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Introduction

Standard treatment for right colon cancer remains surgical
resection in the vast majority of cases. This is often performed
using a minimally invasive approach, because of the numerous
advantages reported in RCTs'?. Different anastomotic
techniques are used after minimally invasive bowel resection,
performed in either an extracorporeal (ECA) or intracorporeal
(ICA) manner. Several publications including meta-analyses,
large prospective cohort studies, RCTs*”, and the previous
Minimally Invasive Right Colectomy Anastomosis STudy
(MIRCAST) report'® have shown potential advantages in the use
of ICA when compared with ECA, specifically faster bowel
recovery, lower overall postoperative complications, and fewer
incisional hernias (IH).

It is still unclear why ICA is associated with faster bowel
recovery or lower overall postoperative complications. Different
explanations have been suggested, including less traction on the
mesentery when performing ICA™, or better perfusion of the
bowel in obese patients’’. More robust evidence is available
regarding the relationship between ECA and IH. Numerous
comparative studies have been conducted comparing ICA and
ECA, observing a higher rate of IH in patients with ECA and
midline incisions. A Pfannenstiel incision, more frequently used
for specimen extraction after ICA, is protective against IH
formation®®.

Although many publications during the last decades have
addressed the impact of rectal cancer surgery on patients’ quality
of life (QoL)**™¢, there is a clear gap in knowledge regarding QoL
after minimally invasive right colectomy, or the impact that
anastomotic technique might have on QoL. Most of the
publications in which this topic has been addressed included
both colon and rectal cancer patients and analysed the outcomes
of both groups together'’. None of these studies analysed
anastomotic technique. This might be because anastomotic
technique is usually only considered relevant in the early
postoperative period, with little or no long-term impact on patients.

Nevertheless, postoperative complications do have a clear
impact on patients’ QoL. Several RCTs have reported better QoL

after colorectal surgery in those patients that had no
postoperative complications, mainly after rectal cancer
surgery”’™°. Again, those reports pool both colon and rectal
cancer patients in their analysis. No multicentric, prospective
studies have been performed to specifically assess the impact of
minimally invasive right colectomy on patients’ QoL, or the
impact of postoperative complications in this group of patients.
If ICA has the potential to decrease postoperative complications,
it might also have the potential to improve QoL.

The MIRCAST was developed to analyse the impact of ICA on
postoperative complications, IH, QoL, and mid-term oncological
outcomes®. The results regarding postoperative outcomes were
published in 2023%°, and mid-term outcomes, including IH, QoL,
and oncological outcomes are presented in this manuscript.

Methods

Study design and setting

MIRCAST is an international, multicentre, prospective,
observational, non-randomized, parallel, four-cohort study. The
study was performed according to a published protocol®® and is
supported by the European Society of Coloproctology (ESCP).
The study followed the principles of the Declaration of Helsinki
and received approval from ethical boards across 59
participating centres in Europe. The study was registered at
ClinicalTrials.gov (NCT03650517) in 2018.

Colorectal surgeons from geographical Europe with experience
of 30 or more minimally invasive right colectomy procedures per
year, working in high-volume institutions, preferably with an
enhanced recovery after surgery (ERAS) protocol already
implemented, were invited to participate.

A site initiation visit was conducted in all centres before
enrolment of the first patient. Data collection was undertaken
prospectively within a secure database (Open Clinica, Waltham,
MA, USA) from the preoperative and intraoperative
assessments, and the 30-day, 90-day, 1-year, and 2-year
follow-up. Remote and in-person data monitoring was
performed by two clinical research assistants. In-person data
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monitoring was undertaken for 25% of randomly selected enrolled
patients.

Patients were classified into one of four cohorts according to
the planned surgical approach, which entailed two treatment
assignments: ICA or ECA, and laparoscopic (LAP; using any
laparoscopic device) or robotic-assisted surgery (RAS; using any
of the available robotic systems at the participant institutions).
Different surgeons from the same institution could enrol
patients in different cohorts.

Participants

Inclusion criteria were adult patients aged 18 years or older with a
tumour (benign or malignant) in the right colon requiring an
elective right colectomy with curative intent, a life expectancy
of at least 12 weeks, and adequate performance status (Eastern
Cooperative Oncology Group grade 0, 1 or 2). Before inclusion,
all patients voluntarily signed and dated an informed consent
form.

Exclusion criteria were: cT4b tumours, metastatic disease,
planned colonic surgery along with other major concomitant
procedures, or inflammatory bowel disease. Patients who were
pregnant or suspected to be pregnant, had a co-morbid illness or
condition precluding surgery, were undergoing an emergency
procedure, or were unwilling to comply with all the follow-up
study requirements were also excluded.

Interventions

Patients were recruited to one of four cohorts depending on the
surgeon’s experience and practice: LAP ICA, RAS ICA, LAP ECA,
or RAS ECA. A screening log was maintained at each centre to
identify potential selection bias. For the ICA cohorts, a
Pfannenstiel incision was the chosen wound for specimen
extraction. If an operation could not be completed using any of
these minimally invasive techniques, the procedure was
converted to open surgery.

Secondary outcomes included: 2-year IH rate, 2-year disease
free and overall survival, and the EuroQol Five Dimensions
(EQ-5D; EuroQol Group, Rotterdam, The Netherlands) and
European Organization for Research and Treatment of Cancer
quality-of-life (EORTC QoL) core questionnaire C30 (a 30-item
questionnaire meant to assess QoL of cancer patients) and CR29
(a colorectal cancer-specific module meant to assess QoL of
colorectal cancer patients).

Statistical analysis

Quantitative variables were described using central tendency and
dispersion measures (arithmetic mean and standard deviation),
whereas qualitative variables were analysed through absolute
and relative frequencies. Associations between qualitative
variables were tested using the chi-square test or Fisher’s exact
test, as appropriate. Logistic regression and odds ratios were
used to model relationships between dichotomous dependent
variables and independent variables, following normality checks
with the Kolmogorov-Smirnov test. Mean differences were
compared using Student’s t-test for normally distributed
variables or the Mann-Whitney U test otherwise.

Propensity score adjustments using multinomial regression
were explored for secondary outcomes, considering potential
confounders such as age, sex, BMI, ASA classification, Charlson
Comorbidity Index (CCI), previous abdominal surgery, previous
abdominal disease, bowel preparation, and preoperative
antibiotics. As these factors were not significant in the model,
analyses proceeded without propensity score adjustments.

Adjustments were made for interactions between ICA and RAS
as explanatory variables when used individually. No adjustments
were necessary when combining ICA and RAS as a single variable.

For the analysis of quality of life, patients with data recorded in
the Dbaseline questionnaire and the 1-year follow-up
questionnaire were analysed (Fig. 1). The analysis of EQ-5D,
CR29, and C30 questionnaires was undertaken using their
respective user guides®' %,

Oncological outcomes were only assessed for patients with
colon cancer in the pathological report. Survival probabilities
were assessed using Kaplan-Meier curves, with log-rank tests
comparing groups.

Patients were analysed on an intention-to-treat basis,
excluding those with missing data. Statistical significance was
set at P<0.05, and all analyses were conducted using Stata® 15
software (StataCorp, USA).

Results

As previously reported, 1848 patients were assessed for eligibility
between 2018 and 2021'°. After reviewing the inclusion and
exclusion criteria and available information on the cohort, 1320
patients were included in the study (643 patients in the ECA
cohort and 677 in ICA; 555 in LAP ECA, 356 in LAP ICA, 88 in RAS
ECA, and 321 in RAS ICA) (Fig. 1).

Incisional hernia

The overall rate of IH at 2 years was 3.48% (46/1320 patients;
Table 1). Of those, 37% (17/46) underwent a surgical repair
during the two years of follow-up. ICA significantly reduced
the risk of hernia compared to ECA (OR 0.21, 95% c.i.: 0.09 to
0.43, P<0.001). RAS independently reduced the likelihood of
hernia compared to LAP (OR 0.05, 95% c.i.: 0.006 to 0.33, P=0.002).
In cohort analysis, the RAS ICA group showed a significantly lower
hernia rate compared to the LAP ECA group (OR 24.69, 95% ci.
3.36 to 181.06, P=0.002), whereas the comparison between RAS
ICA and LAP ICA showed a non-significant trend (OR 7.20, 95% c.i.:
0.89 to 58.9, P=0.63). Conversely, the analysis between LAP ICA
and LAP ECA revealed a significantly higher incidence of hernia in
LAP ECA (OR 3.43, 95% c.i.: 1.57 to 7.47, P=0.002). Analysis of the
chosen site for specimen extraction revealed that most hernias
were related to midline and subcostal transvers incisions, most
commonly utilized during ECA (96%), and LAP (60.17%) (Table 1).

Oncological outcomes

The overall rate of local recurrence at 2 years was 1.83% (20/1091
patients; Table 1). No significant differences were found in local
recurrence between ICA and ECA (x°(1)=2.04, P=0.15), or RAS
and LAP (x*(1)=0.016, P=0.89). The overall rate of metastatic
disease at 2 years was 5.9% (65/1091 patients; Table 1). The
analyses did not reveal significant differences when comparing
ICA and ECA (x*(1)=0.56, P=0.45) or RAS and LAP (y*(1)=0.11,
P=0.74). Two-year overall survival (OS) was 95.2%, and
disease-free survival (DFS) was 95.1%. OS and DFS per
pathological stage were respectively: Stage I 98.7% and 98.7%,
Stage I 97.2% and 97.2%, Stage Il 91.8% and 91.6%, and Stage IV
85.5% and 65.2%. No difference in OS was observed when
comparing ICA and ECA (¢*(1)=0.54, P=0.46) or RAS and LAP
(x*(1)=0.07, P=0.79).

Quality of life
EQ-5D was available for analysis in 888 patients, C30 in 543
patients, and CR29 in 496 patients (Fig. 1).
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Fig. 1 MIRCAST study flow chart

eCREF, electronic case record form; ICA, intracorporeal anastomosis; ECA, extracorporeal anastomosis; EORTC, European Organization for Research and Treatment of

Cancer; QLQ, quality of life questionnaire.

EQ-5D

Analysis of the EQ-5D questionnaire showed a significant
improvement in QoL of the population (888 patients) one year
after surgery (coefficient 0.04, 95% c.i.: 0.02 to 0.06, P <0.001).
There is a significant difference in the probability of increasing
QoL one year after surgery between the ECA and ICA groups (OR
1.33, 95% c.i.: 1.02 to 1.75, P=0.038). No significant differences
were found between RAS and LAP (OR 0.96, 95% c.i.: 0.72 to 1.29,
P=0.79). Considering the specimen extraction site (transverse
and midline versus Pfannenstiel), significant differences are
observed with improved QoL associated with a Pfannenstiel
incision (OR 0.9, 95% c.i.: 0.82 to 0.99, P=0.036; Table 2).

No significant differences were observed when repeating the
analysis considering the presence or absence of complications (OR
0.94, 95% c.i.: 0.70 to 1.26, P=0.68), IH (OR 0.93, 95% c.i.: 0.48 to 1.83,
P=0.85), local recurrence (OR 1.59, 95% c.i.: 0.57 to 4.44, P=0.37), or
metastatic disease (OR 1.11, 95% c.i.: 0.64 to 1.93, P=0.71) (Table 2).

C30 and CR29

C30 and CR29 questionnaires revealed a significant improvement
in QoL one year after surgery compared with baseline; C30
coefficient 1.73 (95% c.i.: 1.37 to 2.08, P<0.001), and CR29
coefficient 2.43 (95% c.i.: 1.90 to 2.97, P<0.001). ICA showed
significant improvement in QoL over ECA one year after surgery
in both questionnaires; C30 OR 1.67 (95% c.i.. 1.18 to 2.37, P=
0.004), and CR29 OR 1.84 (95% c..: 1.28 to 2.63, P=0.001). RAS
demonstrated a significant improvement in QoL one year after
surgery in CR29 when compared with LAP (OR 1.77, 95% c.i.: 1.2
to 2.6, P=0.004), with no significant improvement in C30 (OR
0.97,95% c.i.: 0.66 to 1.4, P=0.86) (Table 3).

In a subgroup analysis of patients with postoperative
complications, ICA showed significant improvement in QoL over
ECA one year after surgery in both EORTC questionnaires; C30
OR 2.03 (95% c.i.: 1.07 to 3.83, P=0.03), and CR29 OR 2.75 (95%
ci: 14 to 54, P=0.003). RAS demonstrated a significant
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Table 1 Descriptive analysis of specimen extraction site, postoperative complications, incisional hernia, local recurrence and

metastatic disease

Missing data (%) Entire population n (%) ICA—ECA n (%) RAS—LAP n (%)
ICA1 ECAO RAS 1 LAPO
Specimen extraction site Pfannenstiel 11.59 566 544 22 245 321
(48.5%) (88.0%) (4.0%) (67.9%) (39.8%)
T+M 601 74 527 116 485
(51.5%) (11.9%) (96%) (32.1%) (60.2%)
Presence of No 0 980 512 468 326 654
complications (73.2%) (75.7%) (72.8%) (79.7%) (71.8%)
Yes 340 165 175 83 257
(26.8%) (24.3%) (27.2%) (20.3%) (28.2%)
Incisional hernia No 0 1274 668 606 408 866
(96.5%) (98.7%) (94.3%) (99.8%) (95.1%)
Yes 46 9 37 1 45
(3.5%) (1.3%) (5.7%) (0.2%) (4.9%)
Local recurrence No 17.35 1070 527 543 340 730
(98.2%) (97.4%) (98.7%) (97.9%) (98.1%)
Yes 21 14 7 7 14
(1.8%) (2.6%) (1.3%) (2.0%) (1.9%)
Metastatic disease No 17.35 1026 512 514 328 698
(94.0%) (94.6%) (93.5%) (94.5%) (93.8%)
Yes 65 29 36 19 46
(5.9%) (5.4%) (6.5%) (5.5%) (6.2%)

Table 2 Quality of life (EQ5D) one year after surgery compared to
baseline

OR Std. z P> 95% c.i.
error Izl
ICA versus ECA 1.33 0.18 2.08 0.038 1.02 1.75
RAS versus LAP 0.96 0.14 -0.27 0.788 0.72 1.29
Pfannenstiel versus 0.90 0.04 -0.10 0.036 0.82 0.99
transverse/midline
Complications 094 014 -042 0677 069 1.26
Incisional hernia 094 032 -0.19 0.851 048 1.83
Local recurrence 1.60 0.83 0.89 0.372 057 444
Metastasis 1.11 0.31 0.37 0711 0.64 193

improvementin QoL (CR29) one year after surgery in patients with
postoperative complications when compared with LAP (OR 3.95,
95% c.i.: 1.76 to 8.84, P=0.001), with no significant improvement
in C30 (OR 1.45, 95% c.i.: 0.7 to 3.0, P=0.32) (Table 3).

Significant differences were also found when analysing the C30
Global Health Status in the presence or absence of complications,
with patients without complications showing a higher QoL (OR
0.68, 95% c.i.: 0.50 to 0.93, P=0.0.014). Considering the specimen
extraction site (transverse and midline versus Pfannenstiel),
significant differences were observed with an improved QoL
associated with use of a Pfannenstiel incision (OR 0.85, 95% c.i.:
0.77 to 0.94, P=0.002). No significant differences were observed
when repeating the analysis considering the presence of IH (OR
1.55, 95% c.i.: 0.66 to 3.68, P=0.315), local recurrence (OR 1.05,
95% c.i.: 0.36 to 3.07, P=0.923), or metastatic disease (OR 1.46,
95% c.i.: 0.76 t0 2.79, P=0.248) (Table 4).

Discussion

The MIRCAST study group, involving 59 institutions and more
than 100 surgeons across Europe, has established the largest
prospective, non-randomized, monitored, multicentre cohort
study focusing on intracorporeal anastomosis (ICA) after
minimally invasive right hemicolectomy to date. It is also the
first study investigating QoL in patients after right

hemicolectomy with different anastomotic techniques (ICA and
ECA) and surgical approaches (LAP and RAS).

The study’s observational design, variation in enrolments
between the cohorts, and missing QoL data for some patients
are some of the limitations of our study. Restricting inclusion
from surgeons of high-volume centres could also limit the
generalizability. Low enrolment in the RAS ECA cohort may
have had an impact on the comparison between LAP and RAS.
Although more than 800 QoL questionnaires were collected and
analysed, missing data might have generated some bias.

A higher incidence of [H after ECA with midline or transverse
incisions for specimen extraction has been reported in several
publications, when compared with ICA or Pfannenstiel
incision'*?*?®_ It is well known that IH has a negative impact on
quality of life after colonic cancer resections® %, with a 5-year
recurrence rate of at least 40%°°. In our study, the rate of [H was
significantly lower in the ICA group compared to the ECA group
(1.3% wversus 5.7% respectively). Similarly, RAS showed a
protective effect against IH, with a 92.9% reduction in likelihood
compared to LAP.

This study did not find any significant differences between ICA
and ECA, or between RAS and LAP, in respect of oncological
outcomes at two years. Patients had a high (over 90%) OS and
DFS, which might be explained by the early stage of the tumours
treated in this trial (91% T1-T3 and only 23% N+). It must be
noted that T4b and metastatic disease at screening were
exclusion criteria, and that patients were enrolled in highly
specialized centres. As previously reported, RAS was associated
with a greater number of harvested lymph nodes (OR 3.93, P<
0.001), but this had no impact on local recurrence or metastatic
disease in our study. We conclude therefore that choice of
anastomotic technique has no independent effect of oncological
outcomes.

Multiple QoL questionnaires were used to assess different QoL
domains in detail. EQ-5D is a generic health-related
questionnaire, whereas EORTC QLQ-C30 is a cancer specific
questionnaire designed for clinical trials, and EORTC QLQ-CR29
is a colorectal cancer-specific module. EQ-5D revealed a
significant improvement in overall quality of life one year after
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Table 3 Quality of life (C30 and CR29) one year after surgery compared to baseline in the study population and subgroup with

postoperative complications

QLQ OR Std. error z P>1IzI 95% c.i.
Overall population
C30 ICA versus ECA 1.67 0.29 2.91 0.004 1.18 2.37
RAS versus LAP 0.97 0.19 -0.18 0.857 0.66 141
CR29 ICA versus ECA 1.84 0.34 3.31 0.001 1.28 2.63
RAS versus LAP 1.77 0.35 2.91 0.004 1.20 2.59
With postoperative complications
C30 ICA versus ECA 2.03 0.66 2.17 0.030 1.07 3.83
RAS versus LAP 1.45 0.53 1 0.32 0.69 3.0
CR29 ICA versus ECA 2.75 0.95 2.93 0.003 1.4 5.4
RAS versus LAP 3.95 1.62 3.35 0.001 1.76 8.84
Table 4 Quality of life (C30—Global Health Status) one year after surgery compared to baseline
OR Std. error z P> 1zl 95% c.i.
Pfannenstiel versus transverse/midline 0.85 0.04 -3.12 0.002 0.77 0.94
Complications 0.68 0.11 -2.45 0.014 0.49 0.93
Incisional hernia 1.55 0.68 1.00 0.315 0.66 3.68
Local recurrence 1.05 0.58 0.10 0.923 0.36 3.07
Metastasis 1.46 0.48 1.16 0.248 0.77 2.79

surgery, with ICA showing advantages over ECA in certain
domains. These differences did not always reach statistical
significance. Pfannenstiel incision, a surrogate marker of ICA,
was associated with a significant increase in QoL one year after
surgery when compared with other specimen extraction sites.
Although ICA showed a clear improvement in all QoL
questionnaires when compared with ECA, RAS only showed an
improvement in the colorectal cancer specific questionnaire
(CR29) when compared with LAP.

It is well known that postoperative complications, and
specifically anastomotic leakage, have an impact on QoL after
colorectal surgery’~*®, MIRCAST mirrors this outcome, showing
a significant impact of postoperative complications on QoL
(based on C30 global health analysis). The degree to which
postoperative complications have an impact on QoL might be
modified by using different surgical techniques. Subgroup
analysis of CR29 and C30 questionnaires demonstrated a benefit
of ICA in QoL one year after surgery in those patients that had
postoperative complications, when compared to ECA (C30 OR
2.03, P=0.03; CR29 OR 2.75, P=0.003). In the same subgroup
analysis, RAS outperformed LAP, showing a significant
improvement one year after surgery in the CR29 questionnaire
(OR 3.95, P=0.001).

As reported in our previous manuscript, ICA outperformed ECA
in reducing overall postoperative complications (ICA versus ECA
24% versus 27%, P=0.001, and RAS ICA versus LAP ECA 18.9%
versus 27.5%, P=0.005 respectively), and our novel data show
that it is also associated with a lower incidence of IH. It can be a
challenge to understand why choice of anastomotic technique
may have an impact on QoL, but based on the data presented in
this study, we suggest that ICA improves QoL by decreasing
rates of both postoperative complications and IH. The
advantages observed in this study lead us to recommend the
use of ICA as a standard of care.
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