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Neutrophil-lymphocyte ratio predicts survival
in pancreatic neuroendocrine tumors
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Abstract. Although the prognostic role of neutrophil-lympho-
cyte ratio (NLR) has been confirmed in a variety of tumors,
the prognostic role of NLR in pancreatic neuroendocrine
tumors (PNETs) has not been examined. The present study
was performed to assess the role of NLR as a prognostic factor
in patients with PNETs. Clinical data were retrospectively
retrieved from a single institution. The best cut-off value for
baseline NLR levels was determined by the receiver operating
characteristic (ROC) curve and area under the ROC curve.
The primary event was overall survival and event times were
assessed by the Kaplan-Meier method. Potential factors associ-
ated with the elevation of NLR in PNETs were examined. A
total of 165 consecutive patients with pathologically confirmed
PNETs were included in this study. The cutoff value of NLR
was 2.4 by ROC curve (area under ROC curve, 0.70). NLR >2 .4
was found to be a poor prognostic factor in the univariate and
multivariate analyses. Patients with a NLR value >2.4 had a
higher proportion of tumor size at >3 cm (P=0.001), TNM
stage III or IV (P=0.019), and G2/G3 (P=0.003). We concluded
that NLR is an independent predictor of overall survival for
patients with PNETs. Aberrant elevation of NLR identifies
high-risk patients with aggressive characteristics.

Introduction

Pancreatic neuroendocrine tumors (PNETSs) are rare but
clinical important tumors with an incidence of approximately
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1 in 100,000 of the population, accounting for 1-2% of all
pancreatic tumors in incidence and 10% in prevalence (1-4).
They are broadly categorized as functioning or non-func-
tioning tumors based on their clinical manifestation (5).
Unlike functioning neoplasms, non-functioning PNETSs are
often detected at an advanced stage due to the lack of specific
symptoms (6). PNETs are highly heterogeneous neoplasms
presenting a spectrum of biologic behavior (7,8). Aggressive
progression can even be observed in incidentally detected
and small tumors (9). Potential prognostic factors, including
mitoses, vascular invasion, metastasis, necrosis, Ki-67 expres-
sion, and nuclear grade, are mostly based on pathological
examination (2,3,10,11). Therefore, circulating biomarkers are
needed to predict their malignant behavior and prognosis.

Neutrophil-lymphocyte ratio (NLR) is derived from the
absolute neutrophil count divided by the absolute lympho-
cyte count and is a routinely used, reliable, and convenient
marker (12). It is an index of systemic inflammation, which
is a common phenomenon and prognostic determinant of
cancer (12). In recent years, increasing evidence has demon-
strated the role of NLR in evaluating treatment response and
predicting prognosis in various types of cancer (13-17). For
example, in pancreatic adenocarcinoma, NLR may be used to
assess survival in unselected cohorts, patients with advanced
diseases treated with chemotherapy, and patients undergoing
curative surgery (13-16). In addition, NLR was statistically
significantly associated with tumor stage, differentiation,
performance status, CA19-9, C-reactive protein, and albumin
levels in pancreatic adenocarcinoma (16). However, the prog-
nostic role of NLR in PNETs has not been evaluated.

The present study was performed to examine the role of
blood NLR as a prognostic factor in a large cohort of patients
with PNETSs. Potential clinicopathological factors associated
with the abnormal elevation of NLR in PNETs were also
evaluated.

Materials and methods
Patients. The databases of Shanghai Cancer Center, Fudan

University (Shanghai, China) were collected to identify poten-
tial patients with pathological confirmed PNETs between
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2006 and 2015. Data were retrieved regarding patient demo-
graphics, symptoms, tumor size, location, functioning status,
histologic grade, lymph node involvement, vessel invasion,
nerve invasion, and TNM stages. Positive symptoms included
abdominal and back pain, weight loss, nausea, vomiting,
fatigue and jaundice. Patients with functioning PNETSs or
patients with non-functioning PNETs and without the above
mentioned symptoms were viewed as incidental PNETs (18).
The patients were staged based on the 7th edition of American
Joint Committee on Cancer (AJCC) TNM staging system.
Tumors were categorized as G1, G2, G3 according to the 2010
World Health Organization (WHO) classification (based on
the Ki-67 index and the mitotic index) (19). Patients were
followed up >18 months or until death. The laboratory data
including neutrophil and lymphocyte were obtained before
major treatments within 2 weeks. The NLR was calculated by
the absolute neutrophil count divided by the absolute lympho-
cyte count. The receiver operating characteristic (ROC) curve
and area under the ROC curve were applied to select the
best cut-off values for baseline NLR. The current study was
approved by the ethics committee of Shanghai Cancer Center,
Fudan University.

Statistical analysis. Univariate and multivariate analyses
based on a Cox proportional hazards model were used to
analyze potential prognostic factors. Factors with a P<0.05
in the univariate analysis were further included in the multi-
variate analysis. The effect of the NLR and other factors on
survival was estimated using the Kaplan-Meier method.
Pearson's y2 test or Fisher's exact test was used to analyze
categorical data as appropriate. The analysis was performed
using the STATA 12.0 statistical software package (StataCorp
LP, College Station, TX, USA). A two-sided P<0.05 was
considered to indicate a statistically significant difference.

Results

Patients data and survival analysis. A total of 165 consecutive
patients with pathologically confirmed PNETs were included
in the present study (Table I). The median age was 52, with
58.2% of patients having an age >50. More than 50% of
patients were female, with a female-to-male ratio of 1.2:1. A
total of 68 patients (41.2%) had tumors located at the head of
the pancreas and 97 patients (58.8%) at the body, or tail of
the pancreas, or whole pancreas. The median size was 4 cm,
with >60% of cases having tumors >3 cm in diameter. More
than 60% of patients had stage I or II tumors. Nearly 50% of
the patients had G1 tumors (G1 46.3%, G2 42.6%, G3 11.0%)
and 18 patients (10.9%) had functioning diseases. Nearly half
of the patients (47.3%) had PNETs with symptoms.

The cut-off value of NLR as a prognostic predictor of
patients with PNETs was 2.4 by ROC curve (area under ROC
curve, 0.70, sensitivity 71.4%, specificity 76.5%, Fig. 1), with
28.5% of patients having NLR levels higher than the selected
cut-off value. Sixty-five patients were followed up <18 months
and 1 patient had perioperative death and 10 patients
were lost to follow-up (10/165, 6.1%), leaving 89 patients
for the survival analysis. The univariate analysis, TNM
stage 111 or IV (HR=14.33, P<0.01), NLR >2.4 (HR=7.15,
P=0.003), G3 diseases (HR=17.82, P<0.01), and incidental
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Table I. Demographics and clinical characteristics.
Demographic or
clinical characteristic Parameter No. (%)
Age <50 69 (41.8)
>50 96 (58.2)
Gender Male 76 (46.1)
Female 89 (53.9)
Location Head 68 (41.2)
Others 97 (58.8)
Size (cm) <3 57 (34.5)
>3 108 (65.5)
TNM stage I,1I 107 (64.8)
I, IV 58 (35.2)
Grade® Gl 63 (46.3)
G2 58 (42.6)
G3 15 (11.0)
Functioning Positive 18 (10.9)
Negative 147 (89.1)
Symptom Positive 78 (47.3)
Negative 87 (52.7)

“Only 136 cases had information for grade. TNM, tumor-node-
metastasis.
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Figure 1. The receiver operating characteristic (ROC) curve and area under
the ROC curve for the neutrophil-lymphocyte ratio as a prognostic factor.

PNETs (HR=0.27, P=0.006) were prognostic factors for
patients' overall survival, whereas gender, age, tumor size,
and location were not statistically significantly associated
with overall survival (Table II; Fig. 2). In the multivariate
analysis, TNM stage III or IV (HR=6.70, P=0.001), NLR >2 .4
(HR=3.60, P=0.011), and G3 diseases (HR=6.31, P=0.004)
were poor prognostic factors for overall survival (Table II).

Parameters correlated with baseline NLR levels. The 7 test
was employed to analyze clinical and pathologic factors corre-
lated with baseline NLR levels (NLR <2.4 and NLR >2 4,
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Table II. Univariate and multivariate analysis for overall survival of all patients using the Cox proportional hazards model*.

Univariate analysis

Multivariate analysis

Characteristic Parameter No. HR 95% CI P-value HR 95% CI P-value
Age <50 40 1 -
>50 49 0.84 0.35-2.01 0.688
Gender Male 38 1 -
Female 51 0.56 0.23-1.36 0.201
Size (cm) <3 35 1 -
>3 54 2.06 0.75-5.68 0.140
Location Head 33 1 -
Others 56 0.87 0.36-2.13 0.761
TNM stage I, 11 63 1 - 1 - -
II1, IV 26 14.33 4.75-41.20 0.001 6.70 2.12-21.15 0.001
NLR <24 61 1 - 1 - -
>24 28 7.15 2.72-18.74 0.001 3.60 1.33-9.71 0.011
Grade G1,G2 63 1 - 1 - -
G3 12 17.82 5.64-56.29 0.001 6.31 1.83-21.79 0.004
Unknown 14 6.78 2.07-22.24 0.002 3.72 1.09-12.67 0.036
Symptom Positive 43 1 - 1 - -
Negative 46 0.27 0.10-0.74 0.006 0.57 0.19-1.67 0.305

*Only 65 patients followed up <18 months and 1 patient had perioperative death and 10 patients were lost to follow-up, leaving 89 patients for
the survival analysis. HR, hazard ratio; CI, confidence interval; NLR, neutrophil-lymphocyte ratio; TNM, tumor-node-metastasis.
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Figure 2. Kaplan-Meier survival curves according to neutrophil-lymphocyte
ratio (NLR) <2.4 or NLR >2 4.

Table III). A NLR >2.4 was statistically significantly
associated with tumor size (P=0.001), TNM stage III or IV
(P=0.019), and tumor grade (P=0.003), but not with age,
gender, location, symptoms, vessel invasion, and nerve inva-
sion. Of note, NLR >2.4 was associated with positive lymph
status (P=0.067) and functioning status (P=0.084).

Discussion

To the best of our knowledge, this study is the first to investi-
gate the prognostic role of NLR in PNETs. Using ROC curve,

the cut-off value of NLR as a prognostic predictor of patients
with PNETs was 2.4. NLR >2.4 was found to be a poor prog-
nostic factor in both univariate and multivariate analyses for
patients with PNETs. We also showed that an NLR >2.4 was
statistically significantly associated with tumor size >3 cm,
TNM stage III or IV, and tumor grade. We demonstrated that
NLR is a prognostic marker of patients with PNETs which
may predict their clinical outcome and aggressive features.

NLR is more widely available and convenient compared
with other biomarkers. Therefore, considering its prognostic
role in PNETs, NLR may be used to stratify patients with high
risk of therapeutic resistance, early recurrence, or metastasis.
In addition, NLR has the potential to determine therapeutic
strategy, monitor disease progression, and evaluate treatment
response.

Mounting evidence has shown that cancer-associated
inflammation is a key factor of prognosis in patients with
cancer (12). In a study by Hochwald et al, tumor necrosis was
correlated strongly with prognosis in patients with PNETSs (10).
Previous findings demonstrated that a higher NLR level was
significantly correlated with a larger tumor size, histologic
tumor necrosis, and tumor differentiation (20). In this study,
we also showed that NLR was significantly correlated with
tumor size, TNM stage, and tumor grade, which are all
strongly associated with tumor necrosis.

A variety of markers of systemic inflammation have
been evaluated over the past decade for therapeutic response
and predicting survival, including NLR, Glasgow prognostic
score and its modified version, prognostic index, platelet
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Table III. NLR, patient demographics and clinical characteristics.
Demographic or clinical characteristic Parameter NLR <24 NLR >2.4 P-value
Age <50 48 21 0.638
>50 70 26
Gender Male 56 20 0.568
Female 62 27
Location Head 52 16 0.238
Others 66 31
Size (cm) <3 50 7 0.001
>3 68 40
TNM stage I,1I 83 24 0.019
1L, IV 35 23
Grade Gl 54 9 0.003
G2/G3 46 27
Lymph status® Positive 14 7 0.067
Negative 56 10
Vessel invasion® Positive 15 6 0.340
Negative 48 11
Nerve invasion® Positive 13 1 0.136
Negative 47 16
Functioning Positive 16 2 0.084
Negative 102 45
Symptom Positive 52 26 0.191
Negative 66 21

“For cases that underwent curative resection only. NLR, neutrophil-lymphocyte ratio, TNM, tumor-node-metastasis.

lymphocyte ratio, and prognostic nutrition index (21,22). Of
these markers, NLR is a routinely available and promising
marker that can be used to assess systemic inflamma-
tion and therapeutic responses (13,21,22). For example,
Wang et al found that NLR was the only marker of inflam-
mation for prognosis on multivariate analysis and elevated
NLR was better than the modified Glasgow prognostic
score, prognostic index, platelet lymphocyte ratio, and prog-
nostic nutrition index for prognostication in patients with
pancreatic cancer (22). Another study demonstrated that
baseline NLR and NLR, which were used as potential prog-
nostic markers in patients with advanced pancreatic cancer,
were altered following treatment with chemotherapy (13). In
the current study, we confirm the prognostic role of NLR
in patients with PNETs by both univariate and multivariate
analyses.

In addition to specific markers in functioning PNETSs, there
are general biomarkers used to diagnose and monitor func-
tioning and non-functioning PNETs (23). Chromogranin A
(CgA) is the most widely used biomarker and has been
reported to be elevated in 50-80% of patients with PNETSs.
It is an ideal biomarker used to monitor disease progres-
sion for cases with CgA elevation (23). However, in a study
conducted by Sherman et al, no correlation between CgA and
survival was found in patients with PNETSs in a multivariate
analysis (24). Pancreatic polypeptide is a 36 amino acid

protein secreted by endocrine cells located primarily in the
pancreatic head and uncinate process, with a low sensitivity
of 31% in PNETs (25). Neuron-specific enolase is a biomarker
with a sensitivity of 33% and a specificity of 100% in patients
with gastroenteropancreatic neuroendocrine tumors (26). It
is also an independent predictor of survival for patients with
advanced G1/2 PNETs undergoing peptide receptor radio-
nuclide therapy (27). Pancreastatin is a post-translational
fragment of CgA peptide and has great sensitivity and speci-
ficity for detecting PNETs and correlates with survival (24).
However, although not varying with proton pump inhibitor as
CgA, pancreastatin may be affected by insulin and glucose
homeostasis (23). Therefore, NLR has the potential to serve
as a supplemental prognostic predictor to these biomarkers.

The current study has several shortcomings. Firstly, despite
a relatively large sample size, the retrospective feature of this
study may limit its clinical application. Further prospec-
tive evidence with large sample size is needed. In addition,
NLR is a non-specific marker that could be affected by
several confounders, mainly including bacterial inflamma-
tion, immunologic response, and anticancer treatments (13).
In addition, the predicting role of NLR in combination with
other biomarkers including CgA, pancreatic polypeptide, and
neuron-specific enolase was not demonstrated. Furthermore,
the dynamics of NLR during treatment and follow-up were not
presented in the current study.



2458

In conclusion, baseline NLR is a strong independent
predictor of overall survival for patients with PNETs. A high
level of NLR has a significant correlation with large tumor
size, advanced stage, and high grade. Aberrant elevation of
NLR identifies high-risk patients who may require special
treatment and close follow-up.
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