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Abstract: Purpose: The immune-nutritional factors neutrophil to lymphocyte ratio (NLR), platelet to lymphocyte ratio
(PLR) and prognostic nutritional index (PNI) are prognostic factors for various types of cancer. This study aimed to
explore the clinical significance of the immune-nutritional factors in neuroendocrine tumors (NETs). Methods: We
retrospectively reviewed patients diagnosed with GEP-NENs or PNETs between January, 2005 and December, 2014
in the First Affiliated Hospital of Xi’an Jiaotong University. The associations between clinicopathological parameters
and immune-nutritional factors were assessed via Chi-squared (x?) test. The prognostic significance of immune-
nutritional biomarkers was determined by both univariate and multivariate Cox survival analysis. Results: In total,
259 patients were enrolled in this study. The pretreatment NLR was significantly associated with distant metastasis
and PNI was significantly connected with age, histological grade, TNM stage, lymphatic metastasis and distant
metastasis. Univariate analyses showed that overall survival of patients with NETs was significantly associated with
histological grade (P<0.001), TNM stage (P<0.001), lymphatic metastasis (P<0.001), distant metastasis (P<0.001),
NLR (P<0.001), PLR (P=0.001) and PNI (P<0.001), separately. The Kaplan-Meier survival curves revealed that
patients with lower NLR (<2.8), PLR (<142) as well as higher PNI (>46) had better prognosis. Multivariate analysis
exhibited that the NLR (HR, 0.397; 95.0% Cl, 0.278-0.568; P<0.001) and PNI (HR, 3.122; 95.0% Cl, 2.177-4.478;
P<0.001) remained independently associated with the survival time. Subsequent subgroup analysis identified that
both lower NLR and higher PNI could predict better prognosis separately in GEP-NEN subgroup and PNET subgroup.
Conclusions: Our data suggested that the pretreatment NLR and PLR can be useful prognostic biomarkers for sur-
vival in patients with NETs and the PNI was superior to NLR.

Keywords: Neutrophil to lymphocyte ratio (NLR), platelet to lymphocyte ratio (PLR), prognostic nutritional index
(PNI), neuroendocrine tumors (NETSs), overall survival (OS), prognosis

Introduction According to the revised version of the WHO
classification, gastroenteropancreatic neuroen-
docrine tumors (GEP-NETs) are stratified into

two groups: the well-differentiated neuroendo-

Neuroendocrine tumors (NETs) are a spectrum
of heterogeneous tumors originating from neu-

roendocrine cells. They can arise in various
anatomic sites, but approximately two-thirds of
NETs are found in the gastrointestinal tract and
one-quarter occur in the bronchopulmonary
system. The incidence of NETs has a substan-
tial increase over the last three decades ac-
cording to recent data from the National Canc-
er Institute’s Surveillance, Epidemiology and
End Results database (SEER), possibly related
to increased utilization of imaging techniques
[1].

crine tumors (NETs) and the poorly differentiat-
ed neuroendocrine carcinomas (NECs) [2]. In
addition, pulmonary neuroendocrine tumors
(PNETs) are mainly subdivided into two sub-
groups with four different entities: typical carci-
noid (TC) and atypical carcinoid (AC) are well-
differentiated neuroendocrine tumors of the
lung; however, small cell lung cancer (SCLC)
and large cell neuroendocrine carcinoma (LC-
NEC) are poorly differentiated and highly malig-
nant [3].
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Table 1. Baseline characteristics in 259
patients with NETs

Variables n %
Gender

Female 84 324

Male 175 67.6
Age

<60y 142 54.8

>60y 117 45.2
Tumor site

Stomach 69 26.6

Pancreas 53 20.5

Colon 59 22.8

Lung 78 301
Histological grade

G1/G2 104 40.2

G3 155 59.8
TNM stage

I/1 83 35.0

/v 154 65.0
Lymphatic metastasis

Yes 132 55.5

No 106 445
Distant metastasis

Yes 95 39.6

No 145 60.4
Functional

Yes 18 9.9

No 163 90.1
Surgery taken

Yes 186 71.8

No 73 28.2
CgA expression

Negative 43 19.8

Positive 174 80.2
Syn expression

Negative 27 12.6

Positive 187 87.4
NSE expression

Negative 48 29.1

Positive 117 70.9

Abbreviations: NETs, neuroendocrine tumors; CgA, chro-
mogranin A; Syn, synaptophysin; NSE, neuronspecific
enolase.

Increasing evidences prove that effective bio-
markers can be helpful in predicting prognosis
and guiding surveillance in cancer. Several bio-
markers, including programmed death-1 (PD-1)
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receptor and its ligand programmed death
ligand-1 (PD-L1), lactate dehydrogenase (LDH),
neuronspecific enolase (NSE), performance st-
atus (PS), carcinoembryonic antigen (CEA), pla-
sma sodium, albumin, hemoglobin, and alka-
line phosphatase, have been evaluated to bet-
ter predict prognosis in PNETs [4-9]. However,
it's difficult to identify a reliable prognostic indi-
cator owing to conflicting results emerged from
independent studies [4, 10]. Thus, new prog-
nostic and predictive markers are urgently
needed for patients with PNETs. Meanwhile,
the same condition is found in GEP-NETs.

It has increasingly been recognized that the
immunological status, consisted of “inflamma-
tory status” and “nutritional condition”, is close-
ly related to the survival of patients with various
cancers. Inflammation plays a prominent role in
tumor progression and metastasis [11]. Infla-
mmatory factors, including neutrophil to lym-
phocyte ratio (NLR) and platelet to lymphocyte
ratio (PLR), have extensively been studied and
found to be independent prognostic factors for
colorectal cancer, gastric cancer, pancreatic
cancer, non-small cell lung cancer (NSCLC) and
SCLC [12-16]. The prognostic nutritional index
(PNI), which is calculated on the basis of serum
albumin level and total lymphocyte count in
peripheral blood, was initially employed to
assess the immunological status of patients
receiving gastrointestinal surgery [17]. Recent
studies also pointed out the prognostic value of
PNI in a variety of cancer types including co-
lorectal cancer, gastric cancer, hepatocellular
carcinoma and pancreatic cancer [18-21].

To the best of our knowledge, although report-
ed in SCLC, the clinical impacts of immune-
nutritional factors have never been investigat-
ed in GEP-NETs or in a crowd including all
histological types of PNETs. Therefore, in this
study, we investigated the correlations of im-
mune-nutritional factors with clinicopathologi-
cal factors as well as survival data for patients
with GEP-NETs or PNETSs, as a representative of
the whole NETSs.

Patients and methods
Patients and samples

We retrospectively reviewed 259 patients (175
males and 84 females aged between 12 and
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Immune-nutritional  factors
were obtained using data fr-
om a complete blood count
that was routinely performed
before treatment. They were
separately defined as follows:
NLR = peripheral neutrophil
count/peripheral lymphocyte
count; PLR = peripheral plate-
let count/peripheral lympho-
cyte count; and PNl = 10 x
serum albumin (g/dL) + 0.005
x total lymphocyte count (per
millimeter) [17].

Statistical analysis

SPSS software (Statistical Pa-
ckage for the Social Sciences,
version 18.0, SPPS, Inc., Chi-
cago, IL) was used to carry out

0 20 40 60
100-specificity(%)

Figure 1. ROC curves for survival prediction. ROC curves were plotted to
verify the accuracy of the NLR, PLR and PNI for survival. The AUC was 0.716
for the NLR, 0.650 for the PLR and 0.813 for the PNI, respectively. Thus, the
PNI was superior to NLR and PLR as a predictive factor in patients with NETs.
Abbreviations: ROC, receiver operating characteristic; AUC, area under the
curve; NLR, neutrophil to lymphocyte ratio; PLR, platelet to lymphocyte ratio;
PNI, prognostic nutritional index; NETs, neuroendocrine tumors.

84 years) who were histologically diagnosed as
GEP-NETs or PNETs between January, 2005
and December, 2014 in the First Affiliated
Hospital of Xi'an Jiaotong University. Patients
with a prior history of GEP-NETs or PNETs pre-
senting with relapse, prior history of other can-
cers in preceding 5 years and those with in-
complete clinical records or follow-ups were
excluded. This study was approved by the Ethics
Committees of the First Affiliated Hospital of
Xi’an Jiaotong University and all patients signed
an informed consent form.

Data collection

We collected patients’ clinical characteristics
including gender, age, tumor site, histological
grade, TNM stage, treatment condition, patho-
logical data, and hematological data. It is worth
mentioning that TNM stage was according to
the American Joint Committee on Cancer (AJCC;
2010) staging criteria [22].
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the statistical analysis. We
selected the cut-off values for
immune-nutritional factors by
using receiver operating char-
acteristic (ROC) curve analy-
sis. The associations betwe-
en immune-nutritional factors
and clinicopathological pa-
rameters were assessed via
Chi-squared (x?) test. Overall
survival was defined as the
period from the diagnosis day to the end of fol-
low-up. Patients were contacted until the end of
the follow-up period (September, 2016) or until
death. Survival analysis was performed by
Kaplan-Meier plot. We performed multivariate
analyses according to the Cox proportional haz-
ards regression model. All statistical tests were
two-sided, and P<0.05 was considered statisti-
cally significant.

Results
Patient characteristics

A total of 259 patients-181 GEP-NENs and 78
PNETs-were enrolled in this study. Particularly
worth mentioning is all the included patients
came from the Northwest of China, including
provinces like Shaanxi, Gansu, Ningxia, Qinghai
and Xinjiang and so on. Detailed data on
patients’ characteristics were presented in
Table 1.

Int J Clin Exp Pathol 2017;10(2):1719-1728
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Table 2. Associations between immune-nutritional factors and clinicopathological characteristics in

NETs
. NLR PLR PNI
Variables
<2.8 >2.8 P <142 >142 P <46 >46 P
Gender
Male 85 90 0.451 84 91 0.401 85 90 0.297
Female 45 39 45 39 35 49
Age
<60y 71 71 0.945 72 70 0.750 57 85 0.028°
>60y 59 58 57 60 63 54
Histological grade
G1/G2 58 46 0.142 62 42 0.0102 39 65 0.020°
G3 72 83 67 88 81 74
TNM stage
I/1 46 37 0.171 52 31 0.005? 25 58 <0.001°
11va\% 71 83 67 87 86 68
LN metastasis
Yes 55 51 0.685 59 47 0.183 41 65 0.027°
No 65 67 62 70 70 62
Distant metastasis
Yes 80 65 0.048° 75 70 0.328 55 90 0.0012
No 40 55 43 52 57 38
CgA expression
Negative 16 27 0.116 20 23 0.586 22 21 0.635
Positive 88 86 89 85 82 92
Syn expression
Negative 10 17 0.199 11 16 0.328 12 15 0.607
Positive 94 93 95 92 93 94
NSE expression
Negative 27 21 0.328 25 23 0.695 24 24 0.653
Positive 56 61 57 60 54 63

Abbreviations: NETs, neuroendocrine tumors; LN, lymph node; CgA, chromogranin A; Syn, synaptophysin; NSE, neuronspecific
enolase; NLR, neutrophil to lymphocyte ratio; PLR, platelet to lymphocyte ratio; PNI, prognostic nutritional index. a, statistically

significant.

Receiver operating characteristic curve for
overall survival prediction

The cut-off values of the immune-nutritional
factors were decided using receiver operating
characteristic (ROC) curve analysis. For the
259 NET patients in our study, an NLR of 2.8
corresponded to the maximum joint sensitivity
and specificity on the ROC plot. Thus, the rec-
ommended cut-off value for NLR was 2.8.
Based on the cut-off value of 2.8, a total of 130
patients (50.2%) were detected with low NLR
(<2.8), whereas 129 patients (49.8%) had an
NLR of more than or equal to 2.8. With the
same method, we separately set 142 and 46
as the cut-offs of PLR and PNI. (Figure 1)
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Besides, the results demonstrated that the
area under the curve (AUC) was 0.716 for NLR,
0.650 for PLR and 0.813 for PNI, respectively.

Correlations between clinicopathological pa-
rameters and immune-nutritional factors

The mean pretreatment NLR, PLR and PNI were
3.3 (range 0.9 to 24.0), 160 (range 13 to 588)
and 46 (range 31 to 65), respectively. The rela-
tionships of clinicopathological parameters
with the NLR, PLR and PNI were shown in Table
2. The pretreatment NLR was significantly
associated with distant metastasis (P=0.048).
The pretreatment PLR was significantly related
to histological grade (P=0.010) and TNM stage

Int J Clin Exp Pathol 2017;10(2):1719-1728
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Table 3. Univariate analysis for the prognosis of patients (n=259) with NETs

Variables mOS (months) HR (95% CI) P value
Gender

Female vs. Male 32.5vs.24.8 0.776 (0.538-1.119) 0.173
Age

<60yvs. =260y 33.3vs.24.8 0.789 (0.563-1.107) 0.168
Histological grade

G1/G2vs. G3 67.8vs. 19.6 0.353 (0.240-0.521) <0.001°
TNM stage

I/1vs. HI/IV 71.8 vs. 17.0 0.282 (0.183-0.432) <0.001°
Lymphatic metastasis

No vs. yes 67.8 vs. 17.0 0.366 (0.251-0.533) <0.001°
Distant metastasis

No vs. yes 38.8vs.9.3 0.246 (0.172-0.351) <0.0012
CgA expression

Negative vs. positive 23.9vs. 26.8 1.061 (0.685-1.642) 0.791
Syn expression

Negative vs. positive NSE expression 12.5vs. 26.5 1.306 (0.794-2.148) 0.290

Negative vs. positive 26.8 vs. 33.3 1.160 (0.727-1.850) 0.532
NLR

<2.8vs.22.8 42.3 vs. 16.8 0.397 (0.278-0.568) <0.001°
PLR

<142 vs. >142 38.8vs. 21.5 0.562 (0.397-0.795) 0.001°
PNI

<46 vs. 246 16.6 vs. 42.4 3.122 (2.177-4.478) <0.001°

Abbreviations: NETs, neuroendocrine tumors; mOS, median overall survival; HR, hazard ratio; Cl, confidence interval; CgA, chro-
mogranin A; Syn, synaptophysin; NSE, neuronspecific enolase; NLR, neutrophil to lymphocyte ratio; PLR, platelet to lymphocyte

ratio; PNI, prognostic nutritional index. a, statistically significant.

Table 4. Multivariate analysis to identify factors
independently associated with NET prognosis
(n=259)

Variables HR (95% ClI) P value

Histological grade

G1/G2vs. G3 0.451 (0.286-0.712) 0.0012
TNM stage

I/l vs. 11l/IV 0.777 (0.459-1.318) 0.350
Lymphatic metastasis

No vs. yes 0.545 (0.357-0.831) 0.005°

Distant metastasis

No vs. yes 0.387 (0.255-0.588) <0.0012
NLR

<2.8vs.22.8 0.528 (0.349-0.798) 0.0022
PLR

<142 vs. >142 0.999 (0.664-1.503) 0.994
PNI

<46 vs. 246 1.931 (1.283-2.907) 0.002°

Abbreviations: NET, neuroendocrine tumor; HR, hazard ratio;
Cl, confidence interval; NLR, neutrophil to lymphocyte ratio;

PLR, platelet to lymphocyte ratio; PNI, prognostic nutritional

index. a, statistically significant.
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(P=0.005). The pretreatment PNI was signifi-
cantly connected with age (P=0.028), histologi-
cal grade (P=0.020), TNM stage (P<0.001),
lymphatic metastasis (P=0.027) and distant
metastasis (P=0.001).

Survival analysis for patients with NET using
the Kaplan-Meier method and Cox proportion-
al hazards regression model

Univariate analysis showed that overall survival
of patients with NET was significantly associat-
ed with seven prognostic factors: histological
grade (P<0.001), TNM stage (P<0.001), lym-
phatic metastasis (P<0.001), distant metasta-
sis (P<0.001), NLR (P<0.001), PLR (P=0.001)
and PNI (P<0.001), separately. (Table 3) Sub-
sequently, we subjected significant prognostic
factors to multivariate analysis using a Cox pro-
portional hazards model. Multivariate analysis
revealed that histological grade (P=0.001), lym-
phatic metastasis (P=0.005), distant metas-
tasis (P<0.001), NLR (P=0.002) and PNI (P=
0.002) of NETs remained independently associ-

Int J Clin Exp Pathol 2017;10(2):1719-1728
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ated with the survival time. (Table 4) Obviously,
the NLR and PNI could be useful prognostic bio-
markers for survival in patients with NETs.
Furthermore, the Kaplan-Meier survival curves
for the high cases and low cases of the NLR,
PLR and PNI were shown in Figure 2, which
revealed that patients with lower NLR, PLR as
well as higher PNI had better prognosis.

Subgroup survival analysis

The patients were stratified into GEP-NEN sub-
group and PNET subgroup according to primary
tumor sites on the purpose of identifying the
predictive effects of the NLR and PNI. The sub-
group cut-off values of the immune-nutritional
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Figure 2. Kaplan-Meier survival curves for 259
patients with NETs, grouped according to NLR,
PLR and PNI. A. Comparison of OS on NET pa-
tients with NLR less than 2.8 or NLR more than
or equal to 2.8; B. Comparison of OS on NET
patients with PLR less than 142 or PLR more
than or equal to 142; C. Comparison of OS on
NET patients with PNI less than 46 or PNI more
than or equal to 46. Abbreviations: NETs, neuro-
endocrine tumors; NLR, neutrophil to lymphocyte
ratio; PLR, platelet to lymphocyte ratio; PNI, prog-
nostic nutritional index; OS, overall survival.

factors were also decided using ROC curve
analysis, which were 3.3 for NLR in GEP-NETSs,
46 for PNI in GEP-NETs, 2.8 for NLR in PNETs
and 49 for PNI in PNETs. We performed survival
analysis for the high cases and low cases of the
NLR and PNI separately in patients with GEP-
NETs and PNETs using the Kaplan-Meier meth-
od, which showed that both lower NLR and
higher PNI could predict better prognosis in
GEP-NET subgroup and PNET subgroup (Figure
3).

Discussion

Recent data have suggested that systemic
immunological status plays a critical role in the

Int J Clin Exp Pathol 2017;10(2):1719-1728
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Figure 3. Kaplan-Meier survival curves for 181 patients of GEP-NET subgroup and 78 patients of PNET subgroup.
A. Comparison of OS on GEP-NET patients with NLR less than 3.3 or NLR more than or equal to 3.3; B. Comparison
of OS on GEP-NET patients with PNI less than 46 or PNI more than or equal to 46; C. Comparison of OS on PNET
patients with NLR less than 2.8 or NLR more than or equal to 2.8; D. Comparison of OS on PNET patients with PNI
less than 49 or PNI more than or equal to 49. Abbreviations: GEP-NET, gastroenteropancreatic neuroendocrine tu-
mor; PNET, pulmonary neuroendocrine tumor; NLR, neutrophil to lymphocyte ratio; PNI, prognostic nutritional index;

0OS, overall survival.

development and progression of cancer. Based
on peripheral blood cell count and systemic
albumin, the NLR, PLR and PNI were initially
employed to assess the inflammatory and nu-
tritional status. However, plenty of studies have
linked these laboratory immune-nutritional
markers to the prognosis of various malignanc-
es [12-16, 18-21].

1725

The prognostic values of immune-nutritional
factors in certain types of NETs have been
investigated. M Kang et al [23] reported the
NLR at diagnosis was independent prognostic
factor for OS and progression-free survival
(PFS) in SCLC. N Shao et al [24] and X Wang et
al [25] reported that high pretreatment NLR
predicted a poor long-term prognosis for com-

Int J Clin Exp Pathol 2017;10(2):1719-1728
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bined small cell lung cancer (C-SCLC), which
was defined as a special subgroup of SCLC with
many of the features of NSCLC [26]. S Hong et
al [27] found that the assessment of the PNI
could assist the identification of SCLC patients
with poor prognosis. L Cao et al reported that
as an independent prognostic factor for gastric
neuroendocrine neoplasms (GNENSs), blood
NLR can improve the predictability of relapse-
free survival (RFS) and OS [28].

By contrast, our study owned three improve-
ments. Firstly, our patients came from various
provinces of the Northwest of China and we
owned a broader sample source. Secondly, var-
ious histological types of PNETs including carci-
noids, SCLCs, and LCNECs were enrolled in this
research. Obviously, we got a more plenary
study on PNETSs. Finally, it was an integrated ret-
rospective analysis to report the prognostic val-
ues of immune-nutritional factors in the sys-
tematic NETSs.

The cut-off values for the NLR, PLR and PNI
were calculated with an ROC curve according to
survival prediction in our study. The PNI owned
the largest AUC and showed significant differ-
ence in pairwise comparison with NLR (P=
0.009) and PLR (P<0.001). Therefore, we could
indicate that the PNI was superior to NLR and
PLR as a predictive factor in patients with NETs.

Correlations of clinicopathological parameters
with the NLR, PLR and PNI were also analyzed.
Tumor microenvironment, which is mainly influ-
enced by inflammatory cells, is responsible for
carcinogenesis and progression [29-32]. The
NLR, PLR and PNI were mainly obtained from
the counting of peripheral inflammatory cells.
Therefore, it's easy to understand that they
were significantly associated with histological
grade, TNM stage, lymphatic metastasis or dis-
tant metastasis, either of which was recognized
as a pivotal prognostic factor in various human
tumors. Interestingly, the PNI was significantly
connected with age, which may be an accident.
Nevertheless, we failed to see other expected
clinicopathological associations with the NLR,
PLR or PNI. One explanation was that the
enrolled number of patients with NETs was too
small and insufficient to reach a significant
result.

Indeed, univariate analysis in our study revealed
that the overall survival time of patients with
NETs was significantly associated with the fol-
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lowing seven prognostic factors: histological
grade, TNM stage, lymphatic metastasis, dis-
tant metastasis, the NLR, PLR and PNI, which
was more or less different from previous stud-
ies. Further, multivariate analysis by a Cox pro-
portional hazards model presented that only
the NLR and PNI in NETs remained indepen-
dently associated with the overall survival time.
To identify the predictive effects of NLR and
PNI, we carried out a subgroup analysis by
tumor sites, which showed that both lower NLR
and higher PNI could predict better prognosis
separately in GEP-NEN subgroup and PNET
subgroup. In all, NLR and PNI can be used as a
predictive and prognostic biomarker for
patients’ survival in NETs and the PNI was
superior to NLR.

As a retrospective study, our study was mainly
limited by its relatively small number of patients,
which might contribute to a conclusion short of
generalizability. Therefore, it could be consid-
ered as a pilot investigation from which a pro-
spective study could be designed and carried
out to verify our finding. Moreover, the cut-off
values for the NLR, PLR and PNI were selected
based on its prognostic value in our data set,
which need to be validated in prospective stud-
ies. In addition, although we collected hemato-
logical data exclusively within a week before
treatment, blood count was unstable and easy
to be influenced by various reasons. None-
theless, this represents the first integrated ret-
rospective study to investigate the prognostic
role of immune-nutritional biomarkers in
patients with NETs including GEP-NETs and
PNETs.

In conclusion, our study searched correlations
between immune-nutritional markers with clini-
copathological variables and survival time. We
confirmed the pretreatment NLR and PNI as
the inflammation-based prognostic factors in
patients with NETs and the PNI was superior to
NLR. Because the assessment of the NLR and
PNl is inexpensive and widely available, it could
easily assist in predicting prognosis of patients
with NETs in routine clinical practice. Data pro-
vided by this study pave the way for further vali-
dation studies on the prognostic value of
immune-nutritional biomarkers.
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