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Backgrounds/Aims: The aim of this study was to investigate the prognostic significance of neutrophyil–lymphocyte ratio
(NLR), platelet- lymphocyte ratio (PLR), CRP and CA19-9 in patients were diagnosed with pancreatic ductal adenocarcinoma (PDAC) to better verify pre-operative risk stratification and management. Methods: This retrospective study
included data from 133 consecutive patients with PDAC, who were treated between 2013 and 2015. PDAC diagnosis
was made by cytology or assumed by radiological assessment or surgical resection samples. All clinico-pathological
data were retrieved from medical records at our institution. The laboratory data were obtained before any treatment
modality. Dates of death were obtained from the central registry. Results: There was a statistically significant relation
between radiological staging and CA19-9 and survival (p=0.001, p=0.005) and there are significant differences in
CA19-9 level between stage I and III, I and IV, II and III, and II and IV. Both CRP and CA19-9 levels were statistically
significantly higher in patients with radiological lymph node metastasis than patients with N0 disease (p=0.037,
p=0.026). NLR and CA19-9 levels were also higher in metastatic disease (p=0.032, p=0.007). According to Spearman’s
correlation analysis, we found in all patients that there was a negative correlation between the survival time and CRP
and neutrophil count (p=0.019, p=0.011). Conclusions: Preoperative CRP, CA19-9 and NLR are simple, repeatable,
inexpensive and well available marker, can give information on lymph node and solid organ metastasis and survival,
give clues to prognosis and be useful in clinical staging of patients with PDAC. (Ann Hepatobiliary Pancreat Surg
2019;23:155-162)
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INTRODUCTION

phy, computed tomography, and magnetic resonance imaging, are widely used in the evaluation of pancreatic ductal

Although cancer of pancreas has a low incidence of

adenocarcinoma (PDAC) patients, however, their applica-

nearly 11/100.000 person-years, it is the fifth most com-

tions are limited because of their inconsistent sensitivity

mon cancer occurring today in humans. Moreover, it is

and specificity.3,4 Outcome of PDAC patients are routinely

the fourth among cancer caused deaths due to its poor

predicted by using conventional prognostic factors de-

1

prognosis rates. Only one fifth of patients are eligible for

termined postoperatively.5 Therefore, although they are

surgery at presentation.2 Predictability of patient subgroup

quite expensive, and are presented with technical prob-

with high early recurrence rate may be helpful in appro-

lems, new potential preoperative prognostic indicators

priate management of the disease. Knowing this infor-

have been under investigation. Some new serum markers,

mation, appropriate time and type of surgical intervention

such as MMP7, MUC1 and MUC2, have been proposed

may be selected along with neoadjuvant and adjuvant sys-

in evaluation of PDAC patients.6,7

temic chemotherapies.

Previous studies indicated that systemic inflammation

Imaging techniques, such as endoscopic ultrasonogra-

of host might be helpful in estimation of clinical outcome,
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and interactions between tumor and host immune system

skewed distribution. For comparison of more than two

independently, thus promoting tumor cell proliferation,

normally distributed groups One-Way ANOVA test was

8

metastasis, and activation of inflammatory cascade. Mark-

used, whereas Kruskal Wallis test was used for compar-

ers such as neutrophil/lymphocyte ratio (NRL), platelet/

ison of more than two abnormally distributed groups.

lymphocyte ratio (PRL), and modified Glasgow prog-

Non-parametric statistical methods were used for values

nostic score (mGPS) have been proposed to determine

with skewed distribution. The correlation between two ab-

9,10

systemic inflammation in cancer patients.

Although it

has not been completely clear, some of potential pre-

normally distributed continuous variables was examined
by Spearman Rho Correlation Coefficient.

operative prognostic indices may be serum C-reactive pro-

Statistical analysis was performed using the MedCalc

tein (CRP) levels, lymphocyte count, PLR and NLR in pa-

Statistical Software version 12.7.7 (MedCalc Software

10-12

tients with PDA.

bvba, Ostend, Belgium; http://www.medcalc.org; 2013).

In the present study, it was aimed to investigate prog-

RESULTS

nostic roles of pre-operative inflammatory response (platelet, and lymphocyte count; NLR, PLR and serum CRP)
in PDAC patients treated and followed-up in our surgery
department.

A total of 133 patients managed for PDAC were identified in database between years 2013 and 2015. There were
84 males and 49 females with the mean age of 67±10.6

MATERIALS AND METHODS

years (range 21-83). The mean survival time was 439.04±
393.7. Totally there were 50 patients who underwent the

This retrospective study included data from 133 consec-

operation. The biochemical and clinicopathological char-

utive patients with PDAC, who applied to our institution

acteristics of the patients were shown in Table 1. Pancreas

between years 2013 and 2015. Patients, who were diag-

cancer was diagnosed generally in an advanced stage.

nosed with PDAC by cytology, or by surgical resection

Early stage disease was infrequent among both radio-

samples, or were assumed to have PDAC by radiological

logically diagnosed as well as among the operated patients

assessment, were included in this study. Rare histological

(radiological and pathological T1 was 2.3% vs 4.2%, re-

subtypes, such as acinar cell carcinoma and neuroendo-

spectively). There was statistically significant relation be-

crine carcinoma were excluded from the study. All clin-

tween radiological staging and CA19-9 or survival (p=0.001

ico-pathological data were retrieved from medical records

and p=0.005, respectively). According to the Post-Hoc bi-

at our institution. Tumor staging was performed according

nary comparisons, there are significant differences in

13

to the 7th edition the TNM classification system.

Labo-

CA19-9 level between stage I and III, I and IV, II and

ratory parameters including neutrophil, and leukocyte

III, and II and IV. In addition to overall survival was sig-

counts, CRP and CA19-9 were measured before each

nificantly longer in stage I patients compared to stage III

treatment modality. Follow-up evaluations were perform-

patients (Mann-Whitney, U p＜0.008 Bonferroni correc-

ed every three months within the first three years, six

tion) (Table 2).

months for five years and annually thereafter for curative

CRP and also CA19-9 levels were statistically sig-

resected tumors. The dates of death were obtained from

nificantly higher in patients with radiological lymph node

the central registry. The study was approved by the local

metastasis than in patients with N0 disease (Mann-Whitney

ethical committee with number of HNEAH-KAEK2016/

U test; p=0.037 and p=0.026, respectively) (Table 3).

KK/94.

NLR and CA19-9 levels were also higher in metastatic
disease (Mann-Whitney U p＜0.05) (Table 2).

Statistical analysis
For comparison of normally distributed groups, Student’s
t test was used, whereas Mann Whitney U test was used
for comparison of abnormally distributed groups. Nonparametric statistical methods were used for values with

Table 3 shows comparison of serum markers in respect
to presence of lymph node metastasis on operated patient
and there was no significant relation between blood parameters and N0 and N1 disease (Mann-Whitney U,
Student t p＞0.05). The comparison between pathological
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Table 1. Demographical characteristics of the patients and results of the blood parameters

Age (year)
Survial time (day)

Gender

Male
Female
Total

Mean.±SD

(Median) Min.-Max.

67±10.6
439.04±393.7

(67) 43-92
(318) 10-1684

N

%

84
49
133

63.2
36.8
100.0

Mean.±SD
CRP
Albumin
Neutrophil
Lymphocyte
Platelet
Neutrophil/Lymphocyte
Platelet/Lymphocyte
CA 19-9

All patients

2.58±4.1
2.9±0.7
5593.2±2810
1763.8±1107
277707.5±102914
4.1±3.5
193.4±119.8
13465.4±43892.1

Operabilities
Radiological staging

Radiological T

Radiological N
Radiological M
Operated patients

Pathological staging
Pathological T

Pathological N

Unoperated
Operated
1
2
3
4
T1
T2
T3
T4
N0
N1
M0
M1
1
2
T1
T2
T3
N0
N1

Median (Min.-Max)
1.2
3
4740
1630
256000
3
166.7
139

(0-31.9)
(1.1-4.5)
(2090-19900)
(290-10600)
(32100-620000)
(0.8-20.9)
(15.3-758.7)
(2-327000)

N

%

83
50
20
39
19
44
3
28
51
40
65
57
78
44
4
45
2
6
40
17
33

62.4
37.6
16.4
32.0
15.6
36.1
2.3
21.1
38.3
30.1
53.3
46.7
63.9
36.1
8.2
91.8
4.2
12.5
83.3
34.0
66.0

CRP, serum C-reactive protein

T stage could not be performed because of p-value could

When operated patients were compared to non-operated

not be calculated due to small number of pathological

ones; CRP, CA19-9 levels were significantly higher among

stage I (n=4), pathological T1 (n=2) and T2 disease (n=6)

the group of non-operated patients. On the other hand, pa-

(Table 3).

tients who underwent operation had longer survival than

According to Spearman’s correlation analysis, we found
in all patient that negative correlation between survival
time and CRP and neutrophil count (Spearman’s rho,
p=0.019, p=0.011) (Table 4).

the metastatic patients (Mann-Whitney U; p=0.007, p＜0.001,
p=0.001) (Table 5).
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Table 2. The comparision of the parameters according to radiological N and M levels and stages
N0 (n=65)
Mean.±SD
Median (Min.-Max.)
CRP

2.39±4.8
0.9 (0-3.9)
Albumin
3.03±0.6
3 (1.1-4.2)
Neutrophil
5269.5±2963.7
4440 (2090-19900)
Lymphocyte
1735.8±759.4
1630 (460-4410)
Platelet
271078.5±95928.1
249000 (32100-567000)
Neutrophil/
3.85±3.7
Lymphocyte
2.8 (0.87-20.9)
Platelet/
181.8±106.4
Lymphocyte
162.6 (15.3-758.7)
CA 19-9
7607.1±41129
71.5 (2-327000)
Survival time
454.6±366.8
372 (10-1684)

Stage

CRP
Albumin
Neutrophil
Lymphocyte
Platelet
Neutrophil/
Lymphocyte
Platelet/
Lymphocyte
CA 19-9
Survival time

N1 (n=57)
Mean.±SD
Median (Min.-Max.)

p

3.03±3.5
1.4 (0-13.3)
2.9±0.7
2.9 (1.9-4.5)
6006.8±2774.3
5340 (2090-14600)
1774.2±1433.9
1630 (290-10600)
284070±110110.9
260000 (97000-620000)
4.54±3.43
3.41 (0.8-19.6)
210.6±138.4
171.3 (40.5-726.5)
17670.5±46584.7
241.4 (2-209578)
437.2±420.7
295 (20-1489)

0.037*

M0 (n=78)

M1 (n=44)

Mean.±SD
Median (Min.-Max.)

Mean.±SD
Median (Min.-Max.)

p

2.9±3.7
1.3 (0-16.1)
3.1±0.6
3.1 (2-4.5)
5873.9±2873.9
5225 (2090-14600)
1677.9±1501.3
1405 (290-10600)
273318.2±101740.8
246000 (97000-494000)
4.5±2.9
3.5 (0.8-13.5)
207.8±114.1
180.9 (40.5-534.9)
20927.6±51656
687.1 (2-209578)
439.7±407.5
285 (20-1459)

0.306*

2.5±4.5
0.9 (0-31.9)
0.338*
2.9±0.7
2.8 (1.1-4.2)
0.070*
5467.4±2905.1
4665 (2090-19900)
0.412*
1796.5±845.5
1675 (340-5230)
0.487** 279308.9±103630.4
258000 (32100-620000)
0.052*
4±3.9
2.8 (0.8-20.9)
0.454*
188.1±127.4
149.5 (15.3-758.7)
0.026*
7447±38310.5
61.6 (2-327000)
0.473*
449.9±386.5
356 (10-1684)

0.260**
0.418*
0.065*
0.685*
0.032*
0.139*
0.007*
0.664*

1 (n=20)

2 (n=39)

3 (n=19)

4 (n=44)

Mean.±SD
Median (Min.-Max.)

Mean.±SD
Median (Min.-Max.)

Mean.±SD
Median (Min.-Max.)

Mean.±SD
Median (Min.-Max.)

p

1.6±2.7
0.9 (0.1-12.9)
3.06±0.6
3.05 (1.6-4.1)
5153.5±2654
4445 (2550-13800)
1922±745.7
1720 (670-3140)
286000±69969
281000 (181000-409000)
3.57±4.2
2.5 (0.9-20.6)
163.4±52.6
155.4 (80.6-289.6)
3355.3±14229.8
31.9 (2-63800)
718.8±442
707.5 (180-1684)

2.8±5.6
0.9 (0-31.9)
2.8±0.7
2.7 (1.1-4.2)
5374.8±2246.6
4790 (2470-12700)
1767.7±926.5
1630 (340-5230)
266771.8±107081
247000 (32100-620000)
4.1±3.6
2.9 (0.8-19.6)
201.5±164.3
139.9 (15.3-758.7)
8805.7±52301
48.2 (2-327000)
477.6±387.7
395 (10-1489)

2.8±3.6
1.2 (0.4-13.9)
3.08±0.7
3.1 (2.1-4.1)
5987.9±4149
4420 (2090-19900)
17237±78.9
1660 (790-4410)
298000±125722
249000 (113000-568000)
4.2±4.4
2.6 (1.3-20.9)
186.6±92.3
166.3 (86.5-507.6)
8965.1±16277
903.6 (2-57612)
220±164.2
241.5 (17-510)

2.9±3.7
1.3 (0-16.1)
3.08±0.6
3.08 (2-4.5)
5873.9±2873.9
5225 (2090-14600)
1677.9±1501
1405 (290-10600)
273318.2±101740
246000 (97000-494000)
4.5±2.9
3.5 (0.8-13.5)
207.8±114.1
180.9 (40.5-534.9)
20927.6±51656
687.1 (2-209578)
439.7±407.5
285 (20-1459)

0.464***
0.281***
0.812***
0.236***
0.730***
0.112***
0.437***
0.001***
0.005***

POST-HOC (p*)
1 vs. 2
0.553
0.079

1 vs. 3
0.006
＜0.001

1 vs. 4
0.005
0.028

2 vs. 3
0.006
0.009

2 vs. 4
0.003
0.433

3 vs. 4
0.869
0.070

CRP, serum C-reactive protein
*Mann-Whitney U p, **Student t p, ***Kruskal Wallis p

DISCUSSION

predictive factors are needed. Tumor burden and microenvironment modulate inflammatory response as a result

In spite of increasing sophisticated imaging and staging

in elevated inflammatory markers and effects on prognosis

techniques for PDAC, the unfavorable prognosis of PDAC

has been reported in various malignancies.14 Elevated

cannot be improved. To optimize the management as sur-

CRP or NLR are independent prognostic indicator in re-

gery or systemic therapy planning, new prognostic and

sectable PDAC, and associated with the decreased median
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Table 3. The comparision of parameters according to pathological N stage

CRP
Albumin
Neutrophil
Lypmhocyte
Platelet
Neutrophil/Lymphocyte
Platelet/Lymphocyte
CA 19-9
Survival time

N0 (n=17)

N1 (n=33)

Mean.±SD
Median (Min.-Max.)

Mean.±SD
Median (Min.-Max.)

p

0.84±0.6
0.8 (0-2.4)
2.9±0.69
3 (1.1-4)
5084.7±1869.4
4450 (2530-9650)
1734.7±813.4
1670 (460-3140)
288000±60129
286000 (181000-382000)
3.78±2.69
2.66 (1.06-10.8)
217.9±166.7
171.2 (80.6-758.7)
367.7±725.3
30.6 (2-2281)
682.7±433.8
386 (332-1489)

1.68±2.29
0.8 (0-129)
2.9±0.6
2.8 (1.6-4.2)
4901.8±2338.5
4440 (2470-13800)
1783.9±729.9
1630 (670-3280)
268790±92487
244000 (32100-444000)
3.54±3.64
2.78 (0.87-20.6)
175.1±95.2
140.1 (15.3-438.5)
12039±57614
48.2 (2-327000)
552.9±390.2
485 (10-1684)

0.169*
0.638**
0.455*
0.829**
0.443**
0.480*
0.467*
0.442*
0.519*

CRP, serum C-reactive protein
*Mann-Whitney U p, **Student t p

Table 4. The results of correlation analysis on survivor
Survival time
Survival time
(operated patients) (all patients)
CRP

Albumin

Neutrophil

Lymphocyte

Platelet

Neutrophil/
Lymphocyte
Platelet/
Lymphocyte
CA 19-9

r
p
n
r
p
n
r
p
n
r
p
n
r
p
n
r
p
n
r
p
n
r
p
n

0.194
0.249
37
‒0.183
0.278
37
0.047
0.781
37
‒0.159
0.348
37
0.175
0.301
37
0.025
0.882
37
0.183
0.279
37
0.080
0.638
37

‒0.224
0.019
110
0.123
0.202
110
‒0.241
0.011
110
‒0.052
0.588
110
‒0.062
0.522
110
‒0.151
0.115
110
‒0.008
0.931
110
‒0.176
0.066
110

CRP, serum C-reactive protein; Spearman’s rho, p＜0,05

survival, cancer-specific or disease-free survival.15 Sierzega
et al.16 reported that NLR might indicate significant prognostic information for patients with resected PDAC, and
concluded unfavorable prognosis, which was related to
decreased number of immune cells effective against tumor, and increased cell population involved in immune
suppression. The aim of this study was to review the evidence for CRP and NLR as prognostic indicators PDAC
to determine their benefits in patient management.
In our study, we determined that both CRP level was
statistically significantly higher in patients with radiological lymph node metastasis than in patients with N0
disease, and also NLR level was also higher in metastatic
disease. Although it was not demonstrated in our study,
PLR elevation was associated with worse survival in various solid tumors. The unfavorable prognosis might be correlated with decreased number of effective immune cells,
and increased cell population causing immune suppression.17 Cheng et al.18 reported in their meta-analysis, which
included 9 cohorts and 2035 patients, that NLR elevation
predicted poor prognosis, and shorter overall survival in
PDAC patients, and they concluded NLR elevation could
be a predictor for poor survival in patients with pancreatic
cancer with easy to access, and at a lower cost.
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Table 5. The comparision of parameters according to operabilities

CRP
Albumin
Neutrophil
Lymphocyte
Platelet
Neutrophil/Lymphocyte
Platelet/Lymphocyte
CA 19-9
Survival time

Inoperable (n=83)

Oparated (n=50)

Mean.±SD
Median (Min.-Max.)

Mean.±SD
Median (Min.-Max.)

p

3.3±4.8
1.3 (0-3.9)
3.03±0.7
3.06 (1.2-4.5)
5972.2±3084.1
5170 (2090-19900)
1761.7±1279.9
1630 (290-10600)
279144.6±113797.5
248000 (97000-620000)
4.4±3.6
3.2 (0.8-20.9)
195.7±117.8
169.3 (40.5-726.5)
16714.7±4196.5
608.9 (2-209576)
365.3±372.4
250 (17-1459)

1.4±1.9
0.8 (0-12.9)
2.9±0.6
2.8 (1.1-4.2)
4964±2172.6
4445 (2470-13800)
1767.2±751.4
1630 (460-3280)
275322±82772.9
273500 (32100-444000)
3.6±3.3
2.7 (0.9-20.6)
189.6±124.2
155.4 (15.3-758.7)
8071.4±46894
40.4 (2-327000)
584.4±398.9
485 (10-1684)

0.007*
0.438**
0.054*
0.434*
0.585*
0.051*
0.631*
＜0.001*
0.001*

CRP, serum C-reactive protein
*Mann-Whitney U p, **Student t p

In previous studies, it was reported that an increased

during neoplastic disease. Since serum CA 19-9 level is

neutrophil production was associated with higher pro-

associated with tumor burden of PDAC, patients with ele-

portions of immature cells, and an altered functional status

vated CA 19-9 level may be at more advanced stage.26

promoting more aggressive growth of the tumor. It was

In our study, there was a statistically significant correla-

reported that neutrophils had a role in angiogenesis, vas-

tion between radiological staging and CA19-9 or survival,

cular invasion and metastasis.19 The cytokines involved in

and there were significant differences in CA19-9 level be-

cancer-related inflammation, including interleukin-6 and

tween stage I and III, I and IV, II and III, and II and

tumor necrosis factor-alpha, para-neoplastic production of

IV. In addition, the CA19-9 levels were statistically sig-

20

Ele-

nificantly higher in patients with radiological lymph node

vated levels of tumor-infiltrating lymphocytes were re-

myeloid growth factors might induce neutrophilia.

metastasis and solid organ metastasis than patients with

ported to induce an effective anti-tumor cellular immune

N0 disease. We highlighted again the preoperative CA

21,22

response in the primary tumor site.
23

cytolytic ability of lymphocytes.

Neutrophils inhibit

19-9 levels correlated with patient prognosis, and its se-

Lymphopenia indicates

rum levels were taken into account to decide respect-

disease and is related to the immune escape of tumor cells
from tumor-infiltrating lymphocytes.

24

ability of PDAC.

As a result, ele-

Being an acute phase protein produced by the liver as

vated NLR generates an immune microenvironment pro-

part of the systemic inflammatory response, CRP has an

moting vascular invasion, and suppression of the host im-

important role in inflammatory processes and adaptive im-

mune system. Additionally, monocytes can exert local im-

mune system. Tumor cells recruit endothelial cells, fibro-

munosuppressive effects promoting tumor growth and an-

blasts and inflammatory cells to shape their unique micro-

giogenesis.

25

environment, and results in a microenvironment enriched

CA19-9 is the most commonly used serum tumor mark-

with proinflammatory cytokines and chemokines.27 The

er for pancreatic cancer prognosis and treatment monitori-

binding of CRP to phospholipids on tumor cells as an op-

zation in PDAC. Its plasma level is dramatically increased

sonin, augmenting tumor cell phagocytosis.28 A higher tu-
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mor stage can lead to a greater extend of systemic inflam-

node and solid organ metastasis and survival and provide

mation by release of tumor-degradation products, which

clues for prognosis and can be useful in clinical staging

in turn increase the CRP production in the liver. Elevated

of patients with PDAC. However, high-quality studies and

plasma CRP may represent a response secondary to tumor

more multicenter prospective cohorts are required to vali-

necrosis, and local tissue damage reflects a high tumor

date the role of inflammatory mediators.

29

burden.

Thus, CRP may not only represent a response

to tumor microenvironment, but also contribute to opsoni-
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