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Abstract: Anastomotic fistula is a dreadful complication of colon and rectal surgery that can put life
into danger, being common after colorectal surgery. The preoperative lymphocyte neutrophil ratio
(NLR) is known as a prognostic marker for colorectal cancer patients. The existence of a predictive
marker of anastomotic fistula in colorectal cancer patients is not fully undestood, so we proposed to
investigate the utility of preoperative NLR as a predictor of anastomotic fistula formation. This study
the Neutrophils and lymphocytes were detected from periferic blood using flow citometry. We
retrospectively evaluated 161 patients with colorectal cancer, who were treated curatively, in which at
least one anastomosis was performed, comparing NLR values between patients who had fistula and
those with normal healing, then comparing the group with low NLR, with the group with increased
NLR, after finding the optimal value of NLR using the ROC curve.The optimal value of the NLR after
establishing the cutoff value was 3.07. Between the low NLR group (n=134) and the high NLR group
(n=27), were observed statistically significant differences in fistula (p <0.001) and death (p=0.001).
The odds ratio for failure in the group with increased NLR was 10.37, which means that patients with
NLR>3.54 have a chance of developing anastomotic fistula greater than 10.37 comparable to patients
with lower NLR. We suggest the preoperative use of NLR can be used as a predictive marker of
anastomotic fistula than can increase the quality of preoperative preparation and therefore the
establishment of the optimal surgical technique that can lead to anastomotic fistula risk decrease.
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1.Introduction

Anastomotic fistula is a major complication after curative surgery for colorectal cancer, being life
threatening, increasing the risk of local recurrence and affecting the cancer long-term survival [1-3] .

The anastomotic dehiscence rate for the colon and rectum procedures varies between 5 and 21%,
having a significant impact on the patient's health, with the mortality rate up to 27% [4,5] . The
mortality rate is due to the increased septicity of the colonic contents that reach the peritoneum or
pelvis that can lead to SIRS and sepsis.

Often, these leaks do not immediately are externalized on the drainage tube, or even if they are
externalized, they also create a local collection, which maintains sepsis.

Given the ERAS (Enhanced Recovery After Surgery) recommendations and the increasingly
supportive literature supporting drainage withdrawal after colo-rectal surgery, the need for predictive
markers of fistula risk becomes even greater.
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The link between the development and evolution of the malignant process and systemic
inflammation has been studied since the last century, with an estimated 25% of cancers are associated
to systemic inflammation [6].

In recent years there have been numerous studies, which aimed to evaluate systemic inflammation
and the body's response to it, in order to classify cancer patients. Currently, there is high evidence that
C-reactive protein and albumin are markers of systemic inflammation in cancer patients [7]. The
systemic inflammatory response is associated with changes in the circulation of white blood cells, with
the presence of moderate neutrophilia and lymphopenia [8-10], thus establishing hematological tests
that can be an easily measurable objective parameter, capable of expressing the severity of the
systemic inflammatory response in patients with cancer.

From the point of view of biological phenomena involved in the healing of digestive anastomoses,
neutrophils are recruited from the ischemic area and can cause the release of inflammatory mediators
such as proteolysis enzymes and oxygen free radicals in the affected area [11,12], and lymphocytes
play a role important in healing and reducing the effects of inflammation [12,13].

Given the above, we start from the hypothesis that NLR may also play a role in healing or delaying
anastomosis healing, so we propose to study NLR as a correlation with the risk of anastomotic
dehiscence.

Management of anastomotic fistulas usually involves more surgical procedures, colostomy creation
and prolongation of hospitalization, so the existence of recognized predictive factors can improve
management through early diagnosis and intervention.

Predicting the healing outcome in colic surgery can lead to better intervention and lower rates of
anastomotic fistula. The neutrophil-lymphocyte ratio has recently been shown to be a predictor of
overall mortality and response to chemotherapy in cancer patients [14-16].

The neutrophil / lymphocyte ratio is a simple marker, which can be easily calculated, based on the
number of differentiated leukocytes, being recently established to be an indicator of systemic
inflammatory status in the general population [17]. This ratio is considered to be a better indicator than
leukocytes or the number of neutrophils for systemic inflammation [18].

Based on these data from the literature, we conducted the current study to investigate NLR as a
measure of systemic inflammation and its relationship, if any, with anastomotic fistula. The
inflammatory response plays an important role in the healing process, so its prolongation due to pre-
existing inflammation can increase the susceptibility to anastomotic fistula.

2.Materials and methods

The study was approved by the ethics committee of the County Clinical Hospital of Craiova
Emergency and this included patients diagnosed with colon and rectal cancer admitted to the Surgery
Clinic 1. Observation sheets of the 161 patients with colon and rectal cancer underwent surgery and
involved at least one anastomosis in the intestine were analyzed prospective from January 2016 to
December 2019, taking into account demographic data (sex, age), staging, histological type, leukocyte
number, platelets, serum proteins , neutrophil / lymphocyte ratio and surgery.

In this study, the neutrophils and lymphocytes were detected from periferic blood using flow
citometry.

Flow cytometry is a modern, complex and efficient technique of cell analysis, which allows the
simultaneous determination of several physical and biochemical parameters characteristic of a single
cell moving in a liquid current.

Inclusion criteria

The patients included in the study are the patients whose diagnosis was confirmed histo-
pathologically from January 2016 to December 2019, with preoperative counting of blood figurative
elements, before any hydroelectrolytic or protein balancing treatment is performed and those who have
have completed the chemotherapy, radiotherapy or combined treatment.
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Patients who were excluded from the study were those who were operated on urgently, those who
had metastases with other locations, those with other concomitant malignancy, those with chronic anti-
inflammatory treatment, those with incomplete oncological treatment and those with obvious evidence
of systemic inflammation and autoimmune disease.

Statistical analysis

Data analysis was performed using SPSS version 20 with the establishment of descriptive statistics
of the studied population.

The optimum value was established following the analysis of the characteristic ROC curve (figure
1), establishing a normal maximum limit in order to maximize the specificity and sensitivity in
predicting anastomosis healing.

The independent t test was performed to determine whether the appearance of the fistula is related
to the neutrophil-lymphocyte ratio.

We considered the results to be statistically significant if the P values on the two groups were
<0.05, with a 95% confidence interval.

2.3. Study design

We performed blood cell counts on admission and calculated by dividing the percentage of
neutrophils to the percentage of lymphocytes.

Numerical data were summarized as mean standard deviation and categorical variables were
summarized as frequency (percentage)

The results were expressed as the value of the standard deviation * the arithmetic mean for
continuous quantitative variables. Quantitative variables were expressed as proportions. Univariate
statistical analysis was performed using hypothesis confirmation tests: the chi-square test for
qualitative variables, the Student t test for comparing quantitative variables with the homogeneity of
variations in the Levene test.

3. Results and discussions

The study included a number of 161 patients (n = 161) who were chosen using the inclusion and
exclusion criteria.

The average age of the patients was 68.19 + 9.8 years, ranging from 37 to 92 years, with a
percentage of male of 64.59% and a family history of cancer of 8.7%.

After the diagnosis the tumors were diagnosed as follows: Stage | (10.55%), stage 1l (34.16%),
stage 111 (43.47%), stage 1V 11.8%.

Leukocytes had values between 4310 and 20850 / mmc with an average of 8260 + 2950.
Hemoglobin was between 4.4 and 17.4 g / dL with an average of 11.85 + 2.43.

Neutrophils had values between 2.15 and 16.81 with a mean of 5.30 £ 2.35.

Lymphocytes ranged from 0.34 to 7.20 with a mean of 2.11 £ 0.79.

NLR varied in all patients between 0.74 and 11.47. The mean value was 2.74 = 1.44. The total
proteins had values between 4.10 and 8.00 with a mean of 6.41 + 0.68.

Platelets had values between 58,000 and 660,000 with an average of 282,476 + 114,578

The link between the NLR and the failure of complete anastomosis healing was established, so we
divided the patients studied into two groups: (1) the patients who performed the anastomotic
dehiscence and the patients who had a complete anastomosis healing, without complications (2).
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Table 1. Variations between high NLR group and low NLR group

Total NLR high (n=34) NLR low (n=127) p value
Age 68.19+9.80 64.85+11.75 69.08+9.05 0.058
Genre% 0.414
Male 104 24 80
Females 57 10 47
Dehiscence <0.001*
Yes 27 23 4
No 134 11 123
Stage 0.023*
| 17 1 16
I 55 12 43
11 70 12 58
[\ 19 9 10
Platelets 282.47+114.57 280.29+120.02 283.06+£113.56 0.901
Leukocytes 8.26+2.95 9.77+4.15 7.86+2.40 0.014*
Hemoglobin 11.85+2.43 11.35+2.37 11.99+2.44 0.179
Total proteins 6.41+0.68 6.331£0.75 6.43+0.67 0.460
Death 6 5 1 0,002*

* p <0.05-statistically significant - independent t test with homogeneity of variations in Levene test

To highlight the link between anastomotic dehiscence and NLR, the t-test was found to be
statistically significant (p = 0.001), showing that there is a statistical difference in the NLR level
between the patients with anastomotic dehiscence and the normal healing group of the anastomosis.

We found that the NLR is increased proportionally with the stage, so we performed the One-way
ANOVA test to test the link between the NLR and the stage. The test showed that NLR and TNM
status are dependent factors.

Setting the cutoff values of the NLR of high or low
The NL ratio is an inflammatory marker that best predicted the occurrence of anastomotic fistula

with a surface over the Receiver Operating Characteristic ROC curve of 0.969 [0.945-0.992] (p
<0.001) (Figure 1).
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Figure 1. The characteristic ROC curve

The cutoff value of the ratio was set at 3.07, with a specificity of 91.2% and a sensitivity of 85.2%.
Patients were classified into two groups according to the preoperative lymphocyte neutrophil ratio
(<3.07 vs.> = 3.07), comprising on the one hand the patients who had fistula and on the other the
patients who had a complete anastomosis healing (Figure 2). We summarized the variables in the low
(n =127) and high (n = 34) group of the NLR, compared with the whole study group (Table 2).

To determine the connection between anastomotic dehiscence and NLR level, we performed the
Pearson Chi Square test in which we tested the occurrence of dehiscence in groups with low NLR and
increased NLR, with a statistically significant result (p <0.001) with odd ratio (chance) of 10, 37, thus
patients with NLR equal to or greater than 3.07, have 10.37 times more statistically chances of doing

anastomotic dehiscence.
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Figure 2. Correlation between fistula and NLR
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In the group of patients with mean NLR anastomotic dehiscence it was 5.10 = 2.02, and in the
group of patients with complete anastomosis the average NLR anastomosis was 2.27 + 0.60 Table 1
(variables between patients who did dehiscence and those with normal healing).

Table 2. Variations between the group that made the fistula and the group with normal healing

Anastomotic fistula (n=27) Normal healing p value
(n=134)
Age 67.37+12.55 68.3549.20 0.702
Genre % 0.495
Male 19 85
Female 8 49
NLR 5.10+£2.02 2.27+0.60 <0.001*
Stage
| 1 16 0.006*
1 7 48
1l 11 59
v 8 11
Platelets 255.14+105.22 287.98+115.95 0.175
Leukocytes 9.59+3.98 7.99+2.63 0.055
Hemoglobin 11.79+2.50 12.17+2.07 0.465
Total proteins 6.20+0.79 6.46+0.65 0.077
Death 5 1 0.004*

* p <0.05-statistically significant - independent t test with homogeneity of variations in Levene test

Significance of the neutrophil lymphocyte ratio

The link between cancer and inflammation was initially proposed by Virchow in 1863 when he
found the presence of leukocytes in neoplastic cells [19,20]. There is ample evidence that a
progression of cancerous disease is the result of the interaction between the local character of the
tumor and the systemic inflammation of the host [21,22]. Systemic inflammation may also play an
important role in carcinogenesis as well as in local and general cancer invasion [23].

In the last decade, it has been hypothesized that hematological markers of the systemic
inflammatory response predict survival, the most widely used being NLR according to unost studies
performed for a variety of colorectal tumors at different stages. Hypothetically, NLR may represent an
indicator of the balance of the host's systemic inflammation [9].

Observations from numerous studies have shown that naturally the number of neutrophils and
lymphocytes is inversely proportional, translating the balance between inflammation and angiogenesis
(large number of neutrophils) and the host's favorable immune response (large number of
lymphocytes), demonstrating that, large numbers of neutrophils are associated with lower overall
survival while higher levels of lymphocytes are correlated with better prognosis and higher survival.

Systemic inflammatory response can be measured by using the NLR surrogate as a cheap and
widely available marker to predict the survival of cancer patients [24]. Several studies have shown that
increased NLR is associated with decreased survival in several cancers, most of which refer to
colorectal cancer [25 - 27]. The causes of this low survival have not yet been identified, instead an
increased NLR is considered to be correlated with decreased nutrition and immune status, more
precisely some studies have shown that for advanced rectal cancer the increased number of
lymphocytes is associated with an increase in the number of patients with partial remission following
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neuroadjuvant chemioradiotherapeutic treatment [28], while increased lymphocyte neutrophil ratio is
associated with shorter local recurrence time and poorer overall survival [29].

The relationship between increased NLR, poor prognosis of patients and advanced stage of the
tumor may be explained by the impaired immune response of the host that is dependent on leukocytes
[9].

Cell-mediated immunity may be reflected by lymphocyte count, while neutrophils reflect systemic
inflammation [30], so NLR calculation by dividing the number of neutrophils by lymphocyte count
may be an indicator of the type of host response to the tumor.

NLR is an acute phase reactant and can be considered a new indicator in the formation of
anastomotic fistula, even predicting early mortality. This is the first study to predict preoperatively the
formation of anastomotic fistula in patients with increased NLR who have undergone surgery for colon
cancer.

Anastomosis causes tissue damage where the suture is performed, stimulating in this situation a
rapidly coordinated physiological response to stimulate hemostasis, followed by inflammation,
proliferation and remodeling. After anastomosis, neutrophils are the first to initiate the healing process
with the onset of inflammatory phase, which have increased motility, infiltrating the wound within one
hour of injury, reaching sustained levels at 48 hours [31]. Neutrophils have the role of destroying
foreign particles and bacteria at the level of the anastomotic line by phagocytosis followed by
degranulation with the release of toxic substances (proteases, cathepsin, lactoferin) which have the role
of destroying bacteria and dead tissue in that area. It has recently been shown that neutrophils can also
produce chromatin and protease traps that capture and Kill bacteria from extracellular spaces. Necrotic
residues, foreign matter, and captured bacteria generate oxygen free radicals that can be combined with
chlorine to sterilize the wound [32]. Neutrophils are probably the least studied inflammatory cells in
colorectal cancer, so the role of neutrophil infiltration in its prognosis has been the subject of
conflicting reports, indicating a protective role and an aggravating role [33-35].

Excessive infiltration and / or retention of neutrophils in the wound has a subsequent effect on
healing by release of oxidants and hydrolytic enzymes from activated neutrophils [36]. It has been
reported that the persistence of activated neutrophils in the wound would suppress macrophage
activity, having a direct effect on bacterial clearance [37].

Lymphocytes appear after 72 hours and are considered to be important in regulating the wound
healing process by producing an extracellular matrix and reshaping collagen. Experimental studies
have shown that inhibition of T lymphocytes results in decreased wound resistance and impaired
collagen deposition [38].

The inflammatory phase of healing will normally persist as long as it is needed, in order to destroy
all bacteria and to remove excess tissue residues from the anastomotic line. Prolonged inflammation
induced by pre-existing inflammatory status can lead to further tissue injury, delayed proliferation,
leading to the formation of a chronic wound [39], resulting in anastomotic dehiscence in our case.

From our data, we aimed to demonstrate that NLR was significantly increased in patients who had
anastomotic dehiscence after colorectal cancer surgery, which involved at least one anastomosis. The
mean NLR in the group of patients who had anastomotic dehiscence was increased to 5.10 £ 2.02
compared to the group that had a complete complication of anastomosis without complication, which
averaged 2.27 + 0.60. The difference between the average of the two groups was statistically
significant in the independent t test (p <0.001), proving that patients with anastomotic dehiscence had
an increased level of NLR.

Some NLR studies independent of TNM.

Currently, numerous studies have shown that inflammation associated with tumors and tumor
microenvironment can play an important role in the development, progression and metastasis of cancer
[40-42]. The inflammatory response in the tumor environment is reflected by common markers found
in the peripheral blood such as cytokines, leukocytes and their subtypes, thus increased lymphocyte
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levels being a good indicator of cancer prognosis [43-45]. Numerous observational studies have shown
that increased NLR correlates with advanced tumor stage and also low prognosis in a variety of
cancers in the breast [46,47], kidney [48,49], nasopharyngeal [50,51], head and neck [52,53]. NLR
values between 3 and 5 in colorectal cancer patients have been associated with poorer postoperative
outcomes, burdened by numerous complications, so preoperative NLR evaluation may allow
optimization of therapeutic strategy in patients with operable colon cancer [54-57], being used so far
only as a risk marker for postoperative complications and prognosis of cancerous disease.

Analyzing the collected data it was observed that the NLR is higher as the colorectal tumor stage
increases, so we applied the One-way ANOVA test to determine exactly whether the NLR is stage
dependent. The p-value determined in the One-way ANOVA test was = 0.001 which shows that from a
statistical point of view the NLR value is independent of the tumor stage.

We set the cutoff value to define what is the low value of the NLR and the increased value of the
NLR in order to allow the most correct classification of patients with fistula risk. From the ROC curve
it was found that the NLR value of 3.07 is the most appropriate, having statistical significance (p
<0.001). This value of NLR is very close to other studies that have discussed postoperative
complications and survival in colorectal cancer [58-60].

When dividing the batch into two groups, one with high NLR and the other with low NLR
observed that sex (p = 0.414), age (p = 0.058), platelet count (p = 0.901) and biochemical
determinations of hemoglobin ( p = 0.179) and total proteins (p = 0.460) did not show a statistically
significant difference between the two groups. There were differences between the two groups in terms
of stage (p = 0.023), death (p = 0.002), leukocyte number (p = 014) and anastomotic dehiscence (p
<0.001) indicating that most patients with NLR they were older and had a high risk of anastomotic
dehiscence and death.

The odds ratio (OR) for failure in the group with increased NLR was 10.37, which means that
patients with NLR greater than 3.07 have a 10.37 greater chance of performing anastomotic dehiscence
than patients with NLR less than this value.

Comparing the group of patients with anastomotic dehiscence with the group who had normal
anastomosis healing, the statistically significant difference was found at NLR (p <0.001), stage (p =
0.006), and patients who died (p = 0.004), over time what sex (p = 0.495), age (p = 0.702), platelet
count (p = 0.175), total protein (p = 0.077,) leukocytes (p = 0.055) and hemoglobin (p = 0.465) did not
register, statistically significant difference.

In view of these observations it is possible to propose and use this hematological test as a
predictive marker of anastomotic dehiscence in colorectal cancer patients, helping to better stratify the
patients and helping to establish the optimum time for surgical treatment.

4.Conclusions

Analyzing the data of the study we conclude that an increased preoperative NLR (> = 3.07) is a
good negative indicator of anastomotic dehiscence with a specificity of 91.2% and a sensitivity of
85.2%, being correlated with the appearance of anastomotic fistula in patients with anastomosis in the
large intestine after colon or rectal cancer.

Patients with NLR equal to or greater than 3.07, have 10.37 times more statistically chances of
doing anastomotic dehiscence.

The inflammatory status reflected by increased NLR can delay the healing process, forming a
chronic wound, leading to anastomotic dehiscence.

This study also compared the association between mortality and NLR, which was significantly
higher in patients who died after surgery.

We consider that preoperative NLR can be used as a predictive marker of anastomotic fistula than
can increase the quality of preoperative preparation and therefore the establishment of the optimal
surgical technique that can lead to anastomotic fistula risk decrease.
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