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Abstract

A prospective pilot study was conducted on 11 patients with rectal cancer to investigate fecal calprotectin (FC) as a diagnostic tool for
detecting anastomotic leakage (AL) after low anterior resection. Among the 11 patients, 1 patient (9.1%) experienced AL (Clavien-Dindo
Grade Illa). During the post-operative course until post-operative day (POD) 5, the white blood cell count of the patient with AL was
within the normal range. The C-reactive protein level in the AL and non-AL groups showed a similar time course. On the other hand,
the FClevel in patient with AL dramatically increased on PODS5, while the FC level of the non-AL group remained relatively stable. There
was no significant correlation between the preoperative FC level and the tumor circumference rate, tumor size, depth of invasion or
stage. This pilot study showed the possibility of FC as a useful diagnostic tool for the detection of AL after low anterior resection for

rectal cancer.

INTRODUCTION

Anastomotic leakage (AL) is a severe complication that leads
to bacterial infection, including sepsis, abdominal abscess and
panperitonitis, resulting in an emergency operation and stoma
creation. In addition, AL can lead to oncological disadvantages
such as local recurrence and a poor prognosis [1, 2]. Despite
the introduction of novel techniques and devices to prevent the
AL, including transanal decompression tube [3, 4], polyglycolic
acid sheet for the reinforcement of staple lines [5, 6], powered
circular staplers [7] and triple-layered circular staplers [8], the
incidence of AL in recent reports was still 4.6-15.8% [4, 7-9]. AL is
diagnosed based on the findings of physical examinations, such
as the presence of abdominal pain, body temperature elevation
and the discharge of feces or pus from the abdominal drain, and
blood test results. However, computed tomography (CT) or enema
examination is often required to make a definitive diagnosis, and
some cases are still difficult to diagnose. Therefore, more sensitive
and accurate diagnostic markers or tools are needed to aid in the
diagnosis of AL.

Calprotectin is a calcium-binding cytosolic protein complex
that consists of S100A8 and S100A9 [10, 11]. It is found in
neutrophilic granulocytes, monocytes and macrophages. The

S100A8/S100A9 complex controls the intracellular pathways of
innate immune cells and allows the orchestration of the inflam-
matory response. Typically, patients with chronic inflammatory
diseases of the intestine show increased fecal calprotectin (FC)
concentrations, partly because neutrophilic inflammation is
an aspect of such diseases [12, 13]. Therefore, the examination
of FC is widely accepted for the non-invasive assessment
of inflammatory bowel disease (IBD) [13]. In this study, we
investigated whether FC could be applied as a diagnostic tool
for AL. FC was selected because AL results in local inflammation
at the anastomotic site due to dehiscence and leakage of the
anastomotic site and the leakage of feces outside the digestive
tract; thus, AL might be diagnosed based on the FC level. The aim
of this study is to investigate the possible application of FC as a
diagnostic tool for the detection of AL after low anterior resection
for rectal cancer.

CASE SERIES

Materials and methods

Patients

A prospective pilot study was conducted for patients who under-
went laparoscopic low anterior resection for rectal cancer in a
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Figure 1. Perioperative values of inflammatory markers and FC in all patients; white blood cell count (a), CRP (b) and FC (c) in patient with AL; white

blood cell count (d), CRP (e) and FC (f) in patient without AL.

single institution at the Department of Surgery, Saga Medical
Center Koseikan, between July 2020 and December 2021. All
patients and their families were fully informed about the surgical
procedures in order to obtain their written consent. Written
informed consent and broad consent to participate in this study
were obtained. The medical records of all patients were reviewed
in detail. The medical ethics committee of Saga Medical Center
Koseikan reviewed and approved this study design (permission
number: 20-06-01-01). During the study period, 30 patients
received low anterior resection in our institution, and written

informed consent was obtained and sample collection could be
performed in 19 patients. Among the 19 patients, 8 patients had
missing data due to failure to collect feces samples. The remaining
11 patients were eligible for inclusion in this study.

Patient management and surgical procedure

Rectal cancer was confirmed preoperatively by colonoscopy and
a pathological examination. In all patients, the presence of IBD
was ruled out by endoscopy. Mechanical bowel preparation was
performed using magnesium citrate with sodium picosulfate
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Table 1. Patient characteristics.

Characteristics n=11
Sex (male: female) 8:3
Age (years: median (min, max)) 74 (49, 90)
Preoperative bowel obstruction (yes: no) 1:10
Tumor location (upper: lower) 9:2
TNM stage (0-I1: III, IV) 7:4
T category (T1, T2: T3, T4) 4:7
N category (negative: positive) 7:4
M category (negative: positive) 10:1
Maximum tumor size (mm: median (min, max)) 45 (24, 85)
Circumference rate of the tumor (%: median (min, max)) 64 (33, 100)
Diverting stoma (yes: no) 2:9
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Figure 2. Correlation between clinicopathological factors; (a) circumference rate of tumor, (b) tumor size, (c) depth of invasion and (d) stage) and the

preoperative FC level.

oral solution before the operation. All patients underwent
laparoscopic low anterior resection, which is defined as tumor-
specific mesorectal excision or total mesorectal excision, with
adequate lymphadenectomy, following colorectal anastomosis
using the double stapling technique. The decision to create a
protective ileostomy was made based on the condition of the
bowel and/or the surgeon’s technical evaluation of the quality
of anastomosis. A 10-mm duple drain was used as a transanal
decompression tube. It was gently inserted into the anus and
placed on the oral side of the anastomotic site. On post-operative
day (POD) 5, the transanal decompression tube was removed
and the patient started receiving liquid food. Feces samples

were obtained preoperatively and on POD1, POD3 and PODS5.
Post-operative fecal samples were collected from the transanal
decompression tube or from diapers. AL was confirmed by CT
and/or enema examination with water-soluble contrast fluid,
following complications of abdominal pain, fever elevation or
the discharge of feces or pus from the abdominal drain. The
pathological tumor stage was classified according to the seventh
edition of the UICC-TNM classification.

Statistical analyses

Continuous variables were expressed as the median and range,
while categorical variables were expressed as numbers. The asso-
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ciation between the FC level and other clinicopathological factors
was assessed using Spearman’s rank correlation coefficients (r)
or the Mann-Whitney U test. P values of <0.05 were considered to
be statistically significant. All analyses were conducted using the
SPSS software program, version 25 (IBM Japan, Tokyo, Japan) and
R version 4.2.2.

RESULTS

The characteristics of the patients are summarized in Table 1.
Among the 11 patients who received laparoscopic low anterior
resection for rectal cancer, 1 patient (9.1%) experienced AL
(Clavien-Dindo Grade IIla). Two patients underwent the creation
of a protective ileostomy at the initial surgery due to the poor
condition of the intestine on the oral side of the anastomotic
site. A patient who experienced AL was included among the
patients who underwent the creation of a protective ileostomy.
The white blood cell count of the patient with AL remained
within the normal range until PODS (Fig. 1a). In addition, the
C-reactive protein (CRP) level of this patient peaked on PODS3,
and improvement was seen on POD5 (Fig. 1b). On the other hand,
the FC level of this patient showed a dramatic increase on POD5
(Fig. 1c). This patient was found to have AL on PODS. In the non-
AL group, gradual improvement of the white blood cell count and
CRP level was observed until POD5 (Fig. 1d and e). In addition,
the FC level of the non-AL group remained relatively stable in
comparison to the patients with AL (Fig. 1f).

There was no significant correlation between the preoperative
FC level and the tumor circumference rate, tumor size, depth of
invasion or stage (Fig. 2a-d).

DISCUSSION

A recent systematic review of biomarkers for the detection of
AL after colorectal surgery showed that CRP and procalcitonin
(common inflammatory markers) could be reliable markers for
the prediction of AL [14]. Other candidate markers, including
oxidative stress markers and inflammatory biomarkers, such as
interleukinj-6 or interleukin-10 from blood and/or drainage fluid
samples have been also introduced [14]. However, these markers
are still far from being applied in clinical practice. In actual clin-
ical practice, the diagnosis of AL is sometimes difficult because
patients with minor or occult AL sometimes show no abdominal
pain or fever elevation, and their blood test parameters may also
be within the normal range or show a normal course. Even if CT
shows no evidence of AL, AL may be detected by an enema exami-
nation. Therefore, a more effective and convenient diagnostic tool
isneeded for the detection of the AL. In the normal post-operative
course, inflammatory change due to surgery subsides with time
after surgery. However, in the case of AL, the inflammation around
the anastomotic site and intestinal tract does not subside and,
conversely, calprotectin in the stool may increase because the
inflammation becomes stronger. As a result, the signs of AL may
be detected earlier.

We examined the FC level based on its potential application
as a useful diagnostic tool for the detection of AL after rectal
surgery. The reason why we applied this study for the low anterior
resection is that constant fecal samples could be expected to be
obtained through feces drained via a transanal decompression
tube. To avoid AL, in recent practice, a transanal decompression
tube is routinely placed as it can effectively reduce the incidence
of AL [3, 4]. This approach is gaining widespread acceptance. In
addition, the examination of FC is widely accepted in the clinical

evaluation of IBD. In this study, we only experienced AL in one
of the 11 patients. This patient underwent the creation of a
protective ileostomy during surgery. Although the sample size is
too small to conduct a proper analysis, interestingly, the patient
with AL showed a dramatic increase in their FC level on POD5
despite the white blood cell count and CRP level peaking on POD3.
Actually, the patient was found to have minor leakage (Clavien-
Dindo IlIa) on PODS8, which was confirmed by CT and an enema
examination. This indicates that FC might be more sensitive for
the diagnosis of AL in comparison to the white blood cell count
or CRP level, which are used as standard inflammatory markers.
We speculated that, due to protective ileostomy, the patient’s
systemic inflammation may have been controlled and that, as a
consequence, the white blood cell count and CRP level would not
have increased as much. On the other hand, the FC level, which is
a local inflammatory marker, was increased instead.

We also hypothesized that that the efficacy of FC as a local
inflammatory marker could also be assessed by the evaluation
of obstructive colitis. Colorectal cancer with a large tumor cir-
cumference leads to intestinal obstruction and/or obstructive
colitis following fecal obstruction. Thickening of the colonic wall
with edema and inflammation due to obstructive colitis could
be a risk factor for AL after rectal surgery. However, our results
showed no correlation between the circumference rate of tumor,
tumor size or depth of invasion. Our study investigated a relatively
small population. Therefore, it might be interesting to analyze the
relationship between the FC level and the circumference rate of
tumor and the intestinal condition in a larger population.

The present study was associated with several limitations. The
study population was small and the study was conducted at a
single institution. In addition, it is sometimes difficult to obtain
fecal samples from a transanal decompression tube after preop-
erative mechanical preparation. Moreover, only patient with AL in
our study population had received protective ileostomy, and stool
from the anus had a very high concentration of mucus. Accord-
ingly, itis possible that the calprotectin level measured in the stool
would be more concentrated than that in a patient with normal
defecation. Therefore, further studies are needed in order to con-
firm whether it is possible to apply FC as a diagnostic tool for the
detection of AL after low anterior resection for rectal cancer.

CONCLUSION

In conclusion, this pilot study was the first to evaluate the possible
application of the measurement of FC as a diagnostic tool for
the detection of AL after low anterior resection for rectal cancer.
Thus far, the early signs of AL can only be detected by inflam-
matory markers in blood tests and/or the findings of physical
examinations. However, the examination of FC as an indicator of
local inflammation may have the potential to detect the presence
of local inflammation due to AL without the influence of other
systemic inflammatory complications. This approach, using FC as
a marker of local inflammation, may be useful for differentiating
local complications from systemic complications.

FUNDING

This study was supported by Koseikan Institutional Research
Grant.

CONFLICT OF INTEREST STATEMENT

None declared.



Analysis of fecal calprotectin as a diagnostic marker for anastomotic leakage | 5

AUTHORS’ CONTRIBUTIONS

M.H. and T.T. designed this study. M.H., T.T., H.S,, SM., HK. and
K.K. treated the patients. Y.S. contributed to the measurement of
FC. M.H. and E.S. (specialist in statistics) analyzed the data. M.H.
and T.T. interpreted the results and wrote the manuscript.

ETHICS APPROVAL

The medical ethics committee of Saga Medical Center Koseikan
reviewed and approved this study design (permission number: 20-
06-01-01).

CONSENT TO PARTICIPATE

All patients and their families were informed about the surgical
procedure and provided their written consent. Informed broad
consent for this study was obtained.

DATA AVAILABILITY

The data sets generated during the study are available from the
corresponding author on reasonable request.

REFERENCES

1. Bell SW, Walker KG, Rickard MJ, Sinclair G, Dent OF, Chapuis
PH, et al. Anastomotic leakage after curative anterior resection
results in a higher prevalence of local recurrence. Br J Surg
2003;90:1261-6.

2. Jung SH, Yu CS, Choi PW, Kim DD, Park IJ, Kim HC, et al. Risk
factors and oncologic impact of anastomotic leakage after rectal
cancer surgery. Dis Colon Rectum 2008;51:902-8.

3. Deng SY, Xing JD, Liu MX, Xu K, Tan F, Yao ZD, et al. Effect
of the transanal drainage tube on preventing anastomotic
leakage after laparoscopic surgery for rectal cancer: a sys-
tematic review and meta-analysis. Int J Colorectal Dis 2022;37:
1739-50.

4. Okazaki Y, Shibutani M, Nagahara H, Fukuoka T, Iseki Y, Wang
E, et al. Significance of information obtained during transanal

10.

11.

12.

13.

14.

drainage tube placement after anterior resection of colorectal
cancer. PloS One 2022;17:€0271496.

. Naito M, Yamanashi T, Nakamura T, Miura H, Tsutsui A, Sato

T, et al. Safety and efficacy of a novel linear staple device with
bioabsorbable polyglicolic acid felt in laparoscopic colorectal
surgery. Asian ] Endosc Surg 2017;10:35-9.

. Shibutani M, Nagahara H, Fukuoka T, Iseki Y, Okazaki Y,

Hirakawa K, et al. Prevention of anastomotic leakage using a
polyglycolic acid sheet in double-stapling technique anastomo-
sis for rectal surgery. Ann Med Surg 2012;2021:103117.

. Pla-Marti V, Martin-Arévalo J, Moro-Valdezate D, Garcia-Botello

S, Mora-Oliver I, Gadea-Mateo R, et al. Impact of the novel pow-
ered circular stapler on risk of anastomotic leakage in colorectal
anastomosis: a propensity score-matched study. Tech Coloproctol
2021;25:279-84.

. Nakanishi R, Fujimoto Y, Sugiyama M, Hisamatsu Y, Nakanoko

T, Ando K, et al. Clinical impact of the triple-layered circular
stapler for reducing the anastomotic leakage in rectal cancer
surgery: Porcine model and multicenter retrospective cohort
analysis. Ann Gastroenterol Surg 2022;6:256-64.

. Hiraki M, Tanaka T, Ikeda O, Sadashima E, Kimura N, Nakamura

S, et al. Retrospective risk analysis for anastomotic leakage
following laparoscopic rectal cancer surgery in a single institute.
] Gastrointest Cancer 2020;51:908-13.

Edgeworth J, Gorman M, Bennett R, Freemont P, Hogg N. Iden-
tification of p8,14 as a highly abundant heterodimeric calcium
binding protein complex of myeloid cells. J Biol Chem 1991;266:
7706-13.

Donato R, Cannon BR, Sorci G, Riuzzi F, Hsu K, Weber DJ, et al.
Functions of S100 proteins. Curr Mol Med 2013;13:24-57.

Zhou GX, Liu ZJ. Potential roles of neutrophils in regulating
intestinal mucosal inflammation of inflammatory bowel dis-
ease.] Dig Dis 2017;18:495-503.

Jukic A, Bakiri L, Wagner EF, Tilg H, Adolph TE. Calprotectin: from
biomarker to biological function. Gut 2021;70:1978-88.
Selvamani TY, Shoukrie SI, Malla J, Venugopal S, Selvaraj R,
Dhanoa RK, et al. Predictors that identify complications such
as anastomotic leak in colorectal surgery: a systematic review.
Cureus 2022;14:e28894.



	 The analysis of fecal calprotectin as a diagnostic marker for anastomotic leakage after rectal cancer surgery: a pilot study
	 INTRODUCTION
	 CASE SERIES
	 RESULTS
	 DISCUSSION
	 CONCLUSION
	 FUNDING
	 CONFLICT OF INTEREST STATEMENT
	 AUTHORS' CONTRIBUTIONS
	 ETHICS APPROVAL
	 CONSENT TO PARTICIPATE
	 DATA AVAILABILITY


