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ABSTRACT

Background: The early detection of colorectal anastomotic leakage (CAL) remains
challenging despite advancements in diagnostic methods. Reliable markers are needed to
reduce patient morbidity and mortality. Cytokines in drain fluid and systemic cytokine levels
have shown potential as predictive markers for CAL, but more robust evidence is required.
This systematic review and meta-analysis aimed to evaluate the importance of peritoneal and
serum or plasma interleukin-6 (IL-6) levels in the early detection of CAL after colorectal
surgery in colorectal cancer patients.

Methods: We conducted a comprehensive search in PubMed, Scopus, and Web of Science
for relevant studies published before May 2023. Studies investigating plasma/serum,
peritoneal IL-6 levels (or both) in CAL following colorectal surgery in colorectal cancer
patients were included. Data on the mean and standard deviation of circulating and peritoneal
IL-6 levels were extracted for CAL and non-CAL patients. Mean differences were analyzed for
each postoperative day (POD) using OpenMeta [analyst].

Results: Sixteen articles were included in this meta-analysis, with 13 measuring peritoneal
IL-6 levels and six measuring of circulating IL-6 levels. The systematic review included seven
articles evaluating peritoneal IL-6 levels, revealing no significant elevation in CAL patients
compared to non-CAL patients at any POD. Meta-analysis for circulating IL-6 levels was not
feasible.

Conclusions: Based on the available evidence, peritoneal and serum or plasma IL-6 levels
cannot be considered early markers for CAL following colorectal surgery in colorectal
cancer patients. Further high-quality studies are necessary to determine whether IL-6 could
be a reliable marker for anastomotic leakage after colorectal surgery.
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INTRODUCTION

Despite significant advancements in surgical
techniques, postoperative colorectal anastomotic
leakage (CAL) continues to be a severe complication
following colorectal surgery, leading to increased
morbidity and mortality (1). In addition, CAL is a
prognostic factor linked to unfavorable outcomes in
patients who undergo curative resection for colorectal
cancer (2).

Currently, the detection of CAL depends on endo-
scopic examination, water-soluble contrast enema, and
computed tomography (CT). CAL diagnosis remains
challenging (3), despite the progress made regarding its
detection. Many cases of CAL remain undetected until
the advanced stages of this complication, resulting in
high rates of dangerous reintervention. Consequently,
early detection of CAL is crucial for reducing the
mortality and morbidity of patients (4).

CAL involves a defect in the colorectal wall at the
anastomotic site, causing communication between the
intra- and extraluminal compartments. Localized
inflammatory mediators, including cytokines present in
drain fluid, have the potential to serve as predictive
markers for anastomotic leakage (5). Furthermore,
evaluating systemic levels of inflammatory mediators
(6) and cytokines could aid CAL detection, although
robust evidence is currently lacking (7).

Among the various cytokines, interleukin-6 (IL-6)
has been extensively studied in CAL following colorectal
surgery for colorectal cancer. Increased postoperative
levels of IL-6 in both peritoneal fluid and serum or
plasma may hold promise for early CAL detection.
Indeed, two relatively recent meta-analyses have
suggested that peritoneal IL-6 levels could be a
diagnostic marker for CAL after colorectal surgery (8,9).
However, while Qi et al. (9) applied a random-effects
model in their data analysis and discussed the potential
causes of high heterogeneity in their study, they did not
present any data or figures that illustrated their
sensitivity analysis conclusions. In addition, these
systematic reviews and meta-analyses do not include
all the studies available that provide information on
circulating and peritoneal IL-6 levels. Furthermore, new
related details have emerged. Therefore, we believe
further exploration is necessary, considering the current
literature and conducting a more rigorous analysis.

This systematic review and meta-analysis aimed to
evaluate the significance of peritoneal and serum or
plasma IL-6 cytokine levels in the early detection of CAL
following colorectal surgery in colorectal cancer
patients.
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METHODS
Search strategies and eligibility of studies

This study follows the instructions of the Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) (10). The following databases were
evaluated: PubMed, Scopus, and Web of Science to
recognize eligible studies published before May 2023,
with no period restrictions. The following terms were
searched in the title, abstract, and keywords to
determine article eligibility: (‘colorectal’ OR ‘colorectal
cancer’ OR ‘colorectal carcinoma’ OR ‘colorectal
neoplasm’ OR ‘colorectal tumor’) AND (‘anastomotic
leakage’ OR ‘anastomotic leak’ OR ‘anastomosis leak-
age’) AND (‘IL-6’ OR ‘IL6’ OR ‘interleukin 6'). Likewise, a
manual search was conducted concerning articles
included through the systematic search and Google
Scholar database to capture eligible articles that the
search strategy could not identify.

Inclusion and exclusion criteria

Peer-reviewed studies published in journals that
met the following criteria were included: original
research articles written in English investigating plasma
or serum levels of plasma or serum, peritoneal IL-6 (or
both) in CAL following the postoperative days (POD) of
colorectal cancer surgery in humans and a control
group was included for comparison purposes. Articles
written in other languages, reviews, brief reports,
books, comments, erratum texts, editorials, guidelines,
letters, meeting reports, preprint manuscripts, theses,
articles warning an expression of concern and retracted
articles, non-human studies, studies assessing IL-6 in
CAL but testing a product/compound for therapy aims,
or studies that did not study serum or plasma or
peritoneal samples, were excluded.

Study selection

Two researchers independently selected the
articles. Relevant articles were detected based on titles
and abstracts. Article sections were inspected, and
eligible articles were compiled for inclusion in the
review. Conflicts were resolved through discussion with
a third author.

Quality assessment of included studies

The quality and risk of bias of the included studies
were assessed using the Quality Assessment of
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Diagnostic Accuracy Studies 2 (QUADAS-2) (11). Two
researchers independently evaluated the articles.
Conflicts were resolved through discussion with a third
author.

Data extraction

Title, authors, year of publication, country of origin,
study design, definition of CAL, name of configured
groups, sample size, percentage of patients with CAL,
type of sample, method, and results for IL-6 measure-
ment were the data extracted from the analyzed
articles.

Statistical analysis

The primary outcome was CAL and the mean and SD
of peritoneal, circulating IL-6 levels (ng/mL), or both.
IL-6 data from studies by Matthiessen et al. (12) and
Yamamoto et al. (13) were obtained from Sparreboom
et al. (8). We also considered the presence of skewed
data. Therefore, in cases where mean values were not
available, we utilized the median, Q1, and Q3 values,
specifically in Sparreboom et al. (14) and Oikonomakis
et al. (15). We then employed the quantile estimation
(QE) method described by McGrath et al. (16) (https://
smcgrath.shinyapps.io/estmeansd/) to estimate the
mean and SD, as it accounts explicitly for skewed data.

A meta-analysis was performed for each POD to
compare the differences between patients with and
without CAL. Quantitative statistical analysis was con-
ducted using mean differences with a 95% confidence
interval. The 12 statistic, which represents the percent-
age of the total variation in the study estimates due
to heterogeneity, was evaluated using Cochran’s
chi-squared test. A random-effects model was used
when 2 > 50%, indicating high heterogeneity. The
random-effects approach of DerSimonian and Laird
was used to obtain a combined estimate and a 95%
confidence interval (Cl) for the ratio (17). A leave-one-
out sensitivity analysis was performed to assess the
influence of each study on the overall effect size and
heterogeneity. Statistical analyses were performed
using OpenMeta [analyst] (18).

RESULTS

Literature search and selection

The flowchart illustrating the literature search
process is presented in fig. 1. Sixteen studies were
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included in the review according to predefined search
criteria (12-15, 19-30). The general characteristics of
each study are shown in table 1. All eligible studies
were published between 2002 and 2022. Of the 16
studies, 13 were prospective (12-14,19-23,25,26,28-30),
while three used a case-control design (15,24,27).

ELISA was the preferred method for assessing the
peritoneal and circulating IL-6 levels. Ten studies
specifically focused on determining peritoneal IL-6
levels, while three measured IL-6 levels only in plasma
or serum (23,24,28). Three studies assessed both
circulating and peritoneal IL-6 levels (15,25,26).

The enrollment across the 16 studies encompassed
1,549 participants, with 192 individuals having CAL and
1,357 individuals serving as control subjects. Peritoneal
IL-6 levels were measured in 164 CAL patients and 1118
non-CAL subjects, whereas serum or plasma IL-6 levels
were determined in 82 CAL patients and 471 non-CAL
subjects. Finally, the preferred POD for investigating
the outcome was POD1, with 15 studies examining IL-6
levels.

Definitions of colorectal anastomotic
leakage

In the studies, the definitions of CAL varied (table 2).
Most studies primarily relied on clinical signs but also
incorporated imaging methods. All studies, except for
Oikonomakis et al. (15), defined CAL. Several studies,
including Herwig et al. (19), Ugras et al. (21), Fouda et
al. (22), Yamamoto et al. (13), Reisinger et al. (23),
Ellebaek et al. (24), Alonso et al. (25), Sammour et al.
(26), Bilgin et al. (27), Zielinska-Borkowska et al. (28),
Sparreboom et al. (14), and Su’a et al. (29), involved
imaging techniques such as contrast X-ray or CT scan in
their definition for CAL. Additionally, Herwig et al. (19),
Reisinger et al. (23), Ellebaek et al. (24), and Zieliriska-
Borkowska et al. (28) also incorporated the requirement
of reintervention in their definition. These findings high-
light the importance of consensus among research
groups in defining CAL in patients. This consensus will
improve the standardization of assessment methods and
the management of these events, enabling meaningful
comparisons between studies.

Risk of bias assessment

The evaluation results indicated that several of the
included studies were found to have a considerable risk
of bias in patient selection, as confirmed by the
assessment of applicability (table 3).
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Figure 1 - PRISMA
flow diagram

|dentification

Records obtained by conducting searches within databases (n=120):
Web of Science (n=57); Scopus (n=28); PubMed (n=35);
records acquired from alternative sources (n=0)

Screening

> Duplicated texts (n=49)

A

Title and abstracts of articles
evaluated for eligibility (n=71)

Eligibility

Texts excluded by title and abstract
(n=21):

Reviews: 16

Non-English texts: 3

Books: 1

Editorial texts: 1

y

Full-text articles evaluated
for eligibility (n=50)

Included

Full-text articles excluded (n=34)
Non-human studies: 11

Colorectal cancer was not studied: 11
Clinical study testing a product or therapy: 4
No control group was included: 1

No AL group was included: 2

IL-6 was not measured: 5

\ 4

Articles included in the systematic review
and meta-analysis (n=16)

The reported results of interleukin-6 in the = number of studies have investigated IL-6 levels in serum

studies

or plasma, and inconsistent findings have been
reported, there was no significant difference in serum

The results of studies examining IL-6 levels are or plasma IL-6 levels between CAL and non-CAL
summarized in table 4. Overall, while only a limited patients. However, there is substantial evidence
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Table 1 - Characteristics of included studies

Reference Year  Study design Country Groups (n) Method to Sample Follow-up
measure IL-6 (days)
Herwig et al. (19) 2002 Prospective Germany Non-CAL (12); ELISA Peritoneal fluid POD1 to POD4
.................................................................................................... CAL(12)
Bertram et al. (20) 2003 Prospective Germany Non-CAL (22); CLIA Peritoneal fluid POD1 to POD5
e U GAL)
Matthiessen et al. (12) 2007 Prospective Sweden Non-CAL (19); CLIA Peritoneal fluid POD1, POD2
O X . S
Ugras et al. (21) 2008 Prospective Turkey Non-CAL (30); ELISA Peritoneal fluid POD1 to POD5
T X . S
Fouda et al. (22) 2011 Prospective Egypt Non-CAL (48); ELISA Peritoneal fluid POD1, POD3,
e GAL) ] PODS
Yamamoto et al. (13) 2011 Prospective Japan Non-CAL (92); ELISA Peritoneal fluid POD1 to POD3
e GAL()
Reisinger et al. (23) 2014 Prospective  Netherlands Non-CAL (76); ELISA Plasma POD1 to POD5
T | ) S
Ellebsk et al. (24) 2014 Case-control Denmark Non-CAL (22); IA with CMBs Plasma POD1, POD3,
e JOAL(A) ] PODS
Alonso et al. (25) 2015 Prospective Spain Non-CAL (30); ELISA Serum and POD2, POD4
____________________________________________________________________________________________________ CAL@30) . pertonealfiuid
Sammour et al. (26) 2016 Prospective Australia Non-CAL (189); IA with CMBs Plasma and PODA1
.................................................................................................... CAL(I7).. oo peritonealfluid
Bilgin et al. (27) 2017 Case-control Turkey Non-CAL (43); ELISA Peritoneal fluid POD1, POD3,
e OAL(D) PODS .
Zielinska-Borkowska et al. (28) 2017 Prospective Poland Non-CAL (141); CLIA Serum POD1
____________________________________________________________________________________________________ CAL(16) oo
Sparreboom et al. (14) 2019 Prospective  Netherlands; Non-CAL (246); IA with CMBs Peritoneal fluid POD1 to POD3
_____________________________________________________________________________ Belgum  CAL(36)
Oikonomakis et al. (15) 2019 Case-control Sweden Non-CAL (13); CLIA Plasma and POD1, POD2
e OAL(T) peritoneal fluid
Su'aetal. (29) 2022 Prospective  New Zealand Non-CAL (267); IA with CMBs Peritoneal fluid POD1 to POD5
.................................................................................................... CAL(16)
Shi et al. (30) 2022 Prospective China Non-CAL (107); IA with CMBs Peritoneal fluid POD1 to POD3
CAL (12)

Abbreviations: chemiluminescence Immunoassay (CLIA); colorectal anastomotic leakage (CAL); enzyme-linked immunosorbent assay (ELISA);
immunoassay with conjugated magnetic beads (IA with CMBs); postoperative day (POD).

Table 2 - Definition of anastomotic leakage of included studies

Reference

Definition

Herwig et al. (19)

Shi et al. (30)

AL was established through endoscopy, contrast enema, abdominal CT scan, microbiologic examination of the drainage fluid, and by

Radiological changes were employed to determine AL. Furthermore, the presence of color turbidity, fecal content, or other discernible
alterations in the drain fluid was also considered as supplementary evidence indicating the occurrence of AL.

Abbreviations: anasto

Surgery, Gastroenterology and Oncology, 28 (3), 2023

motic leakage (AL); computed tomography (CT); postoperative day (POD); ultrasound (US).
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Table 3 - Quality Assessment of
Diagnostic Accuracy Studies-2
(QUADAS-2)

Risk of bias

Reference
standard

Applicability
Reference
standard

Reference Patient

selection

Flow and
timing

Patient
selection

Herwig et al. (19)

Bertram et al. (20)

Matthiessen et al. (12)

Ugras et al. (21)

Fouda et al. (22)

Yamamoto et al. (13)

Reisinger et al. (23)

Ellebsk et al. (24)

Alonso et al. (25)

Sammour et al. (26)

Bilgin et al. (27)

Zielinska-Borkowska et al. (28)

Sparreboom et al. (14)

Oikonomakis et al. (19)

Su'aetal. (29)

Shi et al. (30)

=

Low risk @; unclear/some concern ; high ris . :

regarding peritoneal IL-6. Several authors, including
Herwig et al. (19), Matthiessen et al. (12), Ugras et al.
(21), Fouda et al. (22), Alonso et al. (25), Sammour et al.
(26), Oikonomakis et al. (15), and Su’a et al. (29), have
reported increased levels of peritoneal IL-6 in CAL
patients. In fact, out of the 13 studies measuring

found a significant increase in peritoneal IL-6 levels in
CAL patients compared to non-CAL patients.

Meta-analysis of IL-6 levels

The systematic review did not include certain

peritoneal IL-6 included in this systematic review, eight studies in the quantitative statistical analysis.
Reference IL-6 results in the postoperative days
Serum/Plasma Peritoneal fluid
Herwig etal (19) NS
Bertram et al. (20) 1-,2-3-4- 5-
Matthiessenetal. (12) M2
Ugas et 1) e D2DBTATST
L LA
Yamamoto etal (1) e 12281
Reisingeretal (23) L oSO
Elebsketal. 4) LSS
Alonso et al. (25) A 24
Sammouretal. 26) L
L ) S L
Zielifska-Borkowskaetal. (28) ] Lol
Spareboom etal, (14) e 28
Okonomakisetal. (15) ] LY LI
Su'aetal. (29) 11,21,3-4-5-
Table 4 - The reported results 'S'h'i'é't'é'l."('s'ﬁ)' """"""""""""""""""""""""""""""""""""""""""""""""""""""""" 1"_','2'_';3' """""""""

of Interleukin-6 in the studies
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Abbreviations: anastomotic leakage (AL); not applicable (NA); postoperative day (POD).
Symbols: significantly increased (1); non-significant differences (-).
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Specifically, the study of Ugras et al. (21) reported
peritoneal IL-6 levels that were 10 to 1,000 times
higher than the results of other studies. Alonso et al.
(25), Bilgin et al. (27), and Shi et al. (30) reported
peritoneal IL-6 levels 10 to 1,000 times lower than the
results of other studies. Sammour et al. (26) and Su’a et
al. (29) presented their results only in terms of the
median and interquartile range (IQR). Although
there are methods for estimating the mean and SD
from median and IQR, they mostly assume a normal
distribution, which is not in line with the purpose of the
present meta-analysis.

In the studies of Sparreboom et al. (14) and
Oikonomakis et al. (15), the median, Q1, and Q3 were
reported for their IL-6 results. Therefore, a recently
reported robust method described by McGrath et al.
(16) was used to estimate the mean and SD. McGrath et
al. confirmed that meta-analysis was best performed
when applying their methods for determining the
mean compared to previously proposed methods (16).

For the statistical analysis, we initially started with
seven studies for POD1, which was reduced to six
studies for POD2. We ultimately included five studies
on POD3 in the meta-analysis examining peritoneal
levels of IL-6 (fig. 2). Although only two studies
considered POD4 (19,20) and POD5 (20,22) for IL-6

IL-6 in Anastomotic Leakage: Systematic Review and Meta-Analysis

measurement, we performed the analysis following the
approach of previously reported meta-analyses (8,9).
Therefore, the results should be interpreted cautiously
(Supplementary fig. 1).

The combined data from the included studies
revealed that peritoneal IL-6 levels were increased in
CAL patients on POD1 (mean difference: 26.028,
95% Cl: 3.534-48.522, P=0.023) and POD2 (mean
difference: 23.404, 95% Cl: 1.905-44.903, P=0.033). No
significant difference was found between CAL and non-
CAL patients on POD3 (P=0.082), POD4 (P=0.243), and
PODS5 (P=0.578).

Since we expected high heterogeneity, a leave-one-
out sensitivity analysis was performed to confirm the
conclusions. For POD1, the analysis revealed that the
studies by Herwig et al. (19) and Oikonomakis et al. (15)
were the main drivers of the results. The pooled data
on peritoneal IL-6 levels were no longer different
between CAL and non-CAL patients (fig. 3a) when each
of these studies was removed separately. Furthermore,
for POD2, when the studies of Herwig et al. (19),
Bertram et al. (20), and Matthiessen et al. (12) were
removed separately, the IL-6 levels between CAL and
non-CAL patients were no longer different (fig. 3b). In
POD3, the results remained consistent, as seen in fig. 2

(fig. 3c).

Study Year CAL Non-CAL Mean difference Mean difference. Random, $5% C1
n Mean SD n Mean SD Weight F , 95% Cl .
Herwig et al. 2002 12 162.5 105.8 12 27.94 13.86  9.24%  134.56 [74.188, 194.932] —*
Bertram et al. 2003 3 64.933 68.195 22 46.987 76.782 5.74%  17.946 [-65,627, 101.519] [ ] -
Matthiessen et al. 2007 4 160.2 81.3 19 97.8 64.4 5.61% 62.4 [-22.372, 147.172] "-
Fouda et al. 2010 8 52.483 14.364 48 35.482 9.455 26.14% 17 [6.694, 27.307] -
Yamamoto et al. 2010 8 34.5 23.6 92 40.4 21.2 23.91% -5.9[-22.818, 11.018]
Sparreboom et al. 2019 36 55.06 42.19 246 50.4 38.98 24.76% 4.66 [-9.957, 19.277] !
Oikonomakis et al. 2019 7 168.58 122.03 13 62.49 58.6 4.59%  106.09 [10.242, 201.938] -50 0 50 100 150 200
Total (96% CI) 78 452 100% 26.028 [3.534, 48.522]  Std. Error=11.477 P =10.023
Heterogeneity tau?= 476.306 Q(df=6)= 27.083 P =<0.001 12=77.846
b Study Year CAL Non-CAL Mean difference Mean ditference. Random, 95% CI
n Mean SD n Mean SD Weight 95% CI
Herwig et al. 2002 12 60.19 58.84 12 25.54 14.08 16.54%  34.650[0.419, 68.881] '.
Bertram et al. 2003 3 72.667 14.364 22 26.122 18.846 23.72%  46.545 [28.483, 64.606] Cm
Matthiessen et al. 2007 4 62.6 54.8 19 321 26.8 9.94%  30.500 [-24.538, 85.538] =
Yamamoto et al. 2010 8 38.9 21.5 92 35.4 20.3 23.07%  3.200 [-16.302, 22.702] T
Sparreboom et al. 2019 32 57.89 38.88 236 54.55 4912 25.07% 3.340[-11.517, 18.197]
Oikonomakis et al. 2019 7 143.75 218 13 2179  16.02 1.66% 121.960 [-39,768, 283.688] - - - -
50 100 150 200 250
Total (96% CI) 66 394 100% 23.404 [1.905, 44.903]  Std. Error =10.969 P =0.033
Heterogeneity tau?=422.436 Q(df=5)=18.235 P=0.003 12=72.58
¢ Study Year CAL Non-CAL Mean difference Meain differance. Rantiom, 95% C1
n Mean SD n Mean SD Weight , 95% CI
Herwig et al. 2002 12 75.81 39.93 12 21.99 10.98 20.66% 53.820 [30.389, 77.251] L
Bertram et al. 2003 3 33.667 20.984 22 18.109 20.9  20.39% 15.558 [-9.743, 40.858] = =
Fouda et al. 2010 8 115.45 34.975 48 28.159  4.839  20.54% 87.291[63.016, 111.565] -
Yamamoto et al. 2010 8 63 51.5 92 26.8 18.4  18.68% 36.200 [0.315, 72.085] .
Sparreboom et al. 2019 31 46.58 43.43 232 3.7 196.66 19.74% -27.120 [-56.685, 2.445] e ——=P=——
50 0 50 100
Total (96% CI) 62 406 100% 33.627 [-4.307,71.561]  Std. Error =19.354 P =0.082
Heterogeneity tau2=1670.421 Q(df=4)= 39.257 P =<0.001 12=89.811

Figure 2 - Forest plot of the mean difference of peritoneal

levels of IL-6 (ng/mL) on CAL patients and non-CAL patients

for postoperative days (POD) 1 (A), 2 (B), and 3 (C). Abbreviations: colorectal anastomotic leakage (CAL)

Surgery, Gastroenterology and Oncology, 28 (3), 2023
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CAL NUI]-CAL Mean diﬂerence Mean difference, Random, 95% CI
Study Year . Mean SD n  Mean SD Weight Random, 95%Cl
Herwig et al. 2002 12 8449 3722 12 2168 1275 50.74% 62.810 [40.550, 85.070]
Bertram et al. 2008 3 19.867 22268 22  15.404 17.607 49.26% 4.463 [-21.798,30.723] "
—i
-20 0 20 40 60 80
Total (95% CI) 15 34 100% 34.060 [-23.104, 01.242] Std. Error =29.170 P =0.243
Heterogeneity tau?=1547.950 Q(df=1) = 11.035 P =< 0.001 12=90.938
Study Year CAL NO“'CAL - MBZ" diﬁerence Mean difference, Random, 95% CI
n Mean SD n Mean SD  Weight Random, 95% CI
Bertram et al. 2003 3 12 8935 22 472 55281 50.30% -35.200 [-60.416, -9.984]
Fouda etal. 2010 8 148125 50754 48 2222 1.825 49.70% 125.005[90.732, 161.079] -
L
a0 50 0 50 0 150 200
Total (95% CI) 1 70 100% 44.867 [-113.011, 202.744]  Std. Error = 80.551 P =0.578
Heterogeneity tau?=12733.685 Q(df=6) = 53.231 P =< 0.001 12=98.121
Figure S1 - Forest plot of the mean difference of peritoneal IL-6 (ng/mL) on CAL patients and non-CAL patients
for postoperative days (POD) 4 (a) and 5 (b). Abbreviations: colorectal anastomotic leakage (CAL)
Mean difference Mean difference, Random, 95% CI
STy M Random, 95% CI
Herwig et al. 2002 10.505 [-4.501, 25.510] p=0.170 - o
Bertram et al. 2003 27.158 [3.424, 50.893] p= 0.025 | =
Matthiessen etal. 2007 23.859 [0.712, 47.006] p= 0.043 L
Fouda etal. 2010 38.212 [3.811, 72.613] p=0.029 =
Yamamoto et al. 2010 38.461 [10.531, 66.391] p= 0.007 i :
Sparreboom et al 2019 39.586 [7.519, 71.653] p=0.016 -
Oikonomakis etal. 2019 21.255 [-0.703, 43.213] p= 0.058 t ]
Total 26.028 [3.534, 48.522] p= 0.023 0 1 20 3 4 5 6 10
Mean difference Mean difference, Random, 95% CI
 Swdy - Year Random, 95% CI _
Herwig et al. 2002 21.506 [-3.364, 46.376] p=0.090 <>
Bertram et al. 2003 10.967 [-4.064, 25.998] p=0.153
Matthiessen etal. 2007 22.864 [-0.809, 46.538] p= 0.058 . L i
Yamamoto et al. 2010 30.080 [3.136, 57.024] p= 0.029 =
Sparreboom et al 2019 30.235 [4.802, 55.667] p=0.020 H =
Oikonomakis etal. 2019 21.694 [0.325, 43.062] p= 0.047 : [ ]
]
Total 23.404 [1.905, 44.903] p=0.033 5 T % W0 20
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Figure 3 - Sensitivity analysis using the leave-one out method
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DISCUSSION

Anastomotic leakage is a current problem that
affects patients following colorectal surgery (1). This is
related to increased costs (31), more extended hospital
stays (32), and decreased health-related quality of life
(33). CAL is linked to poor oncologic prognosis in
colorectal cancer patients, including reduced disease-
free survival (34) and cancer-specific survival (2).

Currently, many cases of CAL are not diagnosed until
they reach an advanced stage (4,35). Therefore, research
focusing on predictive markers for CAL is necessary. In
this study, we aimed to determine whether peritoneal
and serum or plasma IL-6 cytokine levels could serve as
reliable markers for the early detection of CAL following
colorectal surgery.

The studies did not consistently demonstrate a
significant difference in circulating IL-6 levels between
CAL and non-CAL patients. However, only six articles
were found in the literature aiming to measure
systemic cytokine levels, and out of those, five
measured IL-6 levels in circulation on POD1 (table 1).
Specifically, POD1 was the only postoperative day
assessed more than three times. Among the five stud-
ies, three found increased systemic IL-6 levels of POD1
in patients who later experienced anastomotic leakage
compared to non-CAL patients (15,24,26). Therefore,
based on our results, we conclude that the literature
lacks studies assessing IL-6 levels in circulation and
POD1. More studies are needed to corroborate the
potential role of POD1 IL-6 cytokine levels in circulation
as markers in patients following colorectal surgery.

Since it has been stated that peritoneal IL-6 levels
are more reliable markers of CAL compared to IL-6
measured in serum or plasma (8), we expected to find
significant differences in the levels of peritoneal IL-6
when comparing pooled data. Based on the data
reported to date, there is no apparent difference in the
peritoneal levels of IL-6 between patients with CAL and
non-CAL when the data is subjected to sensitivity
analysis. This suggests that IL-6 levels cannot be
considered markers of CAL following colorectal surgery.

The previous conclusion contradicts a recent meta-
analysis conducted by Qi et al. (9). Our study did not
observe significant differences in peritoneal IL-6 levels
between CAL and non-CAL patients. However, Qi et al.
reported that IL-6 levels were increased in the
peritoneal fluids of CAL patients. Before conducting
their meta-analysis, Qi et al. utilized the method
developed by Hozo et al. (36) to estimate the mean
when necessary (9).

Although the method by Hozo et al. is widely used
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for estimating the mean and SD, McGrath et al. recently
developed a potentially more accurate method, as
supported by their comparisons (16). McGrath et al.’s
method considers the skewed nature of the data. They
noted that a primary limitation is that they often
assume a normal distribution for the outcome variable,
although some formula-based methods effectively
estimate the mean and SD. McGrath et al. found that
the mean performed better when dealing with non-
parametric variables. This highlights the potential
advantages of using McGrath et al’s method in
estimating the mean and SD for skewed data (16).

It is common to find studies that report the median
and other quantiles when the data are skewed. In our
review, Sparreboom et al. (14) and Oikonomakis et al.
(15) were examples of studies in which the authors
reported the median, Q1, and Q3. In their meta-
analysis, Qi et al. utilized Hozo et al.s method to estimate
the mean and SD for these particular studies (9).

Upon reviewing the estimation of the mean and
SD in these studies, we observed an issue with the
estimated SD for Oikonomakis et al. (15). The data
reported in fig. 4A of the study by Qi et al. showed
an estimated SD of 11.74 (9), which appeared unrealis-
tically optimistic. The original data reported by
Oikonomakis et al. for POD1 IL-6 levels were 165 ng/mL
for the median, with Q1 and Q3 values of 60.7 ng/mL
and 219.25 ng/mlL, respectively (15). These data seem
unlikely to produce a well-fitted estimated SD, as
reported by Qi et al. (9).

The same example is also applicable when discussing
the estimation of the mean for POD1 IL-6 levels using
the median and other quantiles from Sparreboom et al.
(14). This can be observed in fig. 4A of Qi et al.’s study (9)
and table 2 in Sparreboom et al’s study (14). The
earlier explanations also apply to estimating the mean
and SD for POD2 and PODS3.

Our statistical analysis employed the same random-
effects approach as Qi et al. (9), which involved the
DerSimonian and Laird assessments (17). As Qi et al. did
not specifically mention the DerSimonian and Laird
evaluations, we conducted this test using their provid-
ed data to confirm their results. Then, using our data,
we initially observed that peritoneal IL-6 levels on POD1
and POD2 were elevated in subjects who experienced
CAL compared to those who did not (fig. 2). However,
upon conducting sensitivity analyses using a leave-one-
out approach, we discovered that the significance of
the results was no longer attained (fig. 3). This is
consistent with a recent meta-analysis evaluating the
levels of different peritoneal cytokines, including IL-6,
in POD1. Reeves et al. found that only IL-10 was
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significantly increased in CAL patients with POD1 (37).

IL-6 is a cytokine that plays a leading role in diverse
host defense mechanisms, such as immune response
and acute-phase reactions (38). Therefore, it is impli-
cated in responding to many inflammatory conditions,
including AL (8). Indeed, an experimental study
conducted by Hintz et al. on rats indicated that
systemic IL-6 had detrimental effects on the healing
process of colonic anastomoses (39). It is worth high-
lighting that IL-6 exhibits dual roles, acting not only as
a well-known pro-inflammatory molecule but also as
an anti-inflammatory agent. Consequently, Zubaidi et
al. reported that sustained elevation of IL-6 up to POD5
in the colon and small intestine may likely contributed
to faster wound healing in anastomotic lesions in rats
(40). Notably, IL-6 is also a major cytokine in the tumor
microenvironment and is known to be deregulated in
cancer (41). It is overexpressed in almost all kinds of
tumors, including colorectal cancer (42). Therefore, the
role of IL-6 levels in inflammatory and wound-healing
processes in cancer conditions may be related to the
pathogenesis, resolution, and prognosis of CAL.

As previously mentioned, significant progress has
been made in this field of research. However, further
investigation is imperative due to several limitations
observed in included studies, which may explain the
lack of significance in comparing IL-6 levels between
patients. First, consistent with the findings of Qi et al.
(9) and Sparreboom et al. (8), the low incidence rate of
CAL following colorectal surgery poses challenges in
conducting high-level evidence studies. Second, the
variations in diagnostic criteria for CAL utilized across
the included studies further undermine the reliability of
the results. Third, considering the well-documented
over-expression of IL-6 in colorectal cancer, discerning
differences in IL-6 levels becomes challenging when
studying patient groups already exhibiting elevated
baseline levels. Consequently, more rigorous selection
criteria, improved laboratory methods, and refined
statistical approaches are warranted.

This review has some limitations. Namely, the
limited number of available studies restricts the ability
to perform subgroup analysis. Additionally, including a
small number of CAL patients in each study decreased
the precision of the obtained estimates. Finally, it is
essential to acknowledge that the meta-analysis
estimates are influenced by the chosen statistical
methods, which can vary, including those used to
estimate the mean and standard deviation.
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CONCLUSIONS

Until now, peritoneal and serum or plasma IL-6
levels cannot be considered early markers of CAL
following colorectal surgery in colorectal cancer
patients. Further high-level evidence studies are
needed to determine whether IL-6 could serve as a
marker for CAL after colorectal surgery.
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