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Prognostic value of neutrophil to lymphocyte ratio in
patients with colon cancer undergoing open and
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ABSTRACT

Introduction: It is known that many patient-related factors such as pre-operative nutritional status, co-
morbid diseases and especially the systemic inflammatory response affect post-operative outcomes and
survival as much as the success of curative resection and the pathological stage. In the present study, it has
been aimed to determine the effect of neutrophil to lymphocyte ratio (NLR) on post-operative and long-term
results in patients with colon cancer who underwent laparoscopic curative resection.

Materials and Methods: Eligible 281 patient with colon adenocarcinoma underwent open and laparoscopic
curative resection included in study. The patients were grouped as low and high NLR according to a cutoff
NLR of 2.27 determined with receiver operating characteristic curve analysis and clinicopathological fea-
tures, post-operative complications, and survival outcomes were compared.

Results: It was found that patients with high NLR had more advanced disease and there was a significant
relationship between post-operative morbidity and high NLR. No significant relationship was found between
overall and disease-free survival and NLR.

Conclusion: NLR, which can be measured by preoperative routine laboratory results, may be a simple, easily
accessible prognostic biomarker in predicting the stage of the disease before surgery and identifying pa-
tients with high post-operative morbidity in patients with colon cancer. Considering that many factors affect
long-term results, these data suggest that NLR, which is a marker that reflects the severity of the inflamma-
tory response, is mostly associated with perioperative and short-term outcomes.
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Introduction grams today, it continues to be a public health problem

Although colon cancer has become diagnosed and treated  that constitutes more than 10% of cancers diagnosed in
at an early stage with the development of screening pro-  the world.""? Despite the development in medical treat-
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ments and increasing surgical experience, 25% of pa-
tients die due to recurrence and distant metastases. It
has been shown that many patients and tumor-related
prognostic factors closely affect post-operative outcomes
and survival in the broad spectrum between the excel-
lent results obtained with laparoscopic surgery in the
early stages and the development of widespread metas-
tasis and recurrence in the advanced stages.P! Based on
tumor depth, lymph node involvement rate and presence
of distant organ metastasis, the tumor, node, and metas-
tasis (TNM) system is the most commonly used parame-
ter in staging patients, in adjuvant treatment decisions,
and in determining prognosis.” Surgical margin status,
tumor budding, and lymphovascular invasion can also
be counted as other tumor-associated prognostic factors
whose effect and importance on results have been proven
in many studies.”

It is known that many patient-related factors such as pre-
operative nutritional status and comorbid diseases affect
post-operative outcomes and survival as much as the
success of curative resection and the pathological stage.
Especially in recent years, it has been proven that systemic
inflammatory response has an important role in tumor
growth and invasion development. The chronic inflam-
matory response that emerges as a result of the immune
challenge between the tumor and the host triggers the
migration of lymphocytes, monocytes, and neutrophils to
the region. Although these cells try to create a barrier for
tumor invasion, angiogenesis, which is perhaps the most
important step in tumor growth, is stimulated as a result
of many pro-inflammatory cytokines and inflammatory
factors.

Depending on the type of tumor and the patient’s condi-
tion, varying degrees of systemic inflammatory response
occurs but there is no marker that can accurately deter-
mine the extent of this response. Many scoring systems
derived from markers such as C-reactive protein (CRP),
procalcitonin, and albumin level or their combinations
such as Modified Glasgow score and CRP to albumin ra-
tio have been studied to measure the severity of the in-
flammatory response and determine its relationship with
prognosis.l*® In recent studies, it has been found that the
neutrophil/lymphocyte ratio (NLR), which is an another
indicator of the inflammatory response, is closely related
to the prognosis in various cancer types such as ovarian
cancer, cholangiocarcinomas, and pancreatic cancer, but
the evidence in colon cancer is insufficient.®*! Therefore,

Laparosc Endosc Surg Sci

in this study, we aimed to determine the effect of pre-op-
erative NLR on post-operative outcomes and long-term
outcomes in colon cancer patients underwent open and
laparoscopic curative resection.

Materials and Methods

Between January 2017 and January 2020, 281 patients who
underwent laparoscopic curative resection with the diag-
nosis of colon adenocarcinoma at the Surgical Oncology
Clinic of Ankara University were retrospectively analyzed.
Patients whose data were not available, had metastatic
disease at the time of diagnosis, had recurrent disease,
had an emergent operation due to obstruction, perfora-
tion or bleeding, recently received antibiotic treatment for
any reason, had hematological disease or immune deficit
and received pre-operative chemotherapy or radiotherapy
were excluded from the study.

Pre-operative routine hemogram and biochemistry val-
ues were recorded in all patients. Systemic inflammatory
response was evaluated using NLR. NLR was determined
with the values obtained from the pre-operative complete
blood count and the optimal cutoff level was calculated as
2.27 with 70% sensitivity and 69% specificity in Receiver
operating characteristic (ROC) curve analysis (AUC: 0.73
95% Confidence interval [CI]: 0.64-0.83. P = 0.001>). The
patients were divided into two groups as below and above
this value.

Tumor and lymph node status of the patients were deter-
mined based on the American Joint Committee on Cancer
8t edition: Colon cancer study.”! Post-operative com-
plications were determined on the basis of the Modified
Clavien Dindo Classification, and the presence of Grade
3 or higher complications was evaluated.!? The relation-
ship between NLR and postoperative serious complica-
tions and survival was analyzed.

Approval was obtained from the Ethics Committee of
Ankara University Faculty of Medicine. Approval date and
number: 16.01.2020, 11-37-20.

Statistical Analysis

Numerical values were expressed as meanztstandard
deviation or percentages. Histogram graphics and Kol-
mogorov—-Smirnov test were used to determine the nor-
mal distribution of numerical variables. In comparison of
demographic and clinicopathological variables between
the groups; Student’s T-test or Mann-Whitney U-test
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were used for numerical variables; x? test or Fisher Exact
Test for categorical variables. The optimal cutoff level of
the NLR was determined by ROC analysis. Binary logis-
tic regression analysis was used to determine the factors
affecting post-operative complications. Cox proportional
regression model with backward elimination stepwise ap-
proach was used for multivariate analysis of overall sur-
vival (0S). All P < 0.05 were considered statistically signif-
icant. These analyzes were performed using IBM® SPSS
statistic version 23.0.

Results

The comparison of clinicopathological variables, post-
operative, and long-term results between the groups of
NLR is summarized in Table 1. The mean age of 281 pa-
tients included in the study was 59.1+7.96 and 181 (64.4)
of the patients were male. There were 177 patients in the
low NLR group and 104 patients in the high NLR group.
209 (74.4%) patients diagnosed with the left colon cancer
and the most common operation was sigmoid colectomy
(47.3%). There was no significant difference between the
groups in terms of age, gender, American society of anes-
thesiology (ASA) score, type of operation, tumor location,
and preoperative CEA level. T stage, lymph node status,
and TNM stages were significantly different between the
groups and it was observed that the patients in the group
of high NLR had more advanced stage tumors (p=0.001>;
p=0.005; and p=0.001>).

There was no statistically significant difference between
the groups in terms of operation time, general and in hos-
pital mortality rates, anastomotic leakage, and recurrence
or metastasis rates. Hospital and intensive care stay were
significantly longer in the group of high NLR (p=0.001>;
and p=0.001>). Post-operative serious complications were
observed with a rate of 28.8% in the group of high NLR
while this rate was 7.6% in the group of low NLR (p=0.001).

The univariate and multivariate analysis results of risk
factors associated with the development of post-opera-
tive serious complications are summarized in Table 2. In
univariate analysis, advanced TNM stage (Odds ratio [OR]:
2.11 95% CI: 1.02~4.38 p=0.028) and high NLR (OR: 4.72
95% CI: 2.36~9.42 p=0.001>) were found to have a statis-
tically significant effect on serious postoperative compli-
cations. In multivariate regression analysis, NLR (OR: 0.41
95% CI: 0.18~0.91 p=0.029) was found to be an indepen-
dent predictor of serious post-operative complications.

The cumulative survival rate was 92% at the 1%t year and
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76.9% at the 3 year. In general patient population, the
mean OS was 35.19+0.75 (95% CI: 33.72~36.66) months
and the mean disease-free survival (DFS) was 34.07+0.79
(95% CI: 32.52~35.63) months. Mean OS in high and low
NLR groups were 33.78+1.34 (95% CI: 31.11~36.44) and
35.78+0.87 (95% CI: 34.07~37.50) months, respectively, and
there was no statistically significant difference (p=0.167)
(Fig. 1). Mean DFS were found as 32.77+1.38 (95% CI:
30.06~35.47) months in high NLR group and 34.51+095
(95% CI: 32.64~36.38) months in low NLR group and sim-
ilarly no statistically significant difference was observed
(p=0.240) (Fig. 2).

In the Cox regression analysis of risk factors affecting OS,
age >65 years (Hazard ratio [HR]: 1.65 95% CI: 1.28~4.49
p=0.016), advanced TNM stage (HR: 0.07 95% CI: 0.01~0.32
p=0.012), and post-operative serious complications (HR:
0.20 95% CI: 0.09~0.44 p=0.038) were found to be inde-
pendent risk factors (Table 3).

Discussion

Pre-operative staging and post-operative treatment plan
of non-metastatic colon cancer diseases are usually ar-
ranged according to the TNM staging system. However,
there are still prognostic differences between patients
with the same stage.’ Therefore, even after adjuvant
chemotherapy for surgical resections and similar stages,
local recurrence, and distant metastasis may develop in
some patients. It is increasingly accepted that variations
in disease course and clinical outcome in colorectal can-
cer patients are affected not only by the oncological fea-
tures of the tumor itself but also by host response factors.
4l Recent studies have shown an association between
inflammatory response and clinical outcomes in various
cancers.[>1]

In general, studies have explained that lymphopenia
means impaired cell-mediated immunity, while neu-
trophilia is associated with the response to systemic in-
flammation.!® It has been reported that patients with
high-density lymphocytes in the stroma of the tumors
have better clinical outcomes compared to low-density
lymphocytes.'*?! The inflammatory response causes
changes in the levels of circulating white blood cells, in-
cluding neutrophils, and lymphocytes. However, day-re-
lated fluctuations in neutrophil count are not always in
line with lymphocytes.?! Therefore, the relative value of
a composite index such as the NLR may more precisely
reflect the antitumor activity of the host immune system.
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Table 1. Comparison of clinicopathological variables. Post-operative and long-term results between the groups of NLR

Variables Total High NLR (>2.27) Low NLR (2.275) p
(n=281) (n=104) (n=177)
n % n % n %
Age 59.1+7.96 59.4+7.69 58.9+7.69 0.624
Gender (male) 181 64.4 65 62.5 116 65.5 0.609
ASA
1 67 23.8 20 19.2 47 26.6 0.278
2 141 50.2 58 55.8 83 46.9
3 73 26 26 25 47 26.6
Operation type
RH 65 23.1 24 23.1 41 23.2 0.241
eRH 7 2.5 4 3.8 3 1.7
LH 16 5.7 2 1.9 14 7.9
elLH 60 21.4 23 22.1 37 20.9
SR 133 47.3 51 49 82 46.3
Tumor location
Right colon 72 25.6 28 26.9 44 24.9 0.403
Left colon 209 74.4 76 73.1 133 75.1
T stage
T1 18 6.4 0 0 18 10.2 0.001>
T2 51 18.1 7 6.7 44 249
T3 132 47 56 53.8 76 42.9
T4 80 28.5 41 39.4 39 22
N stage
NO 110 39.1 28 26.9 82 46.3 0.005
N1 90 32 41 39.4 49 27.7
N2 81 28.8 35 33.7 46 26
TNM stage* <0.001
Stage 1 56 19.9 6 5.8 50 28.2
Stage 2 53 18.9 21 20.2 32 18.1
Stage 3 172 61.2 77 74 95 53.7
CEA (ng/ml) 29.68+13.14 30.19+12.54 28.25+13.43 0.843
Operation time (min) 145.21+54.25 144.57+58.49 146.031+57.15 0.196
Hospital stay (day) 8.54+3.50 9.60+4.10 7.93+2.95 <0.001
ICU stay (day) 1.58+1.36 1.88+1.54 1.40%1.21 <0.001
General mortality 41 14.6 19 18.3 22 12.4 0.123
(number of patients)
In hospital mortality 6 2.1 3 2.9 3 1.7 0.673
(number of patients)
Post-operative 44 15.7 30 28.8 14 7.9 <0.001
complications (CD=3)**
Anastomotic leakage 12 4.3 6 5.8 6 3.4 0.370
Recurrence/metastasis 50 17.8 21 20.2 29 16.4 0.258

Numerical values are given as meanzstandard error or percentages. NLR: Neutrophil to lymphocyte ratio; ASA: American society of anes-
thesiologists; RH: Right hemicolectomy; eRH: Extended right hemicolectomy; LH: Left hemicolectomy; eLH: Extended left hemicolectomy;
SR: Sigmoid resection; TNM: Tumor, Node, Metastasis; CEA: Carcinoembrionic antigene; ICU: Intensive care unit; CD: Clavien-Dindo; *TNM
stage, tumor and lymph node status of the patients were determined based on the American Joint Committee on Cancer (AJCC) 8th edition:
colorectal cancer study.” **Post-operative complications were categorized according to the Modified Clavien Dindo classification.!'?
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Table 2. Univariate and multivariate analysis of risk factors associated with serious post-operative complications

Variable Univariate analysis Multivariate analysis
OR (95% ClI) p Adjusted OR p
(95% ClI)
Age (>65) 1.15 (0.54~2.44) 0.417 - -
High ASA score 1.23 (0.60~2.51) 0.338 - -
Advanced TNM stage 2.11 (1.02~4.38) 0.028+ - -
High NLR 4.72 (2.36~9.42) <0.001+ 0.41 (0.18~0.917) 0.029

OR: Odds ratio; Cl: Confidence interval; ASA: American society of anesthesiology; TNM: Tumor, Nod, Metastasis; NLR: Neutrophil to lym-

phocyte ratio.
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Figure 1. Kaplan—Meier survival curves comparing
overall survival rates between neutrophil to lymphocyte
ratio groups.

The NLR has been used not only as a marker of inflamma-
tion but also as a prognostic index for various malignan-
cies.??l

There is no definite value determined for NLR and dif-
ferent cutoff values obtained by many different methods
have been used in the literature. While the cutoff value for
preoperative NLR was 2.27 in our study, it was determined
as 3,[13:261 5 71 or 2,208 in different studies.

In the present study, a significant relationship was found
between NLR and clinicopathological features, similar to
the literature. High NLR was significantly associated with
advanced T stage, N stage and TNM stage, severe post-op-

Survival Functions
1.0 1
0.8
§ 0.6
c
>
7]
£
=l
© 044
0.2+ NLR
- Low
-1 High
-+~ Low-censored
0.0 —+ High-censored
T ) ) ) ) )
0.0 10.0 20.0 30.0 40.0 50.0
p=0.240 DISEASEFREE_SURVIVAL

Figure 2. Kaplan—Meier survival curves comparing dis-
ease-free survival rates between neutrophil to lympho-
cyte ratio groups.

erative complications, and length of stay in hospital and
intensive care.

Many studies have examined the predictive effect of NLR
on disease burden and patient prognosis.”® The TNM
staging system determined by AJCC and based on post-
operative pathological classification is the most widely
accepted and clinically used method to determine the
probability of a patient’s cure from cancer. The stage of
the tumor is also used to make recommendations for the
need and type of chemotherapy. In addition, a number of
other tumor markers with prognostic implications have
been evaluated by pathologists. It has been suggested



68

Laparosc Endosc Surg Sci

Table 3. Cox regression analysis of risk factors affecting overall survival

Variables Cox regression analysis
HR (95% CI) p

Age (>65) 1.65 (1.28~4.49) 0.016
Gender (male) 1.06 (0.43~1.85) 0.465
High ASA score 1.14 (0.52~2.53) 0.732
Advanced TNM stage 0.07 (0.01~0.32) 0.012
CD =3 post-operative complications 0.20 (0.09~0.44) 0.038
High NLR (>2.27) 1.31 (0.62~2.79) 0.475

HR: Hazard ratio; Cl: Confidence interval; ASA: American society of anesthesiology; TNM: Tumor, Node, Metastasis; CD: Clavien Dindo; NLR:

Neutrophil to lymphocyte ratio.

that early signs of metastasis such as lymphovascular
and perineural invasion be used in clinical practice to
guide targeted chemotherapy and immunotherapy.B!
While TNM classification is a post-operative staging, de-
termining easy-to-apply, inexpensive, and reproducible
predictive factors such as NLR may guide clinicians in
pre-operative staging of the disease and treatment plan-
ning. In the present study, a statistically significant re-
lationship was found between high NLR and advanced
TNM stages.

A significant correlation was found between high NLR
and post-operative increased morbidity (length of stay in
hospital and intensive care unit and development of post-
operative serious complications). This prognostic value
provides important information to the clinician about the
patient in the pre-operative period and may be a predic-
tive value that can ensure that necessary measures are
taken to reduce morbhidity during the preparation process
and surgery.

While advanced age, advanced TNM stage and Clavien
Dindo 3 and above serious complications were found to be
independent risk factors for survival, no statistically sig-
nificant relationship was found between NLR and OS or
DFS. In the literature, there are different results in terms of
the relationship between high NLR and survival. Walsh et
al. found an association between high NLR and decreased
0S in colon cancer patients at all stages.” In another
meta-analysis involving colorectal cancer patients, a high
NLR was associated with decreased OS in colon cancer
patients, while no significant association was found in
the rectal cancer subgroup." In the study conducted by
Chen et al., no statistically significant relationship was

found between high NLR and decreased 0S.?! Our study
results and different results in the literature suggest that
NLR is mostly associated with short-term outcomes and
post-operative morbidity.

The main limitations of the study are possible selection
bias due to being of a single center retrospective study
and relatively low sample size. Due to insufficient data,
we did not have the chance to evaluate medical condi-
tions that could affect the patients’ immune system. It is
also possible that the high NLR levels were confused by
some unmeasured covariates.

Conclusion

NLR, which can be measured by preoperative routine labo-
ratory results, may be a simple, easily accessible prognos-
tic biomarker in predicting the stage of the disease before
surgery and identifying patients with high postoperative
morbidity in patients with colon cancer. Considering that
many factors affect long-term results, these data suggest
that NLR, which is a marker that reflects the severity of the
inflammatory response, is mostly associated with periop-
erative and short-term outcomes. Prospective randomized
large-scale studies are needed to determine the effect of
NLR on OS and DFS.
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