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Neutrophil-to-Lymphocyte Ratio, Platelet-
to-Lymphocyte Ratio, and Red Blood Cell 
Distribution Width as New Biomarkers in Patients 
with Colorectal Cancer 
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ABSTRACT Objective: The incidence of colorectal cancer in developed countries has been found to increase with age. Early diagnosis 
and screening decrease the mortality rates in colorectal cancer. This study aimed to use inflammatory markers neutrophil-to-
lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR), and red blood cell distribution width (RDW) as new biomarkers 
for early diagnosis and screening in patients with colorectal cancer.

Materials and Methods: A total of 59 patients with colorectal cancer and 59 age- and sex-matched healthy participants 
were included in the study. Localization, tumor node metastasis (TNM) stage, and preoperative hemoglobin levels, neutrophil 
counts, lymphocyte counts, platelet counts, and RDW values were obtained from medical records. Using the receiver operat-
ing characteristic (ROC) curve, the optimal cutoff levels of the biomarkers were determined.

Results: NLR, PLR, and RDW were significantly higher in patients with colorectal cancer than in healthy participants 
(p<0.001). According to ROC analysis, the cutoff value for NLR was 2.05 [area under the curve (AUC): 0.740, sensitivity: 
78%, specificity: 66%]; the cutoff value for PLR was 130 (AUC: 0.702, sensitivity: 65%, specificity: 72%); and the cutoff 
value for RDW was 14 (AUC: 0.774, sensitivity: 68%, specificity: 73%). 

Conclusions: NLR, PLR, and RDW were found to be significantly higher in patients with colorectal cancer than in healthy 
participants. Therefore, it is recommended that these additional biomarkers can be used for early diagnosis and screening 
of colorectal cancer.
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INTRODUCTION

Colorectal cancer is the second most prevalent cancer type in women and the third most prevalent type in men. 
The incidence of colorectal cancer is 9.7%, and it occurs more frequently in men than in women. Colorectal cancer 
ranks fourth as the cause of cancer-related deaths. The incidence of colorectal cancer in developed countries has 
been found to increase with age (1). In patients with colorectal cancer, the most important prognostic factor is the 
disease stage. In colorectal cancer cases, the 5-year survival rate is 90.1% for patients in the localized stage, 69.2% 
for patients with regional spread, and 11.7% for patients with distant spread. The mortality rate of colon cancer 
patients considerably decreases with early diagnosis and treatment (2).

Fecal occult blood tests, genetic stool tests, flexible sigmoidoscopy, colonoscopy, capsule endoscopy, virtual colo-
noscopy, and magnetic resonance colonography are used for early diagnosis and screening purposes in patients 
with colon cancer (3). Colorectal cancer screenings have proved to be cost efficient and economical (4). The tests 
used for early diagnosis and screening of colorectal cancer should be easily accessible and inexpensive and should 
not cause distress for patients. In inflammation, various mechanisms such as inflammatory cells, chemokines, 
cytokines, and proinflammatory mediators (cyclooxygenase and lipoxygenase) contribute to tumor cell formation, 
proliferation, and metastasis (5). Neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR), and red 
blood cell distribution width (RDW) biomarkers reflect the systemic inflammatory condition in many cancer types, 
and they have been determined to be early diagnosis and prognostic factors (6-8). 

This study aimed to investigate the use of the inflammatory markers NLR, PLR, and RDW in complete blood 
counts as biomarkers that can be easily accessible for early diagnosis and screening of colon cancer, are inexpen-
sive and simple to use, and do not cause distress for patients.
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MATERIALS AND METHODS

The records of patients who were diagnosed with colon cancer at 
Sivas Numune Hospital between January 2010 and January 2015 
were analyzed. This study was approved by the ethics committee of 
Cumhuriyet University’s Faculty of Medicine (2015-07/01). Medi-
cal records were used to determine the patients who underwent 
a colonoscopy screening for various reasons and who were diag-
nosed with colon adenocarcinoma on the basis of the biopsy. The 
demographic, clinical, pathological, and laboratory data of these 
patients were retrospectively examined. Patients with coexisting 
infections, hematologic diseases, renal diseases, vascular diseases, 
or other cancer types were excluded from the study. A total of 59 
patients with colon cancer and 59 age- and sex-matched healthy 
participants were included in the study.

The localization of the tumor of patients with colon cancer was 
detected, and staging was performed according to tumor node 
metastasis (TNM). The colon cancer cases were categorized into 
two groups in terms of localization: right-sided localization (cecum, 
ascending colon, or transverse colon) and left-sided localization 
(descending colon, sigmoid colon, or rectum). The preoperative 
hemoglobin levels, lymphocyte counts, platelet counts, and RDW 
values of the patients were noted from the records. In cancer pa-
tients and healthy participants, anemia was defined using the World 
Health Organization criteria of hemoglobin levels of <13 g/dL for 
men and <12 g/dL for women (9). NLR and PLR were calculated 
by dividing the neutrophil and platelet counts by the lymphocyte 
count, all of which were obtained from the preoperative complete 
blood counts of the patients. Complete blood count was performed 
using a Beckman Coulter LH 780 hematology analyzer (Beckman 
Coulter Biotechnology, Pasadena, CA, USA) with ethylenediami-
netetraacetic acid blood samples. Blood samples were analyzed 1 
h after venous entry. This study was approved by Cumhuriyet Uni-
versity ethics committee, was in accordance with the Declaration 
of Helsinki, and was designed as a retrospective case-controlled 
study.

Statistical analysis
The Statistical Packages for the Social Sciences (SPSS) version 
22.0 (IBM Corp.; Armonk, NY, USA) was used to conduct sta-
tistical analyses. Data obtained from our study were expressed as 
mean±SD and uploaded to the SPSS 22.0 program. For the evalu-
ation of data, the independent sample t-test, one-way ANOVA-
Tukey test, and chi-square test were used when parametric test 
counts were fulfilled. The receiver operating characteristic (ROC) 
curve analysis was performed to determine optimum cutoff values 
of NLR, PLR, and RDW. A p value of <0.05 was considered to be 
statistically significant.

RESULTS

A total of 59 patients with colorectal cancer and 59 healthy par-
ticipants who served as the control group were included in this 
study. The mean age of the patients with colorectal cancer was 
65.40±12.10 (32-86) years; 27 (45.8%) patients were females 
and 32 (54.2%) were males. The demographic characteristics, 
laboratory results, tumor localization, and TNM stages of the pa-
tient and control group are shown in Table 1. No statistically sig-
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Table 1. Clinical and demographical characteristics of patients 
with colorectal cancer and the control group

 CRC Control 
 patients  group 
Variables (N=59) (N=59) * p

Age (mean±SD) years 65.4±12.1 65.7±10.7 0.860

Sex (male/female) 32/27 31/28 0.85

Tumor location 

Left-sided 40 (67.8)

Right-sided 19 (32.2)

TNM staging [n (%)]

I 8 (13.6)

II 23 (39)

III 17 (28.8)

IV 11 (18.6)

Anemia [n (%)]

Yes 40 (67.8)

No 19 (32.2)

Hb (mean±SD) (g/dl) 11.9±2.2 14.4±1.1 <0.001

Platelets (mean±SD) 308.9±99.1 243±46.2 <0.001 
(109/l)

NLR (mean±SD) 2.9±1.4 2.0±0.6 <0.001 

PLR (mean±SD) 163.6±71.1 118.5±32.7 <0.001 

RDW (mean±SD) (%) 16.1±3.4 13.6±0.6 <0.001 

CRC: colorectal cancer; Hb, hemoglobin; NLR: neutrophil/lymphocyte 
ratio; PLR: platelet/lymphocyte ratio; RDW: red blood cell distribution 
width; TNM: tumor-nodes-metastases 
Data are shown as the mean±SD 
* p values of <0.05 are presented in boldface

Table 2. NLR, PLR and RDW values in patients with 
colorectal cancer compared to the control group according to 
TNM stages

 NLR PLR RDW *p

TNM staging of CRC  
patients (N=59)

I (n=8) 3.35±2.25 166.20±85.1 15.60±1.39 <0.001

II (n=23) 2.86±1.05 164.93±72.7 17.10±4.03 <0.001

III (n=17) 2.74±1.13 152.80±53.5 15.50±2.71 <0.001

IV (n=11) 3.36±1.90 176.01±87.6 15.20±3.77 <0.001

Control  2.01±0.60 118.50±32.7 13.60±0.60 <0.001 
group

(N=59)

CRC: colorectal cancer; NLR: neutrophil/lymphocyte ratio; PLR: platelet/
lymphocyte ratio; RDW: red blood cell distribution TNM: tumor-nodes-
metastases 
Data are shown as the mean± SD 
* p values of <0.05 are presented in boldface



nificant difference was found between the groups in terms of age 
(p=0.860) and sex (p=0.854). In patients with colorectal cancer, 
40 had anemia (67.8%) and 19 (32.3%) did not. The incidence 
of anemia was found to be significantly higher in patients with 
colorectal cancer than in healthy participants (p<0.001). When 
the preoperative platelet counts, NLR, PLR, and RDW values 
in patients with TNM stage-independent colorectal cancer were 
compared with healthy participants, these values were found to 
be significantly higher in patients with colorectal cancer (p<0.001) 
(Tables 1 and 2). In terms of colorectal cancer localization, 40 pa-
tients were left sided (67.8%) and 19 patients (32.2%) were right 
sided. Of these patients, 17 with right-sided localization (89.5%) 
and 23 (57.5%) with left-sided localization had anemia. In colorec-
tal cancer patients with right-sided localization, the incidence of 
anemia was significantly high (p<0.05). In the subgroup analysis, 
no significant association was detected in terms of NLR and PLR 
in colorectal cancer patients with right-sided and left-sided localiza-
tion (p>0.05). However, RDW was significantly higher in patients 
with right-sided localization than in those with left-sided localiza-
tion (p=0.032). Furthermore, when the non-anemic patients with 
colon cancer were compared with healthy participants, NLR and 
PLR were found to be significantly higher in the former (2.80 vs. 
2.01, p<0.001; 122.2 vs. 118.5, p<0.05). According to ROC 
analysis, the cutoff value for NLR was 2.05 [area under the curve 
(AUC): 0.740, sensitivity: 78%, specificity: 66%]; the cutoff value 
for PLR was 130 (AUC: 0.702, sensitivity: 65%, specificity: 72%); 
and the cutoff value for RDW was 14 (AUC: 0.774, sensitivity: 
68%, specificity: 73%) (Figure 1). 

DISCUSSION

In our study, preoperative NLR, PLR, and RDW values were found 
to be significantly higher in patients with colon cancer than in 
healthy participants. In the subgroup analysis, NLR and PLR were 

significantly higher in non-anemic patients with colon cancer than 
in healthy participants. Therefore, these results indicate that NLR, 
PLR, and RDW obtained from simple and routine complete blood 
counts could be used as additional biomarkers for early detection 
and screening of patients with colon cancer.

Colorectal cancers are the most common causes of cancer-related 
deaths. Each year, an estimated 1.2 million new cases and ap-
proximately 600,000 deaths occur owing to colorectal cancer. The 
incidence of colorectal cancer increases after the age of 50, with 
the identified mean age being 70 years in developed countries (10). 
In developed countries such as Europe and North America, there 
is a high incidence of colorectal cancer, and its incidence tends to 
increase in developing countries. In epidemiological studies, the 
risk factors for colorectal cancer include high-fat and low-fiber diet, 
family history of colorectal cancer, inflammatory bowel disease, 
smoking, obesity, diabetes, and high red meat consumption (10, 
11).

Inflammation contributes to the formation, progression, and me-
tastasis of cancer. Chronic inflammation is known to cause many 
cancer types, such as hepatocellular carcinoma derived from hepa-
titis B and C, gastric cancer derived from Helicobacter pylori, 
and colon cancer derived from inflammatory bowel disease (10). 
In the literature, platelet, C-reactive protein (CRP), interleukin-6 
(IL-6), NLR, PLR, and RDW, all of which are considered mark-
ers of systemic inflammation, provide important clues about the 
early diagnosis and prognosis of colon cancer (6, 11-13). The ac-
tivation of neutrophils, platelets, and macrophages contribute to 
chronic inflammation and lead to the increase of reactive oxygen 
species and reactive nitrogen intermediates, both of which have 
high mutagenic activity. These molecules initiate tumor formation 
as a result of DNA damage and mutations in cells. p53, K-Ras, and 
B-raf gene mutations were particularly determined to cause gene 
mutations in colorectal cancer (11-13). Inflammatory cells lead to 
tumor progression by causing the increase of nuclear factor kappa 
B, signal transducers and activators of transcription, proinflamma-
tory mediators related to factors such as B-catenin, cytokine, and 
chemokine, growth factors, and matrix metalloproteinases, which 
are transcription factors (12-14).

Platelet activation causes tumorigenesis and atherothrombosis 
owing to damage in epithelial and endothelial cells. Platelet in-
flammation plays a leading role in tumor mechanism by affect-
ing several different steps. Under normal physiological conditions, 
cyclooxygenase (COX) enzyme expression is under strict control 
with transcriptional and posttranscriptional levels. There are two 
isoenzyme forms of the cyclooxygenase enzyme: COX-1 and 
COX-2. In chronic inflammation, the increase of active platelet 
COX-1 and COX-2 triggers intestinal tumorigenesis. Together with 
apoptosis resistance, the prostaglandin E2 (PGE2) and prostaglan-
din H2, which increase in cells as a result of COX-1 and COX-2 
increase, stimulate cell proliferation, migration, and angiogenesis. 
Furthermore, sTNF-α, IL-6, and IL- 8, which increase along with 
the inflammation, cause a change in the structure of microRNA-16 
and microRNA-143 and thus increase the formation and prolif-
eration of colon cancer (14). Activated platelet angiogenesis and 
vascular endothelial growth factor and colony-stimulating factor 1, 
which causes proliferation, increase platelet-derived growth factor 
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Figure 1. ROC curves for NLR, PLR, and RDW for preoperative 
patients with colon cancer and healthy participants
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and transforming growth factor-β and leads to tumor invasion and 
metastasis (14, 15). Therefore, inflammation plays an important 
role in colorectal cancer. Antiinflammatory NSAI and aspirin re-
duce colon cancer and polyp formation by preventing numerous 
steps. With low-dose aspirin, the irreversible inactivation of the 
platelet thromboxane A2 synthesis and COX-1 activity reduces the 
risks of inflammation and the onset of colon cancer. Of the NSAI 
drugs, COX inhibitors have the effect of reducing polyp and cancer 
formation by suppressing COX-2 inhibitors PGE2 (16, 17).

As lymphocytes regulate immune homeostasis during chronic in-
flammation and have an antiinflammatory effect, tumor forma-
tion and the proliferation of lymphocytes play an inhibitory role. 
However, the risk for colorectal cancer increase owing to increas-
ing proinflammatory cytokines such as TNF-α, IL-6, and IL-17 
and decreasing IL-10 because of the effect of T lymphocytes in 
chronic inflammation (18). RDW, which measures the complete 
blood count parameter and the size difference of red blood cells, 
increases with increases in interleukin, a proinflammatory media-
tor, and cytokines such as TNF-α. RDW increases in inflammation 
and in many cancer types, including colon, pancreas, and breast 
cancers, and it is accepted as a prognostic factor (13, 19, 20). 

Early diagnosis and screening decrease mortality in colorectal can-
cer by approximately 53% (21). Therefore, early diagnosis and 
screening of colorectal cancer should be cost-effective measures 
(22). The most common tests used in clinical practice for the early 
diagnosis and screening of colon cancer are guaiac-based fecal oc-
cult blood tests (gFOBTs) and fecal immunochemical tests (FITs). 
While gFOBTs are able to detect hemoglobin in feces, they are 
not sensitive to cases of small hemorrhages. These tests return 
high levels of false-positive or -negative results when red meat, 
raw fruit and vegetables, and certain vitamins (vitamin C and E) are 
consumed (23). Thus, before performing gFOBTs, patients should 
avoid the drugs mentioned above and should follow a proper diet. 
The sensitivity and specificity for gFOBTs is 25-38% and 74%, 
respectively (24). However, these tests are currently no longer con-
sidered important, and their routine use has been discontinued. 

Antibodies that are used for FITs are specific to hemoglobin in hu-
man blood. These tests are able to detect by binding monoclonal 
and polyclonal antibodies to the globin in hemoglobin. FITs pro-
vide cutoff value flexibility in terms of positivity, are more specific, 
and are less affected by factors such as diet and drugs. However, 
FITs require trained personnel and reliable laboratory conditions. 
Moreover, FITs are not specific to colorectal cancers, as the hem-
orrhage test in upper gastrointestinal hemorrhage and non-neo-
plastic and benign diseases may be positive and may not be able 
to distinguish between them. FITs should use two or more samples 
for maximum sensitivity. Despite the variations in the studies con-
ducted, the sensitivity for FITs ranges between 61% and 91% and 
the specificity ranges between 91% and 98% (25, 26).

The fecal DNA test is used for patients with colorectal cancer 
because it is able to detect the specific cell mutations related to 
colorectal cancer that are excreted with stools. In studies conduct-
ed, the sensitivity and specificity of the fecal DNA test was 85% 
and 95%, respectively; however, this test is considerably more 
expensive than other tests (27). Capsule endoscopy is generally 

used as a diagnostic tool for small intestine examinations; however, 
there are very little data regarding their use for colon examinations. 
Data that are available regarding their use in colon cancer detec-
tion show a sensitivity of 76% and specificity of 75% (28). Virtual 
colonoscopy has high rates of sensitivity and specificity (95.7% and 
100%, respectively). However, they have few major disadvantages, 
including radiation exposure, high cost, and the need for the pa-
tient to undergo another colonoscopy (29). Flexible sigmoidoscopy 
(for distal cancer) and colonoscopy sensitivities are both above 
95%, and they decrease colorectal cancer incidence (31%-33%) 
and mortality rate (38%-43%). The disadvantages of this diagnostic 
tool are its inability to perform optimum intestinal cleaning, the 
low quality of the procedure, and its invasiveness (30). The screen-
ing methods in colorectal cancer vary according to the country, 
and the initial screening method recognized worldwide as the most 
reliable is FIT, followed by colonoscopies, when necessary (31). 
However, these methods are not easily accessible, and they are 
expensive and cause distress for the patient.

Recently, inflammatory markers have been used for the early di-
agnosis and determination of prognosis of patients with colorectal 
cancer. The most common inflammatory markers are CRP, plate-
lets, NLR, PLR, and RDW. In the study by Chiang et al., NLR 
(>3) in patients with colorectal adenocarcinoma was detected as a 
poor prognostic factor (31). Galizia et al. (12) found that in early 
colon cancer, preoperative NLR served as a strong biomarker for 
estimating the independent prognosis factor and tumor relapse. In 
another study, the preoperative NLR value was statistically signifi-
cant in patients with colorectal adenocarcinoma compared with 
the same value in the control group. In this study, the diagnostic 
sensitivity and specificity cutoff value was minimum 2.02 (sensitiv-
ity: 86%, specificity: 84%) (6). In our study, we found the diagnos-
tic sensitivity and specificity cutoff value of NLR in patients with 
colon cancer to be minimum 2.05 (sensitivity: 78%, specificity: 
66%). The NLR cutoff value in our study was the same as that 
determined by Kilincalp et al. in patients with colon cancer, and 
the NLR sensitivity and specificity ratios were similar.

In the study conducted by Sun et al. (32) on patients with colon 
cancer, preoperative high PLR was a poor prognostic factor. Simi-
larly, Szkandera et al. (33) observed that preoperative high PLR 
(>176) was also detected to be a poor prognostic factor. The pre-
operative PLR values were statistically significant in patients with 
colorectal adenocarcinoma compared with the healthy participants 
in the study conducted by Kilincalp et al. (6). In this study, the diag-
nostic sensitivity and specificity cutoff value of PLR was minimum 
135 (sensitivity: 70%, specificity: 90%) (6). In our study, we found 
the cutoff value for PLR to be minimum 130 (sensitivity: 65%, 
specificity: 72%). The PLR cutoff value in our study was the same 
as that determined by Kilincalp et al. (6) in patients with colon can-
cer, but the NLR sensitivity and specificity ratios were a little lower.

In the study by Beyazıt et al. (34), in which they aimed to dis-
tinguish between the benign and malign lesions that cause biliary 
obstruction, the RWD cutoff value was found to be 14.8%, and 
the sensitivity of the test was 72% and specificity was 69%. In the 
study by Ay et al., RDW as a biomarker for use in early diagnosis 
of colon cancers was found (13). In this study, the RDW cutoff 
value was 17.5%, and the sensitivity of the test was 53.3% and the 
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specificity was 91.4% (13). In our study, preoperative RDW values 
in TNM stage-independent patients with colorectal cancer were 
significantly higher than in healthy participants. The cutoff value 
for RDW was detected as 14% (sensitivity: 68%, specificity: 73%).

The primary limitation of this study was that it was a retrospec-
tive and single-center study design. In our patients with colorectal 
cancer, NLR, PLR, and RDW values, independent of TNM stage, 
were found to be significantly higher than those in the healthy 
participants. The sensitivity of NLR, PLR, and RDW values were 
higher than gFOBTs. To conclude, our study determined that NLR, 
PLR, and RDW parameters obtained from complete blood counts 
are easily accessible, simple, and inexpensive and can be recom-
mended for use as additional biomarkers for early diagnosis and 
screening of patients with colorectal cancer. 
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