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Abstract

Background Multivisceral resection for T4b colon cancer constitutes a heterogeneous group of surgical procedures. The purpose
of this study was to explore clinically distinct categories of multivisceral resection, with subsequent correlation to postoperative
complications and oncological outcomes.

Methods In this multicenter cohort study, all consecutive patients without metastases who underwent multivisceral resection for
pT4bNO0-2MO colon cancer between 2000 and 2014 were included. Multivisceral resection was divided into four categories: (i)
gastrointestinal (including the stomach), (ii) urologic ((partial) bladder and ureter), (iii) solid organ (spleen, kidney, liver,
pancreas, and uterus), and (iv) abdominal wall/omentum/ovaries. The primary outcome was surgical complications and second-
ary outcomes were 5-year intra-abdominal recurrence, disease-free survival, and overall survival.

Results In total, 130 patients who underwent curative intent resection of pT4 colon cancer were included. Patients who
underwent multivisceral resection within multiple categories were assigned to one of the categories based on hierarchy of
clinical impact after exploratory analysis. For the primary endpoint, 55 patients were assigned to gastrointestinal, 14 to
urologic, 14 to solid organ, and 47 to abdominal wall/omentum/ovaries multivisceral resection. Gastrointestinal
multivisceral resection was independently associated with surgical complications (HR 3.9, 95% CI 1.4-10.6). Abdominal
wall/omentum/ovaries multivisceral resection was significantly related with intra-abdominal recurrence (HR 7.8, 95% CI

The data were presented as a poster presentation at the European Society
of Coloproctology, Berlin, Germany, 20-22 September 2017 and as a
podium presentation at the Dutch Digestive Days, Veldhoven,
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1.0-57.8). The 5-year disease-free survival and overall survival showed no significant differences per multivisceral resection

category.

Conclusions Multivisceral resections for T4b colon cancer are heterogeneous procedures considering risk profiles. The proposed
multivisceral resection subclassification needs validation, but might improve comparability between studies and hospitals

(auditing).

Keywords Multivisceral resection - T4 colon cancer - Complications - Overall survival - Disease free survival

Introduction

Approximately 5% of patients with colon cancer already have
invasion of adjacent organs or structures (stage T4b) at time of
presentation.' For these patients, a multivisceral resection
(MVR) is required to achieve curative intent surgery (RO-re-
section). Reported postoperative complication rates after
MVR are relatively high (> 30%), with local recurrence rates
around 10% and 5-year overall survival around 50%.”

MVR for colon cancer constitutes a heterogeneous group of
surgical procedures, varying from an en bloc resection of adher-
ent peritoneum to cystectomy with Bricker deviation. Despite the
assumption that these different procedures have a different risk
profile, no attempt to further categorize MVRs has yet been
made. Recognizing different risks of surgery is relevant for
informing patients preoperatively and could endorse tailored op-
erative risk management or follow-up strategies. Furthermore, in
the era of centralization of low-volume care with high complex-
ity, it is important to specifically define high-risk surgical proce-
dures. Subsequent benchmarking requires adequate case mix
correction in the context of clinical auditing. So far, data on
MVR for locally advanced colorectal cancer are mainly based
on relatively small cohorts with restricted details on the different
surgical procedures that were performed, and predominantly in-
cluding rectal cancer patients.>”’

The aim of this international multicenter trial was to ex-
plore subcategories of MVR for T4b colon cancer and to eval-
uate the association of these subcategories with postoperative
surgical complications as primary outcome, with oncological
outcomes as secondary outcome parameters.

Materials and Methods
Patients and Databases

Four prospectively maintained T4 colon cancer databases of
the University Hospital Leuven in Belgium, the Dutch teach-
ing hospital St. Antonius, and two Dutch university medical
centers (Radboud UMC and Amsterdam UMC) were com-
bined. All consecutive patients undergoing curative intent
MVR (RO/R1) for primary T4bN0-2MO colon cancer between
January 2004 and July 2013 (UH Leuven), January 2000 and
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December 2007 (St. Antonius), January 2000 and December
2013 (Radboud UMC), and January 2004 and December
2014 (Amsterdam UMC) were included. Patients were ex-
cluded when they were known with distant metastatic disease
at time of diagnosis (M1), and when pathological or surgical
report was missing. According to the national guidelines, ad-
juvant chemotherapy was recommended in high-risk stage II
and stage III colon cancer for a total duration of 6 months. In
the first years of the study period, adjuvant chemotherapy
consisted of fluoropyrimidine monotherapy (5-flourouracil
or capecitabine); since 2005, oxaliplatin (FOLFOX or
CAPOX) was preferably added. Oncological follow-up lasted
5 years, including colonoscopy, abdominal ultrasound or CT,
chest radiography, and tumor markers during regular outpa-
tient clinic visits. Survival status was updated on October
2018. This study was waived from review of the medical
ethics boards. Reporting of the data adheres to the STROBE
Statement.

MVR Classification

MVRs were subdivided based on the involved structures and
clustered based on both belonging to a certain tract and gener-
ally considered similarity regarding impact on surgical compli-
cations and/or peritoneal recurrence. MVR categories were de-
fined before any analysis of the data: (i) gastrointestinal, defined
as additional bowel resection with or without extra anastomosis
and/or partial gastric resection; (ii) urologic, containing addi-
tional resection of (partial) bladder and/or ureter; (iii) (parts of)
solid organs, such as the pancreas, spleen, kidney, liver, or uter-
us; and (iv) abdominal wall/omentum/ovaries. When (parts of)
solid organs were resected, it was because of invasion from the
primary tumor, and not because of distant metastases. Although
the ovary can be considered a solid organ, it was decided to
categorize this together with the abdominal wall and omentum
based on the considered low impact on surgical complications,
and all being target organs for peritoneal metastases. In explor-
atory analyses, the outcome measure was assessed when only
one category was involved and also when structures from other
categories were resected besides the category of interest. A hi-
erarchy was made in MVR categories based on clinical impact,
from highest to lowest using the derived HRs with 95% confi-
dence intervals. Patients who underwent MVR within multiple
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categories were subsequently assigned to the MVR category of
highest impact first, and then to the second, third, and fourth
category with decreasing clinical impact. For example, if a pa-
tient underwent both resection of small bowel and abdominal
wall, the patient was categorized to gastrointestinal MVR based
on exploratory analysis that showed a higher risk of complica-
tions related to the additional bowel resection if compared to
excision of part of the abdominal wall.

Removal of organs not adjacent to the tumor, such as cho-
lecystectomy for symptomatic gallstone disease or splenic re-
section for iatrogenic injury, was not considered MVR for the
purpose of this study.

Variables and Outcomes

The primary outcome was surgical complications within 30
days or during hospitalization, including postoperative surgi-
cal site infection (SSI), containing deep incisional and organ/
space SSIs (i.e., anastomotic leakage and abdominal abscess),
ileus in the absence of a SSI, and postoperative bleeding.® The
patient files were retrospectively reviewed to extract particu-
lars of these complications. Surgical complications were cat-
egorized in accordance with the Clavien-Dindo (CD) score.
Only CD scores of > 2 were extracted for analysis, as retro-
spective data collection was considered not accurate enough
to identify CD 1.° Secondary outcomes were intra-abdominal
recurrence rate, 5-year disease-free survival (DFS), and over-
all survival (OS). Intra-abdominal recurrence was defined as
any potential site of outgrowth of free intraperitoneal cancer
cells including incisional, local recurrence, ovarian, omental,
and peritoneal metastases. Pathology reports were reviewed
for pathological staging and MVR classification. T4b colon
cancer was defined according to TNM?7.'® Completeness of
resection was classified as RO (radical) and R1 (microscopic
irradical) resection.

Statistical Analysis

Differences in baseline characteristics between the MVR
groups were assessed using a chi-square test, or a Fisher’s
exact test, as appropriate. Continuous variables were reported
as mean and standard deviation (SD). The primary outcome
(surgical complications) was analyzed using logistic
regressing. Variables were included in the model based on a
directed acyclic graph (DAG),'" in which identified
(potential) confounders from previous series were
incorporated.lz*14 Additionally, Bonferroni correction was
used to correct for multiple testing. Potential confounders as-
sociated with oncological outcomes (intra-abdominal
recurrence, OS, and DFS) were also based on literature and
were identified using cox regression.'>'® Variables were in-
cluded in the multivariable model when the p value was <0.10
in the univariable analyses. Multicollinearity was assessed for

all multivariable analyses. Due to multicollinearity between
MVR category and type of segmental colectomy, the latter
was not included in any model. Concerning oncological out-
comes, Kaplan-Meier analyses with log-rank test were used.
Statistical significance was defined as a p value of < 0.05.
PASW Statistics, version 24 (SPSS inc., Chicago, IL) was
used.

Results
Patients

A total of 707 patients with primary pT4 colon cancer
underwent a macroscopic complete (RO/R1) resection
(Supplementary Figure 1). Of these, 321 patients and 256
patients were excluded because of T4a stage and M1 disease
at diagnosis respectively, resulting in the inclusion of 130
patients with a mean age 68 years and 53% of males. The
number of MVRs for T4b colon cancer per hospital was 39
in the St. Antonius Hospital, 36 in the Radboud UMC, 34 in
the UH Leuven, and 21 in the Amsterdam UMC.
Laparoscopic surgery was performed in 25 patients (19%)
with a conversion rate of 32%.

Out of 130 included patients, 86 patients underwent MVR
restricted to a single category, whereas 44 had a MVR proce-
dure belonging to multiple subcategories. Out of the 86 MVRs
restricted to a single category, 47 were MVR including ab-
dominal wall/omentum/ovaries, 22 gastrointestinal MVR, 8
urologic MVR, and 9 MVRs included (parts of) a solid organ.
When including combined MVR categories, 70 patients
underwent abdominal wall/omentum/ovaries MVR, 55 pa-
tients gastrointestinal MVR, 32 patients urologic MVR, and
30 patients MVR including (parts of) solid organs. All the
different subcategories of MVR and combinations are speci-
fied in Supplementary Table 1.

In 97% of patients, the baseline data were complete, and
the lost to follow-up rate was 14%, of which half completed 3-
year follow-up.

MVR Subcategories Based on Surgical Complications

Explorative analyses using surgical complications as outcome
parameter revealed that gastrointestinal MVRs had the stron-
gest association with surgical complications, followed by uro-
logic MVRs, MVRs including (parts of) solid organs, and
abdominal wall/omentum/ovaries MVRs (Table 1). Using this
hierarchy, 55 patients (42%) were assigned to the gastrointes-
tinal MVR group, 14 (11%) to the urologic MVR group, 14
(11%) to the group with MVRs including (parts of) solid or-
gans, and 47 (36%) to the abdominal wall/omentum/ovaries
MVR group.
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Table 1

Exploratory analysis of the four categories of MVR and the four outcome parameters

Surgical complications™*

Intra-abdominal recurrence” DFSv OS#

Gastrointestinal MVR (n = 55)a
Gastrointestinal MVR only (n = 22)
Urologic MVR (n = 32)b

Urologic MVR (n = 8)

Solid organ MVR (n = 30)c

Solid organ MVR only (n = 9)c

Abd. wall/omentum/ovaries MVR (n = 70)d
Abd. wall/omentum/ovaries MVR (n = 47)d

335 (1.44-7.81)
2.82 (0.89-8.94)

2.04 (0.79-5.31)
0.74 (0.13-4.13)
0.70 (0.25-1.97)
0.27 (0.03-2.47)

0.82 (0.37-1.85)
0.34 (0.13-0.89)

0.47 (0.20-1.09)
0.14 (0.02-1.06)
0.41 (0.25-1.76)
0.70 (0.09-5.23)
1.87 (0.87-4.04)
n/a

2.75 (1.09-6.90)
2.10 (0.95-4.66)

0.50 (0.30-0.82)
0.49 (0.23-1.04)

0.78 (0.45-1.37)
1.00 (0.36-2.77)
1.31 (0.76-2.73)
2.99 (1.34-6.66)

1.14 (0.70-1.84)
1.49 (0.92-2.40)

0.56 (0.34-0.93)
0.52 (0.25-1.09)

0.76 (0.44-1.33)
0.86 (0.31-2.38)
1.28 (0.75-2.18)
249 (1.17-5.28)
1.20 (0.75-1.94)
1.33 (0.82-2.17)

Patients might be included in multiple categories based on the definition:

#Total of 55 gastrointestinal MVR, including 18 urologic, 13 solid organ, and 14 abd. wall/omentum/ovaries MVR

® Total of 32 urologic MVR, including 18 gastrointestinal, 10 solid organ MVR, and 10 abd. wall/omentum/ovaries MVR
¢ Total of 30 solid organ MVR, including 10 gastrointestinal, 10 urologic, and 9 abd. wall/omentum/ovaries MVR

9 Total of 70 abd. wall/omentum/ovaries MVR, including 14 gastrointestinal, 10 urologic, and 9 solid organ MVR

*Surgical complications were assessed using logistic regression, (i) ASA (I-I vs III-V), (ii) surgical approach (open vs laparoscopic), (iii) setting
(emergency vs elective), and (iv) MVR were included in the model

The three oncological outcomes were assessed using multivariate cox regression, age (< 70 years or > 70 years), tumor localization (right, left), setting,
histology grade (well or moderately differentiated, poorly differentiated or mucinous/signet ring cell), lymph node status (NO vs N1 and N2), irradicality,
receiving adjuvant chemotherapy, and having had a surgical site infection were included in the univariate model. Variables with a p value of < 0.10 in the

univariable analyses were included in the multivariable model

"To assess intra-abdominal recurrence, (i) age, (ii) irradicality (RO vs R1), and (iii) MVR were included in the multivariate model

YTo assess DFS, (i) irradicality, (ii) receiving adjuvant chemotherapy, (iii) having had a surgical site infection, and (iv) MVR were included in the

multivariate model

#To assess 08, (i) age, (ii) receiving adjuvant chemotherapy, and (i) MVR were included in the model

n/a = not applicable as the number of patients with solid organ MVR only with intra-abdominal recurrence was too small to perform this analysis

The baseline characteristics of the included patients are
shown in Table 2 (Supplementary Table 2 shows baseline
characteristics without assignment to one specific catego-
ry). Tumor location, surgical procedure, and N-stage sig-
nificantly differed between the four MVR categories.
Patients in the gastrointestinal MVR category most often
had stage II disease (75%). Patients undergoing urologic
MVR had a left-sided tumor in 93% and N2-stage in 31%.
In the abdominal wall/omentum/ovaries MVR group,
right-sided tumors (66%) were overrepresented.

The overall surgical complication rate was 35%. This was
49% after gastrointestinal MVR, 29% after urologic MVR,
36% after MVR including (parts of) solid organs, and 19%
after abdominal wall/omentum/ovaries MVR (Supplementary
Table 3a). Emergency surgery, higher ASA, and open surgery
were included in the regressions analysis (Supplementary
Figure 2). Gastrointestinal MVR was independently associat-
ed with surgical complications (HR 3.89; 95% CI 1.42-10.64,
corrected p = 0.048) as shown in Table 3. Furthermore, gas-
trointestinal MVR (HR 3.45; 95% CI 1.15-10.77, corrected p
= 0.198) seemed associated with severe complications (CD >
3) (Supplementary Table 3b). Performing a subanalysis for
gastrointestinal MVR patients with and without surgical com-
plications showed that, especially for patients with a
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combined gastrointestinal/urologic MVR, the complication
rate was high (Supplementary Table 3c¢).

MVR Subcategories Based on Oncological Outcomes

The overall median follow-up was 56 months (IQR 22-60).
After exploratory analyses to assess intra-abdominal recurrence
in the total patient group (Table 1) and in the patients with MVR
belonging to a single category, MVRs were assigned to the four
categories in the following order based on clinical impact: 1.
Abdominal wall/omentum/ovaries MVRs; 2. MVRs including
(parts of) solid organs; 3. urologic MVR; and 4. gastrointestinal
MVRs. Overall 5-year intra-abdominal recurrence was 26%.
Intra-abdominal recurrence rates for the different categories of
MVRs were 36.6% after abdominal wall/omentum/ovaries
MVRs; 18.7% after MVRs including (parts of) solid organs;
12.5% after urologic MVRs; and 5.9% after gastrointestinal
MVR (log rank, p = 0.041). After multivariable analysis, includ-
ing age, radicality, and surgical site infections in the model, a
high association between MVR abdominal wall/omentum/ova-
ries and intra-abdominal recurrence was seen (HR 7.8; 95% CI
1.0-57.8, p = 0.046, Table 4). No significant association was
found of MVR type and 5-year DFS and 5-year OS after multi-
variable analyses (Supplementary Table 4a and b).
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Table 2
based on hierarchy of surgical complications

Baseline patient and tumor characteristics stratified by MVR category, in which combined MVRs were assigned to the different categories

Gastrointestinala Urologicb

Solid organc  Abd. wall/omentum/ovariesd p value

(n=55) n=14) (n=14) (n=47)
n % n % n % n %

Gender Male 35 63.6 8 571 8 57.1 18 383 0.080
Female 20 36.4 6 429 6 429 29 61.7

Age <70 33 60.0 8 571 9 643 17 36.2 0.070
>70 22 40.0 6 429 5 357 30 63.8

ASA HI 35 70.0 11 846 5 50.0 29 72.5 0.361
-1V 15 30.0 2 154 5 50.0 11 27.5

Hospital UZ Leuven 16 29.1 2 143 2 143 14 29.8 0.125
St. Antonius 11 20.0 5 357 3 214 20 42.6
Radboud UMC 17 30.9 6 429 5 35.7 17.0
Amsterdam UMC 11 20.0 1 71 4 28.6 10.6

Tumor related complications* No 50 92.6 12 1000 12 923 40 93.0 >0.99
Yes 4 7.4 0 00 1 7.7 7 7.0

Emergency setting No 46 83.6 14 100.0 12 857 40 85.1 0.517
Yes 9 16.4 0 00 2 143 7 14.9

Tumor location Right/transverse 26 473 1 71 4 28.6 31 66.0 < 0.001
Left 29 52.7 13 929 10 714 16 34.0

Surgical procedure (Extended) right hemicolectomy 23 41.8 1 71 4 28.6 30 66.7 < 0.001
(Extended) left hemicolectomy 7 12.7 1 71 429 3 6.7
(Low) anterior/sigmoid 25 45.5 12 85.8 285 12 25.6

resection/subtotal colectomy

Approach Open 43 78.2 13 929 13 929 36 76.6 0.405
Laparoscopic 12 21.8 1 7.1 1 7.1 11 23.4

N-stage NO 41 74.5 6 462 8 57.1 24 51.1 0.027
N1 11 20.0 3 231 5 357 11 23.4
N2 3 5.5 308 1 7.1 12 25.5

Radicality RO 49 90.7 13 929 11 846 40 88.9 0.857
R1 5 9.3 1 71 2 154 5 11.1

Grade Well differentiated 40 75.5 10 769 11 786 32 68.1 0.835
Poorly difterentiated 10 18.9 3 231 3 214 14 29.8
Mucinous/signet ring cell 3 5.7 0 00 O 0.0 1 2.1

Adjuvant chemotherapy Yes 23 42.6 7 500 6 46.2 13 27.7 0.290
No 31 57.4 7 500 7 53.8 34 723

# Gastrointestinal = any gastrointestinal MVR, including combinations with other MVR categories

® Urologic = urologic MVR not combined with gastrointestinal MVR, but including other categories

©Solid organ= MVR including (part) of a solid organ, not combined with gastrointestinal or urologic MVR, but including abd. wall/omentum/ovaries

MVR

9 Abd. wall/omentum/ovaries = abdominal wall/omentum/ovaries MVR only, not combined with other categories

*Tumor-related complications included preoperative complication of ileus, anemia, and abscesses

Discussion and Conclusion

In this multicenter cohort study including 130 MVRs for T4b
colon cancer, a classification with four categories was defined
prior to any analysis of the data, based on expected differences
in clinical impact. Gastrointestinal MVR combined with or
without other categories, was independently associated with

postoperative surgical complications if compared to other
MVR categories. Almost half of these patients had at least
one surgical complication. Regarding oncological outcomes,
MVR of the abdominal wall, omentum, or ovaries was inde-
pendently associated with intra-abdominal recurrence. No sig-
nificant impact between MVR category and DFS or OS was
observed.

@ Springer
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Table 3  The association of MVR category with surgical complications using logistic regression analysis
Hazard ratio (95% CI) p value Corrected p value

MVR (ref: abd. wall/omentum/ovaries MVR only n = 47)

Gastrointestinal® 3.892 (1.424-10.638) 0.008 0.048

Urologic® 1.351 (0.281-6.495) 0.708 >0.99

Solid organ® 1.573 (0.390-8.006) 0.585 >0.99
ASA (ref: I-1I) 1.740 (0.683—4.432) 0.246 >0.99
Open (ref: lap) 2.314 (0.675-7.939) 0.182 >0.99
Emergency (ref: elective) 1.175 (0.303-4.562) 0.816 >0.99

*Total of 55 gastrointestinal MVR, including 18 urologic, 13 solid organ, and 14 abd. wall/omentum/ovaries MVR
® Total of 14 urologic MVR, including 10 solid organ and 10 abd. wall/omentum/ovaries MVR

¢ Total of 14 solid organ MVR, including 9 abd. wall/omentum/ovaries MVR

So far, no classifications of MVRs have been described in
the literature. Published data on MVR for T4b colon cancer
are scarce, as most reports include rectal cancer.'” As most of
rectal cancers are located extraperitoneally, the surgical impli-
cations and pathophysiology of metastatic invasion seem to be
different if compared to the intraperitoneal location of colon
cancers. Therefore, also from the perspective of MVR for
locally advanced disease, colon and rectal cancer are two dis-
tinct clinical entities that require a different surgical approach
and might have different risk profiles. Only small case series
on MVR for colon cancer have been published, with overall
complication rates varying between 28 and 48%, recurrence
rates between 48 and 86%, and OS between 42 and
74%.'3'%2% These results are consistent with the overall out-
comes of the present study.

MVR subclassification can potentially be used to define
high-risk MVRs. Consequently, it could guide the discussion
of centralized care and be used for benchmarking between
centers or between countries. The high association of gastro-
intestinal MVR with surgical complications could be due to
more left-sided resections that are more prone for complica-
tions and more often involve the urologic tract. In contrast,
abdominal wall/omentum/ovaries MVR was more often asso-
ciated with right-sided tumors and less often combined with
the more high-risk gastrointestinal and urologic MVR
categories.

It could be argued that high-risk MVRs should be referred
to a limited number of centers, to increase volumes and ex-
pertise, which might subsequently improve outcomes. In ad-
dition, the risk stratification following the MVR subclassifi-
cation is of great importance for preoperative patient consul-
tation, especially in the era of shared decision-making. For
example, patients with known comorbidities who are planned
to undergo gastrointestinal MVRs should probably receive a
more tailored and intensified perioperative care.

Interestingly, gastrointestinal MVR tended to have most
favorable oncological outcomes, whereas abdominal
wall/omentum/ovaries MVR showed the highest association
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with intra-abdominal recurrence. This group predominantly
included abdominal wall resections. This is an interesting hy-
pothesis generating finding. One might suggest that a process
of adhesion to adjacent bowel might be part of an inflamma-
tory reaction around the tumor that precedes subsequent tumor
infiltration. This could play a protective role, as it is assumed
that a shield of adjacent bowel loops around the colon cancer
might protect against intraperitoneal seeding of cancer cells.”'
In other words, covering of a serosal site with peritumoral
infiltration or minimal tumor penetration by bowel loops or
stomach might prevent intraperitoneal dissemination at the
time of transition from a T3 to T4 stage. In contrast, adequate
coverage of a serosal site by adjacent abdominal wall is prob-
ably more difficult considering the restricted mobility in com-
parison to bowel loops, with more chance of intra-abdominal
seeding of exfoliated tumor cells.

To our knowledge, this is the first study exploring associ-
ations of categories of MVR with surgical complications and
oncological outcomes. The present findings therefore need
validation in other cohorts, and one might even explore other
subclassifications to look for clinically relevant discrimination
of colon cancer patients that need complex surgery for a lo-
cally advanced disease. More specifically, we decided to sep-
arate the two gynecological organs within the proposed MVR
classification, as hysterectomy results in a suture line with
potential fistula formation to a bowel anastomosis, while re-
section of the ovaries is only associated with a minimal risk of
surgical complications. However, these theoretical consider-
ations warrant future studies to test the validity of separating
the uterus and ovaries. The study is limited by the retrospec-
tive data collection, which might have caused an underestima-
tion of postoperative complications due to restricted consis-
tency of variable scoring. Furthermore, complications might
have occurred after discharge or beyond the 30-day time
frame, and not being captured due to incomplete registration
of complications at the outpatient clinic or due to readmission
at the local referring hospital. To optimize registration, the first
two authors collected all the data and discussed complicated
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Table 4 The association of MVR category with intra-abdominal recurrence using multivariate cox regression

Hazard ratio (95% CI)

MVR (ref: gastrointestinal MVR only n = 22)

Abd. wall/omentum/ovaries *
Solid organ®
Urologic®
Age (ref: < 70 years)
Localization right (ref: not right)
Emergency (ref: elective)
Histology grade (ref: well dift.)
Poorly diff.
Mucinous/signet ring cell
pN (ref: NO)
N1
N2
Irradicality (ref: RO)
Adjuvant chemotherapy (ref: no)
Surgical site infection

7.793 (1.050-57.827)
4.136 (0.430-39.789)
2.557 (0.232-28.202)
1.995 (0.934-4.263)
0.753 (0.356-1.592)
1.539 (0.585-4.049)

1.149 (0.486-2.719)
0.986 (0.132-7.353)

0.481 (0.142-1.633)
1.305 (0.518-3.290)
3.826 (1.546-9.470)
0.545 (0.238-1.246)
1.992 (0.9004.408)

2119
p value p value
0.045 7.751 (1.039-57.805) 0.046
0.219 6.371 (0.646—62.850) 0.113
0.443 3.258 (0.289-36.741) 0.339
0.075 1.685 (0.768-3.697) 0.193
0.458
0.383
0.752
0.989
0.241
0.572
0.004 3.215 (1.251-8.262) 0.015
0.150
0.089 1.914 (0.838-4.372) 0.123

#Total of 70 abd. wall/omentum/ovaries MVR, including 9 solid organ, 10 urologic, and 14 gastrointestinal MVR
® Total of 21 solid organ MVR, including 10 urologic and 13 gastrointestinal MVR

¢ Total of 17 urologic MVR, including 18 gastrointestinal MVR

cases. All the pathology (both TNM staging and MVR) was
reviewed and Clavien-Dindo grade 1 complications were not
taken into account. Furthermore, there was no gold standard to
assess intra-abdominal recurrence. Detection of peritoneal
metastases can be problematic due to restricted sensitivity of
current imaging modalities.

In conclusion, a subclassification of MVRs is a useful way
to identify high-risk patients. Patients that underwent a gastro-
intestinal MVR were identified as having a higher risk of
postoperative surgical complications, whereas those with
MVRs including abdominal wall/omentum/ovaries were at a
higher risk of intra-abdominal recurrences. Validation of this
classification and subsequent implementation could be a step
forward in facilitating cross-study comparisons, optimizing
benchmarking of clinical performance and tailored periopera-
tive care.
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