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® Atilla Bulur!, ® Ayca Serap Cakir2

INazilli State Hospital, Clinic of Gastroenterology, Aydin, Turkey

2Medicana Camlica Hospital, Clinic of Internal Medicine, Istanbul, Turkey

Objective: There is a need for inexpensive, reliable and readily available
biomarkers in the early diagnosis and prediction of mortality, morbidity
and treatment response in colorectal cancer (CRC). In our study, it was
aimed to compare mean platelet volume (MPV), red cell distribution
width (RDW) and neutrophil-lymphocyte ratio (NLR) measurements in
operated and non-operated patients with the diagnosis of CRC.

Method: In our study, we retrospectively reviewed 52 patients (including
26 operated patients and 26 non-operated patients) diagnosed as
CRC with colonoscopic biopsy at endoscopy unit of gastroenterology
department between 2016 and 2019. We extracted and compared
demographic, colonoscopy, clinical, laboratory and surgical data in both
groups.

Results: In our study, the mean age (60.04 years and 6419 years,
respectively) and gender distribution (female: male, 12/16 and 10/14,
respectively) were comparable in operated and non-operated patients
with CRC. MPV, RDW and NLR measurements were found to be
significantly lower in patients who underwent surgery (operated) when
compared to non-operated patients (p<0.001, p=0.026 and p<0.001,
respectively).

Conclusion: There is strong evidence suggesting that inflammation
plays a role in the pathogenesis of many disorders including malignancy.
In our study, it was found that inflammatory markers, namely MPV, RDW
and NLR values, were lower after surgery which removed tumor; thus,
inflammation. These biomarkers can be suggestive for early diagnosis in
CRC as well as response to surgical treatment.

Keywords: NLR (neutrophil-lymphocyte ratio), MPV (mean platelet
volume), RDW (red cell distribution width), operation, colorectal
adenocarcinoma

Amag: Kolorektal kanserin (KRK) erken tanisinda, mortalite, morbidite ve
tedavi yanitinin tahmin edilmesinde kolayca ulasilabilir, ucuz ve gtivenilir
biyobelirteclere ihtiya¢ vardir. Calismamizda KRK tanisi ile opere olan
ve opere olmayan hastalarin ortalama trombosit hacmi (MPV), eritrosit
dagiim genigligi (RDW) ve notrofil-lenfosit orani (NLR) olgtmlerini
karsilagtirmak amaglanmistir.

Yontem: Calismamizda 2016-2019 yillari arasinda  hastanemiz
gastroenteroloji  klinigi, endoskopi Utnitemizde kolonoskopik biyopsi
ile KRK tanisi alan ve 26'si opere, 26'si non-opere toplam 52 hasta
incelenmistir. Her iki hasta grubuna ait demografik, kolonoskopik, klinik,
laboratuvar ve operasyonel bilgiler restrosepektif olarak irdelenmis ve
karsilagtinimistir.

Bulgular: Calismamizda opere ve non-opere KRK hastalarin yas
ortalamalari (60,04 ve 64,19 yas) ve cinsiyet (kadin/erkek: 12/16 ve 10/14)
ozellikleri birbirine benzerdi. Opere olarak cerrahi tedavi uygulanan
hastalarin, cerrahi tedavi olmayan non-opere hastalara gore MPV, RDW
ve NLR olglimleri istatistiksel olarak anlamli olglide dlsik saptandi
(p<0,001, p=0,026, p<0,001).

Sonug: Kronik enflamasyonun, malignite dahil birgok hastaligin
patogenezinde rol oynadidina dair gliglu kanitlar mevcuttur. Calismamizda
arastirdigimiz enflamatuvar gostergeler olan MPV, RDW ve NLR
duizeylerinin, timorin ve dolayisiyla enflamasyonun ortadan kalkmasina
neden olan operasyon sonrasi dlistuk duzeylerde oldugu saptanmistir. Bu
biyobelirtecler KRK erken tanisi igin fikir verebilecegi gibi, cerrahi tedavi
yaniti hakkinda da bilgi verebilir.

Anahtar kelimeler: NLR (notrofil-lenfosit orani), MPV (ortalama
trombosit hacmi), RDW (eritrosit dagilim genisligi), operasyon, kolorektal
adeno karsinom
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Introduction

Colorectal cancer (CRC) is the third most common cancer
whereas fourth most common cause of cancer-related
mortality worldwide (1). As similar to many other cancers,
the likelihood of successful treatment is increased if
diagnosed early (2). Although colonoscopy remains to be
the most effective modality in detecting CRC, inconvenient
experience, risk of complication and higher costs limit
its use in screening settings (3,4). In CRC, fecal occult
blood test and fecal immunochemical test are most
commonly used biomarkers in CRC screening. However,
the sensitivity of these tests is variable as they are affected
from diet and unable to distinguish between upper and
lower gastrointestinal bleeding (5,6). Despite apparent
improvements in the diagnosis and treatment of CRC in
recent years, the diagnosis is still made at advanced stages
in majority of patients, resulting in poor prognosis. Thus,
there is a need for biomarkers that improve survival and
inform early diagnosis, treatment response and prognosis.
There are clinical studies investigating non-invasive,
readily available and inexpensive tumor biomarkers with
high accuracy. These are mostly molecules that show
elevated levels with inflammation and immune reactions.
Chronic inflammation has been linked with many immune
reactions, a number of disease and poor outcomes. In
recent studies, growing evidence shows that inflammation
and immune response play pivotal role in the development
and progression of several cancers including CRC (7-9).
It has been reported that inflammation can lead to CRC
development through increased production of leukocyte-
derived cytokines and reactive oxygen species resulting
in DNA damage and subsequent dysplasia. In addition,
inflammation may lead tumoral cell proliferation and
promote angiogenesis (10). Systemic inflammation
markers such as C-reactive protein, neutrophil-lymphocyte
ratio (NLR), mean platelet volume (MPV) and red cell
distribution width (RDW) were investigated in several
studies and it was reported that the levels of these molecules
were elevated in some cancers including CRC and that they
were associated with poor differentiation, poor prognosis
and mortality (11-17). These biomarkers can be analyzed
in almost all healthcare facilities, which can be measured
from peripheral blood samples using complete blood
count (CBC) test. Neutrophils represent a large subclass
of leukocytes. In carcinogenesis process, there was an
increase in NLR due to increased neutrophil count and
decreased lymphocyte count in peripheral blood (18). MPV,
a marker for platelet size and activity, is accepted as an
inflammatory marker in cardiovascular, cerebrovascular,

rheumatoid and gastroenterological disorders. In addition,
there are studies supporting that MPV can be a marker for
early diagnosis in gastric, pancreatic, hepatocellular cancer
and CRC (13,18,19). RDW is a parameter that represents
size heterogeneity of red blood cells, which is used to
discriminate several anemia types. In recent studies, it has
been reported that RDW is a biochemical marker associated
with many chronic inflammatory and cardiovascular
disease and that it may be used as a prognostic marker in
several cancers such as lung cancer, esophagus cancer,
gastric cancer, hepatocellular carcinoma and breast cancer
(20-22). Thus, it is reasonable to anticipate that treatment
or surgical removal of tumor would cause decrease in these
biomarkers. In a few studies, it was reported that NLR,
platelet: lymphocyte ratio (PLR) and MPV values were
regressed following surgical tumor resection in CRC when
compared to preoperative values (13,19). The aim of this
study was to elucidate effectiveness and capability of MPV,
NLR and RDW as non-invasive diagnostic biomarkers in
CRC and to investigate reduction anticipated in the markers
following surgical treatment.

Materials and Methods

In this study, we retrospectively reviewed demographic,
colonoscopic, clinical,laboratorydataandhistopathological
features in 52 patients (aged >18 years) who were
diagnosed as colorectal adenocarcinoma by colonoscopic
biopsy performed for any reason in our endoscopy unit of
gastroenterology department between 2016 and 2019. Of
these patients, 26 were diagnosed as CRC in our endoscopy
unitbut notreceived any treatment (non-operated patients)
while 26 patients were diagnosed as CRC in our endoscopy
unit and followed in our outpatient clinic after surgery
performed in different hospitals (operated patients). In our
study, primary objective was to compare MPV, NLR and
RDW values extracted from CBC studied in our laboratory
between operated and non-operated ones. Blood samples
(2 mL) were drawn from cubital vein following 8-hour
fasting. Blood samples coagulated using EDTA were
analyzed by hematology analyzer within 2-4 hours. The
MPV and RDW results were directly extracted from CBC
report while NLR was calculated by dividing absolute
neutrophil count with absolute lymphocyte count. The
normal values were 6-10 fL for MPV and 12-16% for RDW.
The colonoscopy (Fujinon, ED550 colonoscopy device,
Japan) was performed following 24-hour colon preparation
and 8-hour fasting under sedation-analgesia supervised
by an anesthesiologist. Multiple biopsies were taken from
lesions seen during colonoscopy. The biopsy specimens
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were placed in 10% formalin and sent to histopathology
laboratory. There were comorbid diabetes mellitus,
hypertension and chronic ischemic heart diseases. The
patients with a history of secondary malignancy, patients
with metastatic CRC, patients with fatal outcome at any
time, those received blood product transfusion within prior
6 months and patients who underwent chemotherapy and
radiotherapy were excluded. The study was approved by
Institutional Ethics Committee.

Statistical Analysis

Continuous variables were presented as descriptive
statistics (mean, standard deviation, minimum, median,
maximum). Categorical variables were presented in
frequency and percentage. The Mann-Whitney U test was
used to compare two independent, continuous variables
with skewed distribution. The Spearman’s rho correlation
test was used to assess the relationship between two
continuous variables with skewed distribution. Statistical
significance level was set as 0.05. All statistical analyses
were performed using the MedCalc Statistical Software
version 12.7.7 (MedCalc Software bvba, Ostend, Belgium;
http://www.medcalc.org; 2013).

Results

The study included 52 patients. The mean age was 62.12+12.5
years. There were 30 men and 22 women. Of 52 patients,
26 (50%) were non-operated CRC patients while 26 (50%)
were operated CRC patients. The mean age was 60.04 years
(35-71) in the operated group whereas 64.19 years (44-88)
in the non-operated group. There were 12 women and 16
men in the operated group whereas 10 women and 14 men
in the non-operated group. Sigmoid colon (n=19, 36.5%)
and rectum (n=12, 23.1%) were found as the most common
CRC localization cited in colonoscopy reports (Table 1).
Table 2 summarizes the mean hemoglobin, MPC, RDW and
NLR values of all patients included. Table 3 and Figure 1
summarize the comparison of mean MPV, RDW and NLR
measurements between the operated and non-operated
groups. The mean MPV, RDW and NLR measurements were
found to be significantly lower in operated patients when
compared to non-operated patients (p<0.001, p=0.026
and p<0.001, respectively). A significant correlation was
detected in hemoglobin measurements of groups (p=0.010)
and hemoglobin value was found to be higher in the
operated group (Table 3, Figure 1).
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Table 1. Demographics and tumor locations

Mean £+ SD Med (min-max)
Age (year) 62.12+12.5 64 (35-88)
N %
Operation  Operated 26 50.0
Non-operated 26 50.0
Gender Male 30 577
Female 22 423
Location Rectum 12 231
Sigmoid colon 19 36.5
Descending colon 6 1.5
Transverse colon 7 13.5
Ascending colon 5 9.6
Cecum 3 5.8

SD: Standard deviation

Table 2. The average of Hb, MPV, RDW, NLR

Mean + SD Med (min-max)
Hb (gr/dL) 12.1+1.6 12.3 (8.9-14.8)
MPV (fL) 9.09+1.64 9.2 (5.7-12.3)
RDW (%) 15.4+3.83 14.5 (8.7-27.2)
NLR 2.42+0.94 2.39 (0.68-4.57)

SD: Standard deviation, Hb: Hemoglobin, MPV: Mean platelet volume, RDW:
Red cell distribution width, NLR: Neutrophil-lymphocyte ratio

Discussion

The role of chronic inflammation has been extensively
investigated in the carcinogenesis. In a study by Itzkowitz
and Yio (9), it was reported that chronic inflammation led
to CRC development without classical adenoma-carcinoma
sequence in patients with inflammatory bowel disease (IBD).
In addition, in a study supporting this assumption, Burr et
al. (23) showed that non-steroidal anti-inflammatory drugs
decreased CRC risk by decreasing systemic inflammation
in IBD patients. Systemic inflammation is very important
in early cancer development (24). Neutrophils provoke
proliferation of tumor cells, angiogenesis and metastasis
by activating production of growth factors such as vascular
endothelial growth factor and PK2/Bv8 and cytokines such
as IL-1, IL-6 and tumor necrosis factor (25,26).

NLR has been proposed as a good marker for systemic,
low-grade inflammation which is associated with poorer
prognosis in many diseases (27,28). In a meta-analysis on
prognostic effect of NLR in several solid tumors, elevated
NLR was linked to mortality in many cancer types at
difference stages. In a milestone study by Walsh et al. (29),
NLR>5 was found to be associated with decreased overall
and cancer-specific survival. In another study, it was
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Table 3. The comparison of operated and non-operated Hb,

MPV, RDW, NLR

Operated Nonoperated
Mean * SD Mean = SD p*
Med (min-max) Med (min-max)
Hb 12.66+1.23 11.49+1.68 0.010
(gr/dL) 12.65 (10.5-14.8) 111 (8.9-14.5)
MPV 8.2+1.46 9.98+1.3 <0.001
(fL) 81(5.7-11) 1015 (7.4-12.3)
RDW 14.481+3.,68 16.32+3.83 0.026
(%) 13.8 (10-27.2) 15.45 (8.7-23)
NLR 1.91£0.7 2.9310.88 <0.001

1.88 (0.68-3.49) 2.9 (1.27-4.57)

*Mann-Whitney U test, SD: Standard deviation, Hb: Hemoglobin, MPV: Mean
platelet volume, RDW: Red cell distribution width, NLR: Neutrophil-lymphocyte
ratio
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Figure 1. The measurements of Hb, MPV, RDW, NLR
according to operation

Hb: Hemoglobin, MPV: Mean platelet volume, RDW: Red cell
distribution width, NLR: Neutrophil-lymphocyte ratio

found that lower postoperative NLR was correlated with
longer cancer-specific and disease-free survival in patients
who underwent elective CRC resection (30). Again, it was
reported that disease-free survival was decreased while
cancer-mortality was increased in CRC patients with high
preoperative NLR (>3) (31). In a study on patients with
early stage CRC, who were candidates for curative surgery,
it was found that 5-year disease-free survival and cancer-
specific survival were significantly poorer in patients with
high NLR values (32). In some studies, it was reported

that there was an increase in perioperative complications
including postoperative wound site infection, anastomosis
dehiscence, morbidity and mortality in CRC patients with
high NLR values (30,33,34). In our study, the mean NLR
value was 1.91+0.7 in the operated group and 2.93+0.88
in the non-operated group; the mean NLR value was
significantly lower in the operated group (p<0.001, Table 3,
Figure 1).

In a study on 153 patients with resectable CRC, it was
reported that patients with lower preoperative MPV values
had more advanced disease, that MPV was increased by
adjuvant chemotherapy while it was significantly decreased
after surgery, and that preoperative MPV value<l was
associated with poorer survival (35). In CRC, it was reported
that higher MPV level was associated with the presence
of cancer, shorter overall survival and negative effect on
progression-free survival (14,36-38). In our study, the
mean MPV value was 8.2+1.46 fL in operated patients and
9.98+1.3 fL in non-operated patients. The mean MPV value
was found to be significantly lower in operated patients
(p<0.001, Table 3, Figure 1).

In many studies, RDW has been investigated as a
potential prognostic marker for CRC. However, given
the inconsistent results regarding malignancy, the role
of RDW remains to be unclear in cancer. In a study, high
RDW values were found to be associated with lower 10-year
survival when compared to CRC patients with lower RDW
values; however, no significant difference was observed
in 5-year survival (39). In our study, the mean RDW was
14.48+3.68 in the operated group and 16.32+3.83 in the
non-operated group. The mean RDW was significantly
lower in the operated group (p<0.026, Table 3, Figure 1). In
a study from Turkey, Kilincalp et al. (19) showed that NLR,
PLR and MPV levels were significantly lower in patients
with CRC when compared to controls and that there were
significant reductions in NLR, PLR and MPV after surgical
tumor resection. As similar to our study, authors suggested
that this triple biomarker set could have clinical value in
early diagnosis, screening and postoperative follow-up
in CRC (19). In the literature, there are studies evaluating
several biomarkers in CRC patients; however, to best of
our knowledge, there is no study investigating these three
biomarkers set together. In addition, in our study, the
mean hemoglobin level was found to be significantly lower
in operated patients when compared to non-operated
patients (12.66+1.23 g/dL and 11.49+1.68 g/dL, Table 1).
This may be linked with the treatment of tumor, which
is a cause of anemia, but it may also be explained by iron
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therapy and erythrocyte suspensions given before and after
surgery.

Study Limitations

This study has some limitations including its retrospective
design, relatively small sample size and surgery. Moreover,
the fact that surgical treatment and postoperative care were
performed in other facilities is another limitation. In the
future, multi-center, prospective studies with larger sample
size, which will involve preoperative and postoperative
follow-up periods, could be designed.

Conclusion

In the literature, there are many biomarkers linked with
inflammation and several malignancies, including NLR,
MPV and RDW. In our study, NLR, MPV and RDW values
were found to be significantly lower in patients who
underwent surgical treatment when compared to non-
operated patients. In conclusion, we believe that this
triple biomarker set can provide important data for early
diagnosis, screening and response to surgical treatment in
CRC patients.
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