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Introduction
Pancreas cancers rank fourth among deaths due to cancer 

because of their high malignancy potential and inability to be 
diagnosed at an early stage [1]. Currently, although the only 
curative option is surgery only 20% of these tumours can be 
resected at the time of diagnosis [2]. In addition, 5year survival 
rates of even the operated patients are around 20-25% despite 
standard treatments due to a high risk of relapse [3,4]. Determining 
the prognosis of a tumour with such a high malignant potential 
is quite important. Clinicopathological factors like tumour 
diameter and differentiation, lymph node metastasis, presence 
of lymphovascular and perineural invasion and surgical margin 
status are being frequently used in determining the prognosis 
[5-7]. Yet, almost all these parameters used in determining  

 
the prognosis are known only after resection. Therefore, they 
cannot be used in estimating the prognosis before treatment. 
Thanks to advances in molecular pathology, although there are 
numerous studies showing that markers investigated to estimate 
the prognosis of pancreas cancer are successful, they cannot be 
routinely used because of their high cost [8-10]. Investigations 
for easy to use and reliable markers in determining pancreatic 
cancer prognosis particularly in the preoperative period are still 
continuing.  

There are studies reporting that tumour progression can be 
predetermined through systemic inflammatory activation used 
by cancer cells, cancer proliferation and metastasis or regulation 
of angiogenesis [11,12]. Among these systemic inflammatory 
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Abstract

Background: It has been demonstrated that pro-inflammatory markers like neutrophil/lymphocyte ratio (NLR) and platelet/lymphocyte 
ratio (PLR) are prognostic factors for many cancers. In the study presented here our aim is to investigate the prognostic significance of NLR, 
PLR and CA 19-9 in patients with pancreatic ductal adenocarcinoma (PDAC).  

Patients and Methods: Data from 118 patients diagnosed with PDAC between September 2011 and September 2016 were examined 
retrospectively. In the whole blood count of all patients in the preoperative period; neutrophil, lymphocyte, platelet counts, and CA19-9 levels 
were recorded. Demographic data about the patients, tumour location, tumour diameter, T and N stage, stage, perineural invasion, number of 
metastatic lymph nodes, surgical margins and survival times were examined. Log-rank test, Cox proportional hazards test and Kaplan Meier 
method were used for univariate, multivariate and survival analysis respectively. 

Results: According to univariate analysis we have determined that 4 histopathological and 3 preoperative serum parameters have 
prognostic value for decreased survival times. Degree of poor differentiation (p=0.012), presence of perineural invasion (p=0.016), lymph node 
metastasis (p=0.019), surgical margin positivity (p=0.017), high NLR (p=0.001), high PLR (p=0.006) and low lymphocyte count (p=0.031) were 
associated with decreased survival times. According to multivariate analysis, we have found that poor differentiation (p=0.001), >2 cm tumour 
diameter (p=0.025), surgical margin positivity (p=0.014), high NLR (p=0.015) and high PLR (p=0.030) were independent risk factors for poor 
prognosis.  

Conclusion: Higher NLR and PLR values are associated with decreased survival times in patients undergoing resection for PDAC and are 
independent prognostic parameters. 
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marker’s parameters like NLR, PLR, C-reactive protein or CA19-9 
have been the subject of important studies [13-15]. While higher 
neutrophil infiltration around the tumour is associated with poor 
prognosis, lymphocyte infiltration around the tumour has been 
associated with good prognosis and thus the view that NLR is a 
reflection of systemic inflammation has gained acceptance [16]. 
NLR, PLR and CA19-9 are simple and widely used parameters 
utilized in estimating the prognosis of many cancers [17,18]. 
However, cut-off values of the markers evaluated in these studies 
display variability. Inability to establish an international common 
value for this reason limits their use. Moreover, CA19-9 is a tumour 
marker widely used for tumours of the gastrointestinal canal, 
but its low specificity as a tumour marker diminishes its value. 
Its elevation even in benign pathologies of the pancreatobiliary 
system limits its value as a single factor for diagnostic purposes 
or as an independent factor in estimating the prognosis. In this 
study our aim is to determine the importance CA19-9, NLR 
and PLR values in estimating the prognosis of disease in the 
preoperative period in patients diagnosed with pancreatic ductal 
adenocarcinoma. 

Patients and Methods
Patients  

Data from 196 patients histologically diagnosed with 
pancreatic ductal adenocarcinoma in Gazi University Medical 
Faculty General Surgery Clinic between September 2011 and 
September 2016 were retrospectively analysed. Patients with 
metastatic disease, distal bile duct tumours, ampulla vateri and 
duodenum tumours, with other malignancies of the pancreas like 
intraductal papillary mucinous cystic neoplasm and mucinous 
cystic adenocarcinoma, patients with clinical signs of infection at 
time of diagnosis, patients receiving neoadjuvant chemotherapy 
or radiotherapy, patients with history of malignancy and patients 
with a mortal course in the first 30 days postoperatively were 
excluded from the study. Finally 118 patients meeting the study 
criteria were included in the study. Pathological assessment of 
the resected specimens was performed according to the AJCC 7th 
edition guideline [19]. The period between the date the patients 
were diagnosed and their date of death or their date of last follow-
up was determined as the survival time.  

Data collection 
Demographic details, hematologic parameters, operation 

type, histopathological features and survival data were collected 
by review of patients’ records, retrospectively. Peripheral blood 
was obtained at the time of diagnosis before surgery. Baseline 

NLR was calculated as neutrophil count divided by lymphocyte 
count and PLR was calculated as platelet count divided by 
lymphocyte count. The patients were categorised at the median 
value of NLR, PLR and CA19-9. NLR, PLR and CA19-9 values of 
3.0, 140 and 122 were used as median cutoff values, respectively. 
In addition, clinicopathological features like patients’ age, sex, 
tumour localisation, tumour diameter, T and N stage, disease 
stage, presence of lymph vascular and perineural invasion, 
number of metastatic lymph nodes, surgical margin status and 
overall survival times were recorded.  

Surgical Procedure
Preoperative assessment of all patients was performed by 

standart triphasic thin slice computed tomography examination. 
Patients with distant organ metastasis, tumour invasion to 
hepatic artery and/or superior mesenteric artery, and tumour 
thrombus in the superior mesenteric vein and portal vein were 
accepted as unresectable. Standard pancreaticoduodenectomy 
together with standard lymph node dissection were performed 
for tumours localised in the head of the pancreas or uncinate 
process. Postresection reconstruction procedure was 
performed by pancreatic jejunostomy, hepaticojejunostomy and 
gastrojejunostomy over the same bowel loop. In case the tumour 
was in the body or tail of the pancreas, distal pancreatectomy 
and/or splenectomy procedure was performed. 

Postoperative Follow-Up
The patients were admitted to the surgical ward after 1night 

post-op follow-up in the intensive care unit. All patients were 
administered adjuvant chemotherapy and/or radiotherapy after 
discharge. The patients were followed up with thoracoabdominal 
computed tomography or PET CT exam, whole blood count and 
tumour markers (CEA and CA19-9) every 3 months in the first 2 
years, at 6 monthly intervals in the following 3 years and once a 
year afterwards.   

Statistical analysis 
All statistical analyses were performed with IBM SPSS version 

20.0 (IBM Co., Armonk, NY, USA). Continuous data were analysed 
using mean, median, standard deviation and 95% confidence 
interval (CI). Chi-square test or Fisher exact test were used for 
comparative analyses of categorical data. Log-rank test was used 
for univariate analysis and Cox proportional hazards test was 
used for multivariate analysis.  Kaplan-Meier survival analysis 
method was used for analysis of survival data. P<0.05 values were 
accepted as statistically significant.

Results
Table 1: Mean and median values of demographic and preoperative hematological parameters of the patients.

Mean±SD Median (min-max)

Age (year) 63.4±11 65 (29-90)
Tumor size (cm) 3.5±1.8 3 (1-11)

MLNC 2.7±2.7 2 (0-13)

TLNC 16.3±9.1 14 (2-63)
Overall survival (months) 13.5±12.4 9.5 (2-71)
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Neutrophil count x 106/ml 5.7±2.5 5.3 (0.9-20)
Lymphocyte count x 106/ml 1.8±0.6 1.8 (0.3-3.9)

Platelet count x 106/ml 256±83 258 (16-568)

NLR 3.7±4.7 3.0 (0.25-50.6)

PLR 154.6±68.7 140.4 (5.5-460)

CA19-9 (IU/ml) 997.7±2802 122 (0.6-20000)

White blood count x 106/ml 7.9±3.1 7.4 (0.1-21.8)

MLNC: Metastatic lymph node count; TLNS: Total lymph node count; NLR: Neutrophil/Lymphocyte ratio; PLO: Platelet/Lymphocyte ratio
The study group consisted of 118 patients with potentially 

curative resected PDAC (74 men and 44 women). The mean age at 
diagnosis was 63.4 years (median, 65 years; range, 29–90 years). 
We found a mean WBC count of 7.9 ± 3.1 106/ml, median neutrophil 
count of 5.3 (0.9-20) 106/ml, median lymphocyte count of 1.8 
(0.3-3.9) 106/ml, median NLR of 3.0 (0.25-50.6), median PLR 

of 140.4 (5.5-460), and median CA19-9 of 122 (0.6-20000) IU/
ml. According to patient records, 99 pancreaticoduodenectomy 
(Whipple procedure) and 19 distalpancreatectomy were 
performed. Demographic and hematological data of all patients 
are shown in Table 1.  

Table 2: 1-, 3- and 5- year survival rates and median survival times of patients according to preoperative hematological parameters.

1-year OS (%) 3-year OS (%) 5-year OS (%) Median OS (month) P value
Neutrophil count

<5.3
≥5.3

63.0
51.2

26.2
12.6

13.1
0

26
16 0.063

Lymphocyte count
<1830
≥1830

45.3
68.9

13.1
28.3

0
14.2

16
25 0.031

Platelet count
<258
≥258

84.3
83.1

29.6
53.4

0
9.1

18
18 0.156

NLR
<3.0
≥3.0

89.4
40.7

31.3
9.7

10.4
0

27
14 0.001

PLR
<140
≥140

75.2
83.2

29.5
8.7

0
4.3

24
15 0.006

CA19-9 (IU/ml)
<122
≥122

63.2
82.8

19.1
17.8

9.6
0

22
17 0.268

1-, 3- and 5- year survival rates for all patients were 56.5%, 
18.9% and 4.7% respectively. In total 21 out of 118 patients 
(17.7%) lived for more than 24 months. Median survival time for 
all patients was 20.4 months. Survival times were found higher 
in patients with lymphocyte count measured as 1.8 x 106/ml and 
above than in patients with a count below this value (P=0.031), 
but upon comparison of the groups according to higher and 
lower platelet and neutrophil counts the difference observed was 
not found to be statistically significant (P=0.154 and P=0.063, 
respectively). Survival times of patients with NLR<3 were found 
to be higher than of patients with NLR≥3 (P=0.001). Survival 
times of patients with PLR<140 were found to be higher than of 
patients with PLR≥140 (P=0.006). No statistical difference was 
found among other hematological serum parameters Table 2.

Survival times of patients with poorly differentiated tumour, 
presence of perineural invasion and lymph node metastasis were 
found to be statistically significantly lower (p=0.012, p=0.016 and 
p=0.019 respectively).  Survival times of patients with positive 
post-resection surgical margin (R1) were also lower than of 
patients with negative surgical margin (R0) (p=0.017). Survival 
times of patients with NLO<3 and PLO<140 were found to be 
longer and this difference was statistically significant (p=0.001 
and p=0.006 respectively) (Figure 1). Survival times of patients 
with lymphocyte count <1.8 x 106/ml were found to be statistically 
significantly lower compared to patients with lymphocyte count 
≥1.8 x106/ml (p=0.031). Differences between patients’ survival 
times with respect to factors like age, sex, tumour localisation, 
perineural invasion, T stage, CA 19-9 level, and neutrophil and 
platelet counts were not statistically significant Table 3.

Table 3: Univariate and multivariate analysis results of prognostic factors affecting survival times of patients operated for PDAC.

Variables
Univariate Analysis Multivariate Analysis

n Median OS (95% CI) P value Hazard Ratio (%95 CI) P value

Age, year
<65
≥65

56
62

22 (15.2-28.7)
12 (7.2-16.8) 0.236 1.020 (0.995-1.047) 0.124
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Gender
Female

Male
44
74

18 (8.7-27.2)
14 (7.4-20.6) 0.577 1.118 (0.629-1.985) 0.705

Tumour location
Head

Others
99
19

16 (9.4-22.5)
7.3-20.7)

0.781 1.198 (0.255-5.632) 0.819

Tumour size (cm)
<2
≥2

9
109

18 (0.2-37.9)
14 (8.7-19.2) 0.968 1.147 (1.017-1.293) 0.025

Differentiation
Well

Intermediate
Poor

42
59
17

22 (17.3-26.6)
14 (7.3-20.6)

7 (4.1-9.8) 0.012 3.249 (1.622-6.509) 0.001
PNI
Yes
No

113
5

17 (11.5-22.4)
4 (0.2-8.6) 0.016 0.610 (0.108-3.453) 0.576

LN
N0
N1

28
90

22 (7.8-28.2)
14 (8-19.9) 0.019 1.174 (0.649-2.124) 0.596

T stage
T1 - T2
T3 - T4

8
110

10 (4.6-15.3)
17 (12-21.9) 0.708 0.256 (0.018-3.574) 0.311

Surgical margin
R0
R1

107
11

18 (12.4-23.6)
9 (4.4-13.6) 0.017 3.231 (1.269-8.224) 0.014

CA19-9 (U/ml)
<122
≥122

59
59

22 (17.4-26.6)
17 (6.9-28.1) 0.268 0.635 (0.381-1.057) 0.810

NLR
<3
≥3

59
59

27.3 (21.0-24.9)
14.4 (6.0-11.9) 0.001 0.974 (0.925-1.040) 0.015

PLR
<140
≥140

59
59

24.6 (20.6-25.3)
15.7 (7.7-15.2) 0.006 0.571 (0.345-0.947) 0.030

Figure 1A-B-C: Survival graphs according to neutrophil/lymphocyte and platelet/lymphocyte ratios and CA19-9 value.

According to univariate analysis results we determined that 
4 histopathological and 3 preoperative serum parameters had 
prognostic value for decreased survival times. Poor degree of 
differentiation, presence of perineural invasion, lymph node 
metastasis, surgical margin positivity, high NLR (≥3), high PLR 
(<140) and low lymphocyte count (<1.8 x 106/ml) were associated 
with poorer prognosis (Table 3). According to multivariate 
analysis results, we found that poor degree of differentiation, ≥ 2 
cm tumour diameter, positivity of surgical margin after resection 

(R1), high NLR (≥3) and high PLR (≥140) were independent risk 
factors for poor prognosis (Table 3).

Discussion
Although the history of the relationship between cancer and 

systemic inflammation dates back nearly 100 years, number 
of studies endeavouring to establish the connection between 
tumour inflammation and prognosis and to understand tumour 
biology have further increased in recent years [20]. The 
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relationship between cancer cells and systemic inflammatory 
response has been studied in many different cancer types. There 
are numerous studies investigating the role of inflammation on 
prognosis of pancreatic ductal adenocarcinomas in particular in 
whose aetiology chronic inflammation has been implicated [13-
22]. Systemic inflammatory response plays an important role in 
cancer progression [12]. Increased neutrophil infiltration and 
decreased lymphocyte infiltration around the tumour have been 
associated with poor prognosis. Especially in advanced stage 
pancreas cancers lymphocyte infiltration around the tumour is 
less than that in early stage pancreas cancers and this condition 
is associated with decreased survival times [23]. Moreover, it is 
known that lymphocytes induce cytotoxic cell death and inhibit 
tumour cell proliferation and tumour migration which play a 
significant role in the tumour defence mechanism [24]. 

Inflammatory process plays a critical role in phases of 
tumour development like invasion and metastasis. Cancer 
cells produce the myeloid growth factor which increase the 
production of neutrophils. It has been reported that increase in 
neutrophil count is associated with decreased survival especially 
in metastatic melanoma and lung cancers [25]. Thus, it has been 
investigated whether NLR can be a potential prognostic factor for 
pancreas cancer. In addition, it has been reported that platelet 
/ lymphocyte ratio can also have a prognostic significance in 
pancreatic ductal adenocarcinomas and other cancer types. 
Since CA19-9 is a predictive marker that is easy to assess in the 
preoperative period like NLR and PLR and directly indicates 
tumour malignity and provides information about tumour grade 
and resectability, its relationship with pancreatic cancer has also 
been frequently investigated [26,27]. Although there are studies 
reporting positive results for all these parameters, no clear cut-
off values have been determined for NLR, PLR and CA19-9. Due 
to limitations like the small number of patients in these studies, 
lack of a determined cut-off value and/or the heterogeneity of the 
data included in the study, they are not frequently used routinely. 
In order to clarify these uncertainties and to add to reports 
from various centres around the world and to contribute to the 
existing literature, in our study evaluating data from 118 patients 
undergoing resection for pancreatic ductal adenocarcinoma, the 
relationship of clinicopathological features and preoperative 
serum hematological parameters with survival has been assessed. 

 According to multivariable analysis results in our study 
survival times of patients with NLR ≥3.0 were found to be 
statistically significantly lower than those with NLR <3.0. 
Moreover, NLR was found to be inversely related to tumour 
diameter, degree of tumour differentiation, lymph node 
metastasis and resection margin positivity.  Almost all parameters 
of prognostic significance for ductal adenocarcinomas of the 
pancreas are known after resection. Therefore, in pancreas 
cancers where the only curative option is surgery we think that 
NLR that can be easily obtained from routinely used serum 
measurements especially in the preoperative period is a simple 
method that can be used to assess tumour resectability and to 
predict post-resection survival. There are important limitations 

both in our study and in other studies investigating the prognostic 
significance of NLR [28,29]. Especially the lack of a clear cut-off 
value for NLR and data assessment without taking treatment 
strategies into consideration are among its limitations. In our 
study a high NLR was associated with poor prognosis just as 
in other studies. Contrary to studies reporting these positive 
results, Clark et al. [30] and Sanjay et al. [31] reported that high 
NLR did not have a prognostic significance. Yet, the number of 
patients in these studies was 44 and 51 respectively which was 
a serious disadvantage. Moreover, the data in these studies was 
heterogeneous, different statistical methods were employed and 
there were differences in inclusion and exclusion criteria. In the 
study conducted by Ben et al. all values from 1 to 6 were tried for 
NLR cutoff value and the most powerful difference was noted for 
2 as an NLR cutoff value [32]. In the study by Ασαοκα ετ αλ. [33] 
positive results were reported for the mean NLR value of 2.7 [33]. 

A high NLR is possible with an increase in neutrophil count 
and/or a decrease in lymphocyte count. In our study while 
the median survival time was 26 months in patients with low 
neutrophil count (<5.3 x 106/ml), it was 16 months in patients 
with high neutrophil count (≥5.3 x 106/ml). But this difference 
was not statistically significant. Survival times of patients with 
a lymphocyte count of <1.8 x 106/ml were worse than those of 
patients with a lymphocyte count of ≥1.8 x 106/ml (16 and 25 
months, respectively). Our study supports other studies showing 
that survival times are improved with tumour lymphocyte 
invasion or an increase in lymphocyte count in the circulation [30-
34]. Cancer cells are reported to decrease lymphocyte functions 
via production of immunological cytokines like IL-10 and 
transforming growth factor β [35]. Upon comparison of pancreatic 
ductal adenocarcinomas with other gastrointestinal tumours, 
the association between lymphocytopenia and survival has been 
found more significant in pancreatic ductal adenocarcinomas [36]. 
In our study the decrease in lymphocyte count rather than the 
increase in neutrophil count was held responsible for the elevated 
NLR. Since there are conflicting studies about the relationship 
between the changes in neutrophil or lymphocyte count alone 
and survival, we believe that NLR is a more significant parameter.  

Higher preoperative CA19-9 levels may reflect the biologically 
aggressive behaviour of the tumour and presence of distant organ 
metastasis. There are studies reporting that CA19-9 is a direct 
predictive marker for tumour malignancy, stage and respectability. 
In our study the survival times of patients with a CA19-9 value 
<122 U/ml and ≥122 U/ml were 22 and 17 months respectively 
but the difference was not statistically significant. Moreover, no 
significant difference was detected between stage and T stage 
and CA19-9. The reason for this is that the large majority of 
patients included in our study were at stage 2 (93.1%) and T3 
(93.2%) and thus did not display a homogeneous distribution. In 
addition, elevation of CA19-9 values even in benign pathologies 
like obstructive jaundice, acute cholecystitis and tobacco use is a 
serious handicap. 

 The crucial roles of platelet activation through regulation of 
angiogenesis, degradation of extracellular matrix and release of 
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adhesion molecules and some growth factors are well known in 
cancer development [37]. The interaction between tumour cell 
and platelet is a process that starts well before the adhesion of 
tumour cells to endothelial cells in areas far from the tumorous 
tissue. Platelet adhesion to tumour cells enables the release 
of vascular endothelial growth factor that induces vascular 
permeability, extravasation of cancer cells and new vessel 
formation [38]. Platelets increase matrix metalloproteinase-9 
secretion in pancreatic adenocarcinoma cells and thus contribute 
to increasing the invasion capacity of tumour cells [39]. Also, in 
this study it was reported that drugs with anti-platelet properties 
inhibit the invasion capacity of tumour cells through decreased 
matrix metalloproteinase-9 secretion [39]. Due to this inhibition 
tumour cell invasion is suppressed. Moreover, proinflammatory 
cytokines like IL-1, IL-3 and IL-6 stimulate the proliferation of 
megakaryocytes known to be responsible for the production 
of platelets [40]. There are numerous studies investigating the 
prognostic significance of PLR in many cancer types [41]. Smith 
et al. [42] reported PLR to be an independent prognostic factor 
for pancreatic ductal adenocarcinoma. In that study for every 
unit increase in PLR the risk of death was increased 0.004-fold 
and they adopted 400 x 106/ml as the cut-off value for platelet 
count and 1.0 x 106/ml as the cut-off value for lymphocyte count. 
In another study conducted on 205 patients PLR cutoff value was 
adopted as 300 and no differences were reported with respect to 
survival results [43]. In our study survival times of patients with 
PLR ≥140 were found to be statistically significantly lower than 
those of patients with PLR <140.  

The primary limitations of our study were its being a 
retrospective study and the small number of patients. Second, 
patient stratification according to treatment modalities was not 
performed in the patients included in our study. A third limitation 
might be the lack of a clear cut off value just as in other studies 
and making an assessment by applying the determined cut off 
value for NLR in a narrow range like 2.9 or 3.1 to different groups. 
Also, even if we do not include patients with active infection or 
another pathology expected to trigger inflammation in the study, 
changeability of NLR due to a non-specific reason such as stress 
renders the data in our study heterogeneous. In conclusion, 
among preoperative serum hematological parameters higher NLR 
and PLR values are associated with decreased survival in patients 
undergoing resection for pancreatic ductal adenocarcinoma and 
they are independent prognostic parameters. Preoperative NLR 
and PLR values are simple and easy to apply parameters that can 
be used in estimating disease prognosis in patients with PDAC. 
However, to be able to use them as more widespread and reliable 
parameters studies involving larger number of patients and 
having data determined according to more homogeneous criteria 
are warranted. 
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