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Abstract
Purpose: A high neutrophil-to-lymphocyte ratio (NLR) might be related to unfavorable prognosis. We sought to conduct a systematic review and meta-analysis
of published studies exploring the relationship between NLR with the prognosis in patients with gastroenteropancreatic neuroendocrine neoplasm (GEP-NEN).

Methods: The databases PubMed, Embase, and Web of Science were searched using words like 'neutrophil lymphocyte ratio', neuroendocrine tumors', and
others through May 2020. We evaluated the signi�cance of NLR on overall survival (OS) and recurrence-free survival (RFS) of patients with GEP-NEN in our
study.

Results: We gathered thirteen cohorts with 1598 cases. The pooled analysis revealed that a higher NLR related to worse OS (hazards ratio (HR): 4.59, 95%
con�dence interval (CI) 3.35-6.29, P < 0.00001) and poor RFS (HR: 4.05, 95% CI: 2.78–5.90, P 0.00001) in patients with GEP-NEN.

Conclusion: A high NLR can be considered a high-risk prognostic factor in GEP-NEN.

1. Introduction
Neuroendocrine neoplasm (NEN) is a group of heterogeneous neoplasms originated from peptidergic neurons and neuroendocrine cells and
gastroenteropancreatic neuroendocrine neoplasm accounts for most of this type of tumor [1]. According to the population-based study using nationally
representative data from the Surveillance, Epidemiology and End Results (SEER) program, the incidence and prevalence of GEP-NEN are steadily rising,
particularly in the small intestine, followed by rectum, appendix, colon, and stomach[2, 3]. Due to the high heterogeneity of this type of neoplasms, effective
diagnosis and prognostic evaluation are critical. In recent years, The researchers found that in�ammatory response played a decisive role in different stages
of tumor development, including initiating, promoting, malignant transformation, invasion, and metastasis[4]. Thus, we sought to conduct a systematic review
and meta-analysis of published studies exploring the relationship between NLR with the prognosis in patients with GEP-NEN. We expected that NLR might be
an available prognostic factor that could be used in clinical practice.

2. Materials And Methods

2.1 Literature search
We adopted the Preferred Reporting Items for Systematic Review and Meta-Analysis (PRISMA) statements[5] to conduct this meta-analysis. The electronic
databases of PubMed, Embase, and Web of Science were searched updated to May 2020. Taking Embase as an example, the following search terms were
used: ('neutrophil lymphocyte ratio'/exp OR 'neutrophil to lymphocyte ratio':ti,ab OR 'neutrophil/lymphocyte ratio':ti,ab OR 'nlr (lymphocyte)':ti,ab) AND
('neuroendocrine tumor'/exp OR 'neuroendocrine tumors':ti,ab OR 'neuroendocrine tumour':ti,ab OR 'neuroendocrine tumours':ti,ab). All potentially eligible
studies irrespective of the primary outcome were considered for review. Other resources were also manually checked for potentially eligible studies. We
collected articles only written in the English language. Ethical approval was not necessary since meta-analysis was based on secondary data.

2.2 Inclusion and exclusion criteria
Two investigators (YW and BW) independently evaluated all the candidate articles at different times. Disagreements were resolved by discussion or
consultation with another author (YZ). Titles and abstracts were reviewed �rst to determine whether studies were related to the theme. Then, full articles were
judged according to the inclusion and exclusion criteria. If studies satis�ed the inclusion criteria, they were used for detailed analysis and data extraction.

The inclusion criteria for eligible studies were as follows: 1. patients with pathologically con�rmed GEP-NEN in any stages and classi�cation; 2. the data of OS
or PFS was reported in the text or su�cient data were provided to calculate the HR and 95% CI using Tierney method; 3. a de�nite cut-off value of the NLR was
provided; 4. articles published as full-text in English.

The exclusion criteria were as follows: 1. duplicated studies; 2. conference abstracts, reviews, case reports, mete-analysis, letters, animal studies, or laboratory
studies; 3. studies lacking necessary data.

2.3 Data extraction and quality assessment
The following information was extracted from each eligible study: name of the �rst author, year of publication, study area, sample size, study period, gender,
mean/median age, study design, tumor stage, intervention methods, the cut-off value of the NLR, HR and 95% CI for OS and/or RFS.

The overall survival time was calculated from the date of treatment initiation to the date of death from any cause of disease. Patients who were still alive were
censored at the last follow-up. The recurrence-free survival (RFS) time was calculated as the number of months from the date of surgery to the date of
identi�cation of disease recurrence or progression, the date of death or last contact, or the date the endpoint was realized. The NLR was calculated based on
pre-treatment laboratory data using the white blood cell (WBC) differential counts with dividing the neutrophil count by the lymphocyte count. OS and RFS
outcome expressed as hazard ratio (HR) (and 95% CI) for patients with high NLR versus patients with low NLR;

Quality assessment for the included studies was performed according to the Newcastle–Ottawa scale (NOS). The full score is 9 points, and studies with ≥ 5
points were considered high-quality studies.

2.4 Statistical analysis
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The pooled HR with its 95% CI was utilized to quantitatively assess the prognostic signi�cance of the NLR for GEP-NEN patients. Cochrane Q and I2 tests were
used to evaluate the heterogeneity among studies. P < 0.10 for the Q test or I2 > 50% indicates signi�cant heterogeneity, and the random-effects model is taken.
Otherwise, the �xed-effects model is chosen. Subgroup analyses were conducted to examine the prognostic value of the NLR in different populations. If the
study reported both univariate and multivariate results, we would uniformly choose the univariate analysis for the �nal calculation. Sensitivity analyses were
performed to con�rm the stability of the results. Begg funnel plot test was used to evaluate the publication bias. Review Manager (RevMan 5.3) was used for
all statistical analyses. P ≤ 0.05 was considered statistically signi�cant.

3. Results

3.1 Characteristics of the included studies
The initial search retrieved 204 studies. After the removal of duplicates, 78 studies were excluded. Of the remaining 126 studies, 117 were further eliminated by
reading results (titles and abstracts) for the reason of obvious irrelevance. Twenty-one full-text articles were downloaded to assess their eligibility, in which 8
were excluded because non-effective HR data could be collected (n = 2), Conference abstract(n = 17); Data comes from the same sample(n = 2). Ultimately, 13
studies[6–18] published between 2014 and 2020 were included for this meta-analysis, where the sample sizes ranged from 48 to 259, and the total sample
size was 1598. (Fig. 1)

The characteristics of the included studies are summarized in Table 1; among them, 12 studies [6–10, 12–18] are retrospective cohort studies, one[11] is a
prospective study. In terms of the research area, seven studies[6, 8, 12–16] were performed in China, two[10, 18] in Japan, one[9] in Italy, one[7] in the UK,
one[18] in Turkey and one [11] in the USA. Regarding tumor site, seven studies concentrated on pancreatic neuroendocrine neoplasm (P-NEN), three studies
enrolled patients with gastric neuroendocrine neoplasm (G-NEN), two studies one study enrolled patients with gastrointestinal and pancreatic neuroendocrine
neoplasms (GEP–NEN), one study only included enteric neuroendocrine neoplasms (E-NEN). Twelve studies selected 1.9, 4, 2.6, 3.41, 2.3, 2.31, 1.4, 2.4, 2.8,
2.2, 2.4 and 5 as the cut-off value of the NLR, respectively. According to the NOS score, all the retrospective studies were in high-quality, ranging from 6 to 8
(Table 2).
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Table 1
The characteristics of the included studies

No. Study Published
Year

Area Sample
size

Gender(M/F) Age(years) Study
period

Study design Type Intervention The
cut-
off
value
of
NLR

Surviv
analy

1 Zhou[6] 2020 China 174 82/92 Median 53 2008–
2018

Retrospective P Surgery 1.9 OS an
RFS

2 Grenader[7] 2020 United
Kingdom

201 106/95 Mean
63.68

2006–
2013

Retrospective GEP lanreotide 4 RFS

3 Pozza[9] 2019 Italy 48 26/22 Median 67 2005–
2016

Retrospective E Surgery 2.6 OS

4 Zhang[8] 2019 China 156 100/56 Mean 58 2000–
2010

Retrospective G surgery 2.4 OS an
RFS

5 Harimoto[10] 2019 Japan 55 23/32 Median
61.08

2008–
2017

Retrospective P Surgery 3.41 RFS

6 Gaitanidis[11] 2018 America 97 47/50 Median 52 UR prospective P 34p surgery 2.3 RFS

7 Zhou[12] 2017 China 172 80/92 Mean
52.92

2003–
2016

Retrospective P Surgery 2.31 OS an
RFS

8 Tong[13] 2017 China 95 39/56 Mean 54.4 2009–
2016

Retrospective P Surgery 1.4 RFS

9 Luo[14] 2017 China 89 38/51 50y, 69
cases and
≤ 50, 96
cases

2006–
2015

Retrospective P Surgery
and others

2.4 OS

10 Fan[15] 2017 China 259 175/84 ≥ 60y, 117
cases
and 60,
142 cases

2005–
2014

Retrospective GEP NR 2.8 OS

11 Cao[16] 2017 China 142 103/39 70, 114
cases and
70, 33

case

2006–
2015

Retrospective G Surgery 2.2 OS an
RFS

12 Arima[17] 2017 Japan 58 27/31 Median 58 2001–
2015

Retrospective P Surgery 2.4 OS an
RFS

13 Yucel[18] 2014 Turkey 52 22/30 ≥ 65y, 20
cases
and 65y,
32 cases

2006–
2012

Retrospective G Surgery
and others

5 OS

M/F = male-to-female, NOS = Newcastle Ottawa Scale, G = gastric neuroendocrine tumor, E = enteric neuroendocrine tumor, P = pancreatic neuroendocrine tum
Not reported, OS = overall survival, RFS = recurrence-free survival

3.2 Relationship between NLR and overall survival
Nine studies embraced hazard ratio (HR) and 95% CI for OS, and four of them conducted the additional multivariate analysis. As it showed in Fig. 2, in the
overall population, A higher NLR was signi�cantly associated to worse OS with a pooled HR of 4.05 (95% CI: 2.86–5.75, P < 0.00001). The heterogeneity
analysis among the studies showed an I2 value of 41% (P = 0.09), which indicated inevitable heterogeneity.

Since the meta-analysis was mainly based on Asian studies, we conducted OS subgroup analysis between Asian and Caucasian (Fig. 3). The subgroup
analyses showed that high NLR was both associated with a poor OS for patients in Asian (HR = 4.08, 95% CI 2.71–6.61, P < 0.00001) and Caucasian (HR = 
4.54, 95% CI 1.77–11.65, P < 0.05) countries. However, heterogeneity remains high in the pooled data for Asian countries (I2 value of 55%, P = 0.04)

3.3 Relationship between NLR and RFS
Equally, nine studies embraced hazard ratio (HR) and 95% CI for RFS or DFS, and three of them conducted the additional multivariate analysis. Overall in the
population, higher NLR resulted in worse RFS with a pooled HR of 3.16 (95% CI: 2.43–4.10, P 0.00001) with a high level of heterogeneity (I2 value of 65%, P = 
0.003).

The subgroup analyses demonstrated that an elevated NLR indicated a poor RFS in Asian countries (HR = 4.35, 95% CI 2.88–6.57, P < 0.00001) with a low
heterogeneity (I2 value of 36%, P = 0.15) while it was not statistically signi�cant in western data.

3.4 Sensitivity analysis and publication bias
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To appraise the effect of each study on the overall outcome, we removed each study individually to conduct a sensitivity analysis. As for OS, when we
removed the Fan's research, the pooled HR results changed little, but the heterogeneity declined obviously (I2 value of 40% with P = 0.4). When excluding other
literature one by one, the results were relatively stable. Therefore, Fan's study may be the primary source of high heterogeneity.

As for RFS, we also found an obvious Descending heterogeneity (I2 value of 34% with P = 0.16) when we removed Grenader's study, which might be the source
of heterogeneity.

The shape of the funnel plots showed asymmetry and indicated signi�cant publication bias in OS and RFS. (Fig. 8–9)

4. Discussion
GEP-NEN is the most common type of neuroendocrine tumor. Some researches have found that the prognosis is associated with factors like tumor
classi�cation, stage, immunohistochemistry[19, 20]. An accurate and convenient prognostic indicator is needed to assist in clinical decision-making in cancer
management. We conducted a meta-analysis by consolidating the published literature to prove the relationship between NLR and the prognosis in patients
with GEP-NEN. In the current study, we incorporated 13 studies with 1598 patients to assess the clinical signi�cance of NLR in GEP-NEN. Our research
indicated that a high pre-treatment NLR was associated with a poor unfavorable OS and RFS in patients with GEP-NEN.

Several studies have implied that an elevated NLR is associated with the poor survival in several types of cancer, such as esophageal cancer[21], breast
cancer[22], colorectal cancer[23], prostate cancer[24] and gynecologic cancers [25]et al. The results of our pooled analysis focus on GEP-NEN agree with
results from these abovementioned studies on other cancers.

The relationship between chronic in�ammation and cancer has been gradually known in recent years. However, the mechanisms behind the relationship
between a high NLR and a worse prognosis in cancer have not been demonstrated. Neutrophils are the most abundant white blood cells in circulation and are
the �rst responders to sites of infection and tissue damage. Tumor-associated neutrophils (TANs) predict poor overall survival in many types of cancer[26].
Persistent in�ammation promotes tumor growth, and the chemokines and cytokines, including CXCL8, CXCL5 and CXCL6 generated by tumor cells, and the
surrounding microenvironment are involved in neutrophil recruitment[27]. In a broad sense, lymphocytes have anti-tumor activity, so the reduction of
lymphocytes is conducive to the maintenance of tumor microenvironment and the growth of tumor cells. These are the possible mechanisms by which high
NLR can predict tumor Invasive growth.

We can see that most of the included researches are from China, which may cause selection bias; therefore, a subgroup analysis of the studies based on
ethnicity was performed to explore whether race had any effect on the outcome. We considered that a higher NLR is associated with reduced survival time in
both Asian and Caucasian. However, the NLR may not be instructive for RFS in Caucasian. In the future, relevant trials are needed to provide further evidence
for the prognostic signi�cance of NLR on race. In the sensitive analysis of NLR and OS, we considered that the Fan's study might be the source of high
heterogeneity. After the revaluation of its design, sample size, outcome indicators, evaluation criteria, we haven't found apparent defeats. However, it comes
from a low-impact journal that can no longer be retrieved by PubMed and is less reliable. As for RFS, after revaluation of Grenader's study that might be the
source of heterogeneity, we found that in this study, all patients underwent somatostatin therapy. In contrast, other studies adopted surgical treatments. This
indicates that the treatment has a speci�c effect on the prognosis of GEP-NEN, which may be a confounding factor in NLR prognosis. Overall, the results
before sensitive analysis were not robust enough, so after the reassessment, we decided to adopt the pooled HR results after excluding the literature leading to
increased heterogeneity.

In our study, there are some limitations. First, 12 of 13 incorporated researches were retrospective studies with small sizes. Second, although most included
patients underwent surgical treatment, some patients underwent chemotherapy and somatostatin treatment, which also resulted in a little bit heterogeneity.
Third, the study exists a publication bias, as mentioned previously. Fourthly, non-English language literature was not included, and there might be more
valuable results that were not included.

5. Conclusion
In conclusion, our meta-analysis demonstrates a high blood-based NLR is related to worse survival in patients with GEP-NEN. NLR may serve as a cost-
effective prognostic biomarker to identify high-risk patients who might need further therapy, and there may be other confounding factors, though. More high-
quality prospective clinical trials are required to assess the practicability of NLR in GEP-NEN.

Abbreviations
NLR neutrophil-to-lymphocyte ratio; GEP-NEN gastroenteropancreatic neuroendocrine neoplasm; OS overall survival; RFS recurrence-free survival; HR hazards
ratio; CI con�dence interval; SEER Surveillance, Epidemiology and End Results; PRISMA Preferred Reporting Items for Systematic Review and Meta-Analysis;
WBC white blood cell; NOS Newcastle–Ottawa scale; TANs Tumor-associated neutrophils
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Figure 1

PRISMA �owchart of the study selection process

Figure 2

Overall survival analysis in the overall population. Results have been reported considering the hazard ratio of each study, weight of each study and 95% CI of
each study. Heterogeneity was estimated through X2, I2 test.

Figure 3

Subgroup analysis of Overall survival analysis in different race population. Results have been reported considering the hazard ratio of each study, the weight
of each study, and 95% CI of each study. Heterogeneity was estimated through X2, I2 test.

Figure 4

Recurrence-free survival analysis in the overall population. Results have been reported considering the hazard ratio of each study, the weight of each study,
and 95% CI of each study. Heterogeneity was estimated through X2, I2 test.



Page 9/10

Figure 5

Subgroup analysis of recurrence-free survival in the overall population. Results have been reported considering the hazard ratio of each study, the weight of
each study, and 95% CI of each study. Heterogeneity was estimated through X2, I2 test.

Figure 6

Sensitivity analysis of overall survival. Results have been reported considering the hazard ratio of each study, the weight of each study, and 95% CI of each
study. Heterogeneity was estimated through X2, I2 test.

Figure 7

Sensitivity analysis of recurrence-free survival. Results have been reported considering the hazard ratio of each study, the weight of each study, and 95% CI of
each study. Heterogeneity was estimated through X2, I2 test.
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Figure 8

Funnel plot of publication bias test for OS in patients with GEP-NEN

Figure 9

Funnel plot of publication bias test for recurrence-free survival in patients with GEP-NEN


