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 Background: The aim of our study was to evaluate all lesions in the adenoma-dysplasia-cancer sequence of the colon and 
to examine whether the neutrophil-to-lymphocyte ratio (NLR) can distinguish polyps indicating dysplasia and 
cancer.

 Material/Methods: A total of 397 patients who had colonoscopic polypectomy between January 2010 and December 2014 were in-
cluded in our retrospective study. The patients were divided into four groups: patients with hyperplastic polyps, 
patients with adenomatous polyps, patients with dysplasia, and patients with cancer. The NLR was calculated 
as a simple ratio indicating the relationship between counts of absolute neutrophil and absolute lymphocyte.

 Results: The NLR increased in line with the adenomatous polyp-dysplasia-cancer sequence, with the highest ratio es-
tablished among cancer patients (2.05 (0.27–10), 2.34 (0.83–14.70) and 3.25 (0.81–10.0), respectively). The NLR 
was significantly higher among cancer patients than among patients with adenomatous polyps and hyperplas-
tic polyps (p values were 0.001 and 0.004, respectively). The lymphocyte count of cancer patients was promi-
nently lower when compared to those in groups with adenomatous polyps and hyperplastic polyps (p values 
were 0.001 and 0.003, respectively). The NLR was found to be significantly higher in patients with polyps larger 
than 10 mm [2.71 (0.90–14.70)] when compared to those with polyps smaller than 10 mm [2.28 (0.27–11.67)] 
(p<0.001). With the NLR threshold set at 2.20, it was possible to predict cancerous polyps with a sensitivity of 
71.4% and a specificity of 52.5% (AUC: 0.665, 95% CI: 0.559–0.772, p=0.001).

 Conclusions: NLR is a cheap, universally available, simple and reliable test that can help predict cancerous polyps. It can be 
used as a non-invasive test for monitoring polyps.
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Background

Colorectal cancer (CRC) occupies an important place among can-
cers that affect both men and women; it ranks third among all 
cancers in terms of its incidence among both men and women, 
as well as being the third most common cause of death from 
cancer in the USA [1]. The estimated number of new cases and 
of deaths from CRC in the USA was reported to be 136,830 
and 50,310, respectively [1]. Changes in lifestyle have led to 
a rapid increase in CRC incidence in developing countries [2].

The majority of CRCs are caused by adenomas. Many adeno-
mas are polyps which advance from small to large (>1 cm) 
size, and then to dysplasia and then cancer [3]. Many colorec-
tal polyps are either adenomatous or hyperplastic. Gross ap-
pearance cannot be used to distinguish these forms reliably, 
and diagnosis requires a biopsy and pathology evaluation. If 
adenoma advances to carcinoma, the process can take at least 
10 years, on average [4].

The association between cancer and inflammation has been 
known for some time [5]. A number of inflammatory tests, in-
cluding CRP and Glasgow prognostic score, have been found 
to correlate with poor prognosis of cancer patients [6]. As a re-
flection of systemic inflammation, the neutrophil-to-lympho-
cyte ratio (NLR) was initially established as a prognostic factor 
among patients in intensive care, then found also to be asso-
ciated with poor prognosis in various types of cancer, includ-
ing colon cancer [7–10]. CRC has a low morbidity and mortality 
rate when diagnosed at early stages, and it is possible to treat 
CRC through surgery in these early cancer stages. Since hema-
tological testing is a routine procedure for most patients, NLR 
constitutes a simple, reliable, and easy-to-use indicator for the 
inflammatory response. The aim of the present study was to 
conduct research into the relationship between NLR and the 
colorectal adenoma–dysplasia-cancer sequence.

Material and Methods

The study sample included 397 patients who had colonoscop-
ic polypectomy between January 2010 and December 2014 at 
the Endoscopy Unit of the Faculty of Medicine, Dicle University. 
This study was approved by the Ethics Board of the Faculty of 
Medicine of Dicle University.

Patient pre-operative demographic information and laboratory 
results of these patients was obtained retrospectively through 
the hospital’s automated record system. The study excluded 
patients with active infectious diseases, hematological or sol-
id organ tumors, obstructive or ulcerated lesions identified 
distinctly in colonoscopy, more than 15 polyps, use of cyclo-
oxygenase-2 (COX-2) inhibitors, and a history of surgery for 

colon tumors. The patients were divided into four groups: pa-
tients with hyperplastic polyps (Group A), patients with ade-
nomatous polyps (Group B), patients with adenomatous pol-
yps indicating dysplasia (Group C), and patients with polyps 
diagnosed as adenocarcinoma (Group D).

Hematological parameters were measured using an automated 
hematology analyzing system (Abbott Cell-Dyn 3700; Abbott 
Laboratory, Illinois, USA). The NLR was calculated by the divi-
sion of the neutrophil count by the lymphocyte count.

Statistical analysis

Statistical analyses were performed using the SPSS 18.0 for 
Windows software package (SPSS Inc., Chicago, IL, USA). The 
normality of data was evaluated using the Kolmogorov-Smirnov 
test. Descriptive statistics pertaining to continuous variables 
were indicated as average and standard deviation (SD) values. 
Variables that lacked a normal distribution were expressed as 
mean (min–max range) values. Variance analysis (ANOVA) was 
used for variables with normal distributions during the com-
parison of three groups. The Tukey test was used for subgroup 
analysis. The Kruskall-Wallis test was used for variables that 
lacked normal distributions during the comparison of three 
groups, and the Mann-Whitney U test was used for subgroup 
comparisons. The threshold value of NLR in the prediction of 
polyps indicating dysplasia-cancer was identified by receiver 
operating characteristic (ROC) curve analysis. Hypotheses were 
bidirectional and p<0.05 was considered statistically significant.

Results

The age range of the patients was 17–90 years and the mean 
age was 57.7±15.7 years. Of the 379 patients, 240 (60.4%) 
were male. In all, 31.5% of the patients had hyperplastic pol-
yps (Group A, n=125); 54.7% had adenomatous polyps (Group 
B, n=217: 185 tubular, 37 tubulovillous and 5 villous); 5.0% of 
patients had polyps indicating dysplasia (Group C, n=20), and 
8.8% had polyps indicating cancer (Group D, n=35).

The ratio of smoking was 26.7% among men and 8.6% among 
women (p<0.001). The rates of smoking for patients in Groups 
A, B, C, and D were 41%, 34%, 25%, and 33%, respective-
ly (p=0.49). No correlation was identified between dysplasia, 
cancer, and smoking. Only 7.3% of patients had used aspirin 
before their colonoscopy. There was no statistically significant 
difference between groups (p=0.89).

Table 1 presents the median (min–max range) for white blood 
cells, neutrophils, lymphocytes, and NLR values of the groups. 
The comparison of the groups showed significant differences 
only in the lymphocyte count and NLR (p values were 0.002 
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and 0.007, respectively). NLR values increased in accordance 
with the adenomatous polyp–dysplasia-cancer sequence (2.05 
(0.27–10), 2.34 (0.83–14.70) and 3.25 (0.81–10.0), respective-
ly). When the groups were compared, the lymphocyte count 
was significantly lower among cancer patients than among the 
groups with hyperplastic and adenomatous polyps (p values 
were 0.011 and 0.003, respectively). The lymphocyte count was 
significantly lower among patients with dysplasia only when 
compared to the adenomatous group (p=0.009).

NLR comparison included age, sex, polyp size, and polyp lo-
cation (Table 2). The only significant difference was in polyp 
size. NLR median value was found to be significantly higher 
among those with polyps larger than 10 mm [2.71 (0.90–14.70)] 
compared to those with polyps smaller than 10 mm [2.28 
(0.27–11.67)] (p<0.001).

The relationship between NLR and cancerous polyps was eval-
uated by ROC curve analysis. With the NLR threshold value set 
at 2.20, it was possible to predict the diagnosis of cancerous 
polyps with a sensitivity of 71.4% and a specificity of 52.5% 
(AUC: 0.665, 95% CI: 0.559–0.772, p=0.001), (Figure 1).

WBC count* 
(×103/μL)

Neutrophil count* 
(×103/μL)

Lymphocyte count* 
(×103/μL)

NLR*

Group A (n=125)
7.600

(1.300–18.000)
4.600

(600–13.000)
2.000

(500–5.600)
2.24

(0.81–11.67)

Group B (n=217)
7.300

(2.600–20.000)
4.400

(570–18.000)
2.100

(520–10.000)
2.05

(0.27–10.00)

Group C (n=20)
6.400

(2.800–16.500)
4.050

(1.700–14.700)
1.700

(580–3.100)
2.34

(0.83–14.70)

Group D (n=35)
8.000

(3.500–16.000)
5.700

(1.800–13.000)
1.700

(860–3.700)
3.25

(0.81–10.00)

p** 0.263 0.158 0.002 0.007

Meaningful comparisons# None 2 & 4 1 & 4, 2 & 3, 2 & 4 1 & 4, 2 & 4

Table 1. Statistical analysis of the groups.

WBC – white blood cell; NLR – neutrophil lymphocyte ratio, Group A – hyperplastic polips; Group B – adenomatous polyps; Group 
C – adenomatous Polyps with dysplasi; Group D – polyps with adenocancer. * All values are given as median (min-max range); 
** Comparasions was done by Kruskal Wallis test; # Comparasions was done by Man Whitney U test.

NLR p*

Age (years)

 <50 (n=124)
 >50 (n=273)

 2.21 (0.40–11.67)
 2.15 (0.27–14.70)

0.108

Gender

 Female (157)
 Male (240)

 2.14 (0.27–10.00)
 2.24 (0.40–14.70)

0.486

Polyp size (mm)

 <10 mm (n=305)
 >10 mm (n=92)

 2.28 (0.27–11.67)
 2.71 (0.90–14.70)

<0.001

Localization

 Right colon (n=42)
 Left colon (n=355)

 2.13 (1.03–7.56)
 2.20 (0.27–14.70)

0.676

Table 2.  The relation between NLR and the clinical and 
demographic features of patients.

NLR – neutrophil lymphocyte ratio. * Comparasions was done by 
Man Whitney U test.

Figure 1.  Receiver operating characteristic (ROC) curve analysis 
of NLR for predicting the presence of cancerous polyps.
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Discussion

Previous studies have established the prognostic relationship 
between CRC and NLR. A limited number of studies have evalu-
ated the relationship between polyps and NLR, and these stud-
ies addressed patients with neoplastic polyps and CRC patients 
separately. To the best of our knowledge, the present study is 
the first study that approaches non-neoplastic polyps and all 
lesions in the adenoma-dysplasia-cancer sequence of the colon 
together. The present study found a gradual increase in NLR as 
the patient approaches cancer diagnosis in line with the ad-
enoma-dysplasia-cancer sequence. NLR was found to be sig-
nificantly higher among cancer patients than among patients 
with neoplastic or non-neoplastic polyps. Again, with the NLR 
threshold set at 2.20, we found that cancerous polyps could 
be predicted with a sensitivity of 71.4% and a specificity of 
52.5%. Furthermore, a significant relationship was established 
between polyp size, which represents an important factor in 
the progression from neoplastic polyps to cancer, and NLR.

The relationship between cancer and inflammation was re-
ported by Virchow in the nineteenth century, and ample evi-
dence has been gathered since then to support this relation-
ship [5]. Levels of white blood cells, neutrophils, lymphocytes, 
and platelets in serum, and acute-phase proteins, including 
C-reactive protein (CRP) and albumin, are known indicators of 
a response to inflammation. These simple and easy-to-mea-
sure parameters are widely used as standard assays [11]. NLR 
can be used as a tool to indicate the balance between the ac-
tivation of the pro-tumor inflammatory pathway and the anti-
tumor function of the immune system. Current theories focus 
on the relative neutrophilia and lymphocytopenia that emerg-
es as part of the cancer-induced systemic response to inflam-
mation [12]. In malignant tumors, systematic inflammation is 
considered to be created by tumor hypoxia or necrosis and 
the relevant anti-apoptosis signaling pathway motivation [13]. 
Mechanisms proposed to explain neutrophilia include the re-
lease of G-CSF from tumor cells and inflammation in cancer 
through the release of IL-1 and TNF-alpha [14,15]. Relative neu-
trophilia leads to an increase in the number of inflammatory 
markers that incorporate pro-angiogenic factors (VEGF), growth 
factors (CXCL8), proteases (metalloproteinase tissue inhibitors), 
and anti-apoptotic markers (NF-kB) that extend support to tu-
mor growth and progression [16–18]. Lymphocyte response is 
a prominent component of efforts to control cancer progres-
sion. A number of studies have established that a decrease in 
the T cell activity in tumors is correlated with the progression 
of the primary tumor [19]. It has been argued for some time 
that anti-tumor activity is primarily realized through the me-
diation provided by cellular immune reactions dependent on 
lymphocytes. Lymphopenia has been shown to be associat-
ed with disease severity and immunological escape of tumor 
cells from infiltrating lymphocytes [20–23]. The present study 

established a significant difference among the patient groups 
in terms of lymphocyte count, despite the absence of any sig-
nificant difference identified among the groups in terms of 
the neutrophil count. According to inter-group comparisons, 
lymphocyte count was determined to be significantly lower 
among patients with cancer and dysplasia when compared 
to patients with non-dysplastic adenomatous polyps. This, in 
turn, signifies that the increase in NLR correlates with the de-
crease in lymphocyte count, as has been emphasized in the 
literature. An increased count of lymphocytes infiltrating tu-
mors has been acknowledged as a factor predicting good prog-
nosis [24]. It is possible to utilize NLR as a means to indicate 
the balance between the activation of the pro-tumor inflam-
matory pathway and the immunological anti-tumor function.

Neutrophils in tumor tissue have been shown in histopathol-
ogy studies to be a factor for poor prognosis in patients with 
CRC [25]. In the present study, the high level of intratumoral 
CD66b neutrophils was positively correlated with pathologic 
and clinical stages. Neutrophils in the blood have also been 
found to be an independent prognostic marker for poor sur-
vival in CRC exhibiting metastasis [10]. One study found that 
for patients with advanced CRC who receive oxaliplatin-based 
chemotherapy, increased NLR predicted poor prognosis as an 
independent factor [26]. An increase in NLR (>5) also provid-
ed an independent prediction of poor prognosis for colorectal 
metastasis in the liver following percutaneous radiofrequency 
ablation [27]. A recent study identified the association of sys-
temic inflammation before the operation (Glasgow prognostic 
score criteria), peritumoral inflammatory infiltrate, and can-
cer-specific survival among patients who had undergone re-
section with a remedial potential for colorectal cancer. In addi-
tion, the aforementioned study demonstrated that a low-grade 
peritumoral infiltrate was associated with an increase in the 
Dukes’ stage and in the total white cell count and neutrophil 
count [6]. Another recent study established a positive correla-
tion between CRP and metastatic lymph node ratio, an inde-
pendent indicator of prognosis among patients with stage III 
colon cancer [28]. The seemingly inverse proportion between 
markers of the response to systemic inflammation and the re-
sponse to local inflammation most probably reflects the im-
balances in the innate and adaptive immune systems that dis-
rupt effective host-tumor immune responses.

In one study, the presence of increased inflammation was 
identified by histopathology in adenomatous and hyperplas-
tic polyps [29]; however, both acute and chronic inflamma-
tion was found to be prominent only when compared to both 
normal tissue and hyperplastic polyps among adenomatous 
polyps with neoplastic potential [29]. Most colon cancers are 
known to be induced by adenomatous polyps with neoplastic 
potential. COX-2 proteins, which are negative in normal co-
lon epithelia, increase in both adenomatous polyps and CRC 
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cells [30]. Clinical and experimental studies have established 
that selective and nonselective nonsteroidal anti-inflamma-
tory (NSAIDs) prevent the development of cancer from neo-
plastic polyps. Studies that showed COX-2 to be a significant 
factor that regulates apoptosis, angiogenesis (VEGF), and in-
vasiveness in tumor cells also provided mechanistic insights 
into the position of COX-2 in intestinal tumorigenesis [30]. In 
addition, studies have indicated that NSAIDs inhibit cell pro-
liferation and induce apoptosis in colon and other tumor cell 
lines in culture [31].

Karaman et al. reported that NLR was able to distinguish neo-
plastic polyps from non-neoplastic ones [32]. In the present 
study, NLR values >1.9 could predict neoplastic polyps with a 
sensitivity of 71% and a specificity of 50%. However, we could 
not establish a significant difference in the NLR between these 
two groups. This situation may be associated with the low 
villous adenoma ratio (7.4% and 2.3%) despite the relatively 
high total number of patients included in the study. Another 
study looking at the polyp-NLR relationship found that NLR 
was able to distinguish CRC from neoplastic polyps [33]. In the 
present study, NLR was found to be significantly higher in the 
CRC group than in both the group with neoplastic polyps and 
the healthy group, whereas no difference was identified be-
tween the NLR values of patients with neoplastic polyps com-
pared to healthy controls. The earlier study established NLR 
values >2.28 as able to predict CRC with a sensitivity of 68% 
and a specificity of 42%. These values correspond to the re-
sults of our study.

In histopathologic terms, a correlation was determined be-
tween polyp size and both acute and chronic inflammation [29]. 
The present study identified significantly higher NLRs in pol-
yps larger than 10 mm and demonstrated the same finding 
in systemic terms.

The first, most important limitation of the present study is its 
concentric and retrospective nature. Second, the study could 
not assess the effects on the immune system fully due to its 
retrospective design. Another weakness of the study was the 
low number of patients with cancerous and dysplastic pol-
yps compared to the number of patients with hyperplastic 
and adenomatous polyps. Furthermore, NLR remained insuf-
ficient in predicting dysplastic polyps and could only predict 
cancer in the adenoma-dysplasia-cancer sequence. This may 
have been the result of the small number of patients in the 
dysplasia group, as well as the low number of high-grade dys-
plastic patients in this group (n=3). These results provide pre-
liminary information for multi-centered, prospective and long-
term studies to be undertaken in the future.

Conclusions

The present study established that NLR increased gradually in 
the pathway extending from adenoma to cancer. We detected 
that NLR was significantly higher in cancerous polyps when 
compared to non-neoplastic polyps and adenomatous polyps. 
Furthermore, with the NLR cutoff value set at 2.2, we were 
able to predict patients with cancerous polyps from amongst 
all patients exhibiting polyps with a medium level of sensitiv-
ity and specificity. NLR is a cheap, universally available, sim-
ple, and reliable test that can predict cancerous polyps. Large-
scale prospective studies to be conducted in the future may 
enable NLR to be utilized as a useful biomarker in the follow-
up of patients with polyps and the selection of patients for 
such modes of treatment as COX-2 inhibitors that inhibit the 
progression of CRC.
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