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Abstract. Colorectal cancer (CRC) is one of the most common 
malignant cancers worldwide. Patients with CRC are diag‑
nosed based on various predictors, including performance 
status, clinicopathological factors and TNM classification. 
The aim of the present study was to analyze the neutrophil 
and lymphocyte counts, as well as the neutrophil‑to‑lympho‑
cyte ratio (NLR) in pre‑ and postoperative blood samples of 
patients with CRC in correlation with specific anatomical 
variables and disease‑ free survival (DFS). The variables pre‑ 
and postoperative neutrophil count (preNEU and postNEU, 
respectively), lymphocyte count and NLR were significantly 
higher in cancer patients than those noted in healthy subjects 
(all P<0.001). PreNEU count correlated with tumor size, 
necrosis and tumor budding (R=0.204, P=0.014; R=0.189, 
P=0.023; R=‑0.174, P=0.036, respectively). Moreover, 
postNEU was associated only with the histological type 
(R=0.174; P=0.047). The PreLYMPH count was correlated 
with distant metastasis (R=‑0.153, P=0.046). PreNLR and 
postNLR were associated with the expression of various 
histological markers of disease progression. Analysis of DFS 
indicated that the postNEU count in the low group exhib‑
ited a tendency to lower DFS duration, although the results 
were not significant (P=0.055). In conclusion, the present 
study indicated a significant correlation between the factors 
analyzed in blood samples of CRC patients and the disease 
progression markers.

Introduction

Colorectal cancer (CRC) is one of the most common malig‑
nant cancers worldwide (1). Currently, patients with CRC are 
diagnosed based on various predictors, including performance 
status, clinicopathological factors and TNM classification (2). 
Moreover, systemic immune response may be a useful deter‑
minant of the tumor stage (3). Certain studies have confirmed 
that immune system factors are actively involved in the devel‑
opment and invasion of CRC cells (4). These factors include 
the levels of serum white blood cells, the number of neutro‑
phils, lymphocytes and platelets, and the expression levels of 
acute‑phase proteins (5). It has also been demonstrated that 
high serum levels of acute‑phase proteins, such as C‑reactive 
protein (CRP), are significantly correlated with poor survival 
of patients with CRC (6). Rasic et al (7) demonstrated that the 
serum level of CRP was an independent predictor of the CRC 
stage. Yamamoto et al (8) indicated that the combination of pre‑ 
and postoperative CRP levels was predictive of the prognosis of 
CRC patients who underwent surgery. Recent studies suggested 
that the combination of the acute‑phase factors and systemic 
whole‑blood parameters, such as neutrophil‑to‑lymphocyte 
ratio (NLR), platelet‑to‑lymphocyte ratio (PLR) and prog‑
nostic nutritional index may have prognostic significance in 
the progression of CRC (9,10). Zhou et al (11) confirmed that 
patients with a higher postoperative NLR, neutrophil count 
and monocyte‑to‑lymphocyte ratio, PLR and systemic immune 
inflammation index, exhibited shorter progression‑free 
survival. Moreover, it has been shown that a high NLR is a 
prognostic factor for poor survival in mismatch repair‑proficient 
CRC subjects (12). In light of this evidence, neutrophil count, 
lymphocyte count and NLR were assessed in blood samples 
collected pre‑ and postoperatively from patients with CRC. 
These indices were analyzed in association with disease‑free 
survival (DFS) and with specific clinicopathological variables.

Materials and methods

Patients. The medical records of 144 patients diagnosed with 
CRC (56 women and 88 men; mean age, 63 years; range, 
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32‑86 years) were analyzed. The patients underwent surgery at 
the Department of Oncological Surgery, in the Comprehensive 
Cancer Center of Bialystok, between April  2014 and 
December 2016. All the patients were subjected to routine 
diagnostic laboratory examinations, such as electrocardiog‑
raphy, spirometry and arterial blood gas measurements, as 
well as X‑ray imaging and computerized tomography of the 
chest. The clinical efficiency was assessed with the 5‑point 
scale of Zubroda (World Health Organization)  (13). The 
clinical staging of CRC was performed according to the 
TNM classification (2). The type of pre/postoperative therapy 
was selected on the basis of the current recommendations for 
CRC treatment. Patients diagnosed with neoplasms in the 
rectum (n=53) received preoperative therapy; specifically, they 
received radiotherapy (n=39), chemotherapy (n=7) and radio‑
chemotherapy (n=7). A radiation dose of 25 Gy to the pelvic 
area was administered to the patients in fractions of 5 Gy over 
1 week. Patients with tumors localized in other areas received 
neither inflammatory nor immunosuppressive therapy. The 
response to preoperative therapy was estimated according to 
the Response Evaluation Criteria in Solid Tumors v1.1 (14). A 
total of 26 patients were diagnosed with stable disease and 27 
with partial response to treatment. Histopathological exami‑
nation of 4‑µm sections stained with hematoxylin and eosin 
(cat. no. 468802128; POCH S.A.) was performed. The routine 
histopathological assessment of the sections took into consid‑
eration the type of tumor growth, tumor size, histological type 
and percentage of the mucinous component, grade of malig‑
nancy and pTNM stage. In addition, the presence of venous, 
lymphatic and perineural invasion was assessed, and specific 
features of lymph node invasion were characterized, such as 
the number of resected and invaded lymph nodes, the presence 
of micro‑ and macrometastases, invasion of the lymph node 
pouch (passage of cancer cells through the lymph node capsule 
and subsequent infiltration of the local fat tissue) and the pres‑
ence of distant metastases. The methodology used was similar 
to that of our previous study (15).

The present study was performed according to the prin‑
ciples outlined in the Declaration of Helsinki for human 
experimentation and the protocol was approved by the 
Bioethics Committee of the Medical University of Bialystok 
(approval no. R‑I‑002/353/2016). Written informed consent 
was obtained from all participants.

Blood samples. Blood samples were obtained within 3 days 
prior to and following surgical treatment. Venous blood 
samples were also obtained from 42 healthy control subjects 
(21 women and 21 men; mean age, 45 years; range, 25‑65 years). 
The differential white blood cell count was analyzed using the 
Sysmex XN‑1000 apparatus (Sysmex Corporation) based on 
the manufacturer's protocol.

The absolute neutrophil and lymphocyte counts were 
measured prior to and following surgery. The NLR was 
defined as the absolute neutrophil count divided by the 
absolute lymphocyte count. Receiver operating charac‑
teristic  (ROC) curve analysis was used to investigate the 
cut‑off values of the pre‑ and postoperative neutrophil count 
(preNEU/postNEU), lymphocyte count (preLYMPH/post‑
LYMPH) and NLR (preNLR/postNLR). The significance of 
the correlations was evaluated by constructing ROC curves. 

The scores of neutrophil count/lymphocyte count/NLR were 
defined as 1 or 2 when patients exhibited low or high levels 
of the analyzed parameters, respectively, as determined in the 
blood samples collected pre‑ and postoperatively.

Follow‑up data. The patients were followed up during the 
last 2‑3 years. They were monitored by physical examination, 
colonoscopy and the measurement of the carcinoembryonic 
antigen (CEA) and carbohydrate antigen (CA) 19‑9 levels. In 
addition, radiological imaging was performed, which included 
computerized tomography of the chest, abdomen and pelvis, 
bone scan and positron emission tomography scans. Local 
and distant recurrence was defined as pathological evidence 
of tumor spread in the region of the anastomosis (local 
recurrence) and/or the presence of cancer cells outside of the 
primary tumor at other sites, including the lungs, bones and 
brain (distant recurrence). These indices were confirmed by 
the aforementioned techniques.

Statistical analysis. Statistical analysis was conducted 
using the STATISTICA 12.0 program (Statsoft, Inc.). The 
Mann‑Whitney U test was used to compare the differences 
between the groups. Correlations between the parameters were 
calculated by the Spearman's correlation coefficient tests. DFS 
was calculated from the date of diagnosis to the date of disease 
progression (local or distant relapse). DFS was estimated using 
Kaplan‑Meier analysis and the survival curves were compared 
using log‑rank tests. P<0.05 was considered to indicate a 
statistically significant difference.

Results

Estimation of cut‑off values of neutrophil count, lympho‑
cyte count and NLR. The preNEU and postNEU were 
significantly higher in cancer patients compared with those in 
healthy subjects (P≤0.001). Similarly, the preLYMPH/post‑
LYMPH and preNLR/postNLR in the blood samples were 
significantly higher in cancer patients compared with those 
in healthy volunteers (both P≤0.001; Table  I). The cut‑off 
values of the preNEU and postNEU were 4.9 and 5.4, 
respectively (sensitivity and specificity: preNEU, 70.5 and 
59.5%; and postNEU, 62.67 and 92.11%, respectively). The 
low preNEU group included 115 subjects, whereas the high 
group included 29 subjects. The low postNEU group included 
91 patients and the high postNEU group included 53 patients. 
The cut‑off values of the preLYMPH and postLYMPH 
were 1.9 and 1.6, respectively, with a sensitivity and specificity 
of 81.76 and 69.05% (preLYMPH) and of 65.79 and 81.63% 
(postLYMPH), respectively. The low preLYMPH group 
included 108 cases, whereas the high group included 36 cases. 
A total of 70 cases with low postLYMPH and 74 with high 
postLYMPH were observed. Moreover, the cut‑off values of 
preNLR and postNLR were 2.5 and 3.3, respectively, with a 
sensitivity and specificity of 100% (Fig. 1A‑F). The preNLR 
value was low in 99 cases and high in 45 cases. The low 
group of postNLR included 65 cases, whereas 79 cases were 
included in the high postNLR group.

Correlation between neutrophil count, lymphocyte count, 
NLR and clinicopathological variables. PreNEU was 
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correlated with tumor size, necrosis and tumor budding 
(R=0.204, P=0.014; R=0.189, P=0.023; and R=‑0.174, 
P=0.036, respectively). Moreover, the postNEU value was 
significantly associated only with histological type (R=0.174, 
P=0.047). PreLYMPH was correlated with distant metas‑
tasis (R=‑0.153, P=0.046). PreNLR was correlated with 
age and lymphatic invasion (R=‑0.225, P=0.007; R=0.181, 
P=0.030; Table  II). Moreover, postNLR was associated 
with specific variables of tumor progression, such as tumor 
growth, lymph node metastasis, number of invaded lymph 
nodes and invasion of the node pouch (R=0.212, P=0.016; 

R=0.200, P=0.023; R=0.175, P=0.047; and R=0.232, 
P=0.008, respectively; Table III). The results indicated no 
correlation between the analyzed parameters and preopera‑
tive treatment.

Prognostic values of neutrophil count, lymphocyte count 
and NLR. The mean DFS of preNEU was 11.67 months in 
the low group and 9.97 months in the high group. Moreover, 
the mean DFS of postNEU was 9.57 in the low group and 
11.79 in the high group. The postNEU in the low group was 
associated with a shorter DFS (P=0.055). The mean DFS of 

Figure 1. ROC curve of pre‑ and postoperative neutrophil count, lymphocyte count and NLR. Analysis of ROC curve according to investigated parameters 
in blood samples before and after surgery: (A and B) neutrophil count, (C and D) lymphocyte count and (E and F) NLR. NEU, neutrophil count; LYMPH, 
lymphocyte count; ROC, receiver operating characteristics; AUC, area under the ROC curve; NLR, neutrophil‑to‑lymphocyte ratio.

Table I. ROC curve of pre‑ and postoperative neutrophil count, lymphocyte count and NLR.

	 PreNEU	 PostNEU	 PreLYMPH	 PostLYMPH	 PreNLR	 PostNLR

Cut‑off value	 4.9	 5.4	 1.9	 1.6	 2.5	 3.3
AUC	 0.690	 0.820	 0.814	 0.789	 1.000	 1.000
Sensitivity (%)	 70.5	 62.67	 81.76	 65.79	 100	 100
Specificity (%)	 59.5	 92.11	 69.05	 81.63	 100	 100
Disease prevalence (%)	 77.7	 79.8	 79.1	 75.6	 78.9	 77.8
P‑value	 ≤0.001	 ≤0.001	 ≤0.001	 ≤0.001	 ≤0.001	 ≤0.001

ROC, receiver operating characteristics; AUC, area under the ROC curve; preNEU, preoperative neutrophil count; postNEU, postoperative 
neutrophil count; preLYMPH, preoperative lymphocyte count; postLYMPH, postoperative lymphocyte count; preNLR, preoperative neutro‑
phil‑to‑lymphocyte ratio; postNLR, postoperative neutrophil‑to‑lymphocyte ratio.

https://www.spandidos-publications.com/10.3892/mco.2020.2126
https://www.spandidos-publications.com/10.3892/mco.2020.2126
https://www.spandidos-publications.com/10.3892/mco.2020.2126
https://www.spandidos-publications.com/10.3892/mco.2020.2126


JAKUBOWSKA et al:  ROLE OF NEUTROPHIL COUNT, LYMPHOCYTE COUNT AND NLR IN COLORECTAL CANCER4
Ta

bl
e 

II
. C

or
re

la
tio

n 
be

tw
ee

n 
ne

ut
ro

ph
il 

an
d 

ly
m

ph
oc

yt
e 

co
un

t a
nd

 c
lin

ic
op

at
ho

lo
gi

ca
l c

ha
ra

ct
er

is
tic

s.

	
N

eu
tro

ph
il 

co
un

t	
Ly

m
ph

oc
yt

e 
co

un
t

	
‑‑‑‑

‑‑‑‑
‑‑‑‑

‑‑‑‑
‑‑‑‑

‑‑‑‑
‑‑‑‑

‑‑‑‑
‑‑‑‑

‑‑‑‑
‑‑‑‑

‑‑‑‑
‑‑‑‑

‑‑‑‑
‑‑‑‑

‑‑‑‑
‑‑‑‑

‑‑‑‑
‑‑‑‑

‑‑‑‑
‑‑‑‑

‑‑‑‑
‑‑‑‑

‑‑‑‑
‑‑‑‑

‑‑‑	
‑‑‑‑

‑‑‑‑
‑‑‑‑

‑‑‑‑
‑‑‑‑

‑‑‑‑
‑‑‑‑

‑‑‑‑
‑‑‑‑

‑‑‑‑
‑‑‑‑

‑‑‑‑
‑‑‑‑

‑‑‑‑
‑‑‑‑

‑‑‑‑
‑‑‑‑

‑‑‑‑
‑‑‑‑

‑‑‑‑
‑‑‑‑

‑‑‑‑
‑‑‑‑

‑‑‑‑
‑‑‑‑

‑‑‑‑
	

Pr
eo

pe
ra

tiv
e	

Po
st

op
er

at
iv

e	
Pr

eo
pe

ra
tiv

e	
Po

st
op

er
at

iv
e

	
‑‑‑‑

‑‑‑‑
‑‑‑‑

‑‑‑‑
‑‑‑‑

‑‑‑‑
‑‑‑	

R
	

‑‑‑‑
‑‑‑‑

‑‑‑‑
‑‑‑‑

‑‑‑‑
‑‑‑‑

‑‑	
R

	
‑‑‑‑

‑‑‑‑
‑‑‑‑

‑‑‑‑
‑‑‑‑

‑‑‑‑
‑‑‑‑

	
R

	
‑‑‑‑

‑‑‑‑
‑‑‑‑

‑‑‑‑
‑‑‑‑

‑‑‑‑
‑‑‑	

R
Pa

ra
m

et
er

s	
L	

H
	

P‑
va

lu
e	

L	
H

	
P‑

va
lu

e	
L	

H
	

P‑
va

lu
e	

L	
H

	
P‑

va
lu

e

A
ge

, y
ea

rs
  <

60
	

24
	

14
	

‑0
.1

27
	

16
	

18
	

‑0
.1

63
	

27
	

11
	

‑0
.0

43
	

13
	

22
	

‑0
.0

95
  >

60
	

79
	

27
	

0.
12

6	
59

	
37

	
0.

06
2	

79
	

26
	

0.
55

7	
47

	
48

	
0.

27
9

Se
x

  F
em

al
e	

44
	

10
	

0.
14

1	
31

	
21

	
0.

03
2	

45
	

11
	

0.
12

9	
21

	
31

	
‑0

.0
73

  M
al

e	
59

	
31

	
0.

09
2	

44
	

34
	

0.
71

1	
61

	
26

	
0.

12
3	

39
	

39
	

0.
40

3
Lo

ca
liz

at
io

n
  R

ig
ht

 c
ol

on
	

12
	

5	
‑0

.0
47

	
10

	
7	

‑0
.1

23
	

13
	

3	
‑0

.0
53

	
7	

10
	

0.
10

6
  T

ra
ns

ve
rs

e 
co

lo
n	

3	
2	

0.
58

7	
3	

1	
0.

17
5	

4	
3	

0.
53

9	
2	

2	
0.

59
8

  L
ef

t c
ol

on
	

12
	

2		


10
	

3		


12
	

0		


8	
5	

  S
ig

m
oi

d 
co

lo
n	

15
	

6		


12
	

8		


16
	

6		


9	
11

	
  R

ec
tu

m
	

55
	

19
		


36

	
31

		


54
	

22
		


30

	
37

	
Tu

m
or

 g
ro

w
th

  E
xp

an
di

ng
	

82
	

33
	

‑0
.0

87
	

61
	

46
	

‑0
.0

30
	

87
	

31
	

0.
03

7	
52

	
56

	
0.

13
1

  I
nfi

ltr
at

iv
e	

21
	

5	
0.

29
7	

14
	

9	
0.

73
1	

19
	

6	
0.

65
4	

8	
14

	
0.

13
4

Tu
m

or
 si

ze
, c

m
  <

2.
5	

20
	

4	
0.

20
4	

13
	

8	
0.

01
1	

17
	

7	
‑0

.0
26

	
12

	
9	

0.
09

4
  2

.5
‑5

.0
	

71
	

23
	

0.
01

4	
50

	
39

	
0.

89
4	

71
	

24
	

0.
75

6	
40

	
49

	
0.

28
3

  >
5.

0	
12

	
11

		


12
	

8		


18
	

6		


8	
12

	
TN

M
 st

ag
e

  1
	

15
	

9	
‑0

.0
86

	
21

	
12

	
‑0

.0
37

	
29

	
9	

‑0
.0

84
	

13
	

19
	

‑0
.0

91
  2

	
55

	
12

	
0.

30
3	

13
	

14
	

0.
62

9	
20

	
8	

0.
31

3	
14

	
14

	
0.

29
9

  3
	

20
	

4		


29
	

24
		


31

	
19

		


22
	

30
	

  4
	

7	
13

		


12
	

5		


26
	

1		


11
	

6	
A

de
no

ca
rc

in
om

a 
ty

pe
  M

uc
in

ou
s c

om
po

ne
nt

	
22

	
32

	
‑0

.0
57

	
10

	
15

	
0.

17
4	

24
	

5	
‑0

.1
07

	
9	

16
	

0.
08

5
  N

on
‑m

uc
in

ou
s	

81
	

6	
0.

49
6	

65
	

40
	

0.
04

7	
82

	
32

	
0.

20
0	

51
	

54
	

0.
33

1
G

ra
de

 o
f m

al
ig

na
nc

y							









  2

	
97

	
36

	
0.

02
1	

70
	

52
	

‑0
.0

30
	

10
0	

35
	

0.
02

1	
55

	
67

	
‑0

.1
25

  3
	

6	
2	

0.
79

8	
5	

3	
0.

72
6	

6	
2	

0.
79

6	
5	

3	
0.

15
3



MOLECULAR AND CLINICAL ONCOLOGY  13:  56,  2020 5

Ta
bl

e 
II

. C
on

tin
ue

d.

	
N

eu
tro

ph
il 

co
un

t	
Ly

m
ph

oc
yt

e 
co

un
t

	
‑‑‑‑

‑‑‑‑
‑‑‑‑

‑‑‑‑
‑‑‑‑

‑‑‑‑
‑‑‑‑

‑‑‑‑
‑‑‑‑

‑‑‑‑
‑‑‑‑

‑‑‑‑
‑‑‑‑

‑‑‑‑
‑‑‑‑

‑‑‑‑
‑‑‑‑

‑‑‑‑
‑‑‑‑

‑‑‑‑
‑‑‑‑

‑‑‑‑
‑‑‑‑

‑‑‑‑
	

‑‑‑‑
‑‑‑‑

‑‑‑‑
‑‑‑‑

‑‑‑‑
‑‑‑‑

‑‑‑‑
‑‑‑‑

‑‑‑‑
‑‑‑‑

‑‑‑‑
‑‑‑‑

‑‑‑‑
‑‑‑‑

‑‑‑‑
‑‑‑‑

‑‑‑‑
‑‑‑‑

‑‑‑‑
‑‑‑‑

‑‑‑‑
‑‑‑‑

‑‑‑‑
‑‑‑

	
Pr

eo
pe

ra
tiv

e	
Po

sto
pe

ra
tiv

e	
Pr

eo
pe

ra
tiv

e	
Po

sto
pe

ra
tiv

e
	

‑‑‑‑
‑‑‑‑

‑‑‑‑
‑‑‑‑

‑‑‑‑
‑‑‑‑

‑	
R

	
‑‑‑‑

‑‑‑‑
‑‑‑‑

‑‑‑‑
‑‑‑‑

‑‑‑‑
	

R
	

‑‑‑‑
‑‑‑‑

‑‑‑‑
‑‑‑‑

‑‑‑‑
‑‑‑‑

‑	
R

	
‑‑‑‑

‑‑‑‑
‑‑‑‑

‑‑‑‑
‑‑‑‑

‑‑‑‑
‑	

R
Pa

ra
m

et
er

s	
L	

H
	

P‑
va

lu
e	

L	
H

	
P‑

va
lu

e	
L	

H
	

P‑
va

lu
e	

L	
H

	
P‑

va
lu

e

pT
 st

ag
e

  1
	

2	
1	

0.
05

2	
1	

2	
‑0

.0
42

	
2	

1	
‑0

.0
34

	
2	

1	
‑0

.0
49

  2
	

42
	

13
	

0.
52

9	
29

	
20

	
0.

62
9	

41
	

13
	

0.
68

3	
21

	
27

	
0.

57
5

  3
	

57
	

23
		


43

	
33

		


60
	

23
		


35

	
42

  4
	

2	
1		


2	

0		


3	
0		


2	

0
Ly

m
ph

at
ic

 in
va

si
on

							









  A

bs
en

t	
78

	
25

	
0.

09
2	

55
	

41
	

‑0
.0

14
	

80
	

25
	

0.
05

8	
45

	
51

	
0.

01
0

  P
re

se
nt

	
25

	
13

	
0.

27
2	

20
	

14
	

0.
87

1	
26

	
12

	
0.

48
6	

15
	

19
	

0.
90

4
Ly

m
ph

 n
od

e 
m

et
as

ta
si

s							









 A

bs
en

t	
58

	
25

	
‑0

.0
22

	
41

	
35

	
0.

02
5	

63
	

20
	

0.
18

4	
34

	
42

	
0.

05
2

  P
re

se
nt

	
45

	
13

	
0.

54
1	

34
	

20
	

0.
77

5	
43

	
17

	
0.

82
7	

26
	

28
	

0.
55

4
N

um
be

r o
f m

et
as

ta
tic

 ly
m

ph
 n

od
es

  <
5	

30
	

9	
‑0

.0
52

	
24

	
15

	
‑0

.0
41

	
31

	
10

	
0.

03
1	

19
	

20
	

0.
01

4
  >

5	
15

	
4	

0.
53

6	
10

	
5	

0.
64

2	
12

	
7	

0.
70

8	
7	

8	
0.

87
0

Ly
m

ph
 n

od
e 

po
uc

h 
in

va
si

on
  A

bs
en

t			



‑0

.0
48

	
48

	
38

	
‑0

.0
53

	
71

	
23

	
0.

02
3	

40
	

46
	

‑0
.0

05
  P

re
se

nt
			




0.
56

8	
23

	
17

	
0.

54
1	

35
	

14
	

0.
78

2	
20

	
24

	
0.

94
8

D
is

ta
nt

 m
et

as
ta

si
s							










  A
bs

en
t	

91
	

35
	

‑0
.0

75
	

65
	

51
	

‑0
.0

66
	

92
	

36
	

‑0
.1

53
	

52
	

64
	

‑0
.0

85
  P

re
se

nt
	

12
	

3	
0.

36
9	

10
	

4	
0.

45
0	

14
	

1	
0.

04
6	

5	
6	

0.
33

4
Tu

m
or

 b
ud

di
ng

							









  A

bs
en

t	
54

	
27

	
‑0

.1
74

	
46

	
30

	
0.

06
9	

62
	

21
	

‑0
.0

07
	

35
	

40
	

‑0
.0

06
  P

re
se

nt
	

49
	

11
	

0.
03

6	
29

	
25

	
0.

43
3	

44
	

16
	

0.
92

7	
25

	
30

	
0.

93
8

N
ec

ro
si

s							









  A

bs
en

t	
32

	
7	

0.
18

9	
19

	
13

	
‑0

.1
05

	
27

	
12

	
‑0

.0
00

	
15

	
16

	
0.

08
9

  F
oc

al
	

39
	

14
	

0.
02

3	
25

	
28

	
0.

22
9	

42
	

13
	

0.
99

4	
27

	
26

	
0.

30
9

  M
od

er
at

e	
25

	
9		


21

	
10

		


27
	

7		


15
	

11
  E

xt
en

si
ve

	
7	

8		


10
	

4		


10
	

5		


3	
17

B
ol

d 
pr

in
t i

nd
ic

at
es

 st
at

is
tic

al
 si

gn
ifi

ca
nc

e.
 L

, l
ow

; H
, h

ig
h.

https://www.spandidos-publications.com/10.3892/mco.2020.2126
https://www.spandidos-publications.com/10.3892/mco.2020.2126
https://www.spandidos-publications.com/10.3892/mco.2020.2126
https://www.spandidos-publications.com/10.3892/mco.2020.2126


JAKUBOWSKA et al:  ROLE OF NEUTROPHIL COUNT, LYMPHOCYTE COUNT AND NLR IN COLORECTAL CANCER6

Table III. Correlation between NLR and clinicopathological characteristics.

	 NLR
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
	 Preoperative	 Postoperative
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 R	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 R
Parameters	 L	 H	 P‑value	 L	 H	 P‑value

Age, years
  <60	 23	 15	 ‑0.225	 12	 23	 ‑0.114
  >60	 75	 31	 0.007	 43	 51	 0.196
Sex
  Female	 45	 11	 0.104	 19	 31	 ‑0.046
  Male	 53	 46	 0.214	 36	 43	 0.602
Localization
  Right colon	 13	 4	 ‑0.132	 9	 8	 ‑0.009
  Transverse colon	 4	 2	 0.128	 2	 2	 0.922
  Left colon	 13	 0		  6	 8
  Sigmoid colon	 16	 6		  5	 14
  Rectum	 49	 27		  28	 39
Tumor growth
  Expanding	 80	 38	 ‑0.030	 49	 59	 0.212
  Infiltrative	 18	 8	 0.720	 6	 15	 0.016
Tumor size, cm
  <2.5	 16	 8	 0.004	 9	 11	 0.111
  2.5‑5.0	 65	 31	 0.961	 36	 50	 0.207
  >5.0	 17	 7		  10	 13	
TNM stage
  1	 28	 11	 ‑0.065	 18	 18	 0.124
  2	 16	 12	 0.438	 11	 15	 0.161
  3	 39	 21		  19	 31
  4	 15	 2		  7	 10
Adenocarcinoma type
  Mucinous component	 18	 11	 ‑0.018	 10	 58	 ‑0.006
  Non‑mucinous	 80	 35	 0.831	 45	 16	 0.945
Grade of malignancy
  2	 93	 43	 0.134	 51	 72	 ‑0.015
  3	 5	 3	 0.108	 4	 2	 0.866
pT stage							     
  1	 1	 2	 ‑0.052	 2	 1	 0.037
  2	 40	 15	 0.531	 22	 28	 0.676
  3	 55	 28		  29	 44
  4	 2	 1		  2	 1
Lymphatic invasion
  Absent	 76	 30	 0.181	 41	 57	 0.023
  Present	 22	 16	 0.030	 14	 17	 0.793
Lymph node metastasis							     
  Absent	 56	 28	 ‑0.030	 36	 42	 0.200
  Present	 42	 18	 0.715	 19	 32	 0.023
Number of metastatic lymph nodes
  <5	 30	 11	 ‑0.014	 12	 23	 0.175
  >5	 12	 7	 0.861	 7	 9	 0.047
Lymph node pouch invasion
  Absent	 64	 31	 0.002	 41	 47	 0.232
  Present	 34	 15	 0.981	 14	 27	 0.008
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the preLYMPH group was similar in both groups and was 
estimated to be 11 months. The mean DFS of postLYMPH 
was 11.06  in the low group and 10.42  in the high group. 
The mean DFS of NLR was similar in both groups and was 
estimated to be ~11 months for preNLR and ~10 months 
for postNLR. DFS did not differ significantly among the 
preNEU, preLYMPH, postLYMPH, preNLR and postNLR 

groups (P=0.224, P=0.273, P=0.470, P=0.297 and P=0.554, 
respectively; Fig. 2A‑F).

Discussion

The identification of chemotherapeutic targets for the treat‑
ment of advanced‑stage CRC patients may increase the 

Figure 2. Disease‑free survival curve according to Kaplan‑Meier method. The association between neutrophil count, lymphocyte count and NLR in blood 
samples of patients with colorectal cancer before and after surgery and disease‑free survival were examined by Kaplan‑Meier survival analysis and log‑rank 
test. The survival analysis revealed that only high vs. low neutrophil count before treatment exhibited a tendency to be associated with shorter disease‑free 
survival (P=0.055). Analysis of survival time according to investigated parameters in blood samples before and after surgery: (A and B) neutrophil count, 
(C and D) lymphocyte count and (E and F) NLR. NLR, neutrophil‑to‑lymphocyte ratio.

Table III. Continued.

	 NLR
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
	 Preoperative	 Postoperative
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 R	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 R
Parameters	 L	 H	 P‑value	 L	 H	 P‑value

Distant metastasis
  Absent	 85	 44	 ‑0.104	 49	 66	 ‑0.018
  Present	 13	 2	 0.212	 6	 9	 0.832
Tumor budding
  Absent	 57	 27	 ‑0.060	 39	 41	 0.152
  Present	 41	 19	 0.474	 16	 33	 0.084
Necrosis
  Absent	 24	 15	 ‑0.004	 19	 15	 ‑0.033
  Focal	 39	 16	 0.962	 15	 34	 0.703
  Moderate	 27	 8		  14	 19
  Extensive	 8	 7		  7	 6

Bold print indicates statistical significance. L, low; H, high.
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survival time of these subjects. However, the examination of 
the molecular predictive factors is costly and requires sophis‑
ticated laboratory equipment. There is a continuous search for 
low‑cost, easy‑to‑obtain specific parameters that can detect 
early recurrence of cancer and monitor treatment efficacy (1). 
In the present study, the diagnostic and predictive value of 
specific parameters, such as neutrophil count, lymphocyte 
count and the combination of those parameters (NLR), 
pre‑ and postoperatively were determined from whole blood 
samples of patients with CRC. Neutrophils have been reported 
to have multiple functions in different types of tumors (16). 
Neutrophils are functionally classified into two  subtypes: 
Tumor‑suppressing (N1) and tumor‑promoting (N2) neutro‑
phils. They are located at the margin of the tumor site and 
are present at the early stages of cancer progression. They 
can also infiltrate into the center of the tumor in advanced 
lesions. A specific classification of circulating neutrophils has 
been characterized in the whole blood of patients with cancer; 
these can be divided based on their density into high‑density 
neutrophils (HDNs) and low‑density neutrophils (LDNs) (17). 
HDNs are functionally similar to N1 neutrophils, while LDNs 
resemble N2 neutrophils (18). Type N1 neutrophils have potent 
antitumor activity and release immunostimulatory cytokines, 
such as interleukin‑12 and tumor necrosis factor‑α (19). In 
contrast to these observations, N2 phenotype cells induce 
strong immunosuppressive and tumor‑promoting activity, 
which produces pro‑angiogenic chemokines and cytokines 
that are involved in tumor cell proliferation, invasion and 
vascularization (20). In the present study, the cut‑off values 
of preNEU and postNEU were examined in whole blood 
samples of patients with CRC. The cut‑off values exhibited 
moderate sensitivity and specificity, with ~77‑79% of disease 
prevalence. Moreover, preNEU was correlated with tumor size 
and the presence of necrosis. In the first step, neutrophils are 
able to produce reactive oxygen species and reactive nitrogen 
species that cause DNA damage and genetic instability in 
cancer cells (21). Furthermore, neutrophils can secrete various 
mediators, such as hepatocyte growth factor, that lead to tumor 
growth and progression (22). Neutrophils are also involved in 
remodeling of the tumor extracellular matrix by the release of 
matrix metalloproteinase‑9 (23). The aforementioned proper‑
ties of neutrophils were compared with tumor size and necrosis 
in previous studies and the data reported were consistent with 
our observations. However, the high neutrophil count noted in 
preoperative blood samples of patients with CRC exhibited a 
negative correlation with tumor budding. Tumor budding is 
defined as small clusters of cancer cells that are localized in 
the invasive margin of the primary tumor mass and they have 
important prognostic value. Ueno et al (24) demonstrated that 
tumor budding was observed in the margin of tumors with 
unfavorable fibrotic stroma. This cellular morphology was 
characterized by the presence of keloid‑like collagen with 
random orientation of the fibrils and pervasive distribution 
of myofibroblasts. These histological characteristics of the 
tumor microenvironment likely determine the inhibition of 
the local and systemic immune response observed in patients 
with CRC. Moreover, high levels of neutrophil counts in whole 
blood samples were observed postoperatively in patients 
with non‑mucinous CRC. The histological type of CRC was 
characterized by glandular cancer clusters in well‑formed 

rich stroma, as opposed to the mucinous cancer type that 
exhibits spontaneous formation of cancer cells in mucin. The 
presence of the rich stroma may affect the immune response 
development and its effectiveness.

Lymphocytes are also involved in the organization of the 
immune response in malignant neoplasms (25). Our previous 
study indicated that patients with CRC who did not have 
intraepihethial tumor‑infiltrating lymphocytes (TILs) in the 
center of the primary tumor mass exhibited shorter DFS (26). 
Moreover, the infiltration and distribution of TILs in tumor 
tissues of patients with CRC were associated with the inva‑
sion and progression of the disease. In the present study, the 
correlation between preLYMPH and distant metastasis was 
confirmed. Therefore, the NLR may be a factor reflecting the 
balance between the tumor‑promoting property of neutrophils 
and the host antitumor immune response of lymphocytes. A 
total of 144 samples of whole blood were obtained prior to and 
following surgery. A ROC curve was used to estimate the cut‑off 
values of NLR. The present analysis indicated that the cut‑off of 
preNLR was 2.5 and that of postNLR was 3.3. These results are 
consistent with the observations of other studies that reported 
variations in these parameters between 2.5 and 5.0 (27‑29). 
The present study demonstrated high sensitivity and specificity 
with positive disease prevalence for ~78% of the participants. 
Zhou et al (30) reported that the sensitivity and specificity of 
NLR for CRC were 66.9 and 77.6%, respectively; moreover, the 
NLR values were significantly higher compared with those in 
healthy volunteers. Pedrazzani et al (31) observed that the distri‑
bution of NLR was different between CRC patients and control 
subjects. Moreover, the NLR value was correlated with age, 
TNM stage, systemic metastasis and serum CEA levels. In the 
present study, preNLR and postNLR were correlated with age 
and various morphological characteristics of disease progres‑
sion, such as lymphatic invasion, tumor growth, lymph node 
metastasis, number of invaded lymph nodes and invasion of the 
lymph node pouch. Furthermore, Chen et al (32) highlighted 
that high NLR was more prevalent in the elderly (>60 years) 
population and that it was associated with larger tumor size, 
advanced pT stage and positive N and M. Özgehan et al (33) 
demonstrated that NLR was higher in CRC patients with 
T3/4‑N1/2‑M1 stage compared with the corresponding value 
noted in patients with T1/1‑N0‑M0.

The present study analyzed the DFS of CRC patients in 
association with neutrophil count, lymphocyte count and NLR. 
The patients with low postNEU exhibited a higher tendency 
for shorter DFS. These results did not confirm the association 
of DFS with preLYMPH and postLYMPH in CRC patients. 
However, Iseki et al (34) confirmed that patients with higher 
lymphocyte count demonstrated a tendency for higher 5‑year 
relapse‑free survival rate. Moreover, patients with a high 
preLYMPH exhibited significantly longer overall survival. 
An association between DFS and NLR was not observed in 
blood samples between pre‑ and postoperative CRC patients. 
Jankova et al (35) demonstrated that preNLR could predict 
overall survival, although it was not specific to recurrence 
and cancer‑specific survival. In contrast to these observations, 
Ying et al (36) indicated that elevated NLR levels were of prog‑
nostic value for recurrence‑free, overall and cancer‑specific 
survival in CRC patients who had undergone surgery. 
Balde et al (37) reported that the high preNLR group exhibited 
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a higher recurrence rate compared with that of the low preNLR 
group. Li et al (38) demonstrated that a high preoperative NLR 
may be considered as a negative independent prognostic factor 
in non‑metastatic rectal cancer. In addition, a previous study 
confirmed that a high preNLR was independently associated 
with poor prognosis of patients with CRC (39).

In conclusion, the findings of the present study indicated 
a significant correlation between specific blood indices in 
patients with CRC and disease progression markers, with 
only postNEU exhibiting a tendency of association disease 
prognosis. However, this preliminary evidence requires 
confirmation in studies with larger sample sizes.
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