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ABSTRACT

Background: The literature examining the relationship between the elevated neutrophil-to-lymphocyte ratio (NLR) and the
incidence of postoperative complications is varied. The primary object of this investigation was to determine the relationship
between the NLR with the occurrence of the anastomotic leak as a complication after colorectal surgery in colorectal cancer
patients.

Methods: This is observational cross-sectional study of 54 patients with colorectal cancer patients underwent elective surgery
at the Central Operating Theatre Abdul Wahab Sjahranie Hospital, Samarinda, Indonesia, in 2018-2019. Lymphocytes and neu-
trophils are taken from complete blood count values of colorectal cancer patients one day before colorectal surgery. Univariate
analysis was carried out to describe the characteristics of the subjects. Bivariate analysis is performed using the independent
t-test if the data is normally distributed.

Results: Mean neutrophil value was significantly higher in subjects with anastomotic leakage than in those without a leak, which
was 9.91 compared to 5.44 (p <0.05). The mean value of percentages of lymphocytes was significantly (p <0.05) lower in sub-
jects with anastomotic leakage compared to those without leakage, which was 14.50 compared to 30.15. The mean NLR value
was found to be higher in subjects with anastomotic leak compared to those without leakage, which was 8.60 compared to 5.17
although it was not statistically significant (p> 0.05).

Conclusions: There is no relationship between NLR values and complications of postoperative colorectal anastomosis leak in
colorectal cancer patients. The mean NLR value was found to be higher in subjects who experienced anastomotic leak com-
pared to those without leakage. The neutrophil rate was significantly higher and the lymphocyte rate was lower in subjects who
experienced anastomotic leakage compared to those without leakage.
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INTRODUCTION Comprehensive management of CRCs is very important be-

cause of the high number of cases and high mortality rates

Colorectal Cancer (CRC) is still a big problem in the world yjth high health care costs. The CRC treatment strategy is
in general and in Indonesia in particular. CRC is the third chemotherapy and surgery. Local tumor control by surgery
most common cancer of all cancers and the second leading is generally the main treatment to prevent local tumor com-
cause of cancer-related deaths for men and women in the plications, such as postoperative obstruction, perforation

United States. According to the American Cancer Society, or Jeakage of anastomosis, fistula formation, and infection.
135,430 new cases, and 50,260 deaths from colorectal can-  Eyen with metastases in the liver or lungs, primary tumor

cer are estimated to occur in 2017, and the lifetime risk of oqection remains a priority.?

developing a CRC is around 1 in 21 (4.7%) for men and 1

in 23 (4.4%) for the woman. In Indonesia, the incidence of Overall surgical mortality in 30 days after colorectal resec-
colorectal cancer is 12.1 per 100,000 adult population, with ~ tion is between 3.5 and 6%, with less than 2% after elec-

a mortality of 9.1% of all cancer cases.? tive surgery but up to 20% after emergency surgery. Intra-
operative complications such as injury to relevant anatomic
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structures such as the ureter, spleen, intestine, and duodenum
are related to surgical techniques. Specific complications of
early surgery include bleeding, most often within the first
few days of resection, nonspecific infection, or infection as-
sociated with the anastomotic leak. Other complications that
are more common in the early postoperative period (days
after surgery 1-3) are commonly related to the cardiopul-
monary system and include lung problems (eg, atelectasis,
pneumonia, aspiration, and pulmonary embolism) and car-
diac events (for example, arrhythmias, ischemia myocardial
and dysfunction). Intra-abdominal complications consist of
delayed return of an upper and lower gastrointestinal func-
tion (postoperative ileus), dehiscence of the surgical wound,
and anastomotic leak.*

Clinical leakage occurs in 1-2% of all colonic resections, but
subclinical leakage is more frequent and may be seen inci-
dentally in contrast studies among asymptomatic patients.
The anastomotic leak can present with symptoms such as
fever, tachycardia, abdominal distension, ileus, faecal dis-
charge through drainage or sores, or local and general perito-
nitis. Occasionally, leakage can occur with sudden damage,
general peritonitis, and septic shock as a result of significant
and rapid contamination of the peritoneal cavity. Because
of unspecific symptoms, leakage should be suspected in pa-
tients who do not experience the expected healing progress.
Routine blood examination parameters such as white blood
cell count and C-reactive protein may be increased but not
specific and difficult to distinguish from normal postopera-
tive reactions. Postoperatively, free air in the stomach should
normally be absorbed within 7-10 days. The presence of
subdiaphragmatic free air on abdominal radiograph exami-
nations is suspicion for the anastomotic leak.**

Many epidemiological studies show that chronic inflam-
mation is a predisposing factor for various types of cancer.
The neutrophil-to-lymphocyte ratio (NLR) has emerged as a
marker to characterize the body’s inflammatory status. De-
rived from a patient’s routine complete blood count (CBC),
the division of the absolute neutrophil count by the absolute
lymphocyte count yields the NLR.%7 Inflammation affects all
stages of tumour development and the infiltration of inflam-
matory cells and increased expression of pro-inflammatory
mediators has been reported in colorectal cancer. Trans-
formed epithelial cells produce and secrete inflammatory
mediators such as chemokines and pro-inflammatory cy-
tokines (for example, IL-1b, TNF-a). Increased neutrophil
counts will increase tumour growth and metastasis by re-
modelling the extracellular matrix, releasing reactive oxygen
species, and suppressing lymphocyte activity.®

The literature examining the relationship between elevated
NLR and the incidence of postoperative complications is
varied. Cook et al.was the first to show that high NLR on a
postoperative day was associated with postoperative compli-

cations. This finding is supported by Kubo et al, who found
that infectious complications were significantly related to
NLR. Similarly, Gohil et al. reported that preoperative NLR
values were associated with an increase in hospital stays.
Josse et al. investigated the role of NLR on complications of
an anastomotic leak involving 583 patients in a retrospective
cohort study. With ROC curve analysis the results of preop-
erative NLR values greater than or equal to 2.3 are signifi-
cantly associated with major perioperative complications.
However, no association was found between preoperative
NLR and the type of complications, although there was a
tendency for the anastomotic leak.%”

The primary objective of this investigation was to determine
the relationship between the neutrophil-to-lymphocyte ratio
with the occurrence of the anastomotic leak as a complica-
tion after colorectal surgery in colorectal cancer patients.

MATERIALS AND METHODS

The design of this study was observational analytic using a
cross-sectional study design. Data were obtained from the
patient’s medical record. The data collection was conducted
from January-April 2019. This research has been approved
by the Research Ethics Committee, Mulawarman University,
Samarinda, Indonesia, with approval letter no.101/KEPK-
AWS/V/2019.

Patient Population

The study population of this research was colorectal cancer
patients who underwent elective surgery at the Central Oper-
ating Theatre Abdul Wahab Sjahranie Hospital, Samarinda,
Indonesia, in 2018-2019. The sampling method used was
non-probability sampling with purposive sampling. The in-
clusion criteria for this study were subjects diagnosed with
colorectal cancer (new patients and old patients) who under-
went elective surgery at the Central Operating Theatre Ab-
dul Wahab Sjahranie Hospital, Samarinda, Indonesia, with
laparotomy surgery, and colorectal surgery with primary re-
section and anastomosis. The exclusion criteria were incom-
plete patient medical record data, primary anastomosis with
a protective stoma, and surgery without anastomosis (Hart-
mann procedure, palliative stoma, by-pass anastomosis).

In this research, colorectal cancer patients are defined as pa-
tients who were diagnosed clinically, and pathologically. The
diagnosis is made by a surgeon at Abdul Wahab Sjahranie
Hospital. Patients with complications of the anastomotic
leak are patients who have been diagnosed with anastomotic
leak found significantly during re-surgery. Lymphocytes and
neutrophils are taken from complete blood count values of
colorectal cancer patients one day before colorectal surgery.
NLR values are absolute neutrophil values compared to ab-
solute lymphocyte values in each colorectal cancer patient
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before undergoing surgery. The normal value of NLR in this
study is between 0.78 to 3.58.

Statistical Analysis

The number of samples was determined using the binomial
proportions formula, and the result was 57 samples. The
data normality test used the Kolmogorov-Smirnov test (re-
spondents over 50) with normally distributed data if the p-
value> 0.05. Univariate analysis was carried out to describe
the characteristics of the subjects. Bivariate analysis is per-
formed using the independent t-test if the data is normally
distributed or alternative test, using the ANOVA test to de-
termine differences in values, diagnostic tests according to
the variables studied.

RESULT

From data taken from the medical record at Abdul Wahab
Sjahranie Hospital Samarinda in the January 2018 - Janu-
ary 2019 period, 54 patients were included in this study. The
categorical variables of this study were presented in Table 1.

Table 1: Baseline Characteristics

Category Variable n %
Sex Male 31 57,4
Female 23 42,6
Age <40 years 7 13,0
40-49 years 2 222
50-59 years 18 333
60-69 years 12 22,2
>=70 years 5 9,3
Anastomosis leakage Yes 14 25,9
No 40 74,1
Type of surgeryona  Hemicolectomy Sinistra 3 21.4
patient with anasto- Hemicolectomy Dextra 1 7.1
mosis leakage
Lower anterior resection 7 50
Sigmoidectomy 3 214
Status Deceased 7 13,0
Alive 47 87,0

From Table 1, the number of subjects was 54 patients, with
31 (57.4%) men and 23 (42.6%) women. The age of the sub-
jects were<40 years on 7 (13%), 40-49 years on 12 (22.2%),
50-59 years on 18 (33.3%), 60-69 years on 12 (22.2) %),>70
years on 5 (9.3%) subjects. The number of CRC cases that
were operated on and experienced anastomotic leakage was
found in 14 (25.9%) patients. The distribution of types of
surgery with the anastomotic leak was found to be 3 (21.4%)
of hemicolectomy sinistra, and 1 (7.1%) of hemicolectomy

dextra, 7 (50.0%) lower anterior resections, and sigmoidec-
tomy were 3 (21.4%) %) cases. Patient status was 7 (13.0%)
died, and 47 (87.0%) lived.

Table 2 shows the descriptive statistics of numerical vari-
ables. Age of subjects between 23-79 years with an average
of 53.4 £ 12.1 years. Neutrophil value of 0.10 - 25.20 with an
average of 6.60 + 5.6, the value of lymphocytes 0.24 - 19.1
with an average of 2.2 + 3.29, and an NLR value of 0.01 -
44.75 with a mean 6.06 + 8.45.

Table 2: Numeric Variables Characteristics (n=54)

Variables Minimum Maximum Mean SD

Age 23 79 5337 12,06
Neutrophil 0,10 25,20 6,60 5,54
% Neutrophil 3 96 63,70 23,00
Lymphocyte 0,24 19,10 2,22 3,29
% Lymphocyte 3 89 26,09 20,37
NLR 0,01 44,75 6,06 8,45

The results of normality test data stated in Table 3, the value
of Kolmogorov-Smirnov Z is 0.529 and p = 0.942 (p> 0.05),
thus the data are normally distributed.

Table 3: Kolmogorov-Smirnov Normality Test

Unstandard-
ized Residual

N 54

Normal Parameters® Mean o
Std. Deviation 13.58936478
Most Extreme Differences Absolute 0.072
Positive 0.072
Negative -0.07
Kolmogorov-Smirnov Z 0.529
Asymp. Sig. (2-tailed) 0.942

Leulocyte measurement in colorectal cancer
patients

Table 4 shows that statistically, the mean neutrophil value
was significantly higher in subjects with anastomotic leak-
age than in those without a leak, which was 9.91 compared
to 5.44 (p <0.05). Then the mean value of%neutrophil was
significantly higher in subjects with anastomotic leakage
compared to those without leakage, which was 77.50 com-
pared to 58.88 (p <0.05). The mean value of lymphocytes
being lower in subjects with anastomotic leakage compared
to those without leakage, but not statistically significant (p>
0.05). The mean value of%lymphocytes was significantly (p
<0.05) lower in subjects with anastomotic leakage compared
to those without leakage, which was 14.50 compared to
30.15. The mean NLR value was found to be higher in sub-
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jects with anastomotic leak compared to those without leak-
age (Figure 1), which was 8.60 compared to 5.17 although it
was not statistically significant (p> 0.05).

Table 4: Average neutrophils, lymphocytes, and NLR
according to Anastomotic Leakage

Anastomosis n Mean

Leakage

Variables SD p*

Neutrophil Yes 14 9,91 5,97 0,008
No 40 544 4,95

% Neutrophil  Yes 14 77,50 10,90 0,000
No 40 58,88 24,22

Lymphocyte Yes 14 1,36 0,37 0,258
No 40 2,52 3,78

% Lymphocyte Yes 14 14,50 7,93 0,000
No 40 30,15 21,86

NLR Yes 14 8,60 7,86 0,183
No 40 517 8,56

* Independent t-test

10,00

8,007

6,00

Mean NLR

4,00+

Anastomosis Leakage

Figure 1: Comparison of NLR according to Anastomotic Leaks.

Relationaship of leukocyte with survival status
Table 5 shows the mean neutrophil values higher in subjects
who deceased than in living subjects, but not statistically sig-
nificant (p> 0.05). The mean% of neutrophils was higher in
subjects who deceased than in living subjects, but not statis-
tically significant (p> 0.05). The lymphocyte rate was lower
in deceased subjects compared to living subjects, but not sta-
tistically significant (p> 0.05). The mean% of lymphocytes
was lower in deceased subjects than in living subjects, but
not statistically significant (p> 0.05). The mean NLR was
found to be higher in subjects who were deceased than in liv-
ing subjects (Figure 2), which was 14.43 compared to 4.81
although it was not statistically significant (p> 0.05).

Table 5: Mean neutrophils, lymphocytes, and NLR ac-
cording to survival status

Variables Status n Mean SD P

Neutrophil Deceased 7 10,83 8,68 0,193
Alive 47 597 473

% Neutrophil Deceased 7 77,29 16,97 0,094
Alive 47 61,68 23,23

Lymphocyte Deceased 7 1,12 0,54 0,346
Alive 47 2,38 3,50

% Lymphocyte  Deceased 7 15,57 1,80 0,145
Alive 47 27,66 20,99

NLR Deceased 7 14,43 16,73 0,181
Alive 47 4,81 5,78

* Independent t-test

15,00

10,004

Mean NLR

5,00

Deceased

Survival Status

Figure 2: Comparison of NLR according to Survival Status

Table 6 stated that in subjects who had anastomotic leak-
age, the mean NLR was higher in deceased subjects (11.72)
than in living subjects (7.35), but not statistically significant
(p> 0.05).In subjects without anastomotic leakage, the mean
NLR was found to be higher in deceased subjects (18.04)
than in living subjects (4.13), but not statistically significant
(p> 0.05) (Figure 3).

Table 6: Average neutrophils, lymphocytes, and NLR
according to Patient Status and Anastomotic Leaks

Variables Survival n Mean SD
Status
Yes Neutrophil Deceased 4 12,50 9,77 0,518
Alive 10 8387 3,94
% Neutro- Deceased 4 79,75 14,43 0,644
phil Alive 10 76,60 9,96
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Table 6: (Continued)
Anasto-  Variables Survival Mean SD P
mosis Status
leakage
Lympho- Deceased 4 1,32 0,53 0,849
cyte Alive 10 1,37 0,31
% Lym- Deceased 4 12,75 7,76 0,621
phocyte Alive 10 1520 830
NLR Deceased 4 1,72 13,13 0,559
Alive 10 735 5,07
No Neutrophil Deceased 3 8,60 836 0,255
Alive 37 518 4,67
% Neutro- Deceased 3 74,00 22,87 0,266
phil Alive 37 57,65 24,21
Lympho- Deceased 3 085 0,50 0,433
cyte Alive 37 2,66 3,90
% Lym- Deceased 3 19,33 17,04 0,380
phocyte Alive 37 31,03 22,16
NLR Deceased 3 18,04 23,39 0,411
Alive 37 4,13 5,83
* Independent t-test
Anastomosis Leakage
Yes No

20,007

1500

10,004

Mean NLR

5,00

Deceased Alive Deceased Alive

Survival Status

Figure 3: Comparison of NLR according to Anastomotic Leak-
age and Patient Status.

DISCUSSION

In this study, the highest age distribution was 50 - 59 years
as many as 18 (33.3%) with an age range of 23-79 years with
an average of 53.4 + 12.1 years. According to theory, the
incidence of CRC began to increase after the age of 35 years
and increased rapidly after the age of 50 years, its peak in
the seventh decade. More than 90% of colon cancer occurs

after the age of 50 years. The number of samples of CRC pa-
tients in this study was 54, 31 (57.4%) men, and 23 (42.6%)
women. This compares to the ACS survey, in 2018, as many
as 25,920 cases of CRC were estimated to occur in men and
17,110 in women.'°

NLR values in this study were obtained in the range of 0.01-
44.75 with a mean of 6.06+8.45. Forget et al. determined the
limits of normal NLR values observed in adult, non-geriatric
populations, without acute illness and/or chronic disease and
it has been identified that the normal NLR value in the adult
population, which is between 0,78 and 3.53. Described by
Walsh et al., NLR value of around 5 is believed to reflect an
increase in inflammatory status in patients with CRC, this
is in line with the results of the study, where the mean NLR
value was found to be higher in subjects who experienced
anastomotic leak compared to those who did not experience
an anastomotic leak, which was 8.60 compared to 5.17 even
though it was not statistically significant (p> 0.05).!:!2

A preoperative NLR value greater than or equal to 2.3 was
significantly associated with the main complications af-
ter CRC, one of which was an anastomotic leak. In a study
by Walker et al. 136 CRC patients with a mean age of 64.5
years, who underwent colorectal resection with primary
anastomosis in Fremantle and Fiona Stanley Austalia Hos-
pital during the period January 2014 to January 2016, were
obtained NLR values above 5.05 from 11 patients experienc-
ing anastomotic leakage."

In this study, the distribution of types of operations with
anastomotic leakage, dextra hemicolectomy was 7.1%,
Sinistra hemicolectomy 21.4%, sigmoidectomy 21.4% and
lower anterior resection 50.0%. Schiff et al. examining 156
surgeons from eight countries, 458 patients underwent colo-
rectal surgery with an anastomotic leak identified in the cir-
cular anastomosis. A statistically significant relationship was
observed between the location of the anastomosis and the
occurrence of postoperative anastomosis leakage. The leak
was observed more frequently in patients with the rectum
and sigmoid anastomosis (49 of 62 patients with postopera-
tive leakage, 79.0%) than in patients with colonic anastomo-
sis (13 patients, 21.0%)."

Several studies have evaluated various risk factors for anas-
tomotic leakage, but there is no universal agreement regard-
ing related risk factors, although it is generally considered
that anastomosis with lower anastomosis levels is associated
with leakage. Shelgyn ef al. examined the role of NLR in
diagnosing the anastomotic leak in 100 CRC patients under-
going low anterior resection surgery (LAR), found 20% of
patients experienced leakage with NLR values ranging from
6.8 to 7.6." There are several possible explanations for this
association between increased NLR and poor oncological
outcomes, Ding et al. mentioning the host immune response
to a tumour depends on lymphocytes. First, an increase in
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tumour lymphocytes in primary tumours has a good predic-
tor for a good prognosis. Second, increased neutrophils can
cause a strong increase of pro-angiogenic factors that act
directly on the area near the blood vessels to promote the
growth and development of neoplasm cells. Therefore, NLR
can be considered as a balance between the inflammatory
status of the protumor and the immune status of the antitu-
mor.'

Further research is needed by using lymphocyte and serial
neutrophil values as well as a larger sample size, to assess the
relationship of NLR with complications of leakage of post-
operative colorectal anastomosis in CRC patients to obtain
significant research results. Further research is also needed
on other factors associated with complications of leakage of
post-colorectal anastomosis in CRC patients.

CONCLUSION

The mean NLR value was found to be higher in subjects who
experienced anastomotic leak compared to those without
leakage. The neutrophil rate was significantly higher and the
lymphocyte rate was lower in subjects who experienced anas-
tomotic leakage compared to those without leakage. Further
investigation is needed regarding the relationship and role of
NLR values with complications of postoperative leakage of
colorectal anastomoses in colorectal cancer patients.
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