors
concluded that CME did not increase perioperative com-
plications of right hemicolectomy compared to non-CME
but, when looking at the detailed results, the incidence of
vascular injury was significantly increased (3% for CME
versus 1% for non-CME, p <0.05) [20]. A randomised clini-
cal trial in Russia comparing short-term outcomes for CME
versus non-CME (COLD) showed no difference in mortal-
ity or complication rates [39], and another prospective non-
randomised controlled trial in China showed no difference
in perioperative morbidity/mortality [40]—these studies
did, however, include both left- and right-sided resections.
As CME is technically challenging to perform, favourable
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short-term outcomes depend on the experience and tech-
nique of the surgical team, as shown by Bernhoff et al. [16].

Regarding long-term outcomes, our meta-analysis showed
improved local recurrence rates and an increase in 5-year OS
and 5-year DFS. Bertelsen et al. also reported a risk reduc-
tion in 5-year OS, but only in their 2010-2013 subgroup,
which suggests the impact of a learning curve for this proce-
dure. They also showed risk reduction in 5-year DFS, espe-
cially for the higher stages, and once again more marked in
the most recent subgroup [17]. The recent prospective study
by Benz et al. which included 1004 patients has shown no
significant increase in 5-year OS. However, in patients with
stage I1I disease, the authors did report a significant increase
in this outcome (78.3% CME versus 65.0% non-CME). It is
also worth mentioning that this study included pathological
specimen control by mesenteric area to further determine
if the technique was successfully performed [24]. A pro-
spective study by Gao et al. showed improved 3-year local
recurrence-free survival (100% CME vs 90.2% non-CME)
but did include both left- and right-sided disease [40].

Long-term impact on bowel function was assessed by
Bertelsen et al., who did not find an increased risk of bowel
dysfunction, long-term pain or impaired quality of life when
compared to non-CME [18].

Recent data concerning preoperative staging have shown
that computed tomography lacks accuracy, especially in pre-
dicting lymph node metastases, with a sensitivity of 57% and
a specificity of 66%. This has an impact on disease manage-
ment in general but also on the potential choice of surgical
technique [41].

To our knowledge, CME versus non-CME for right
hemicolectomy had previously been analysed in several
systematic reviews with meta-analyses, the most recent
ones being published in 2021. In their analysis, Balciscueta
et al. included 29 studies and obtained a complication rate
of 17.4% (CME group) versus 19.4% (non-CME) (p=0.84),
and a 5-year OS of 78.2% (CME) versus 67.1% (non-CME)
(p=0.03). They subclassified OS according to stage II and
stage III disease, which showed a greater advantage for
the CME group [42]. De Simoni et al. included 8 studies
in their meta-analysis and obtained no difference between
techniques for complication rates (odds ratio 1.13, p=0.34).
However, they showed a significant benefit in terms of
3-year OS (odds ratio 1.57, p=0.003) and 5-year OS (odds
ratio 1.41, p=0.02) in favour of CME [43]. Anania et al.
included 17 studies in their meta-analysis and obtained no
difference between techniques for complication rates (rela-
tive risk 0.82, CI 0.67-1.00). However, they showed a sig-
nificant benefit in terms of 3-year OS (relative risk 0.42,
95% C10.27-0.66) and 5-year OS (relative risk 0.36, 95% CI
0.17-0.56) in favour of CME [44]. Diaz-Vico et al. included
27 studies and reported a higher 3-year OS (relative risk
1.09, p=0.01) and 5-year OS (relative risk 1.05, p=0.02)
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(1) Three-year overall survival

CME Non-CME Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
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(K) Five-year overall survival
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Fig.3 Meta-analysis of CME versus non-CME. Forest plots of long-
term outcomes comparing CME versus non-CME. Each horizontal
bar summarizes a study. The bars represent 95% confidence intervals.
The squares inform each study’s weight in the meta-analysis. The dia-

Favours CME Favours non-CME

mond in the lower part of the graph depicts the pooled estimate along
with 95% confidence intervals. Risk ratio (RR) was obtained using
models with random effect (Mantel-Haenszel). Heterogeneity was
assessed using the Q-test and quantified using the I value
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for CME, without any increase in the complication rate (rela-
tive risk 1.13, p=0.58) [45]. Ferri et al. included 17 stud-
ies and reported a complication rate of 21% (CME group)
versus 24% (non-CME) (p =0.66), 5-year DFS of 81.4%
(CME) versus 79.7% (non-CME) (p <0.01), and a 5-year
OS of 86% (CME) versus 70.8% (non-CME) (p <0.01) [46].
All these meta-analyses of non-randomised studies shared
the conclusion that CME improves DFS, OS, and local and
metastatic recurrence when compared to non-CME, whilst
showing similar postoperative complication rates, which is
a trend also shown in our study.

Our systematic review and meta-analysis on short- and
long-term outcomes of CME is to our knowledge the first
to include only comparative studies with non-metastatic
patients specifically undergoing right hemicolectomy. Our
review also benefits from a large patient sample, including
the most recent studies. Since the last systematic review/
meta-analysis, we have identified four new cohort studies
and one new randomised controlled trial. The main strength
of this review is its thorough evaluation of CME in terms of
short- and long-term outcomes.

Conceptually, CME is similar to another procedure used
since 1977 in Asia, notably in Japan: right hemicolectomy
with LND3. Although conceptually similar, there are a few
differences between LND3 and CME. First, CME involves
strict embryological plane dissection rather than removing
central lymph node stations, which sometimes involves the
removal of the lymph nodes around the head of the pancreas
or the gastroepiploic arcade. Second, LND3 requires at least
10 cm resection margins, but CME is usually more exten-
sive because of the requirement to remove adjacent vascular
arcades. Third, LND3 usually spares the root of the main
colic vessels because the ligation only occurs at the root of
the primary feeding vessels, whereas CME mandates more
radical central vascular ligation and dissection up to the root
of the main colic vessels [47].

The main limitations of this review are the following:
first, data on right hemicolectomy with CME are still scarce
and not of the highest quality; second, almost all included
studies are cohort studies, which may carry a risk of selec-
tion bias; third, publication bias may be present; and finally,
the quality evaluation of the pathological specimens is het-
erogeneous and not always reported. This makes it difficult
to correctly assess if the patient benefited from the maxi-
mum effect of CME and, on the other hand, many supposed
conventional non-CME procedures may have been more/
less extensive than the standard LND?2, as has been outlined
by Bertelsen et al. reporting suboptimal survival rates in
the control group for stage I and II disease [48]. Future ran-
domised controlled trials should include quality control by
expert surgeons not only for CME but also for the control
group. On this aspect, Siani et al. proposed a classification
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for pathological evaluation, which could be useful for future
research [49, 50]. It is also worth noting that surgeons prac-
tising CME are usually more experienced and can therefore
report lower incidences of postoperative complications—this
raises a word of caution as the widespread implementation
of the technique may lead to an increase in postoperative
morbidity and severe complications including central vas-
cular injuries. Finally, the use of (neo-)adjuvant therapy and
other important variables were not systematically reported,
which could introduce a bias in terms of survival outcomes.
It is also worth noting that the biology of colorectal cancer
is still not fully understood and that survival is not solely
based on lymph node involvement—other factors, such as
extramural venous invasion may also play a role in the prog-
nosis of the disease [51]. This review also does not take into
account the emerging role of immunotherapy in digestive
surgery [52].

The fact that improved lymphadenectomy appears to
improve survival has classically been attributed to the stage
migration phenomenon, but some authors are suggesting
this may also be a reflection of molecular features of the
cancer [53]. This bias may also have been present in our
included studies. Detection bias is limited by homogenous
and standardized follow-up, which is reported in most
included studies.

As outlined, the ongoing RELARC trial will soon be pub-
lishing long-term survival results. These authors are waiting
to release long-term results to determine if survival rates
could be improved, which would constitute a justification
for the increased complexity of the CME technique [20]. A
multicentre randomised prospective study comparing CME
versus non-CME is currently recruiting in Italy (CoME-IN)
and will report short- and long-term outcomes [54], and
a prospective multicentre cohort study in South Korea is
evaluating the oncologic outcomes of laparoscopic modified
CME (PIONEER).

Conclusion

Current pooled evidence of observational and randomised
studies suggests that CME for right hemicolectomy improves
the lymph node yield, 5-year OS and 5-year DFS when com-
pared to non-CME, with similar perioperative morbidity.
Similarly, the incidence of recurrence is decreased. How-
ever, a recent randomised controlled trial, pooled in our
meta-analysis, questions the incidence of perioperative
complications, and showed a significant incidence of central
vascular injuries. These results require confirmation by high-
quality evidence, such as multicentre randomised controlled
trials with long-term follow-up.
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