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Abstract

Background: Colorectal anastomotic leakage can be considered a process of failedwound healing, for which related biomarkersmight
be a promising research area to decrease leak rates.

Methods: Patients who had elective surgery with a primary anastomosis for non-metastatic colorectal cancer, at two university
hospitals between 1 January 2010 and 31 December 2015 were included. Patients with an anastomotic leak were identified and
matched (1:1) to complication-free controls on the basis of sex, age, tumour stage, tumour location, and operating hospital.
Preoperative blood samples were analysed by use of protein panels associated with systemic or enteric inflammation by
proteomics, and enzyme-linked immunosorbent assays. Multivariable projection methods were used in the statistical analyses and
adjusted for multiple comparisons to reduce false positivity. Rectal cancer tissue samples were evaluated with
immunohistochemistry to determine local expression of biomarkers that differed significantly between cases and controls.

Results: Out of 726 patients undergoing resection, 41 patients with anastomotic leakage were matched to 41 controls. Patients with
rectal cancer with leakage displayed significantly elevated serum levels of 15 proteins related to inflammation. After controlling for
a false discovery rate, levels of C-X-C motif chemokine 6 (CXCL6) and C-C motif chemokine 11 (CCL11) remained significant. In
patients with colonic cancer with leakage, levels of high-sensitivity C-reactive protein (hs-CRP) were increased before surgery.
Local expression of CXCL6 and CCL11, and their receptors, were similar in rectal tissues between cases and controls.

Conclusion: Patients with anastomotic leakage could have an upregulated inflammatory response before surgery, as expressed by
elevated serological levels of CXCL6 and CCL11 for rectal cancer and hs-CRP levels in patients with colonic cancer respectively.

Introduction
In colorectal surgery, anastomotic leakage remains a serious
complication associated with considerable morbidity and

decreased survival1, and has also been reported to increase the

risk of local recurrence2. Additionally, leakage is associated with

elevated rates of permanent stomas in patients undergoing

anterior resection for rectal cancer3. This issue has a substantial

financial impact on healthcare systems worldwide4.
While the pathogenesis behind anastomotic dehiscence is not

fully understood5, it could be considered to result from a failed
wound healing process6. Consequently, several studies have
investigated postoperative markers of inflammation and tissue
injury for early leakage detection7; however, in patients with
colorectal cancer, altered baseline levels of such biomarkers
have been reported8 and, even after complete tumour removal,
factors correlating with invasion and inflammation remain
elevated for several weeks9. Interestingly, preoperative systemic

inflammation has been associated with a higher prevalence of
postoperative infections after colorectal resections, out of which
20 per cent constituted anastomotic leaks10. Systemic
inflammation, and changes in the local intestinal environment,
detectable before surgery, could theoretically persist in the
postoperative interval and influence the process of anastomotic
healing11. Evaluating such biomarkers in patients with
colorectal cancer could therefore potentially identify high-risk
anastomoses, which in turn could facilitate surgical
decision-making.

Within the Uppsala-Umeå Comprehensive Cancer Consortium
(U-CAN), blood and tissue samples have been prospectively
collected and stored in biobanks for all consenting patients
undergoing surgery for colorectal cancer since 201012. Using
clinical and biological data from the U-CAN cohort, a
hypothesized association between abnormal levels of
preoperative biomarkers of inflammation and anastomotic
leakage was investigated.
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Methods
Study design
This was an exploratorymatched case–control study approved by
the regional ethical review board at Umeå University. Access to
blood and tissue samples was approved by the Regional Biobank
Centre in Northern Sweden and the U-CAN Diagnosis Specific
group for colorectal cancer. All patients included had signed a
written consent before any collection of biological material.

From 2010 onwards, blood and tissue samples from patients
operated for colorectal cancer at Uppsala and Umeå university
hospitals have been collected and stored prospectively within
the U-CAN biobank. The U-CAN project encompasses hospitals
in two healthcare regions with a catchment population of more
than 600,000. The coverage of U-CAN is near complete, with high
standards in performance according to recent evaluations, and
essentially all patients registered (98 per cent) have had blood
samples drawn at the time of inclusion, and with tissue
specimens available in 83 per cent12. Generally, the samples are
collected before any therapeutic interventions, and always
before surgery (typically the day before). The blood sampling
includes, inter alia, EDTA plasma and serum, and the time from
blood sampling and obtaining frozen aliquots is generally less
than 4h. Fractions are stored in 0.5-ml microvials (Micronic,
Lelystad, The Netherlands) and preserved at −80°C. Tissue
samples, available as both fresh-frozen and paraffin-embedded,
are collected from the surgical specimen; samples are taken both
from the tumour itself and from healthy tissue at the resection
margins. Additional information about the U-CAN biobank and
sampling storage has been outlined in a detailed review12.

Registry data
The Swedish Colorectal Cancer Registry was used to identify
patients eligible for study inclusion. It is well validated and
encompasses patients diagnosed with colorectal cancer in
Sweden, with a near-complete degree of coverage13. Reporting to
the registry comprises patient-related characteristics, surgical
details, postoperative course, final pathological assessment, and
a 5-year follow-up. The registry’s definition of rectal cancer is
any cancer with its lower margin located within 15 cm of the
anal verge, as measured by rigid sigmoidoscopy.

Anastomotic leakage
For this study, leakage was defined a priori (before initiation
of the study) as a defect of the intestinal wall at the site of the
anastomosis, leading to a communication between the
intraluminal and extraluminal compartments, in accordance
with an international consensus14. Its presence was ascertained
by review of medical records. While only leaks within 30 days of
surgery are reported to the registry, late leaks diagnosed up to
90 days after surgery were considered eligible and included in
the present study. In patients with rectal cancer, a rectovaginal
fistula or a pelvic abscess (without radiologically proven
leakage) was also considered as a leak14. A definitive diagnosis
was made by the treating clinicians by use of radiological (rectal
contrast study, CT, or MRI), endoscopic (rigid or flexible
sigmoidoscopy), or clinical investigations (digital palpation,
inspection of drain contents, or verified at reoperation).

Study cohort and matching
Patients registered to have had elective surgery for colorectal
cancer at Umeå and Uppsala University Hospitals between 1
January 2010 and 31 December 2015 were reviewed. Those who

did not undergo surgery with construction of a primary
anastomosis, or had disseminated disease, were deemed
ineligible for study inclusion, after which cases with anastomotic
leakage were identified. For every such case, potential controls
with a complication-free postoperative course (Clavien–Dindo
score 015) were searched for, using the same registry. Matching
criteria were sex, age (+5 years, at time of surgery), tumour
location (colon or rectum), histopathological assessment of
tumour stage (pTNM I, II, or III), and operating hospital (Umeå or
Uppsala University Hospital). pTNM stage was cross-checked by
examination of histopathological reports. Additionally, to
account for possible laboratory immune aberrations sustained
by transfusion-related immunomodulation, any allogenic blood
transfusion within 90 days before surgery was also noted.

After collection of data, matching was completed. For all
potential controls matchable to more than one case,
prioritization was performed to ensure all cases had a minimum
of one control. Additionally, for all cases that had more than
one eligible control, relaxation rules were applied using the
following criteria: blood sampling corresponding to sampling
completeness of the case (while a preoperative sample was an
absolute criterion for study inclusion, postoperative samples
were also considered in this context, as the study cohort derives
from a larger project that includes different research questions),
nearest date of surgery relative to the case, surgical approach
(open or laparoscopic), and neoadjuvant treatment (no
treatment, radiotherapy, or chemoradiotherapy).

Proteomic and enzyme-linked immunosorbent
assay analyses
Serum samples from all study participants were requested from
the biobank and sent for proteomic analysis to Olink
Proteomics, Uppsala, Sweden. The predefined biomarker panel
‘Olink inflammation’ (Table S1) was selected for analysis, for
which a detailed description (including interpretation of the
data output) is outlined in the supplementary material. Based
on the findings of previous research on early leakage
prediction11, levels of high-sensitivity C-reactive protein
(hs-CRP) and intestinal fatty acid-binding protein (I-FABP) were
also evaluated. As these proteins were not included in the Olink
inflammation panel, analyses were performed by enzyme-linked
immunosorbent assay (ELISA) with the hs-CRP (Cloud-Clone,
Texas, USA) and human I-FABP, ELISA kits (Hyocult Biotech,
Uden, The Netherlands). Samples were diluted and analysed in
duplicate according to the manufacturers’ protocol. A coefficient
of variation (CV) below 10 per cent was deemed acceptable,
whereas any duplicate with a CV above 10 per cent would
require a repeated analysis.

Last, to further corroborate the findings of themain analyses, a
post hoc sensitivity analysis was performed by target protein ELISA
analyses on residual plasma samples from the subset of patients
with rectal cancer who had treatment at Umeå University
Hospital exclusively. For this, CXCL6/GCP-2 and CCL11/Eotaxin
ELISA kits (R&D Systems, Minnesota, USA) were employed and
run as single samples, while otherwise identically performed as
the main ELISA analyses.

Immunohistochemistry
Basedon thefindingsof theprimaryanalysesperformedonserum,
tissues from patients having surgery for rectal cancer were
retrieved. The samples were from the resection specimen margin
(close to the anastomosis) and were used to compare chemokine
and chemokine receptor expression between cases and controls,
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by use of immunohistochemistry. The following antibodies were
used: anti-C-X-C motif chemokine 6 (CXCL6) (Sigma-Aldrich,
Saint Louis, Missouri, USA), anti-Eotaxin/C-C motif chemokine
11 (CCL11) (Abcam, Cambridge, Massachusetts, USA), anti-C-X-C
motif chemokine receptor 1 (CXCR1) (Abcam), anti-C-X-C motif
chemokine receptor 2 (CXCR2) (Abcam), anti-C-C motif receptor
3 (CCR3) (Sigma-Aldrich), and anti-C-C motif receptor 5 (CCR5)
(Sigma-Aldrich). The immunohistochemistry procedure is
presented in detail in the supplementary material. Tissue
expression was analysed by light microscopy and representative
images were captured.

Statistical analyses
Categorical variables were presented with the number of
observations in each group and percentages, whereas
continuous variables were displayed with median and
interquartile ranges. Additional information on how variables
were handled is available in the supplementary material.

As outlined previously, the main confounding factors were
selected a priori and controlled for through matching at time of
inclusion, while any remaining baseline differences between
cases and controls were evaluated with Fisher’s exact test for
categorical variables, and the Student’s t test for continuous
variables.

In themain analysis, a further developed version of orthogonal
projections to latent structures (OPLS)16, OPLS-effect projections
(OPLS-EP)17, designed for dependent 1:1 matched samples, was
used. The method employs latent variables, and the probability
level of each OPLS-EP model was formally assessed by means of
the CV-ANOVA diagnostic18. Models with a P value below 0.05
were considered significant and used to identify potential
biomarkers displaying differences between cases and controls.
The interpretation of univariate associations of OPLS-EP models
corresponds with that of t tests of individual variables19,
whereas P values from two-tailed t tests were considered
statistically significant at a level below 0.05. Also, to control for

Matched with

Matching

Exclusions
   Anastomotic leakages not matchable due to:
   No eligible control found n = 5
   Informed consent form missing n = 1
   Preoperative blood sample missing n = 1

Complication-free postoperative course*

Potential controls reported not to have had
anastomotic leakage

n = 678

Elective surgeries with a primary anastomosis
for non-metastatic colorectal cancer

n = 726

Study period
1 January 2010 – 31 December 2015

Anastomotic leakage
n = 41

Complication-free* controls
n = 41

Anastomotic leakage
n = 48

Included n = 82

Fig. 1 Study flow chart of patients reported to the Swedish Colorectal Cancer Registry to have undergone elective resection with a primary
anastomosis for non-metastatic colorectal cancer at either Uppsala or Umeå university hospitals between 1 January 2010 and 31 December 2015
Anastomotic leakage was determined by review of medical records using an international consensus definition (see main text for further details),
while potential controls also underwent chart review. *Complication-free corresponding to a Clavien–Dindo score 0 postoperative course.
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a plausible false discovery rate, the Benjamini–Hochberg
procedure was used20, with a threshold level set at 0.10.

Results of ELISA assays, including the post hoc sensitivity
analyses, were evaluated with a dependent t test and the
Wilcoxon signed rank sum test. P values were reported
and supplemented with a mean fold change and a median
fold change to display numerical differences between cases and
controls. As only two proteins selected a priori (hs-CRP and
I-FABP) were covered in the main ELISA analyses, and the post
hoc estimations were derived from multiplicity-controlled
analyses, adjustment for multiple testing were omitted.

Both the biomarker panel analysis and the ELISA analyses were
followed by subgroup analyses for patients with colon and rectal
cancer separately. Also, to control for any inflammatory
response to neoadjuvant radiotherapy, all outcomes were
re-evaluated with a sensitivity analysis of patients with
concordant oncological treatment.

To illustrate significant serum protein level differences noted
between the two groups in the biomarker panel analysis, graphs
with distributions divided into tertiles were presented and
displayed together with receiver operating characteristic (ROC)
curves, along with a grouped discriminant analysis.

Calculations of baseline characteristics and univariate
associations were performed with the computer software
STATA version 15.1 (StataCorp, Houston, Texas, USA). For
OPLS-EP statistics, MATLAB release 2017a (The MathWorks,
Natick, Massachusetts, USA) was used.

Results
During the study interval between 1 January 2010 and 31December
2015, a total of 726 patients had undergone curative surgery for
non-disseminated colorectal cancer with a primary anastomosis
at either of the two university hospitals in Uppsala and Umeå,
Sweden. As demonstrated in a study flow chart (Fig. 1), 48 patients
with anastomotic leakage were considered for inclusion, of whom
5 could not be matched as no eligible controls were found;
moreover, a missing informed consent and a lost preoperative
blood sample resulted in exclusion of 2 more patients. The
remaining 41 patients were included and matched 1:1 against 41
controls, amounting to a total of 82 patients in the cohort.

Table 1 displays patient demographics stratified by anastomotic
leakage. While the two groups differedmarginally in terms of BMI
(P=0.191), cases and controls corresponding to the entire cohort
were otherwise comparable. In patients with rectal cancer,
groups differed significantly with regard to neoadjuvant
treatment (P= 0.031).

Biomarker panel analyses by proteomics
In the proteomics panels used in the analysis, approximately 33
per cent of the biomarkers (depending on the subgroup
analysed) had more than 10 per cent of samples displaying

Table 1 Patient characteristics stratified by anastomotic leakage
in a cohort of 82 patients who had surgery for non-disseminated
colorectal cancer, matched for sex, tumour location, tumour
stage, age, and operating hospital

Complication-free
(n=41)

Anastomotic
leakage (n=41)

P

Categorical variables
Sex
Male 22 (53.7) 22 (53.7)
Female 19 (46.3) 19 (46.3) 1.00

BMI (kg/m2)
,25 19 (46.3) 13 (31.7)
25–30 17 (41.5) 17 (41.5)
.30 5 (12.2) 11 (26.8) 0.19

ASA fitness grade
I–II 33 (80.5) 28 (70.0)
III 8 (19.5) 12 (30.0) 0.31

Location
Colon 24 (58.5) 24 (58.5)
Rectum 17 (41.5) 17 (41.5) 1.00

Neoadjuvant therapy*
No neoadjuvant
treatment

9 (52.9) 2 (11.8)

Radiotherapy 4 (23.5) 9 (52.9)
Chemoradiotherapy 4 (23.5) 6 (35.3) 0.03

Histopathological
tumour stage
I 10 (24.4) 10 (24.4)
II 16 (39.0) 16 (39.0)
III 15 (36.6) 15 (36.6) 1.00

Preoperative blood
transfusion†
No 39 (95.1) 37 (90.2)
Yes 2 (4.9) 4 (9.8) 0.68

Surgical approach‡
Open 33 (80.5) 32 (78.0)
Laparoscopic 8 (19.5) 9 (22.0) 0.79

Defunctioning stoma*
No 3 (17.6) 1 (5.9)
Yes 14 (82.4) 16 (94.1) 0.34

Continuous variables
Age (years) 70 (63–76) 68 (62–76) 0.846
Intraoperative

bleeding (ml)
100 (50–300) 200 (100–450) 0.362

Values indicate number of observations for categorical variables, median for
continuous variables, followed by percentages and interquartile range in
parentheses respectively. Fisher’s exact test was used for categorical variables,
Student’s t test was used for continuous variables. *Patients with rectal cancer
only. †Preoperative blood transfusion was considered as any blood transfusion
administered within 90 days before surgery. ‡The laparoscopic category
included two cases who had conversion to open surgery, evenly distributed
between the two outcome groups.

Table 2 Serum proteins with significantly higher concentrations
before surgery in patients who had an anastomotic leak after
rectal cancer resection, as referenced to preoperative levels of
matched controls with a complication-free postoperative course

Protein P* FDR†

C-X-C motif chemokine 6 (CXCL6) ,0.01 Pass
Eotaxin (CCL11) ,0.01 Pass
Eukaryotic translation initiation factor 4E-binding

protein (4E-BP1)
,0.01 NS

Natural killer cell receptor 2B4 (CD244) ,0.01 NS
C-X-C motif chemokine 1 (CXCL1) 0.01 NS
Monocyte chemotactic protein 2 (MCP-2) 0.01 NS
C-X-C motif chemokine 11 (CXCL11) 0.02 NS
Tumour necrosis factor ligand superfamily

member 14 (TNFSF14)
0.02 NS

Tumour necrosis factor ligand superfamily
member 9 (TNFRSF9)

0.03 NS

CD40L receptor (CD40) 0.03 NS
Adenosine deaminase (ADA) 0.03 NS
C-C motif chemokine 25 (CCL25) 0.04 NS
STAM-binding protein (STAMBP) 0.04 NS
Caspase-8 (CASP-8) 0.04 NS
Leukaemia inhibitory factor receptor (LIF-R) 0.04 NS

*Using multivariable projections, by means of orthogonal projections to latent
structures-effect projections for dependent samples, and univariate
associations corresponding to a paired t test of individual variables. FDR, false
discovery rate. †Benjamini–Hochberg used to adjust for FDR ofmultiple testing;
pass indicates a result remaining significant after controlling for FDR , 0.1,
with NS denoting non-significance.
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concentrations outside the limit of detection and were thus
excluded (Table S1).

When investigating the entire cohort, no differences in
measurable serum protein levels were observed between cases
and controls. In a subgroup analysis of the 34 patients with
rectal cancer, serum levels of 15 proteins associated with
inflammation displayed significantly altered baseline levels
between cases and controls in the paired analysis (Table 2). After
adjustment for a plausible false discovery rate, two proteins,
CXCL6 and CCL11, remained within the accepted statistical
significance threshold. Results did not differ in a sensitivity
analysis, where only matched cases and controls who had

concordant oncological treatment were considered (CXCL6, P=
0.008; CCL11, P= 0.026).

Figure 2 shows the distributions of CXCL6 and CCL11
concentrations between cases and controls, divided into tertiles.
Protein levels were evenly distributed between the two groups in
the mid tertile, whereas the upper and lower tertiles showed
evident discrepancies, with less than 10 per cent of controls
present in the upper tertile for both proteins. Accompanying ROC
curves illustrate an area under the curve (AUC) of 0.837 for CXCL6
and 0.758 for CCL11, whereas a discriminant analysis of merged
data, using both proteins, demonstrated a slightly higher degree of
separability between cases and controls with an AUC of 0.896.

Biomarker analyses by ELISA assays
As demonstrated in Table 3, results from ELISA analyses displayed
statistically weak, although significant, elevations in preoperative
titres of hs-CRP in patients with anastomotic leakage in the entire
cohort (mean fold change 3.595, P=0.044; median fold change
2.308, P= 0.039) as well as in the colonic cancer subgroup (mean
fold change 4.336, P= 0.048; median fold change 2.771, P=0.031).
In patients with rectal cancer, levels of hs-CRP did not differ
between cases and controls. Concentrations of I-FABP were
similar between cases and controls. A sensitivity analysis
conducted with matched pairs who had concordant neoadjuvant
treatment exclusively showed similar results (Table S2).

Tissue expression of chemokines and their
receptors
As a hypothetical source of the observed differences in circulating
CXCL6 andCCL11 levels between rectal cancer cases and controls,
immunohistochemical staining of normal tissues from the
resection margin displayed no obvious differences between the
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Fig. 2 Preoperative distributions (tertiles) and a grouped discriminant analysis of proteins CXCL6 and CCL11 that were significantly higher in patients
with anastomotic leakage after rectal cancer resection (34 cases and controls matched 1:1)
Receiver operating characteristic curves and an estimation of area under the curve (AUC) denoting prediction accuracy. QDA, quadratic discriminant
analysis.

Table 3 Comparison of preoperative serum protein levels in
41 patients who had anastomotic leakage after resection for
colorectal cancer, with 41 matched controls with a
complication-free postoperative course as reference

Protein Mean fold
change

P* Median fold
change

P†

hs-CRP
Entire
cohort

3.56 0.04 2.30 0.04

Colon 4.34 0.05 2.77 0.03
Rectum 2.55 0.63 1.73 0.47

I-FABP
Entire
cohort

2.87 0.73 1.13 0.51

Colon 3.17 0.77 1.72 0.25
Rectum 2.45 0.87 0.82 0.52

*Dependent t test for comparison of matched cases and controls. †Wilcoxon
signed rank sum test for comparison of matched samples. Entire cohort
indicates that all 82 patients were included in the analysis, with ‘colon’ and
‘rectum’ denoting subgroup analyses, with a total of 48 patients in the former
group, and 34 patients in the latter group. hs-CRP, high-sensitivity C-reactive
protein; I-FABP, intestinal fatty acid-binding protein.
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two groups (Fig. 3). Staining was positive for both chemokines and
their receptors (Fig. 3 and Fig. S1).

Post hoc sensitivity analyses
To try and further corroborate the main study findings, post hoc
sensitivity analyses were conducted on residual plasma samples
from the 14 rectal cancer resections performed at Umeå
University Hospital. Although not reaching formal statistical
significance, CXCL6 and CCL11 displayed a corresponding
increased trend in patients with anastomotic leakage (Table 4).

Discussion
In this explorativematched case–control study, patients with rectal
cancer with anastomotic leakage had significantly elevated
preoperative serum levels of the inflammation-related proteins
CXCL6 and CCL11, after correction for multiple comparisons. On
the contrary, patients with colonic cancer and anastomotic
leakage demonstrated a marginally significant increase in hs-CRP
before surgery, whereas titres were similar between cases and
controls in the rectal cancer group. No evidence of differences in
expression pattern and intensity of CXCL6 or CCL11 and their
corresponding protein receptors in rectal cancer as well as healthy

tissue could be found by immunohistochemical staining; however,
plasma levels of CXCL6 and CCL11 were increased, though not to a
statistically significant degree.

There are several limitations to the present study. While the
conservative matching criteria are on the one hand considered a
study strength and necessary to avoid any baseline differences in
serum protein expressions between the pairs, a few potential cases
were lost due to a lack of eligible controls. Notwithstanding, a
discrepancy remained in the use of neoadjuvant therapy within the
rectal cancer group, likely a result from matching based on
histopathology rather than clinical tumour stage. As radiotherapy
has been associated with leakage21 (although this is controversial22)
and constitutes a plausible driver for an elevated inflammatory
state, it can be noted that sensitivity analyses with matching for
neoadjuvant therapy nevertheless demonstrated consistent results.
Moreover, the explorative nature of the present report with
numerous biomarkers analysed entails a risk of false-positive
discoveries, although this was controlled for in part by means of the
Benjamini–Hochberg procedure. The limited statistical power also
raises some concerns, although the sample size is comparable to
previous studies on leakage pathophysiology11,23. It is important to
bear in mind that formal validation in prospective settings is
required before any firm conclusions concerning the clinical utility
of the derived biomarkers can be drawn. Furthermore, assessment
through a single preoperative blood sample incompletely covers the
dynamics of inflammation. Ideally samples would be collected at
multiple time points, and by taking potential circadian variations
into consideration.

While only two proteins, CXCL6 and CCL11, remained
significant after controlling for multiple testing, all 15
inflammation-related biomarkers in the primary Olink panel
analysis displayed elevated serum concentrations before
surgery in patients with rectal cancer and anastomotic leakage;
however, preoperative levels of hs-CRP were statistically
significantly elevated only in patients with colonic cancer and

Leak

a

c

b

d

CXCL6

CCL11

No leak

Fig. 3 Representative images of immunohistochemical staining of normal tissue at the resectionmargin from rectal cancer patients defined as cases
(anastomotic leakage) and controls (complication-free postoperative course) using antibodies against CXCL6 and CCL11
a,b CXCL6 is expressed in the mucosal epithelium and by some stromal cells. c,d CCL11 is mainly expressed by the epithelium. As illustrated, there
were no signs of differences in expression pattern or intensity in patientswith anastomotic leakage, and thosewith a complication-free postoperative
course.

Table 4 Post hoc sensitivity analyses performed on preoperative
plasma samples in a matched subset of seven patients who had
anastomotic leakage after resection for rectal cancer, with seven
complication-free controls as reference

Protein Mean fold
change

P* Median fold
change

P†

C-X-Cmotif chemokine
6 (CXCL6)

1.49 0.18 1.50 0.16

Eotaxin (CCL11) 1.04 0.81 1.18 0.47

*Dependent t test for comparison of matched cases and controls. †Wilcoxon
signed rank sum test for comparison of matched samples.
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subsequent leakage, although this finding could be considered
weak, as formal statistical significance was only just reached,
and the corresponding fold changes were similar in patients
with rectal cancer. These conflicting results might therefore be a
consequence of a small sample size. In addition, as the ELISA
analyses were selected beforehand, adjusting for multiple
testing was omitted, which might be another plausible source of
this disagreement. Also, while preoperative systemic
inflammation correlates with postoperative complications in
general10, previous reports focusing on anastomotic leakage
have failed to demonstrate a corresponding mechanism for CRP,
both in terms of CRP in itself24, but also for interleukin-6, which
stimulates production of CRP11. Altogether, the absence of an
increase in hs-CRP levels in patients with rectal cancer may
suggest that preoperative systemic inflammation was not a
major driver of anastomotic leakage in these patients, whereas a
risk of type I errors needs to be taken into account for the
contrasting results regarding patients with colonic cancer. On
the contrary, levels of CXCL6 and CCL11 showed strong
correlations with anastomotic leakage in patients with rectal
cancer, further supported by the sensitivity analysis.

It is important tobear inmindthat local inflammationconstitutes
a physiological phase of normal wound healing; however,
dysregulated inflammation (excessively activated or prolonged) is
well known to impair wound healing25. For instance, in wounds
where microbial clearance is incomplete, sustained inflammation
increases the risk of dehiscence, which has largely been attributed
to increased levels of matrix metalloproteases (MMPs) that
degrade extracellular matrix25. Interestingly, CXCL6 is known to
stimulate and secrete proteases, such as MMP-9 from
granulocytes26, and may indicate that such protease activity was
higher in those with anastomotic failure. Moreover, CXCL6 has
also been ascribed with strong antibacterial properties27.
Hypothetically, high levels of CXCL6 in patients who had a leak
may reflect an unfavourable intestinal microbiome, due to
bacterial dysregulation of inflammatory systems, as previously
substantiated by Shogan and colleagues28, and a recent review29.
Altogether, the proteolytic activity of MMP-9 constitutes a
conceivable driver of anastomotic breakdown, wherein bacterial
agents with a high level of such collagenase activity seem to play
an important role in the leakage pathogenesis28; this has also been
conceptualized in the healing of experimental anastomoses by
inhibiting MMP activity through antibiotic treatment30.

CCL11 isapowerfuleosinophilattractant thathasbeensuggested
to play an important role in several chronic inflammatory
conditions, and especially in diseases affecting the gastrointestinal
tract31. While CCL11 concentrations are elevated in patients with
inflammatory bowel disease, serum levels are significantly higher
in those with active disease32, and CCL11 is strongly suggested to
play a pivotal role in development of mucosal inflammation in
these conditions33. Hypothetically, higher CCL11 expressions in
patients with anastomotic failure in the present cohort may
therefore suggest that mucosal inflammation was increased,
providing a luminal environment with unfavourable conditions,
risking bowel wall breakdown and intestinal fistulation; however,
no such pattern emerged in an attempt to verify whether local
differences in the tissue expression pattern and intensity of both
CXCL6 and CCL11 and their cellular receptors would explain the
observed differences in circulating protein levels. Speculatively,
this may suggest that healthy and tumour tissue itself play a
lesser role in the upregulation of these circulating proteins, while
other patient and systemic factors may require further study to
better understand the mechanisms involved.

Furthermore, a previous study found that intestinal fatty
acid-binding protein (I-FABP), a marker of enterocyte damage,
was elevated before surgery in patients with rectal cancer who
later had anastomotic leakage11. As intestinal barrier
dysfunction denoted by I-FABP correlates with a shift in gut
microbiota34, it is of interest that a corresponding loss of
cytoprotectives in patients with I-FABP elevation and leakage has
been reported28. While uncorroborated by the present study
findings in terms of I-FABP, CXCL6, is strongly associated with
mucosal infections27, and was clearly elevated in patients with
leakage. This finding might further substantiate the concept that
gut inflammation and intestinal microbiome play an important
role in anastomotic healing. Moreover, while prognostic
information concerning colorectal leaks has been derived from
expression of interleukins and tumour necrosis factor during the
early postoperative interval, a similar pattern did not emerge
based on the preoperative samples studied herein35.

While the exact interplay between gut microbiota,
inflammatory response, and anastomotic leakage stretches
beyond the scope of the present study, the findings herein of
biomarkers for mucosal inflammation and bacterial activity
may help shed further light on why some anastomoses fail to
heal. The results should be interpreted with great caution with
respect to the study limitations; however, anastomotic leakage
in surgery for rectal cancer remains a challenge, where even
provisional findings warrant further study and formal validation.
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