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Abstract
Background: The aim of this study is to analyze the role of neutrophil-lymphocyte ratio and its variation
pre and post-operatively (delta NLR) in overall survival after pancreatectomy for pancreatic ductal
adenocarcinoma at a single centre and to identify factors associated with overall survival.

Methods: A retrospective study of consecutive patients undergoing pancreatic resection due to PDAC or
undifferentiated carcinoma from January 2010 to January 2020 was performed. Association between
evaluated factors and overall survival were analyzed using a log-rank test and Cox proportional hazard
regression model.

Results:  Overall, 242 patients underwent complete pancreatic resection for PDAC or undifferentiated
carcinoma. OS was 22.8 months (95% CI: 19.5-29) and survival rates at 1, 3 and 5 years were 72%, 32.5%
and 20.8% respectively. NLR and delta NLR were not signi�cantly associated with survival (HR=1.14,
95%CI: 0.77-1.68, p=0.5). Lymph node ratio was signi�cantly associated (HR=1.66, 95%CI: 1.21-2.26,
p=0.001) in the bivariate analysis. In multivariable analysis the only factors that were signi�cantly
associated with survival were perineural invasion (HR=1.94, 95%CI: 1.21-3.14, p=0.006), surgical margin
(HR=1.83, 95%CI: 1.10-3.02, p=0.019), tumor size (HR=1.01, 95%CI: 1.003-1.027, p=0.16), postoperative
CA 19-9 level (HR=1.001, p<0.001), and completion of adjuvant treatment (HR=0.53, 95%CI: 0.35-0.8,
p=0.002).

Conclusion: Neutrophil-lymphocyte ratio and delta NLR were not associated with overall survival in this
cohort. Risk factors such as perineural invasion, surgical margins, CA19-9 level and tumor size showed
worse survival in this study, whereas completing adjuvant treatment was a protective factor.

Background
Pancreatic ductal adenocarcinoma (PDAC) is an aggressive disease with 458 918 new cases diagnosed
each year worldwide [1]. It is the fourth leading cause of cancer-related death in the United States, and it
is predicted to become the second leading cause by 2030 [2]. In addition, it is expected to be the second
cause of death related to cancer in the next decade in western countries, due improvements in other
tumor treatments that have increased their overall survival at a faster rate than pancreatic cancer
treatment. Moreover, the aging of the general population, who are more susceptible to cancer than young
people, also contributes to the prediction of a rise in pancreas cancer mortality in the future.  Surgery is
involved in the only chance of cure of pancreatic cancer, but 5-year survival rates after surgical resection
alone are low, approximately 10% according to different series [3,4]. Nevertheless, the development of
adjuvant treatments with chemotherapy has increased survival in patients who underwent surgery [5,6]. In
Latin America there is a lack of information about long term results after surgical treatment of pancreatic
cancer. Therefore, reporting oncological outcomes after multidisciplinary treatment of this aggressive
disease and identifying factors associated with overall survival is an important step towards
understanding this disease.
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Currently, several studies have identi�ed different prognostic oncological factors such as surgical
margins, serum CA 19-9 level, vascular resection, and pathological characteristics such as perineural or
perivascular invasion [7]. Firstly,  perineural invasion (PNI) is de�ned as the presence of cancer cells along
nerves and/or within the epineural, perineural and endoneural spaces of the neuronal sheath. Despite the
fact that it has been described in several solid tumors, PNI has its highest prevalence in pancreatic ductal
adenocarcinoma with a range varying between 70% and 98% [8].  Moreover, PNI is detected in nearly three
quarters of the early stages of PDAC and in microscopic PDAC, suggesting that it could represent an early
event in cancer progression [9,10].The role of PNI in cancer research has been traditionally
underestimated since it was considered as a non-active process, with less relevance compared with
hematogenous and lymphatic spread. But new evidence shows neural regulation in cancer and cancer-
cell induced axonogenesis [11]. 

Interestingly, changes in the systemic in�ammatory response to tumor cell manifestation of systemic
in�ammation can be measured by blood-based parameters. In particular, the neutrophil-lymphocyte ratio
(NLR) has been assumed to be an easily available and trustable marker to predict patients’ survival in
different types of patients with primary operable cancer, such as colorrectal, gastroesophageal, renal,
hepatocarcinoma and lung cancer [12]. In PDAC, controversial data exist regarding NLR [13,14]. We
consider patients and their disease or treatment as dynamic factors which constantly interact with each
other rather than static elements. Therefore, it would be interesting to �nd a predictor that re�ects that
taking into account changes in in�ammatory parameters before and after surgical treatment. Delta NLR,
or the difference between postoperative and preoperative values can be expressed as an increasing or
decreasing trend. This parameter has been proven useful in other tumor types, consequently, we included
this variable with special interest in our study. 

Another element that has been described as a prognostic factor in previous studies is lymph node ratio
(LNR), expressed as the rate of positive lymph nodes over total lymph nodes harvested. However, the
prognostic power of N-status, number of examined LNs, number of positive lymph nodes, and LNR
differed substantially across studies [15,16].

The identi�cation of prognostic factors might enable a better risk strati�cation for adjuvant treatment
modalities after surgery, tending towards a more personalized treatment. Results regarding overall
survival and disease-free survival of our cohort were reported previously in another language [17].
Furthermore, in this study we aim to analyze the role of neutrophil-lymphocyte ratio and variation of
neutrophil-lymphocyte ratio in overall survival after pancreatectomy for pancreatic ductal
adenocarcinoma in a cohort from a single, academic, high-volume pancreatic centre.  
 

Methods

Population
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A retrospective analysis was performed of a cohort with all the patients who received pancreatic resection
due to PDAC or undifferentiated carcinoma from January 2010 to January 2020 in a single center.
Patients were eligible to be included in the study if they were 18 years of age or older, had undergone a
pancreatic resection surgery and the pathology report informed pancreatic adenocarcinoma or
undifferentiated carcinoma. Overall survival (OS) was measured from surgery day to death and disease-
free survival (DFS), was measured from surgery day to recurrence detected by imaging testing and/or
increase of tumoral marker according to �ndings in electronic records of medical history. In cases where
data could not be found on medical records, national registries or relatives were reached to obtain
missing information. This study was performed according to national and international regulations. The
institutional Ethics Committee for Investigative Protocols approved the study protocol (No. 2836)

Baseline characteristics collected were age, gender, pancreatic surgery extent, venous resection
involvement, preoperative and postoperative CA 19-9 levels, preoperative and postoperative lymphocytes
and neutrophils count, anatomopathological diagnosis, tumor differentiation, maximum diameter of the
tumor, surgical margins, lymph nodes harvested, lymph nodes compromised by tumoral cells, presence of
perineural invasion, presence of perivascular in�ltration, staging according 8th edition of TNM staging
system, completion of adjuvant or neoadjuvant treatment [18]. Regarding surgical margins, R0 resection
was de�ned as the absence of any cancer cells within 1 mm of any cut surface of the resected specimen.
An R1 resection was de�ned as at least 1 cancer cell within 1 mm of any surface of the removed
specimen. NLR was calculated by dividing the absolute neutrophils count by the absolute lymphocytes
count. Preoperative NLR was measured in the routine preoperative work up, within one month from
surgery. Postoperative NLR was measured one month after surgery, taking into account that no acute
infection or complications that could have raised neutrophil count were present. Delta NLR was
calculated by subtracting NLR postoperative value to preoperative NLR and two groups were de�ned
according to increasing (>0) or decreasing (<0) trend. Likewise, lymph node ratio was also dichotomized
in groups with LNR >0.1 and <0.1 as it was considered to be the optimal cut-off point in previous reports
[18].

Statistical Analysis
Continuous variables were reported as median and range or mean and standard deviation when
appropriate. Categorical variables were presented as number of frequency and percentages. The
comparison between subgroups was carried out using Student’s t test or Mann-Whitney U test for
continuous variables. Categorical variables were compared by the Chi2 test or Fisher exact test when
necessary. Survival probability was estimated according to the Kaplan-Meier method, whereas the log-
rank test was used for comparison of survival in different groups. Statistical signi�cance was set at 0.05.
Bivariate and multivariable survival analysis were performed using the Cox proportional hazards model,
with results presented as hazard ratio (HR) with a 95% con�dence interval (CI). Variables that were
signi�cant in bivariate analysis were included in the �nal multivariable analysis. Patients with missing
data were excluded from the analysis. Statistical analysis was performed in R version 3.6.3 (R Core Team
2020, Vienna, Austria)
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Results
Overall, 748 patients underwent consecutive pancreatic resection from January 2010 to January 2020.
PDAC diagnosis was found in 230 and undifferentiated carcinoma was found in 12 pathology reports
during the study interval counting a total of 242 pancreatic cancer subjects. Patient demographic and
tumor characteristics are described in Table 1. As shown in a previous publication of our group, this
cohort OS was 22.8 months (95% CI: 19.5-29) and survival at 1-year, 3-years and 5-years were 72%, 32.5%
and 20.8% respectively. Median follow up was 17.8 months. DFS was calculated over 194 patients
(80.1%) due to missing data of this variable in 48 records. The median disease-free survival (DFS) was
13.8 months (95% CI: 12-17.6) and 1-3-5 years probabilities were 56.1%, 21.8% and 19.4% respectively.
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Table 1
Demographic and Characteristics of the Patients at Baseline

Characteristic   Median (Interquartile Range) or
Frequency (percentage) n = 242

Age   67yr (60.3-73.8)

Male sex   117 (48.3%)

Preoperative CA 19-9   120.7 (30-472.3)

Postoperative CA 19-9   21.4 (6.8-98.4)

Preoperative neutrophil
lymphocyte ratio

  2.6 (1.9-3.4)

Postoperative neutrophil
lymphocyte ratio

  2.8 (1.5-3.6)

Surgical resection    

  Pancreatoduodenectomy 165 (68.2%)

  Distal pancreatectomy 49 (20.2%)

  Total pancreatectomy 28 (11.6%)

Status of surgical margins    

  R0 151 (62.4%)

  R1 91 (37.6%)

Vascular resection   31 (12.8%)

Tumor histology    

  Ductal adenocarcinoma 230 (95%)

  Undifferentiated
carcinoma

12 (5%)

Differentiation    

  Well differentiation 87 (36%)

  Moderate differentiation 120 (49.6%)

  Poor differentiation 35 (14.4%)

Tumor size (mm)   30 (4-120)

Lymphovascular invasion   163 (67.3%)

*Tumor stage was assessed according to the 8th edition of TNM staging system of pancreatic cancer
by AJCC/UICC (2018).
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Characteristic   Median (Interquartile Range) or
Frequency (percentage) n = 242

Perineural invasion   175 (72.3%)

Lymph nodes harvested   12 (9-16)

Positive lymph nodes   1 (0-3)

Tumor stage*    

  IA 18 (7.4%)

  IB 65 (26.9%)

  IIA 16 (6.6%)

  IIB 99 (40.9%)

  III 44 (18.2%)

Adjuvant therapy    

  Complete 106 (43.8%)

  Incomplete 26 (10.7%)

  No adjuvant therapy 39 (16.1%)

  Missing data 63 (26%)

Neoadjuvant therapy   8 (3.3%)

*Tumor stage was assessed according to the 8th edition of TNM staging system of pancreatic cancer
by AJCC/UICC (2018).

Delta NLR (Fig. 1) was not signi�cant in the bivariate analysis (HR=1.14, 95%CI: 0.77-1.68, p=0.5)
therefore it was not included in the multivariable analysis. Individually, preoperative neutrophil
lymphocyte ratio (HR=0.98, 95%CI: 0.86-1.1, p=0.69) and postoperative neutrophil lymphocyte ratio
(HR=1, 95%CI:0.89-1.1, p=0.9) were not signi�cant either. The lymph node ratio was signi�cantly
associated (HR=1.66, 95%CI: 1.21-2.26, p=0.001) in the bivariate analysis (Table 2), but it was not
signi�cant in multivariable analysis (HR=1.1, 95%CI: 0.6-2.01, p=0.74). Perineural invasion was
signi�cantly associated with worse survival in bivariate analysis (HR=1.53, 95%CI:1.063-2.219, p=0.02)
(Fig. 2). Other variables that were identi�ed as risk factors in bivariate analysis were surgical resection
(total pancreatectoduodenectomy HR=2.2, 95%CI: 1.45-3.37, p<0.001), vascular resection (HR=1.92,
95%CI: 1.27-2.9, p=0.002), postoperative CA 19-9 level (HR=1.0001, 95% CI:1-1.001, p<0.001), tumor size
(HR=1.01, 95%CI: 1.002-1.019, p=0.02), positive lymph nodes (HR=1.09, 95%CI: 1.032-1.15, p=0.002),
surgical margins (HR=1.63, 95%CI: 1.186-2.248, p=0.003), TNM stage III (HR=2.31, 95%CI: 1.14-4.69,
p=0.02). Finally, having completed adjuvant treatment with chemotherapy was a protective factor since it
was associated with better survival (HR=0.43, 95%CI: 0.30-0.62, p<0.001).
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Table 2
Bivariate and multivariate analysis results.

Factors Bivariate Multivariate

  HR IC 95% P-value HR

(adjusted)

IC 95% P-value

Age 1.004 0.99-1.02 0.6      

Sex 1.224 0.90-1.67 0.2      

Preoperative NLR 0.98 0.86-1.1 0.69      

Postoperative NLR 1 0.89-1.1 0.9      

Delta NLR 1.14 0.77-1.68 0.5      

Surgical resection 1.095 1.03-1.16 0.005 1.06 0.45-2.45 0.89

Vascular resection 1.915 1.26-2.9 0.002 0.83 0.41-1.69 0.61

Preoperative CA 19-9 1 1 0.08      

Postoperative CA 19-9 1.001 1 1.001 1.0006 1.0003-
1.0009

0.00039

Tumor histology 0.54 0.22-1.33 0.2      

Differentiation 1.12 0.9-1.4 0.3      

Tumor size 1.01 1.002-
1.019

0.02 0.015 1.0027-
1.027

0.016

Lymph nodes harvested 1.01 0.98-1.03 0.9      

Positive lymph nodes 1.09 1.03-1.15 0.002 0.96 0.81-1.14 0.68

Lymph node ratio 1.66 1.21-2.26 0.001 1.11 0.61-2.01 0.74

R1 resection 1.63 1.19-2.25 0.003 1.83 1.1-3.03 0.019

Perineural invasion 1.54 1.06-2.22 0.02 1.94 1.21-3.14 0.006

Perivascular invasion 1.263 0.89-1.8 0.2      

IA stage 0.6 0.32-1.15 0.1      

IB stage 0.8 0.56-1.16 0.2      

IIA stage 0.56 0.27-1.14 1      

IIB stage 1.22 0.89-1.67 0.2      

III stage 1.55 1.07-2.26 0.02 1.57 0.62-3.97 0.34

NLR= neutrophil-lymphocyte ratio
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Factors Bivariate Multivariate

Complete adjuvant
chemotherapy

0.43 0.31-0.62 <0.0001 0.53 0.35-0.798 0.002

NLR= neutrophil-lymphocyte ratio

 

Multivariable Analysis
In the multivariable analysis including the variables which resulted statistically signi�cant in bivariate
analysis, the risk factors that remained signi�cantly associated with worse overall survival were the
presence of perineural invasion (HR=1.94, 95%CI: 1.21-3.14, p=0.006), surgical margin (HR=1.83, 95%CI:
1.10-3.02, p=0.019), tumor size (HR=1.01, 95%CI: 1.003-1.027, p=0.16) and postoperative CA 19-9 level
(HR=1.001, 95%IC: 1.0003-1.0009, p<0.001). On the other hand, the protective factor of completion of
adjuvant treatment (HR=0.53, 95%CI: 0.35-0.8, p=0.002) remained signi�cant. The �nal model with 110
subjects (132 observations deleted due to missingness of any of the variables) had a c-statistic of 0.69.

Adjuvant Treatment
The most used adjuvant treatment was gemcitabine based therapies in 86 patients (35.6%), whereas
monotherapy or in association with oxaliplatin or capecitabine. FOLFIRINOX was used in 13 patients
(5.3%). Radiotherapy was used in 33 patients (13.6%). The use of neoadjuvant treatment did not
decrease the frequency of PNI in our cohort (OR=1.2, 95%CI: 0.18-6.5) but due to a low number of
subjects (8 patients) in the neoadjuvant group this result should be taken with caution.

Discussion
Surgical treatment is the only potentially curative treatment for patients with pancreatic cancer that
present at a resectable stage and it may be substantially underutilized even in countries with su�cient
medical resources [20]. Hence the importance of reporting long term results of surgical treatment of this
disease. In addition, little evidence has been published from Argentina and from Latin America about long
term oncological outcomes of multidisciplinary treatment of pancreatic cancer. When we analyze the
overall survival in this cohort of 10 years of consecutive pancreatectomies for PDAC in a single center, we
�nd that results are similar to international standards. For example, in a recent manuscript from
Heidelberg University, 937 patients were included that received pancreatic surgery over the �rst decade of
this millennium and they obtained a median actual overall survival of 22.1 months and 5-year survival
rate of 17% [7]. Whereas in this cohort estimated overall survival was 22.8 months and 5-year survival
rate was 20.8%.

Perineural invasion is a major pathway by which tumors progress and spread to the adjacent tissue.
Furthermore, it has been shown to be an important prognostic factor in many types of human
malignancies [21]. The pancreas is an organ that is highly innervated by sympathetic and
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parasympathetic nerves from ganglia around the celiac and superior mesenteric artery [22]. As mentioned
before, recent studies have proposed a major role of PNI in cancer progression, to the point that in animal
models of PDAC the ablation of sympathetic nerves resulted in the inhibition of cancer progression [23].
The aggressiveness of PNI cancer cell invasion has been related to neuropathic changes, desmoplasia,
and pain. Severe and enduring pain has been strongly associated with poor prognosis in PDAC [8, 24]. In
our study we have found using multivariable analysis, that presence of PNI was an independent
prognostic factor for worse OS, with an HR of 1.94. These results are consistent with �ndings reported by
a recent multicenter study which included 778 patients from different world wide known pancreas
centers. They found that PNI was an independent predictor of survival with a HR of 1.6, and median OS
was 50 months in patients without PNI compared with 27 months in those with PNI. We concur with the
authors that perineural invasion plays a major role in disease recurrence and survival after
pancreatectomy for pancreatic head ductal adenocarcinoma, especially in early stage disease [25].

The presence or absence of lymph node metastases is an established prognostic factor in patients with
resected adenocarcinoma of the pancreas. In a reported experience from Johns Hopkins University of 905
patients that underwent pancreaticoduodenectomy for pancreatic adenocarcinoma from 1995 to 2005,
they obtained a median survival for all patients of 17.4 months, and the 5-year actuarial survival rate was
16.1%. Demographics, operative data, number of lymph nodes evaluated, number of lymph nodes with
metastatic carcinoma, LN ratio, pathologic margin status, and long-term survival were analysed. In that
cohort it was found that LN ratio was one of the most powerful predictors of survival [26]. In our study LN
ratio was also a signi�cant �nding in bivariate analysis but was not signi�cant after adjusting for the
other factors.

Systemic in�ammation is a well-established physiopathological factor in neoplastic condition.
Neutrophilia re�ects an underlying neoplastic in�ammatory syndrome and is usually accompanied by a
variable degree of lymphopenia. Therefore, neutrophil lymphocyte ratio (NLR) is an accessible marker of
systemic in�ammation. The balance between the negative effects of neutrophilia and the positive effects
of lymphocyte-mediated immunity is an interesting line of research. There are meta-analyses that have
validated pretreatment NLR as a prognostic factor, and high NLR values have been linked to poor
outcomes in numerous types of solid tumors [27]. In metastatic pancreatic adenocarcinoma, a high
neutrophil lymphocyte ratio at diagnosis is a marker of poor prognosis. In addition, a high preoperative
NLR indicates a worse prognosis than in patients with a low NLR according to another meta-analysis [28].
Furthermore, the prognostic role of baseline NLR and NLR variation after surgery is a novel approach that,
to our knowledge, has not been studied before. Therefore, we included this variable in the analysis with
special interest, but an association with survival was not found in this cohort. Nevertheless, prospective
studies would be appropriate to validate this �nding due to the possibility of information bias related to
the retrospective nature of this work.

Different authors have found a signi�cantly lower rate of PNI in patients receiving preoperative
chemotherapy/chemoradiation (50-70%) compared with those undergoing immediate resection (80-90%)
[29, 30]. In our cohort only 8 patients (3.3%) of the surgically resected patients received neoadjuvant



Page 12/17

therapy. We could not �nd a statistically signi�cant difference between groups but, due to the low number
of patients in the neoadjuvant arm, it is not proper to draw conclusions about the effect of neoadjuvant
treatment on PNI. Whereby in our institution neoadjuvant therapy approach is reserved for borderline and
locally advanced tumors, previously discussed in a multidisciplinary tumor board. Interestingly, recent
evidence on this topic has been revealed in the PREOPANC Trial, which was a randomized phase III trial in
16 centers from Netherlands where they compared patients with resectable or borderline resectable
pancreatic cancer that were randomly assigned to receive preoperative chemoradiotherapy versus
immediate surgery and 6 courses of adjuvant gemcitabine. The patients that underwent upfront surgery
showed a median overall survival of 16 months vs 14.3 months for the neoadjuvant arm (P=0.096). Even
though they didn’t reach statistical signi�cance in the primary endpoint that was overall survival, a
signi�cantly higher proportion of patients reached R0 resections in the neoadjuvant arm (71% vs 40%,
P<0.001) and also a lower rate of perineural invasion [31]. In a posterior long-term analysis from this trial,
three- and �ve-year overall survival (intention-to-treat) was 27.7% and 20.5% after preoperative CRT
versus 16.5% and 6.5% after immediate surgery (HR 0.73; 95% CI 0.56 to 0.96; p = 0.025), which becomes
an important evidence towards neoadjuvant approach in this group [32].

This study is not free from limitations. Its retrospective nature makes it susceptible to information bias.
Some of the follow up data is also a problem with these patients, especially in our center. Being a referral
center for pancreatic diseases for patients all over Argentina, many patients receive surgery in our
institution but afterwards they must continue their follow-up in their home towns or cities, accounting for
loss of some oncological outcomes such as recurrence. On the other hand, information about death
could be recovered by different means, such as telephonic interviews and public registries making
practically a complete registry of this outcome. Furthermore, to the best of our knowledge, there is no
previous evidence of the study of variation of neutrophil-lymphocyte ratio in pancreatic cancer surgery
survival. Finally, the main use of these results for our daily practice is related to the awareness of
physicians and patients about the prognostic factors that may lead to long term survival after surgery.

Conclusion
Neutrophil-lymphocyte ratio and delta NLR were not associated with OS in a ten years cohort of patients
with PDAC surgically treated. The presence of perineural invasion was clearly associated with worse OS.
Other risk factors such as surgical margins, CA19-9 level and tumor size also showed worse survival in
our cohort, whereas completing adjuvant treatment was a protective factor.
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Figures

Figure 1

Kaplan-Meier curves according to variation of postoperative and preoperative neutrophil lymphocyte ratio
(delta NLR).
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Figure 2

Kaplan-Meier curves according to the presence of perineural invasion.


