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relatively accurately for patients for the first time. Our 
study could be the basis for a subsequent prospective 
clinical study. 

In conclusion, as a simple, easily measurable, and 
inexpensive inflammatory biomarker, a preoperative 

blood NLR is an independent predictor of RFS and 
OS, and its combination with the Ki-67 index and LNR 
could improve prognosis prediction in g-NENs patients 
undergoing radical surgery. For patients with a blood 
NLR > 2.20 or a Ki-67 index > 20%, we recommend a 

Figure 4: The relationships among Ki-67 index, blood NLR and tumor recurrence. (A) Representative immunohistochemical 
staining for Ki-67. (B) Fifty-five patients experienced tumor recurrence. The median time to recurrence was 9 (range 1–56) months, and 
87% (48/55) patients recurred within the first 2 years. (C) Significant differences in blood NLR were observed between the recurrence 
group and the non-recurrence group (3.36 ± 0.24% vs 2.26 ± 0.12%, mean ± SEM. P < 0.001). (D) The Ki-67 index was significantly higher 
in the recurrence group (60.67 ± 3.66%) versus the non-recurrence group (47.23 ± 3.49%, P = 0.013). (E) The blood NLR was inversely 
correlated with time to recurrence (r = −0.451, P < 0.001). (F) The Ki-67 index inversely correlated with time to recurrence (r = −0.569,  
P < 0.001).
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modified surveillance strategy starting at the first month 
post-surgery and at intervals of 3 months for the first 2 
years after surgical resection.

MATERIALS AND METHODS 

General conditions

A total of 173 patients diagnosed with g-NENs 
at Fujian Medical University Union Hospital between 
March 2006 and March 2015 were identified from a 
prospective database. The exclusion criteria for this study 
were as follows (Figure 5): metastatic disease confirmed 
preoperatively or at surgery (n = 11), perioperative death 
(n = 1), and incomplete/inaccurate medical records  
(n = 14). A total of 147 patients who underwent curative-
intent surgery for g-NENs were enrolled in this study. 
The pathological data for these patients were reconfirmed 
by two pathologists according to the North American 
Neuroendocrine Tumor Society (NANETS) guidelines 
(2010) [28]. In total, 27 (18.4%) patients were diagnosed 
with gastric neuroendocrine tumors (g-NETs), 48 (32.7%) 
with gastric neuroendocrine carcinoma (g-NEC), and 
72 (48.9%) with gastric mixed adenoneuroendocrine 
carcinoma (g-MANEC). Among these patients, 97 
(66.0%) received adjuvant chemotherapy. A total of 147 
NVs were also enrolled in the study. The ethics committee 
of Fujian Union Hospital approved this retrospective 
study. Written consent was obtained from the patients, and 
their information was stored in the hospital database and 
used for research. 

The preoperative blood cell counts that were 
collected closest to the date of surgery were obtained 
from the electronic patient record system in our hospital. 
The blood NLR was calculated as the absolute neutrophil 
count divided by the absolute lymphocyte count. A 
Receiver operating characteristic (ROC) curve analysis 
was performed in relation to the presence of recurrence 
and death from any cause. For all 147 patients, a blood 
NLR of 2.20 had the highest sensitivity and specificity for 
both outcomes. Therefore, patients were categorized into 
two groups: low blood NLR (≤ 2.20) with 77 patients and 
high blood NLR (> 2.20) with 70 patients. 

Immunohistochemistry analysis

Immunohistochemical staining for Ki-67 was 
performed using formalin-fixed, paraffin-embedded 
tumor tissue sections (3 μm thick) from 147 g-NENs 
(Figure 4A). Briefly, the slides were baked at 65°C for 
2 hours, deparaffinized with xylene, and rehydrated in 
graded alcohol. The slides were subjected to antigen 
retrieval via the high pressure method using antigen 
retrieval solution. Endogenous peroxidase was inactivated 
with 3% H2O2 in methanol. The nonspecific binding was 
blocked by incubation using 1% bovine serum albumin 
(BSA; Sigma-Aldrich; St. Louis, MO) in phosphate 
buffered saline (PBS). Subsequently, the slides were 
incubated overnight at 4°C with primary monoclonal 
mouse antibody against Ki-67 (1:100 dilution; Dako; 
Carpinteria, CA, USA). Normal goat serum was used as a 
negative control. After washing with PBS, tissue sections 

Table 4: Site of recurrence after surgery

Site of recurrence
Blood NLR Ki-67 index (%)

P
≤ 2.20 (n = 77) > 2.20 (n = 70) P ≤ 20 (n = 43) > 20 (n = 104)

Liver 10 29 < 0.001* 5 34 0.008*

Peritoneal cavity 3 12 0.008* 2 13 0.232 

Lynph node 4 9 0.102 2 11 0.347 

Lung 3 4 0.709 0 7 0.106 

Bone 2 4 0.425 1 5 0.671 

Adrenal gland 2 3 0.669 0 5 0.322 

Pancreas 1 3 0.347 1 3 1.000 

Locoregional recurrence 2 3 0.669 2 3 0.630 

Spleen 0 2 0.225 1 1 0.501 

Kidney 0 2 0.225 0 2 1.000 

Brain 1 0 1.000 0 1 1.000 

Number of patients with 
recurrence 16 39 < 0.001* 10 45 0.023*



Oncotarget42056www.impactjournals.com/oncotarget

were incubated with secondary antibody for 20 minutes at 
room temperature and then stained with diaminobenzidine 
(DAB). Finally, the slides were counterstained with 
hematoxylin, dehydrated, and mounted with a coverslip. 
Two pathologists blinded to the clinical data reviewed 
the immunoreactivity for Ki-67 protein under a light 
microscope. The Ki-67 index was scored according to 
the percentage of stained tumor cells based on 2000-cell 
counts [29] and was classified as low (≤ 2% positive cells), 
intermediate (3% to 20% positive cells), or high (> 20% 
positive cells). Overall, 19 (12.9%), 24 (16.3%) and 104 
(70.8%) patients had a low (≤ 2%), intermediate (3~20%) 
and high (> 20%) Ki-67 index, respectively.

Postoperative follow-up

The patients were monitored after surgery by 
telephone calls, outpatient visits and letters. The overall 
survival (OS) time was calculated as the number of 
months from the date of surgery to the date of last contact, 
date of death for any cause, or date of end point. The 
recurrence free survival (RFS) time was calculated as the 
number of months from the date of surgery to the date 
of identification of disease recurrence (either radiological 
or histological), the date of death or last contact, or the 
date of end point. Our department follows a standardized 
surveillance protocol and follows up with patients at 
three-month intervals for the first two years, six-month 
intervals for years two to five, and at least once per year 
five years after surgery. The postoperative follow-up data 
included clinical symptoms and signs, laboratory tests, 
imagological examinations, and endoscopy and biopsy 
results. In this study, the median follow-up was 40 (range 
2–106) months. The median survival time was 25 (range 

2–106) months. The median RFS time was 21 (range 
1–106) months. 

Construction and validation of the nomogram

On the basis of the results of the multivariable 
analysis, a nomogram was formulated by R 3.2.0 (http://
www.r-project.org) with the survival and rms package. 
A final model was selected using a backward step-down 
process, which used the Akaike information criterion as 
a stopping rule. The model performance for predicting 
outcome was evaluated by calculating the concordance 
index (C-index). Calibration of the nomogram for 1-, 3-, 
and 5-year RFS and OS was performed by comparing the 
predicted survival with the observed survival after bias 
correction. Bootstraps with 1,000 resample were used for 
these activities.

Statistical analysis

All enumeration and measurement data were analyzed 
using SPSS 17.0 for Windows (SPSS, Chicago, IL).  
Chi-square, Fisher’s exact or unpaired Student’s t tests 
were used to compare the difference between blood 
NLR and the clinicopathologic factors, as appropriate. 
A Pearson correlation was utilized to evaluate the 
relationship among blood NLR, Ki-67 index and 
recurrence. Univariate survival analysis was performed 
using the Kaplan-Meier method, and a log-rank test 
was used to assess the significance between groups. A 
multivariate survival analysis was performed using the 
Cox proportional hazards model. The significant variables 
from the univariate analysis were included in the model.  
P < 0.05 was considered to be significant. 

Figure 5: Flow diagram of patient inclusion and exclusion.
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