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LABORATORY PREDICTORS FOR DIAGNOSING
COLORECTAL ANASTOMOTIC LEAKAGE

Background. An important concern in oncological coloproctology is colorectal anastomotic leakage (AL), which occurs
in 3.5%-21% of patients. Predicting the occurrence of failure based on the results of laboratory markers can be deci-
sive for the treatment of this complication. Aim. To improve the early diagnosis of AL by establishing combinations
and threshold values of laboratory markers — predictors of the inflammatory process. Materials and Methods. The
prospective study, conducted from 2020 to 2023, included 213 rectal cancer patients who underwent low anterior resec-
tion after neoadjuvant chemoradiotherapy. The inflammatory biomarkers were assessed before surgery and on the 3rd,
5th, and 7th days of the postoperative period. Results. AL diagnosed in 25 (11.74%) patients by the grade of severity
was as follows: A (radiological) in 7 (3.29%) patients; B (clinical) — 4 (1.88%); C (clinically expressed, peritonitis) —
11 (5.16%), and P (late) — 3 (1.41%) patients. The changes in the laboratory indicators of the inflammatory response
such as C-reactive protein (CRP), procalcitonin (PCT), the counts of neutrophils (NEU), lymphocytes (LYM), platelets
(PLT), and neutrophil/lymphocyte ratio (NLR) were significant only in B or C AL grades. Among them, only three indi-
cators were identified as significant for predicting AL when assessed 24 h before the onset of this complication, namely
LYM (threshold value < 0.97 x 10%/mm?, sensitivity 66.7% and specificity 81.3%, p < 0.001); PLT (threshold value >
> 257 10%*/mm?’, sensitivity 58.6%, and specificity 86.7%, p < 0.001); and NLR (threshold value > 4.42, sensitivity 58.1%,
and specificity 86.7%, p < 0.001). The three-factor model based on these selected indicators was set up, and the prognosis
index (Prog) was proposed with the decision threshold Prog.;, = 2.23. The sensitivity of the model was 80% (95% CI
51.9%—95.7%), and the specificity — 74.2% (67.6%—=80.2%). Conclusion. Based on the routine laboratory predictors
used in the complex diagnosis of AL, B or C AL grades may be predicted allowing for the timely effective early diagnosis,
medication, and surgical intervention..
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An important concern in oncological coloprocto-
logy is an anastomotic leakage (AL), which occurs
in 3.5%—21% of patients undergoing surgery for
rectal cancer, despite advances in patient manage-
ment, the introduction of the latest surgical tech-
nologies, and preventive methods [1—3]. AL leads
to repeated surgery due to the development of peri-

tonitis and sepsis with a high postoperative mortal-
ity rate and subsequently with a high risk of recur-
rence, worse overall survival, low quality of life of-
patients as well as additional costs for the health-
care system [4—9].

Clinically, AL is characterized by the severity
grade according to the classification of the Interna-

Citation: Gordiichuk M, Myasoyedov S. Laboratory predictors for diagnosing colorectal anastomotic leakage. Exp
Oncol. 2024; 46(2): 146-153. https://doi.org/10.15407/exp-oncology.2024.02.146

© Publisher PH «Akademperiodyka» of the NAS of Ukraine, 2024. This is an open access article under the CC BY-NC-
ND license (https://creativecommons.org/licenses/by-nc-nd/4.0/)

146

ISSN 1812-9269. Experimental Oncology 46 (2). 2024



Laboratory Predictors for Diagnosing Colorectal Anastomotic Leakage

tional Study Group of Rectal Cancer [10], namely:
A — radiologically detected leakage without clini-
cal and laboratory symptoms that does not require
additional treatment; B — AL with clinical symp-
toms and laboratory changes that requires active
medical treatment (antibiotic therapy, detoxifica-
tion therapy), surgical manipulations without re-
laparotomy; C — clinically expressed (peritonitis,
sepsis) AL requiring repeated surgery. In this stu-
dy, the presented classification was supplemented
by another group of AL, which is diagnosed and
marked P — late AL detected during the second
to third month after surgery, without clinical
symptoms, as a finding of the endoscopist during
a planned examination before closing the di-
verting colostomy (DS).

The prediction of the occurrence of AL based on
the laboratory tests, the effective early diagnosis
with timely administration of medication, and sur-
gical correction are decisive in reducing post-
operative mortality.

The present study is focused on the inflamma-
tion biomarkers C-reactive protein (CRP) and pro-
calcitonin (PCT) as well as the counts of cells
involved in the inflammatory process, such as neu-
trophils (NEU), lymphocytes (LYM), and neutro-
phil/lymphocyte ratio (NLR), which have con-
firmed their importance in diagnosing post-
operative complications including AL [11—16].
Currently, the data on the role of routine labora-
tory parameters in predicting the occurrence of AL
in the formation of low colorectal anastomosis
in patients with rectal cancer after neoadjuvant
chemoradiotherapy (CRT) are insufficient, which
requires further research. The aim of the study was
to improve the early diagnosis of AL by establishing
combinations and threshold values of laboratory
markers — predictors of the inflammatory process.

Materials and Methods

The prospective study conducted from 2020
to 2023 included 213 rectal cancer patients who
underwent low anterior resection after neoadju-
vant CRT. Inclusion criteria: age 18 years and older;
morphologically confirmed adenocarcinoma of
various differentiation grades; according to MRI,
localization of the tumor within < 100 mm from
the anorectal angle; stages II—III of the disease
(T3-4NOMO, TanyN1-2MO0); completed course
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of neoadjuvant CRT (44—55 Gy + 2 cycles of
capecitabine or 5-Fu infusion); after the completion
of CRT, a low anterior rectal resection was per-
formed within 7 to 10 weeks. Exclusion criteria:
performed operations without anastomosis for-
mation; postoperative complications that are not
related to anastomotic failure. Patients’ charac-
teristics are presented in Table 1.

The study of the inflammatory biomarkers was
performed before surgery and on the 3rd, 5th, and
7th days of the postoperative period, and in pa-
tients with high indicators monitoring of blood
biomarkers was continued. The counts of white
blood cells (WBC), neutrophils (NEU), lympho-
cytes (LYM), and platelets (PLT) were measured
on a hematology analyzer Pentra ES 60 “ABX Diag-
nostics” (France) and automatic HORIBA ABX SAS
(France). The level of CRP was determined by the
immunoenzyme method using the iChroma CRP
test system (Boditech Med Ink, Korea) with a work-
ing range of 2.5—300 mg/L; the level of PCT —
with iChroma PCT Plus test system (Boditech Med
Ink, Korea) with a range of 0.1—100 ng/mL. To as-
sess the diagnostic value of AL, threshold levels were
set for CRP > 50.0 mg/L and PCT > 0.5 ng/mL.

Table 1. Clinical and pathological
characteristics of the patients with OSCC (n = 40)

Patients
with formed
Parameter low colorectal
anastomosis
(n= 213)
Gender, n (%):
female 105 (49.29)
male 108 (50.71)
Mean age + o, years 66.9 +8.6
Median body mass index (min—max), 27.05
kg/m? (24.3—29.4)
pTNM stage, n (%):
II (pT3-4NOMO) 155 (72.77)
IIT (pT2-4N1-2MO0) 58 (27.23)
Tumor differentiation grade, n (%):
Gl,G2 185 (86.85)
G3 + mucosal adenocarcinoma 28 (13.15)
The level of the formed anastomosis
to the dentate line (mm), n (%):
<60 167 (78.4)
> 60 46 (21.6)
147
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Fig. 1. Indicators of inflammatory markers in patients with rectal cancer who underwent low anterior rectal resection:
0 — patients without AL; A — patients in whom AL was diagnosed radiologically; P — diagnosed late, outpatients;

B — patients with clinical symptoms and need for active medical treatment; C —

for repeated surgery

The research data were entered into the Excel
spreadsheet. Statistical analysis was performed
using Statistical software EZR v. 1.54 (graphical
user interface for R statistical software version
4.0.3, R Foundation for Statistical Computing,
Vienna, Austria) [17]. The quantitative results were
described using mean * standard deviation (for the
normal distribution) or median value and inter-
quartile range (for the non-normal distribution).
Student’s test (in the case of the normal distribu-
tion) or the Mann — Whitney test (in the case of
the non-normal distribution) were used for com-
parison. The chi-square test and Fisher’s exact test
were used to compare the distribution of qualita-
tive variables. The method of building logistic
regression models was used to predict the risk of
early failure. The risks of progression are presen-
ted as odds ratio (OR) with corresponding 95%
confidence intervals (CI). ROC curves were con-
structed for indicators showing good agreement
(AUC > 0.7) with mention of the Youden index
(maximization of sensitivity + specificity). The se-
lection of indicators by the method of stepwise in-

148

the clinic is expressed with the need

clusion/exclusion of factor characteristics was
provided. The factors that reached p < 0.05 were
considered statistically significant.

The clinical study was approved by the Ethics
Committee of the National University of Health
Care of Ukraine (Protocol No. 14 dated 07.12.2020).

Results

During the postoperative period following the
formation of low colorectal anastomosis in 213
patients, complications occurred in 25 (11.74%)
individuals, with AL being diagnosed. The severity
grades of AL were as follows: A (radiological) in 7
(3.29%) patients; B (clinical) — 4 (1.88%); C (cli-
nically expressed, peritonitis) — 11 (5.16%), and P
(late) — 3 (1.41%) patients.

The failure was diagnosed based on the clinical,
X-ray, sonographic, and laboratory studies on days
3—7 of the postoperative period, except for one
case of diagnosis of rectovaginal fistula on day 10.

The laboratory indicators of the inflammatory
response obtained, as presented in Fig. 1 and Tab-
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le 2, showed a statistically significant difference
only in cases of AL severity grades B or C in com-
parison to patients who did not develop AL.

The median indicators of the above data were
determined and used in the process of diagnosing
AL and had a diagnostic value (Table 2).

The presented results testify to their possible im-
portance in the diagnosis of AL, namely B and C
severity, which requires urgent decision-making
regarding medical treatment or the performance
of repeated surgical intervention.

According to the aim of the study, the concern
of identifying the diagnostically significant predic-
tors 24 h before the onset of AL was considered.
According to the one-factor model of logistic
regression, the laboratory indicators that could
be used to predict the occurrence of AL 24 h before
its onset were determined.

Table 2. Laboratory indicators and AL grade (Day 7)

The method of logistic regression models was
used, and grade B or C failure was detected in
15 patients (case, Y = 1), 198 patients (not case,
Y = 0). The study included indicators 24 h before
the occurrence of B or C failure and those in which
no failure was detected on the 7th day of the post-
operative period. Table 3 shows the results of uni-
variate analysis.

The plotted ROC curves according to the results
of the univariate analysis for indicators with good
agreement (AUC > 0.7) for predicting the critical
threshold of the risk of early failure with the indi-
cation of the Youden Index (maximization of sen-
sitivity + specificity) are presented in Fig. 2. Three
risk factors were identified: LYM (threshold value
< 0.97 x 103/mm?, sensitivity 66.7%, and speci-
ficity 81.3%, p < 0.001); PLT (threshold value
> 257 x103/mm?, sensitivity 58.6%, and specificity

Grade of anastomotic failure
Indicators
0 A B C P

NEU (x 103/ mm?) 4.35 5.61 9.63** 9.21%* 4.49
(3.28—5.47) (4.92—5.83) (8.37—10.62) (7.13—10.86) (3.98—4.73)

LYM (x 103/ mm?) 2.19 1.27 1.03% 0.82** 1.52
(1.37—2.56) (1.21—1.32) (0.93—1.25) (0.71—1.08) (1.38—1.73)

NLR (neu/lym) 2.54 4.35 9.32** 11.08** 2.61
(1.78—3.64) (3.68—4.82) (7.56—10.02) (5.83—13.72) (2.53—3.12)

PLT (x 10°*/mm?) 263 298 453%* 462** 253
(224—327) (277—361) (446—512) (448—554) (247—269)

CRP (mg/L) 23.9 48.3 151.1*%* 142.3** 24.3
(17.2—28.1) (29.7—57.2) (143.7—155.2) | (113.4—154.2) (21.8—25.1)
PCT (ng/mL) 0.25 0.46 3.3 5.3%* 0.27 (0.15—

(0.1—0.4) (0.31—0.52) (2.9—3.6) (4.7—5.6) 0.39)

Notes: * p < 0.05 and ** p < 0.001 as compared to the values of patients without AL.

Table 3. One-factor logistic regression models of risk prediction 24 h before the occurrence of B or C failure

i | Ot onomar) | lediens |l e
NEU 1.29 (0.96—1.75) 0.090 0.58 (0.51—0.65)
LYM 0.014 (0.002—0.141) <0.001 0.79 (0.72—0.84)
PLT 1.009 (1.003—1.015) 0.003 0.75 (0.68—0.80)
NLR 2.10 (1.41—3.13) <0.001 0.79 (0.73—0.85)
CRP 1.21 (0.94—1.37) 0.062 0.67 (0.60—0.73)
PCT 0.92 (0.88—1.07) 0.078 0.63 (0.56—0.69)
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Fig. 2. ROC curves based on one-factor analysis of prediction of AL of B and C grades 24 h before the occurrence

of this complication (with AUC > 0.7)
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Fig. 3. ROC curve for the three-factor index for predicting
failure of B and C 24 h before the occurrence

86.7%, p < 0.001); and NLR (threshold value > 4.42,
sensitivity 58.1%, and specificity 86.7%, p < 0.001).
To identify the weight of these features asso-
ciated with predicting the occurrence of AL of
grade B or C, indicators were selected by the meth-
od of stepwise inclusion/exclusion of factor char-
acteristics. The three-factor model built on the se-
lected features proved as adequate (chi-square =
39.2 with 3 degrees of freedom, p < 0.001). Table 4
shows the results of the multivariate analysis.

Based on the identified dependences, a progno-
sis index (Prog) is proposed for predicting the risk
of failure B or C 24 h before diagnosis:

Prog=-3.32 x X1 +0.011 x X2 + 0.57 x X3

where X1 is the LYM level, X2 is the PLT level,
and X3 is the NLR level.

The area under the operating characteristics
curve AUC = 0.84 (95% CI 0.78—0.88), which in-
dicates a good consistency of the model. Having
chosen the decision threshold Prog_. = 2.23, the
sensitivity of the model is 80% (95% CI 51.9%—
95.7%) and the specificity is 74.2% (67.6%—80.2%).

Discussion

During the study, the laboratory parameters of se-
rum markers of the acute phase of the inflamma-
tory response, routinely performed in surgical in-
patient units, were systematized to be used as puta-
tive predictive markers for assessing the risk of the
colorectal AL in rectal cancer patients who under-
went low anterior resection. Basing on the litera-
ture data, we focused on the analysis of the general
clinical markers such as WBC, NEU, LYM, and PLT

Table 4. Three-factor logistic regression model for predicting 24 h risk of B or C failure

Risk factor Coeflicient of the model, b + m Levell of significance of OR Model odds ratio, OR (95% CI)
difference from 1, p
LYM -3.32+145 0.022 0.04 (0.002—0.62)
PLT 0.011 +0.004 0.007 1.01 (1.003—1.019)
NLR 0.57 £0.25 0.021 1.77 (1.09—2.88)
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[18—22] and immunoenzymatic markers such
as CRP and PCT [23—27].

According to the results of our research, CRP,
PCT, NEU, LYM, PLT, and NLR showed a statisti-
cally significant difference in the cases of AL sever-
ity grades B or C compared to patients who did not
develop AL while they were not informative in AL
severity grades A and P.

Diagnosis of AL requires the use of a complex
approach involving clinical, radiological, sono-
graphic, endoscopic, and laboratory markers
of the inflammatory process. The applied diagnos-
tic methods should be routine, the results should
be obtained quickly and have diagnostic value.
den Dulk et al. [28] presented the data from five
Dutch centers (modified DULK score) based on
the patient’s clinical condition, the presence of non-
wound abdominal pain, CRP levels, and respira-
tory rate and concluded that the diagnosis of AL
remains a challenging issue requiring compre-
hensive study. Paliogiannis et al. [21] evaluated
a 4-day series of indicators of an inflammatory pro-
cess in the diagnosis of AL. The average values
of the IQR NEU, LYM, and NLR indices were close
to ours, except for the PLT, which was reported as
240 (182—306), whereas in our study it was 453
(446—512) for B grade AL and 462 (448—554) for
C grade AL. The importance of the studied bio-
markers was confirmed by Nora et al. [19], who
believe that the NLR, PLT, and LYM are significant
predictors not only of complications but also
of generalization of malignant neoplasms of the
gastrointestinal tract and may be a key for moni-
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JTABOPATOPHI ITIPEOVIKTOPU )1 ATATHOCTUKMN /
HECITPOMOKHOCTI KOJIOPEKTAJIbBHOTO AHACTOMO3Y

Cran npo6nemu. Ha cboroHi BOX/IMBUM MU TAHHIM OHKOIOTIYHOI KOTOTIPOKTOJIOTI] € HECIIPOMOXKHICTh KOJIOPEKTasIb-
HOro aHactoMo3y (AL), sika BUHUKAE y 3,5—21% omepoBaHuX MariieHTiB. BupiiransHuM € nepegbadeHHs BUHUKHEHHS
HeCIIPOMOYKHOCTI Ha OCHOBI pe3y/IbTaTiB Tab0paTOpPHUX MapKepiB — mpegukTopis. Meta po6oru. IToxpamuTn pas-
HIO J1arHOCTMKY AL IIUIIXOM BCTAHOB/IEHHS KOMOIHAIIiil Ta [PAHIYHIX 3HAYeHDb TAOOPATOPHIUX MapKepiB — MpeyK-
TOpiB 3amasnbHOrO npouecy. Matepianu ta merogu. JJocmimKkeHHA IpoCcHeKTUBHe, mposoanuaoca 3 2020 no 2023 pik,
OXOITIOBAJIO XBOPMX Ha PakK IIPsAMOI KUIIKM, IKUM BMKOHAHO HU3BKY IepefHIO pe3eKIlito micyst Heoay oBaHTHOI CRT.
JocnimkeHHs TOKa3HUKIB 6ioMapKepiB 3amajieHHs BUKOHYBaIM IO OIEPATMBHOTO BTPYYaHH: Ta Ha 3-10, 5-y Ta 7-y
no0y micnsonepaniiHoro nepiony. Pesynbraru. AL, miarHoctoBaHa y 25 (11,74%) maljieHTiB, 3a CTyIleHeM Ba>kKKO-
cTi Oyma HacTynHoI: A (peHTreHonoriuna) y 7 (3,29%) manienTis; B (xrinivna) — 4 (1,88%); C (k1iHiYHO BupakeHa,
neputoHir) - 11 (5,16%) i P (misus) - 3 (1,41%) mamienTis. TabopaTopHi OKa3HMKM 3ananbHOI Bigmoizi, a came CRP,
PCT, NEU, LYM, PLT, NLR, mamu cratuctuyno sHaunmi (p < 0.001) pesynpraTu muure B giarHoctuii B un C crynens
BaKocTi AL. Bugineno 3 ¢axropu mporuosy sa 24 rogunu o BuHUKHeHHs AL, a came: LYM 3 xpurepiem < 0,97,
Iy TAMBICTIO 66,7 1 crenudivnictio 81,3, p < 0.001; PLT 3 kpurepiem > 257, uyrnusictio 58,6 i ceundivnictio 86,7,
p <0.001 Ta NLR 3 xpurepiem > 4,42, auytnusicTio 58,1 i cerudiunictio 86,7, p < 0.001. ITobynoBana TpudaxTopHa
MOJie/Ib Ha BUJI/IEHNX O3HaKaxX afleKBaTHa Xi-KBafipat = 39.2 nmpu 3-0X cTyneHax cBobony, (p < 0.001). 3arrponoHoBaHO
inpexc (Prog) mporHosyBaHHA, Ipy BUOOPi HOPOTY IPUITHATTA pillleHHA Prog; = 2.23 4y T/IMBICTb MOJjeNTi CTAHOBUTD
80% (95% CI 51.9—95.7%), cieriudiunicts — 74.2% (67.6—80.2%). BucHoBku. Bukopucrani 1abopaTopHi npeamnkTo-
P y KOMIUTeKCHilt giarHocTuni AL € pyTUHHUMM, pe3y/IbTaTi OTPUMYBAIU MBUAKO, AKi Oy CTATUCTMYHO 3HAYUMI
(p <0.001) y miarmoctuni B um C crynens saxxkocti AL 3 BuacHUM npoBefieHHA epeKTUBHOI PaHHbOI IiarHOCTYKY,
IIPU3HAYEHHAM MeIMKAMEHTO3HOI Ta XipypriuHoi KOpeKIii.

KmrodoBi cmoBa: pak NpsMOi KMIIKYM, HECHPOMOXKHICTb aHaCcTOMO3Y, JiarHOCTMKA HeCIHPOMOXKHOCTI, 6ioMapkepn
3arajleHHs], TPeUKTOPY HECHIPOMOXXHOCTI.
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