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Abstract
Background: Although the malignant degree is relatively low and overall prognosis is excellent, some patients with thyroid cancer
still experience metastasis during the follow-up, which leads to their possible death. Pretreatment neutrophil-to-lymphocyte ratio
(NLR) has been recommended as a biomarker for the prediction of metastasis and prognosis in patients with cancers. However, its
value in thyroid cancer remains inconclusive. This study aimed to comprehensively evaluate the prognostic and clinicopathological
significance of NLR for thyroid cancer by a meta-analysis.

Methods: Eligible studies were identified by searching PubMed, EMBASE, and Cochrane Library databases. The associations
between NLR level and disease-free survival (DFS) or clinicopathological parameters were estimated by calculating hazard ratio (HR)
or effect size with 95% confidence interval (CI).

Results: Nine studies consisting of 3081 patients were enrolled. Results of meta-analysis showed that elevated NLR was not
significantly associated with unfavorable DFS overall, but subgroup analysis of multivariate-adjusted studies demonstrated an
elevation in pretreatment NLR predicted poor DFS (HR=3.51, 95%CI=1.42–8.70). Overall, a high level of NLR was significantly
correlated with larger tumor size (standardized mean difference [SMD]=0.49, 95%CI=0.33–0.64), and metastasis status (risk ratio
[RR]=1.70, 95%CI=1.10–2.64). The association with tumor size was still significant in the stratified analyses by country and
histology type (Asian: SMD=0.719, 95%CI=0.44–0.98; non-Asian: SMD=0.36, 95%CI=0.17–0.56; medullary thyroid carcinoma:
SMD=0.57, 95%CI=0.09–1.05; papillary thyroid carcinoma: SMD=0.48, 95%CI=0.31–0.64). The association between NLR and
metastasis was only significant for papillary thyroid carcinoma subtype (RR=1.82, 95%CI=1.04–3.20).

Conclusion: Pretreatment NLR may serve as an excellent biomarker for prediction of tumor growth, metastasis, and prognosis in
patients with thyroid cancer.

Abbreviations: CI = confidence interval, DFS = disease-free survival, ES = effect size, HR = hazard ratio, IL = interleukin, MTC =
medullary thyroid carcinoma, NLR = neutrophil-to-lymphocyte ratio, NOS = Newcastle-Ottawa Scale, PRISMA = Preferred
Reporting Items for Systematic Review andMeta-Analysis, ROS= reactive oxygen species, PTC= papillary thyroid carcinoma, RR =
risk ratio, SMD = standardized mean difference.

Keywords: disease-free survival, medullary thyroid carcinoma, metastasis, neutrophil to lymphocyte ratio, papillary thyroid
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1. Introduction

Thyroid cancer is the most common endocrine malignancy,
accounting for about 96% of all endocrine cancers and 3% of all
cancers.[1] It was estimated that there were 53,990 new cases in
2018 in the United States.[1] In China, the incidence rate of
thyroid cancer was also increasing year by year, from 2.40 per
100,000 persons in 2003 to 13.75 per 100,000 persons in
2012.[2] Although the malignant degree of thyroid cancer is
relatively low and the prognosis is excellent, especially for the
differentiated histologic types, including papillary thyroid
carcinoma (PTC), follicular thyroid carcinoma and medullary
thyroid carcinoma (MTC) compared with anaplastic thyroid
cancer. However, these differentiated histologic types were also
reported to have potential risks of lymph node metastasis and
distant metastasis,[3–5] which may ultimately induce the death of
patients. Therefore, how to early identify patients at high risk of
developing metastasis and poor prognosis may be clinically
important.
Recently, numerous studies have suggested that activation of

inflammation is a crucial mechanism for the initiation and
progression of thyroid cancer.[6,7] The neutrophil-to-lymphocyte
ratio (NLR) has been widely recognized as a biomarker to
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represent the systemic inflammatory condition.[8,9] Thus, it may
serve as a potential predictive marker for metastasis and poor
prognosis for thyroid cancer patients like other cancers.[8–11] This
hypothesis has been demonstrated by several studies. For
example, Xu et al demonstrated that NLR was an independent
predictor of metastasis (odds ratio=5.918, 95% confidence
intervals [CI]: 1.147–30.541; P= .034) for patients with MTC
after multivariate logistic regression analysis.[12] Manatakis et al
also proved that the incidence rate of lymph node metastasis was
significantly higher in PTC patients with NLR>2.17 than those
with NLR<2.17 (P= .03).[13] Kaplan–Meier curve and univari-
ate analyses in the study of Kim et al revealed that a high level of
NLR was significantly correlated with poor 5-year disease-free
survival (DFS) rate for PTC patients.[14] Lee et al also identified
high NLR as an independent predictor of DFS in PTC patients
aged ≥ 45 years (hazard ratio [HR]=2.96; 95%CI=1.08–8.09;
P= .035).[15] However, inconsistent results were also present:
Jiang et al reported no significant associations between the NLR
and lymph node metastasis (P= .461)[16] and DFS (P= .124) for
MTC patients.[17] The negative correlation with DFS was also
verified in the study of Lang et al (P= .447).[18] Accordingly, the
predictive potential of NLR for metastasis and poor prognosis
remains inconclusive.
In this study, we aimed to perform a meta-analysis to

comprehensively evaluate the prognostic and clinicopathological
significance of NLR in patients with thyroid cancer. Analysis of
all related articles may enhance the statistical power and thusmay
achieve a more convincing conclusion.
2. Materials and methods

2.1. Search strategies

This analysis was conducted following the Preferred Reporting
Items for Systematic Review and Meta-Analysis (PRISMA)
guidelines. No ethical approval was required because this meta-
analysis only used the published studies.
The electronic databases of PubMed, EMBASE, and Cochrane

Library were comprehensively searched to screen articles that
evaluated the associations between NLR and prognosis or
clinicopathological characteristics for patients with thyroid
cancer. The combinations of the following keywords were used:
(“neutrophil to lymphocyte ratio” OR “neutrophil-to-lympho-
cyte ratio” OR “neutrophil lymphocyte ratio” or “NLR”) and
(“thyroid carcinoma” OR “thyroid cancer”). The search was
confined to articles that were published in English before October
1, 2019. Furthermore, the reference lists of retrieved publications
were manually searched to further screen potential eligible
articles.
2.2. Inclusion and exclusion criteria

Eligible studies were identified if they met the following inclusion
criteria:
1)
 patients were pathologically diagnosed as thyroid cancer;

2)
 pretreatment NLR was measured;

3)
 the influence of NLR on prognostic outcomes (such as DFS) or

clinicopathological characteristics of patients was evaluated;

4)
 HR or effect size (ES) with its 95%CI could be directly

obtained or calculated according to the data or figures
provided by the articles; and
5)
 a cut-off value for NLR was reported.
2

The exclusion criteria were:
1)
 duplicate publication;

2)
 conference abstracts, reviews, letters, case reports, comments,

cell line, or animal studies; and

3)
 studies in which necessary data could not be extracted.

2.3. Data extraction

The following data were extracted from each included article:
author name, publication year, country, sample size, histology
type, cut-off value of NLR, follow-up, statistical methods, direct
HRs/ES, and 95%CIs or data used for calculation of HRs/ES and
95%CIs to evaluate prognosis (DFS) or patients’ clinicopatho-
logical characteristics (such as sex, age, tumor size, stage,
metastasis, focality, capsule invasion, coexisting disease, follicu-
lar-variant, and extrathyroidal invasion). The survival data in the
Kaplan–Meier curves were estimated via a digitizing software –

Engauge Digitizer (version 4.1; http://digitizer.sourceforge.net/).
Univariate (or Kaplan–Meier curve) andmultivariate results were
both extracted. The quality of included studies was assessed
according to the Newcastle–Ottawa Scale (NOS) criteria,[19] with
NOS scores ≥ 6 graded as high quality. Data extraction and
quality assessment processes were performed by 2 independent
investigators. Any disagreement was resolved by consensus
agreement or with the input of a third review researcher.

2.4. Statistical analysis

The pooled HR and its 95%CI were calculated to assess the
relationship between NLR and DFS. The pooled risk ratio (RR,
binary data) or standardized mean difference (SMD, continuous
data) and its corresponding 95%CI were calculated to determine
the associations between NLR and clinicopathological character-
istics. Statistical heterogeneity was determined by using
Cochrane’s Q and I2 statistic tests. A random-effects model
was applied to pool the study results if P< .10 and I2>50%
(obvious heterogeneity); otherwise, a fixed-effects model was
selected. Egger linear regression test was used to test the
publication bias among articles.[20] Sensitivity analysis was
performed by excluding single studies in turn. Furthermore, a
subgroup analysis was also performed according to country,
histology type and statistical analysis methods. All statistical
analyses were conducted using STATA 13.0 (STATA Corpora-
tion, College Station, TX). P< .05 was considered to be
statistically significant.
3. Results

3.1. Characteristics of the included studies

A flow chart of the literature retrieval is presented in Figure 1. A
total of 312 studies were initially obtained after searching
the databases. Among them, 64 were left by the removal of
duplicates. Subsequently, 54 articles were excluded by reading
the title or abstract because they did not meet our inclusion
criteria: other cancer (n=22), meta-analysis study (n=5),
without prognosis or clinical information (n=16), not related
with NLR (n=7), and descriptive study (n=4). Ten full-text
articles were then downloaded and read, after which 1 was
further eliminated because of lack of relevant data. Finally, 9
studies consisting of 3081 patients were available for this meta-
analysis.[12–18,21,22] The characteristics of these 9 eligible studies
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Figure 1. Flow diagram of studies selection procedure. NLR = neutrophil-to-
lymphocyte ratio.

Feng et al. Medicine (2020) 99:20 www.md-journal.com
are listed in Table 1. Four studies with 5 datasets because the
study of Lee et al[15] divided the patients into 2 cohorts (≥ 45
years and<45 years) reported the association between NLR and
DFS, while 6 investigated the link between NLR and clinico-
pathological data. Univariate analysis was used for most of the
studies on DFS (excluding Lee et al[15] and Kim et al,[14] in which
Table 1

Characteristics of the studies included in the meta-analysis.

Study Year Country
No. of
patients

Tumor
type Cut-off

Xu N 2018 China 61 MTC 1.784
Manatakis DK 2017 Greece 205 PTC 2.17

Jiang K 2017 China 78 MTC 2.7
Jiang K 2016 China 70 MTC 1.9

Gong W 2016 China 161 PTC 2

Lang BH 2014 China 191 PTC 1.93

Kim JY 2014 South Korea 268 PTC 1.5
Lee KH 2019 Korea 1846 PTC 2.1
Ceylan Y 2019 Turkey 201 PTC 1.92

DFS=disease-free survival, KM=Kaplan–Meier, MTC=medullary thyroid carcinoma, MV=multivariate,
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univariate andmultivariate were both included) and all studies on
clinicopathological data. Thus, univariate and multivariate
results were both extracted and meta-analysis was performed
using only the univariate (Kaplan–Meier)/multivariate (5) or
combined results (7) for DFS. Three studies analyzed the MTC
subtype, while the other 6 described PTC subtype. Most of the
studies were performed in Asia (7/9, 77.8%), including China
(n=5) and Korea (n=2); and the other 2 were about the
population of Greece (n=1) and Turkey (n=1). The quality of all
eligible studies varied from 7 to 9, indicating all studies were
considered to be in high-quality (Table 1).

3.2. Association between NLR and prognosis

A significant heterogeneity was present among 5 (or 7) studies
and thus a random-effects model was chosen to pool the study
results. Meta-analysis showed that elevated NLR was not
significantly associated with unfavorable DFS (Table 2). In
order to further explore the source of heterogeneity, subgroup
analyses based on country, histology type, and statistical methods
were carried out. The results demonstrated an elevation in
pretreatment NLR was significantly correlated with poor DFS
(HR=3.51, 95%CI=1.42–8.70; P= .007) when the studies with
multivariate analysis were integrated (Fig. 2; Table 3). Also, no
heterogeneity was present in this subgroup meta-analysis,
indicating the result was credible.

3.3. Association between NLR and clinicopathological
characteristics

Overall, a high level of NLR was significantly associated with
larger tumor size (SMD=0.49, 95%CI=0.33–0.64; P< .001)
(Fig. 3; Table 2) and metastasis situation (RR=1.70, 95%CI=
1.10–2.64; P= .018) (Fig. 4; Table 2). The associations between
NLR and other clinicopathological features (sex, age, stage,
focality, capsule invasion, coexisting disease, follicular-variant,
and extrathyroidal invasion) was not significant (Table 2).
Analysis parameters
Statistical
method

Follow
(mo)

NOS
score

Metastasis MV Unclear R 7
Metastasis/tumor size/ multifocality/
bilaterality/extrathyroidal invasion/

stage/follicular-variant/thyroiditis/sex/
age

NV Unclear R 8

DFS KM 39.3 R 7
Metastasis/tumor size/multifocality/
bilaterality/capsule invasion/autoim-
mune thyroid disease / stage/age/sex

NV 39.4 R 9

Metastasis/tumor size/ multifocality/
age/sex

NV Unclear R 8

DFS/multifocality/ bilaterality/ extra-
thyroidal extension / follicular-variant/

thyroiditis/sex/stage

KM/NV 41.3 R 7

DFS KM/NV/MV 41.2 R 8
DFS KM/NV/MV 75 R 7

Metastasis/tumor size/multifocality/
bilaterality/capsule invasion/ extra-

thyroidal spread/age/sex

NV Unclear R 8

NOS=Newcastle-Ottawa Scale, NV=univariate, PTC=papillary thyroid carcinoma, R= retrospective.
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Table 2

Meta-analysis of the association between NLR and prognosis or clinicopathological features of thyroid cancer.

Comparison Studies ES (95%CI) P-value I2 PH-value Model

DFS 7a 1.79 (0.97,3.33) .064 65.9 .007 R
5b 1.40 (0.73,2.70) .311 63.4 .027 R

Age 2 -0.09 (-0.33,0.15) .448 0.0 .787 F
Age (45> vs <45) 3 1.02 (0.86,1.20) .842 0.0 .894 F
Sex (male vs female) 5 1.14 (0.90,1.44) .292 0.0 .675 F
Tumor size 4 0.49 (0.33,0.64) <.001 39.8 .173 R
Bilaterality 4 0.98 (0.78,1.24) .889 0.0 .801 F
Multifocality 5 1.26 (0.90,1.78) .182 68.4 .013 R
Stage (III/IV vs I/II) 3 1.24 (0.81,1.90) .319 62.5 .069 R
Thyroiditis 3 1.13 (0.90,1.41) .297 0.0 .502 F
Follicular-variant 2 0.99 (0.81,1.21) .951 0.0 .980 F
Extra-thyroidal extension 2 1.71 (0.52,5.69) .380 71.0 .063 R
Capsule invasion 2 0.99 (0.73,1.34) .963 0.0 .800 F
Metastasis 5 1.70 (1.10,2.64) .018 61.9 .033 R

CI= confidence interval, DFS=disease-free survival, ES= effect size, F=fixed, NLR=neutrophil-to-lymphocyte ratio, PH=P-value for heterogeneity, R= random.
aUnivariate and multivariate results were both used.
bOnly the univariate (Kaplan–Meier) or multivariate results were used.
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Furthermore, the association was also stratified by country and
histology type. The results were still significant for tumor size,
irrespective of ethnicity (Asian: SMD=0.719, 95%CI=0.44–
0.98; P< .001; or non-Asian: SMD=0.36, 95%CI=0.17–0.56;
P< .001) or the presence of PTC (MTC: SMD=0.57, 95%CI=
0.09–1.05; P= .020; or PTC: SMD=0.48, 95%CI=0.31–0.64;
P< .001) (Fig. 3, Table 3). The association between NLR and
metastasis was only significant in PTC subtype (RR=1.82, 95%
CI=1.04–3.20; P= .037) (Fig. 4; Table 3).
Figure 2. Forest plots for the association of neutrophil to lymphocyte ratio with dise
NV = univariate.
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3.4. Publication bias and sensitivity analyses
Because a significant heterogeneity was found in studies to
evaluate the association between NLR and tumor size/metastasis;
thus, the publication bias was estimated for these 2 character-
istics. Egger test showed that no significant publication bias was
observed for tumor size (P= .558) and metastasis status
(P= .131), respectively. The sensitivity analysis also confirmed
the stability of the association after the removal of any single
study (Fig. 5).
ase-free survival. CI= confidence interval, HR = hazard ratio, MV =multivariate,



Table 3

Subgroup analysis.

Comparison Qualified studies HR or ES (95%CI) P-value I2 PH-value Model

DFS Ethnicity
Asian 5 1.40 (0.73,2.70) .311 63.4 .027 R

Non-Asian – – – – – –

Tumor type
MTC 1 1.36 (0.54,3.42) .513 – – –

PTC 4 1.47 (0.60,3.63) .401 72.2 .013 R
Statistical methods

NV 5 1.43 (0.73,2.81) .298 65.4 .021 R
MV 2 3.51 (1.42,8.70) .007 0.00 .442 F

Sex Ethnicity
Asian 2 1.23 (0.88,1.73) .231 0.0 .480 F

Non-Asian 2 1.05 (0.75,1.47) .774 0.0 .438 F
Tumor type

MTC 1 1.15 (0.65,2.05) .626 – – –

PTC 4 1.14 (0.87,1.47) .344 0.0 .508 F
Tumor size Ethnicity

Asian 2 0.71 (0.44,0.98) <.001 0.0 .596 F
Non-Asian 2 0.36 (0.17,0.56) <.001 0.0 .484 F
Tumor type

MTC 1 0.57 (0.09,1.05) .020 – – –

PTC 4 0.48 (0.31,0.64) <.001 58.8 .088 F
Bilaterality Ethnicity

Asian 2 0.95 (0.65,1.38) .774 0.0 .951 F
Non-Asian 2 1.01 (0.75,1.35) .967 0.0 .336 F
Tumor type

MTC 1 0.93 (0.53,1.63) .808 – – –

PTC 4 0.99 (0.77,1.28) .954 0.0 .619 F
Multifocality Ethnicity

Asian 3 1.70 (0.80,3.61) .167 81.1 .005 R
Non-Asian 2 1.03 (0.82,1.29) .828 0.0 .493 F
Tumor type

MTC 1 3.80 (1.60,9.04) .003 – – –

PTC 4 1.09 (0.91,1.31) .369 33.6 .210 F
Metastasis Ethnicity

Asian 3 1.82 (0.96,3.44) .068 71.3 .031 R
Non-Asian 2 1.87 (0.59,5.93) .285 69.4 .071 R
Tumor type

MTC 2 2.13 (0.45,10.09) .341 72.5 .056 R
PTC 3 1.82 (1.04,3.20) .037 62.9 .068 R

The pooled risk ratio (binary data) or standardized mean difference (continuous data) and its corresponding 95%CI were calculated to determine the associations between NLR and clinicopathological
characteristics. HR was used for DFS. Bold indicates the statistical significance after analysis of 2 or more studies.
CI= confidence interval, DFS=disease-free survival, ES= effect size, F= fixed, HR=hazard ratio, MTC=medullary thyroid carcinoma, MV=multivariate, NLR=neutrophil-to-lymphocyte ratio, NV=univariate,
PH=P-value for heterogeneity, PTC=papillary thyroid carcinoma, R= random.
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4. Discussion

Although a previous study in 2016 had attempted to use the
meta-analysis to explore the association between NLR and
differentiated thyroid cancer, its included literatures focused on
distinguishing patients of differentiated thyroid cancer from
benign nodules, not involving its prognostic and clinical
importance.[23] The present study, for the first time, integrated
all the updated evidence to re-assess the correlation between
pretreatment NLR and prognosis or clinicopathological features
in thyroid cancer patients. The results supported that high NLR
was significantly associated with unfavorable DFS and survival-
related factors such as larger tumor size and positive lymph node
and/or distant metastasis. Our study seemed to be in line with the
previous meta-analyses of other cancers, such as soft tissue
sarcoma (tumor size, DFS),[8] breast cancer (DFS),[24] esophageal
squamous cell carcinoma (lymph node metastasis),[25] gastroin-
5

testinal stromal tumors (tumor size, DFS),[26] and cervical cancer
(tumor size, lymph node metastasis).[27]

The association with tumor size and metastasis status
highlighted the possible roles of NLR in promoting tumor cell
proliferation and metastasis. This hypothesis had been confirmed
by previous in vitro and in vivo experiments. High NLR means
more count of neutrophils or less count of lymphocytes. It was
reported that neutrophils (e.g., upregulation of CD11b and
CD66b and shedding of CD62L) were activated in thyroid cancer
and its levels correlated with larger tumor size.[28] Neutrophils
were indicated as escorts for circulating tumor cells to drive their
cell cycle progression within the bloodstream and expand their
metastatic potential.[29] Pro-inflammatory factors including
interleukin (IL)-6, IL-8, IL-1b, and tumor necrosis factor-a were
also found to be significantly released in cancer-activated
neutrophil-like cells, which subsequently activated the ERK
pathway and epithelial-mesenchymal transition, ultimately
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Figure 3. Forest plots for the association of neutrophil-to-lymphocyte ratio with tumor size. CI = confidence interval, MTC = medullary thyroid carcinoma, PTC =
papillary thyroid carcinoma, SMD = standardized mean difference.
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triggering cancer cell migration and invasion.[30] Co-incubation
with neutrophils was also demonstrated to induce proliferation of
cancer cells in a dose-dependent manner, the mechanism of which
was related to its secretion of elastase and cyclooxygenase 2.[31]

Inhibition of neutrophil elastase activity and cyclooxygenase 2 in
vitro or constructing the model mice with neutrophil elastase
knockout were shown to significantly exert anti-tumor
effects.[31,32] Furthermore, the study of Domínguez-Luis et al
revealed in response to the chemokine receptor CXCR2 ligand
6

CXCL8, neutrophils initiated the generation of intracellular
reactive oxygen species (ROS) (oxidative stress indicator) which
subsequently induced the shedding of L-selectin in neutrophils
and further promoted the inflammatory response and tumori-
genesis.[33] This conclusion was also observed byManukyan et al
who found neutrophils from chronic lymphocytic leukemia
patients produced more ROS and pro-inflammatory IL-1b and
tumor necrosis factor-a compared to controls in both resting and
activated conditions.[34] It was also reported that activation of



Figure 4. Forest plots for the association of neutrophil-to-lymphocyte ratio with metastasis. CI = confidence interval, MTC =medullary thyroid carcinoma, PTC =
papillary thyroid carcinoma, RR = risk ratio.
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oxidative stress may play a key role in thyroid carcinogenesis by
directly triggering DNA damage and contributing to the genomic
instability in thyroid cells.[35] Conversely, infiltrating lympho-
cytes were revealed to be markedly reduced or absent in thyroid
cancer.[36] Also, the cases with low CD8+ lymphocyte infiltration
were shown to have a significantly increased incidence of lymph
node metastasis and poor DFS.[37] The low lymphocyte count
may be attributed to the activation of the ROS-mediated
apoptosis pathway.[38,39] These findings indicated the protective
roles of lymphocyte infiltration against the development of
thyroid tumors. Thus, high NLR may represent an imbalance
between the tumor-promoting and tumor-suppressing function.
Figure 5. Sensitivity analysis for tumor size. CI = confidence interval.
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There were some limitations that should be acknowledged.
First, all included studies were retrospectively designed, which
inevitably caused some biases. Second, the number of enrolled
articles was relatively less and sample size in them was also not
large. These may influence the accuracy and unavailability (e.g.,
subgroup analysis for other clinicopathological features, such as
stage, invasion, etc) of the results. Third, most of the studies to
investigate the association with DFS or clinicopathological
features were based on the univariate analysis. Whether NLR
was an independent prognostic marker for thyroid cancer
required additional confirmation. Fourth, the application of
NLR for prediction of DFS needed further verification because of
the lack of unified cut-off value.
5. Conclusion

Our findings demonstrate pretreatment NLR may serve as an
excellent biomarker for prediction of tumor growth, metastasis
and prognosis in patients with thyroid cancer. For the patients
with a risk of shorter DFS and metastasis (above the cut-off of
NLR), more treatment options should be used to prevent possible
unfavorable outcomes.
Author contributions

Conceptualization: Jidong Feng, Lei Gao.
Data curation: Jidong Feng, Yanyan Wang.
Formal analysis: Jidong Feng, Yanyan Wang.
Investigation: Yanyan Wang.
Methodology: Guohui Shan.
Supervision: Lei Gao.
Writing – original draft: Jidong Feng.

http://www.md-journal.com


Feng et al. Medicine (2020) 99:20 Medicine
Writing – review & editing: Lei Gao.
References

[1] Siegel RL, Miller KD, Jemal A. Cancer statistics, 2018. CA Cancer J Clin
2018;68:7–30.

[2] Fei X, Yang D, Kong Z, et al. Thyroid cancer incidence in China between
2005 and 2009. Stoch Env Res Risk Assess 2014;28:1075–82.

[3] Liu W, Cheng R, Su Y, et al. Risk factors of central lymph node
metastasis of papillary thyroid carcinoma: a single-center retrospective
analysis of 3273 cases. Medicine 2017;96:e8365.

[4] Lin JD, Lin SF, Chen ST, et al. Long-term follow-up of papillary and
follicular thyroid carcinomas with bone metastasis. PLoS One 2017;12:
e0173354.

[5] Tanwar P, Gandhi J, Sharma A, et al. Unusual metastasis of medullary
thyroid carcinoma to the breast: a cytological and histopathological
correlation. J Cytol 2018;35:117–20.

[6] Guarino V, Castellone MD, Avilla E, et al. Thyroid cancer and
inflammation. Mol Cell Endocrinol 2010;321:94–102.

[7] Pagano L, Mele C, Sama MT, et al. Thyroid cancer phenotypes in
relation to inflammation and autoimmunity. Front Biosci 2018;23:
2267–82.

[8] Liu G, Ke LC, Sun SR. Prognostic value of pretreatment neutrophil-to-
lymphocyte ratio in patients with soft tissue sarcoma. Medicine 2018;97:
e12176.

[9] Zeng Q, Liu Z, Li Q, et al. Prognostic value of neutrophil to lymphocyte
ratio and clinicopathological characteristics for multiple myeloma: a
meta-analysis. Medicine 2018;97:e12678.

[10] Tang H, Lu W, Li B, et al. Prognostic significance of neutrophil-to-
lymphocyte ratio in biliary tract cancers: a systematic review and meta-
analysis. Oncotarget 2015;8:36857–68.

[11] Yu Y,WangH, YanA, et al. Pretreatment neutrophil to lymphocyte ratio
in determining the prognosis of head and neck cancer: a meta-analysis.
BMC Cancer 2018;18:383.

[12] Xu N, Jian Y, Wang Y, et al. Evaluation of neutrophil-to-lymphocyte
ratio and calcitonin concentration for predicting lymph node metastasis
and distant metastasis in patients with medullary thyroid cancer. Mol
Clin Oncol 2018;9:629–34.

[13] ManatakisDK,Tseleni-Balafouta S, BalalisD, et al.Associationof baseline
neutrophil-to-lymphocyte ratio with clinicopathological characteristics of
papillary thyroid carcinoma. Int J Endocrinol 2017;2017:8471235.

[14] Kim JY, Park T, Jeong SH, et al. Prognostic importance of baseline
neutrophil to lymphocyte ratio in patients with advanced papillary
thyroid carcinomas. Endocrine 2014;46:526–31.

[15] Lee KH, Seok EY, Kim EY, et al. Different prognostic values of individual
hematologic parameters in papillary thyroid cancer due to age-related
changes in immunity. Ann Surg Treat Res 2019;96:70–7.

[16] Jiang K, Lei J, Chen W, et al. Association of the preoperative neutrophil-
to-lymphocyte and platelet-to-lymphocyte ratios with lymph node
metastasis and recurrence in patients with medullary thyroid carcinoma.
Medicine 2016;95:e5079.

[17] Jiang K, Lei J, Li C, et al. Comparison of the prognostic values of selected
inflammation based scores in patients with medullary thyroid carcinoma:
a pilot study. J Surg Oncol 2017;116:281–7.

[18] Lang BH, Ng CP, Au KB, et al. Does preoperative neutrophil lymphocyte
ratio predict risk of recurrence and occult central nodal metastasis in
papillary thyroid carcinoma? World J Surg 2014;38:2605–12.

[19] Andreas S. Critical evaluation of the Newcastle-Ottawa scale for the
assessment of the quality of nonrandomized studies in meta-analyses. Eur
J Epidemiol 2010;25:603–5.
8

[20] Egger M, Davey Smith G, Schneider M, et al. Bias in meta-analysis
detected by a simple, graphical test. BMJ 1997;315:629–34.

[21] Gong W, Yang S, Yang X, et al. Blood preoperative neutrophil-to-
lymphocyte ratio is correlated with TNM stage in patients with papillary
thyroid cancer. Clinics 2016;71:311–4.

[22] Mi KS, Heui KE, Hyun KB, et al. The correlation of clinicopathological
findings and neutrophil-to-lymphocyte and platelet-to-lymphocyte ratios
in papillary thyroid carcinoma. Mol Imaging Radionucl Ther
2019;28:15–20.

[23] Liu JF, Ba L, Lv H, et al. Association between neutrophil-to-lymphocyte
ratio and differentiated thyroid cancer: a meta-analysis. Sci Rep
2016;6:38551.

[24] Ethier JL, Desautels D, Templeton A, et al. Prognostic role of neutrophil-
to-lymphocyte ratio in breast cancer: a systematic review and meta-
analysis. Breast Cancer Res 2017;19:2.

[25] Sun Y, Zhang L. The clinical use of pretreatment NLR, PLR, and LMR in
patients with esophageal squamous cell carcinoma: evidence from a
meta-analysis. Cancer Manag Res 2018;10:6167–79.

[26] Luo XF, Zhou LH. Prognostic significance of neutrophil to lymphocyte
ratio in patients with gastrointestinal stromal tumors: a meta-analysis.
Clin Chim Acta 2018;477:7–12.

[27] Wu J, Chen M, Liang C, et al. Prognostic value of the pretreatment
neutrophil-to-lymphocyte ratio in cervical cancer: a meta-analysis and
systematic review. Oncotarget 2017;8:13400–12.

[28] Rosaria GM, Gilda V, Stefania L, et al. Potential involvement of
neutrophils in human thyroid cancer. PLoS One 2018;13:e0199740.

[29] Szczerba BM, Castro-Giner F, Vetter M, et al. Neutrophils escort
circulating tumour cells to enable cell cycle progression. Nature
2019;566:553–7.

[30] Zhang W, Gu J, Chen J, et al. Interaction with neutrophils promotes
gastric cancer cell migration and invasion by inducing epithelial-
mesenchymal transition. Oncol Rep 2017;38:2959–66.

[31] Hattar K, Franz K, Ludwig M, et al. Interactions between neutrophils
and non-small cell lung cancer cells: enhancement of tumor proliferation
and inflammatory mediator synthesis. Cancer Immunol Immunother
2014;63:1297–306.

[32] Gong L, Cumpian AM, Caetano MS, et al. Promoting effect of
neutrophils on lung tumorigenesis is mediated by CXCR2 and neutrophil
elastase 2013;12:154.

[33] Domínguez-Luis MJ, Armas-González E, Herrera-García A, et al. L-
selectin expression is regulated by CXCL8-induced reactive oxygen
species produced during human neutrophil rolling. Eur J Immunol
2019;49:386–97.

[34] Manukyan G, Papajik T, Gajdos P, et al. Neutrophils in chronic
lymphocytic leukemia are permanently activated and have functional
defects. Oncotarget 2017;8:84889–901.

[35] Ameziane El Hassani R, Buffet C, Leboulleux S, et al. Oxidative stress in
thyroid carcinomas: biological and clinical significance. Endocr Relat
Cancer 2019;26:R131–43.

[36] Ugolini C, Basolo F, Proietti A, et al. Lymphocyte and immature dendritic
cell infiltrates in differentiated, poorly differentiated, and undifferentiat-
ed thyroid carcinoma. Thyroid 2007;17:389–93.

[37] Aghajani MJ, Yang T, McCafferty CE, et al. Predictive relevance of
programmed cell death protein 1 and tumor-infiltrating lymphocyte
expression in papillary thyroid cancer. Surgery 2017;163:130–6.

[38] Vasant C, Rajaram R, Ramasami T. Apoptosis of lymphocytes induced
by chromium(VI/V) is through ROS-mediated activation of Src-family
kinases and caspase-3. Free Radic Biol Med 2003;35:1082–100.

[39] Kim BM, Chung HW. Hypoxia/reoxygenation induces apoptosis
through a ROS-mediated caspase-8/Bid/Bax pathway in human
lymphocytes. Biochem Biophys Res Commun 2007;363:745–50.


	Clinical and prognostic value of neutrophil-lymphocyte ratio for patients with thyroid cancer
	1 Introduction
	2 Materials and methods
	2.1 Search strategies
	2.2 Inclusion and exclusion criteria
	2.3 Data extraction
	2.4 Statistical analysis

	3 Results
	3.1 Characteristics of the included studies
	3.2 Association between NLR and prognosis
	3.3 Association between NLR and clinicopathological characteristics
	3.4 Publication bias and sensitivity analyses

	4 Discussion
	5 Conclusion
	Author contributions
	References


