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Background: Lymphocyte to monocyte ratio (LMR), platelet to lymphocyte
ratio (PLR), mean platelet volume (MPV) and fibrinogen (FIB) have been
identified as predictive biomarkers in several malignancies. The aim of this
study was to explore the association between inflammatory index with
clinicopathologic features as well as recurrence risk in intermediate-to high-
risk papillary thyroid carcinoma (PTC).

Methods: Retrospective evaluation of 212 patients diagnosed with
intermediate-to high-risk PTC who underwent surgery at China-Japan Union
Hospital between 2015 and 2016. Logistic regression and receiver operating
curves (ROC) were used to explore possible risk factors.

Results: LMR was predictive of capsular invasion (AUC=0.595, P=0.017), FIB
was predictive of lymph node metastasis (LN) (AUC=0.714, P=0.002), MPV was
predictive of largest LN size >1cm (AUC=0.639, P=0.002), PLR and MPV were
predictive of recurrence (AUC=0.616, P=0.032; AUC=0.626, P=0.020). In
addition, FIB < 2.6 (OR=6.440, 95%Cl:1.777-23.336, P=0.005) and capsular
invasion (OR=3.773, 95%Cl:1.171-12.159, P=0.026) were identified as
independent risk factors for lymph node metastasis by multivariate analysis.
In addition, LN metastasis (P=0.048), largest LN size > 1 cm (P=0.032), MPV >
9.4 (P=0.046), and PLR < 128.1 (P=0.032) were significantly related with
recurrence. Further multivariate regression analysis revealed that PLR < 128.1
was a potentially independent risk factor for recurrence. Specifically, the risk of
recurrence was 2.951 times higher in patients with a PLR < 128.1 compared with
patients with a PLR > 128.1 (OR=2.951, 95% Cl:1.238-7.037, P=0.015).
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Conclusion: In intermediate-to high-risk PTC, LMR, PLR, MPV, and FIB could
predict clinicopathologic features and recurrence, with lower PLR being the
potential risk factors for recurrence.

papillary thyroid carcinoma, inflammation index, clinicopathological characteristics,
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Introduction

More and more studies show that the systemic inflammatory
response has a significant impact on the clinicopathological
features and prognosis of malignancies (1). Tumor-related
inflammatory responses play a crucial role in the formation
and development of tumors., In lung cancer, pancreatic cancer,
breast cancer, and other cancers, common inflammatory indices
have been shown to be safe (2-5), such as neutrophil-to-
lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR),
and lymphocyte-to-monocyte ratio (LMR). Moreover, some
new inflammatory markers, such as platelet volume (MPV)
and fibrinogen (FIB), have been shown not only to represent
the nutritional status of patients but also to assess their prognosis
(6). In general, the above inflammatory indices are practical and
reliable, and they are all obtained from routine hospital
examinations, which does not impose any additional burden
on patients. Therefore, inflammatory index has a good
application prospect as a potential tumor marker.

Thyroid cancer (TC) accounts for almost 3% of all types of
cancers and is the most common endocrine malignant tumor
(7). In recent decades, the incidence of thyroid cancer gradully
increased. It is of vital therapeutic importance to explore the
occurrence and development of thyroid cancer and to find
appropriate and reliable tumor markers to reduce the burden
of the disease. According to the and the 2015 American Thyroid
Association (ATA) guidelines and 2012 Chinese guidelines (8,
9), the clinicopathological features of intermediate-and high-risk
DTC are worse compared with low-risk DTC, and the prognosis
is poorer. Therefore, it is of great importance to search for tumor
markers that can predict the clinicopathological features and
prognosis of intermediate-to high-risk DTC to optimize the
surgical plan and further improve the prognosis of DTC.

In this study, we aim to evaluate the diagnostic value of
various inflammatory indices and to analyze the correlation
between the inflammatory indices and the prognosis of
intermediate-high risk PTC patients, further providing the
basis for individualized and accurate diagnosis and treatment
of intermediate-high risk PTC.

Frontiers in Endocrinology

Eligibility

The inclusion criteria were 1) sequential enrollment and an
initial diagnosis of primary PTC, and 2) patients at intermediate
and high risk of recurrence as determined by histological
examination and imaging.

The exclusion criteria were as followed: patients who had
obtained prior anti-tumor therapy, such as chemotherapy,
radiotherapy, and immunotherapy; patients diagnosed with
other primary cancers, coinfections, or inflammatory disorders
(excluding autoimmune thyroid diseases, such as chronic
lymphocytic thyroiditis); and the absence of relevant
information. Throughout the study period, we enrolled all
patients who met the inclusion criteria. In addition, a follow-
up of clinical characteristics and outcomes was performed. No
interventions wereconducted during treatment.

Patients and data collection
A total of 300 intermediate-high risk PTC patients were
enrolled. Preoperative complete blood count, clinical and

histological data, and follow-up data were available for 212
patients (Figure 1).

Ethics
This study was approved by the Ethic Review Board of

China-Japan Union Hospital(2021081001). Informed consent
was obtained from the participants or their guardians.

PTC diagnosis

All patients provided tumor tissue samples for histological
examination or surgical excision. The diagnosis of PTC was
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made using the guidelines (10). Tumor size was identified as
the largest tumor diameter detected on postoperative
pathologic report.

Measurement of biomarkers

Platelet-to-lymphocyte ratio (PLR) is the ratio of platelets to
lymphocytes, while lymphocyte-to-monocyte ratio (LMR) is the
ratio of lymphocytes to monocytes. Preoperative complete blood
count was used to calculate the above inflammatory indicators.
All the blood examination were completed in the same
laboratory of China-Japan Union Hospital of Jilin University.

Follow-up

By January 31, 2022, follow-up ranged from 7 to 83 months,
with a median of 68 months.

Outcomes Recorded

Patient assessment periods can be divided into one month,
three months, and six months, depending on the different
tumor burden of each patient. If no disease progression or
adverse events occur, routine postoperative examinations are

Patients with thyroid cancer
surgery from 2015 to 2016
(n=300)

Lack of complete
data (n=41)

Patients with complete data
(n=259)

[————— | Lack of follow-up(n=29)

4 N

Patients with complete data
and follow-up (n=230)

(. J

Comp ion was
constrained (n=18)

(" ™
Patients who met inclusion
and exclusion criteria(n=212)
S J

FIGURE 1
Flowchart of enrollment
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performed. Initial follow-up examinations occur every six
months, and if the patient’s condition is relative stable, the
interval is eventually increased to one time per year.

According to the 2015 guidelines from ATA (9), recurrence
was evaluated according to both biochemical incomplete
response and structural incomplete response. Biochemical
incomplete response was identified as: negative imaging and
suppressed Tg > 1 ng/ml or stimulated Tg > 10 ng/ml or rising
anti-Tg antibody levels. Structural incomplete response was
identified as: structural or functional evidence of disease with
any Tg levels with or without anti-Tg antibodies.

Statistical analysis

All the data analysis were conducted upon the SPSS package
version 23.0 (SPSS). All data are expressed as mean, standard
deviation (SD), interquartile range (IQR) and median
accordingly. Categorical variables were compared and by rank
sum test and Fisher’s exact test. The logistic regression models
were applied to explore the risk factors of the prognosis of PTC.
The threshold for statistical significance was set as P < 0.05. The
receiver-operating characteristic curve (ROC curve) is applied to
evaluate the diagnostic capabilities.

Results

Basic characteristic features of
the patients

As illustrated in Table 1, a total of 212 patients were included
in this study, including 57 men (26.9%) and155 women (72.1%),
and a mean age of 39.3 = 9.5 years. Postoperative pathology
confirmed that 109 cases (51.4%) were reported with capsular
invasion. Lymph node metastases were found in 193 (91.0%), of
which 45 (21.2%) had central lymph node metastases and 148
(69.8%) with lateral neck lymph node metastases. 117 cases
(48.5%) were at intermediate risk and 124 cases (51.5%) were at
high risk. After a median follow-up of 68 months, 34 (16%)
patients were observed to have recurrence.

Predictive performance of
inflammatory indices

As expressed in Figure 2, we further evaluated the
predictive performance of each inflammatory index for
capsular invasion, lymph node metastasis (LN), largest LN
size, and recurrence using the ROC curve. The respective AUC
values are shown in Table 2. First, LMR was found to have
significant discriminatory power for predicting capsular
invasion (AUC=0.595, P=0.017). However, PLR, MPV, and
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TABLE 1 Baseline clinicopathological features of PTC patients.

Features N (%)
Total 212
Sex
Female 155 (73.1%)
Male 57 (26.9%)
Age (years) 393 +95
Largest lymph nodes size (cm) 0.5 (0.3-1.2)

Multifocality
No 102 (48.1%)
Yes 110 (51.9%)
Bilateral
No 127 (59.9%)
Yes 85 (40.1%)
T stage
T1+T2 103 (48.6%)
T3+T4 109 (51.4%)
N stage
NO 19 (9%)
Nla 45 (21.2%)
N1b 148 (69.8%)
TNM stage
I+11 210 (99.1%)
MI+IV 2 (0.9%)

Capsule invasion
No
Yes

103 (48.6%)
109 (51.4%)

Features

Hashimoto’s thyroiditis
No
Yes
Recurrence risk
intermediate risk
high risk
Type of operation
Lobectomy thyroidectomy+ CND
Subtotal thyroidectomy+ CND
Subtotal thyroidectomy+ CND+ Ipsilateral LND
Subtotal thyroidectomy+ CND+ Bilateral LND
Total thyroidectomy+ CND
Total thyroidectomy+ CND+ Ipsilateral LND
Total thyroidectomy+ CND+ Bilateral LND

Inflammation index

10.3389/fendo.2022.984157

N (%)

160 (75.5%)
52 (24.5%)

106 (50%)
106 (50%)

5 (2.4%)
2 (0.9%)
3 (1.4%)
2 (0.9%)
42 (19.8%)
119 (56.2%)
39 (18.4%)

LMR 5 (4.1-6.2)

PLR 121.9 (99.3-152.7)

MPV 9 (8.3-9.8)

FIB 2.5(2.3-2.9)
Recurrence

No 178 (84%)

Yes 34 (16%)
Follow up time (months) 68 (7-83)

CND, central neck dissection; LND, lateral neck dissection; LMR, lymphocyte-to-monocyte ratio; PLR, platelet-to-lymphocyte ratio; MPV, average platelet volume; FIB, fibrinogen.

FIB had more modest discriminatory power. The predictive
value of each inflammatory index in LN metastases and the
largest LN size was then assessed, and we discovered that
patients with a lower FIB were more likely to have lymph
node metastases (P=0.002), and when the cut-off value of FIB
was 2.6, the AUC was 0.714, the specificity was 0.895, and the
sensitivity was 0.544. Further analysis showed that the largest
LN size in patients with a higher MPV (AUC=0.639, P=0.002)
was closer to lcm. Finally, we examined how well
inflammatory indices predicted recurrence. We found that
both PLR and MPV were significantly predictive of
recurrence, with AUC values of 0.616 (P=0.032) for PLR and
0.626 (P=0.020) for MPV, respectively. As for PLR, the cut-off
was 128.1, the specificity and sensitivity were 48.3% and 51.7%,
respectively. As for MPV, the cut-off value was 9.4, the
specificity was 61.8% while sensitivity was 63.5%.

Lower FIB and capsular invasion as risk
factors for lymph node metastasis

To further discuss the risk factors for LN metastasis, the
univariate and multivariate regression were applied(Table 3).
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According to univariate analysis, FIB < 2.6 (P=0.001), age < 55
(P=0.036), and capsular invasion (P=0.012) were significantly
associated with lymph node metastasis. Further multivariate
analysis revealed that FIB < 2.6 and capsular invasion were
potentially independent risk factors for lymph node metastasis.
Specifically, the risk of lateral LN metastasis was increased 6.440-
fold in patients with FIB < 2.6 compared with patients with FIB
> 2.6 (OR =6.440, 95% CI: 1.777-23.336, P=0.005). Patients with
capsular invasion had a 3.773-fold higher risk of lateral LN
metastasis than those without capsular invasion (OR =3.773,
95%CI: 1.171-12.159, P=0.026).

Lower PLR was a potential risk factor
for recurrence

Similarly, we analyzed the possible risk factors for recurrence
(Table 4). According to univariate analysis, LN metastases
(P=0.048), largest LN size > lcm (P=0.032), MPV > 9.4
(P=0.046), and PLR < 128.1(P=0.032) were significantly
related with recurrence. The multivariate analysis further
suggested that PLR < 128.1 was a potentially independent risk
factor for recurrence. Specifically, the risk of recurrence was
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2.951 times higher in patients with a PLR < 128.1 than in those
with a PLR > 128.1 (OR =2.951, 95% CI: 1.238-7.037, P=0.015).

Discussion

In the tumor microenvironment, the inflammatory response is
a double-edged sword that contributes to both the progression and
suppression of tumor growth (11). In recent years, inflammatory
index has been identified as a new tumor marker based on host
inflammatory response (12). According to studies, there is a
relationship between inflammatory index, clinicopathological
features as well as prognosis in several cancers, such as pancreatic
cancer, lung cancer, and thyroid cancer (13-15). The incidence of
thyroid cancer is increasing annually, but there are few studies on
the association between thyroid tumors and inflammatory index.
Therefore, this study aims to clarify and evaluate the application
potential of inflammatory index as a PTC tumor marker.
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Compared with other studies, this study is aimed to explore the
association between inflammatory index (LMR, PLR, MPV, and
FIB) and recurrence risk in intermediate-to high-risk PTC.

Several previous studies have suggested the association between
invasion and inflammatory index, however the conclusions
inconsistent (16-18). In this study, LMR was found to be
predictive of capsular invasion for the first time (AUC=0.595,
P=0.017). The exact mechanism is currently unclear. Possible
reasons include: circulating monocytes may develop into tumor-
associated macrophages (TAMs) and myeloid-derived suppressor
cells (MDSCs) (19, 20). They contribute to tumor cell growth,
invasion, and metastasis by accelerating the transformation between
epithelium and stroma, while lymphocytes could promote
cytotoxins production, such as perforin, and the release of various
inflammatory mediators that directly or indirectly play antitumor
roles (21, 22). Therefore, LMR may reflect the state of the host
immune system to some extent and is likely to be a tumor marker in
PTC patients.
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TABLE 2 The summary of area under the ROC curve.

Features AUC
Capsule invasion
LMR 0.595
PLR 0.477
MPV 0.457
FIB 0.456
LN metastasis
LMR 0.478
PLR 0.614
MPV 0.527
FIB 0.714
Largest LN size>1cm
LMR 0.510
PLR 0.488
MPV 0.639
FIB 0.457
Recurrence
LMR 0.514
PLR 0.616
MPV 0.626
FIB 0.467

95% Cl

0.518-0.671
0.399-0.555
0.379-0.535
0.378-0.534

0.346-0.610
0.484-0.745
0.406-0.649
0.617-0.810

0.425-0.595
0.399-0.577
0.550-0.728
0.370-0.545

0.415-0.613
0.519-0.714
0.520-0.733
0.350-0.583

P-value

0.017
0.569
0.279
0.272

0.754
0.100
0.694
0.002

0.826
0.794
0.002
0.345

0.791
0.032
0.020
0.538

Cut-off

4.9

128.1
9.4

LMR, lymphocyte-to-monocyte ratio; PLR, platelet-to-lymphocyte ratio; MPV, average platelet volume; FIB, fibrinogen.

For P <0.05.

TABLE 3 Univariate and multivariate regression analyses of the possible risk factors for LN metastasis.

Features

Age (year)
<55
>55
Sex
female
male
Bilateral
No
Yes
Multifocality
No
Yes
Capsule invasion
No
Yes
Coexisting thyroiditis
No
Yes
Largest tumor size (cm)
<1
>1
FIB
FIB < 2.6
FIB>2.6

Frontiers in Endocrinology

NO

16

17

13

12

15

14

11

16

N1

187

138

55

114
79

90
103

99
94

146
47

81
112

110
83

x* value

6.842

2.842

0.630

1.892

6.333

0.036

0.000

11.799

Cramer’s V

0.180

0.116

0.055

0.094

0.173

0.013

0.001

0.236

06

Univariate p-value

0.036

0.092

0.427

0.169

0.012

0.786

0.991

0.001

10.3389/fendo.2022.984157

sensitivity specificity
0.532 0.631

/ /

/ /

/ /

/ /

/ /

/ /
0.544 0.895

/ /

/ /
0.550 0.692

/ /

/ /
0517 0.483
0.618 0.635

/ /

Multivariate
OR (95%CI) p-value
0.026
1
3.773 (1.171-12.159)
6.440 (1.777-23.336) 0.005

1
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TABLE 4 Univariate and multivariate regression analyses of the possible risk factors for recurrence.

Features No recurrence Recurrence v
group group value
Age (year) 0.169
<55 170 33
>55 8 1
Sex 0.131
female 131 24
male 47 10
Largest tumor size (cm) 0.429
<1 73 16
>1 105 18
Bilateral 0.020
No 107 20
Yes 71 14
Multifocality 0.781
No 88 14
Yes 90 20
Capsule invasion 0.863
No 84 19
Yes 94 15
Coexisting thyroiditis 0.340
No 133 27
Yes 45 7
T stage 0.863
I+ 84 19
IV 94 15
N stage 3.986
NO 19 0
N1 159 34
Largest LN size(cm) 4.593
<1 112 18
>1 44 16
TNM stage 1.729
I+ 177 33
IV 1 1
PLR 7.106
>128.1 92 26
<128.1 86 8
MPV 3.985
>9.4 116 16
<9.4 62 18
Patients often have impaired coagulation and fibrinolysis
systems, and FIB is the highest coagulation factor in plasma.
Therefore, it is worthwhile to investigate the potential of FIB as a
tumor marker in PTC patients. Our study suggests that FIB is
predictive of LN metastases (AUC=0.714, P=0.002), and further
multivariate analysis showed that FIB < 2.6 (OR =6.440, 95%CIL:
1.777-23.336, P=0.005) is an independent risk factor for LN
metastases. Similarly, FIB (23-25)also shows a good application
Frontiers in Endocrinology 07

Cramer’s Univariate Multivariate
A% p-value
OR (95%CI) P-value
0.028 >0.05
0.025 0.717
0.045 0.513
0.010 0.888
0.061 0.377
0.064 0.353
0.040 0.560
0.064 0.353
0.137 0.048
0.155 0.032
0.090 0.296
0.183 0.008
1
2.951 (1.238-7.037) 0.015
0.137 0.046

prospect in other tumors such as breast cancer, renal cancer,
urothelial carcinoma, etc.

In this study, ROC analysis revealed a significant association
between PLR and recurrence, and further multivariate regression
analysis implied that PLR < 128.1 was a possible independent risk
factor for recurrence. Notably, the risk of recurrence was 2.951-fold
higher compared with patients with PLR < 128.1 than that of
patients with PLR > 128.1 (OR =2.951, 95%CI:1.238-7.037,
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P=0.015). This may be due to the fact that platelets may be
increased by the release of numerous inflammatory mediators.
Activated platelets can release platelet-activating factor (PAF),
platelet-derived growth factor (PDGF), and vascular endothelial
growth factor (VEGF), as well as other cytokines, which could
enhance tumor-induced blood vessel development and promote
extracellular matrix degradation, increasing tumor growth and
distant metastasis (26).

However, in recent years, it is reported that platelet volume
is more closely related to platelet activation compared with
platelet number (27). The MPYV, i.e., average platelet volume,
provides information about the average platelet size, which
indicates the platelet generation rate and stimulation (28).
According to a number of studies, larger platelets seems to
have higher metabolic and enzymatic activity than smaller ones
(29). Therefore, more and more attention has been paid to the
critical role of MPV in tumor evaluation. Osada (30) found that
the MPV of gastric cancer patients was higher than that of 20
healthy control subjects. Similarly, we also discovered that
higher MPV was predictive of the largest LN size > lcm
(AUC=0.639, P=0.002).

This study has several limitations. First, this was a
retrospective analysis. Second, though we had excluded
patients with diseases that could affect complete blood count,
there still might be some other possible affective factors
undetectable or predictable. Finally, this study is based on one
single center data, and the sample size might be limited, so it is
necessary to conduct a large-scale prospective study to further
clarify the scope and mechanism.

Conclusion

In summary, our study preliminarily investigated the
potential application of inflammatory indices (LMR, PLR,
MPV, and FIB) in moderate-to high-risk PTC. Specifically,
LMR was predictive of capsular invasion, lower FIB could
predict the possibility of lymph node metastasis, lower MPV
was predictive of largest LN size > 1 cm, and PLR was predictive
of recurrence. Remarkably, the risk of recurrence was higher in
patients with lower PLR (<128.1). This suggests that LMR, PLR,
MPV, and FIB may be possible potential biomarkers for
evaluating the clinicopathologic features as well as prognosis
of intermediate-and high-risk PTC.

Data availability statement

The raw data supporting the conclusions of this article will
be made available by the authors, without undue reservation.

Frontiers in Endocrinology

10.3389/fendo.2022.984157

Ethics statement

The studies involving human participants were reviewed and
approved by the China-Japan Union Hospital Institutional
Review Board. The patients/participants provided their written
informed consent to participate in this study. Written informed
consent was obtained from the individual(s) for the publication
of any potentially identifiable images or data included in
this article.

Author contributions

HS, NL, CL and JL contributed to the study design and
conception. CL, SL, YZ, GL, RD contributed to the data
collection and analysis. All authors proposed many
professional suggestions when data analysis. The first draft of
the manuscript was completed by CL and JL. NL and GD
contributed much effort to manuscript reviewing and editing.
HS was responsible for study supervision. CL and JL contributed
equally to this study and shared first authorship. All authors
approved for the publication of manuscript.

Funding

This study was sponsored by National Nature Science
Foundation of China [81972499]; the Jilin Province Science
and Technology Development Project [20210402011GH;
20210101342JC]; the Project of Jilin Provincial Finance
Department [2020SCZ03; 2021SCZ23]; Jilin University
Bethune Project [2020B14].

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

frontiersin.org


https://doi.org/10.3389/fendo.2022.984157
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Li et al.

References

1. Moore MM, Chua W, Charles KA, Clarke SJ. Inflammation and cancer:
Causes and consequences. Clin Pharmacol Ther (2010) 87(4):504-8. doi: 10.1038/
clpt.2009.254

2. ChenY, Wang W, Zhang X, Yu X, Xi K, Wen Y, et al. Prognostic significance
of combined preoperative platelet-to-Lymphocyte ratio and lymphocyte-to-
Monocyte ratio in patients undergoing surgery with stage ib non-Small-Cell lung
cancer. Cancer Manag Res (2018) 10:5411-22. doi: 10.2147/cmar.s177320

3. Lee BM, Chung SY, Chang JS, Lee K], Seong J. The neutrophil-lymphocyte
ratio and platelet-lymphocyte ratio are prognostic factors in patients with locally
advanced pancreatic cancer treated with chemoradiotherapy. Gut Liver (2018) 12
(3):342-52. doi: 10.5009/gnl17216

4. Ahn J, Song E, Oh HS, Song DE, Kim WG, Kim TY, et al. Low lymphocyte-
to-Monocyte ratios are associated with poor overall survival in anaplastic thyroid
carcinoma patients. Thyroid (2019) 29(6):824-9. doi: 10.1089/thy.2018.0684

5. Moldoveanu D, Pravongviengkham V, Best G, Martinez C, Hijal T,
Meguerditchian AN, et al. Dynamic neutrophil-to-Lymphocyte ratio: A novel
prognosis measure for triple-negative breast cancer. Ann Surg Oncol (2020) 27
(10):4028-34. doi: 10.1245/510434-020-08302-2

6. Li C, Zhang H, Li S, Zhang D, Li J, Dionigi G, et al. Prognostic impact of
inflammatory markers plr, Imr, pdw, mpv in medullary thyroid carcinoma. Front
Endocrinol (Lausanne) (2022) 13:861869. doi: 10.3389/fend0.2022.861869

7. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2018. CA Cancer ] Clin
(2018) 68(1):7-30. doi: 10.3322/caac.21442

8. Ya M. Interpretation of the management guidelines for patients with thyroid
nodules and differentiated thyroid cancer (2012 Chinese edition). Lin Chuang Er Bi
Yan Hou Tou Jing Wai Ke Za Zh (2013) 27(16):917-20.

9. Haugen BR, Alexander EK, Bible KC, Doherty GM, Mandel SJ, Nikiforov YE,
et al. 2015 American thyroid association management guidelines for adult patients
with thyroid nodules and differentiated thyroid cancer: The American thyroid
association guidelines task force on thyroid nodules and differentiated thyroid
cancer. Thyroid (2016) 26(1):1-133. doi: 10.1089/thy.2015.0020

10. Haddad R, Nasr C, Bischoff L, Busaidy NL, Byrd D, Callender G, et al. Nccn
guidelines insights: Thyroid carcinoma, version 2.2018. J Natl Compr Canc Netw
(2018) 16(12):1429-40. doi: 10.6004/jnccn.2018.0089

11. Grivennikov SI, Greten FR, Karin M. Immunity, inflammation, and cancer.
Cell (2010) 140(6):883-99. doi: 10.1016/j.cell.2010.01.025

12. Pages F, Mlecnik B, Marliot F, Bindea G, Ou F-S, Bifulco C, et al.
International validation of the consensus immunoscore for the classification of
colon cancer: A prognostic and accuracy study. Lancet (London England) (2018)
391(10135):2128-39. doi: 10.1016/S0140-6736(18)30789-X

13. Mandaliya H, Jones M, Oldmeadow C, Nordman II. Prognostic biomarkers
in stage iv non-small cell lung cancer (Nsclc): Neutrophil to lymphocyte ratio (Nlr),
lymphocyte to monocyte ratio (Lmr), platelet to lymphocyte ratio (Plr) and
advanced lung cancer inflammation index (Ali). Transl Lung Cancer Res (2019)
8(6):886-94. doi: 10.21037/tlcr.2019.11.16

14. Kim JY, Jung EJ, Kim JM, Lee HS, Kwag SJ, Park JH, et al. Dynamic changes of
neutrophil-to-Lymphocyte ratio and platelet-to-Lymphocyte ratio predicts breast
cancer prognosis. BMC Cancer (2020) 20(1):1206. doi: 10.1186/s12885-020-07700-9

15. Park ], Park ], Shin JH, Oh YL, Jung HA, Chung MK, et al. Prognostic value of
the neutrophil-to-Lymphocyte ratio before and after radiotherapy for anaplastic
thyroid carcinoma. Cancers (Basel) (2021) 13(8):1913. doi: 10.3390/cancers13081913

Frontiers in Endocrinology

09

10.3389/fendo.2022.984157

16. Manatakis DK, Tseleni-Balafouta S, Balalis D, Soulou VN, Korkolis DP,
Sakorafas GH, et al. Association of baseline neutrophil-to-Lymphocyte ratio with
clinicopathological characteristics of papillary thyroid carcinoma. Int J Endocrinol
(2017) 2017:8471235. doi: 10.1155/2017/8471235

17. Liu CL, Lee JJ, Liu TP, Chang YC, Hsu YC, Cheng SP. Blood neutrophil-to-
Lymphocyte ratio correlates with tumor size in patients with differentiated thyroid
cancer. J Surg Oncol (2013) 107(5):493-7. doi: 10.1002/js0.23270

18. Zhang L, Luo H, Wang L, Liu Y, Rui S, Wu Z, et al. Diagnostic and
prognostic value of preoperative systemic inflammatory markers in anaplastic
thyroid cancer. J Surg Oncol (2020) 122(5):897-905. doi: 10.1002/js0.26089

19. Katoh H, Watanabe M. Myeloid-derived suppressor cells and therapeutic
strategies in cancer. Mediators Inflammation (2015) 2015:159269. doi: 10.1155/
2015/159269

20. Marvel D, Gabrilovich DI. Myeloid-derived suppressor cells in the tumor
microenvironment: Expect the unexpected. J Clin Invest (2015) 125(9):3356-64.
doi: 10.1172/jci80005

21. Dunn GP, Old LJ, Schreiber RD. The immunobiology of cancer
immunosurveillance and immunoediting. Immunity (2004) 21(2):137-48.
doi: 10.1016/j.immuni.2004.07.017

22. Ray-Coquard I, Cropet C, Van Glabbeke M, Sebban C, Le Cesne A, Judson I,
et al. Lymphopenia as a prognostic factor for overall survival in advanced
carcinomas, sarcomas, and lymphomas. Cancer Res (2009) 69(13):5383-91.
doi: 10.1158/0008-5472.can-08-3845

23. Krenn-Pilko S, Langsenlehner U, Stojakovic T, Pichler M, Gerger A, Kapp
KS, et al. An elevated preoperative plasma fibrinogen level is associated with poor
disease-specific and overall survival in breast cancer patients. Breast (2015) 24
(5):667-72. doi: 10.1016/j.breast.2015.08.003

24. Tanaka N, Kikuchi E, Matsumoto K, Hayakawa N, Ide H, Miyajima A, et al.
Prognostic value of plasma fibrinogen levels in patients with localized upper tract
urothelial carcinoma. BJU Int (2013) 111(6):857-64. doi: 10.1111/j.1464-
410X.2012.11353.x

25. Obata J, Tanaka N, Mizuno R, Kanao K, Mikami S, Matsumoto K, et al.
Plasma fibrinogen level: An independent prognostic factor for disease-free survival
and cancer-specific survival in patients with localised renal cell carcinoma. BJU Int
(2016) 118(4):598-603. doi: 10.1111/bju.13414

26. Schumacher D, Strilic B, Sivaraj KK, Wettschureck N, Offermanns S.
Platelet-derived nucleotides promote tumor-cell transendothelial migration and
metastasis Via P2y2 receptor. Cancer Cell (2013) 24(1):130-7. doi: 10.1016/
j.ccr.2013.05.008

27. Wen W, Wu P, Li J, Wang H, Sun J, Chen H. Predictive values of the
selected inflammatory index in elderly patients with papillary thyroid cancer. J
Transl Med (2018) 16(1):261. doi: 10.1186/s12967-018-1636-y

28. Threatte GA. Usefulness of the mean platelet volume. Clin Lab Med (1993)
13(4):937-50. doi: 10.1016/S0272-2712(18)30418-9

29. Mangalpally KK, Siqueiros-Garcia A, Vaduganathan M, Dong JF, Kleiman
NS, Guthikonda S. Platelet activation patterns in platelet size Sub-populations:
Differential responses to aspirin in vitro. ] Thromb Thrombolysis (2010) 30(3):251—
62. doi: 10.1007/s11239-010-0489-x

30. Osada J, Rusak M, Kamocki Z, Dabrowska MI, Kedra B. Platelet activation
in patients with advanced gastric cancer. Neoplasma (2010) 57(2):145-50.
doi: 10.4149/neo_2010_02_145

frontiersin.org


https://doi.org/10.1038/clpt.2009.254
https://doi.org/10.1038/clpt.2009.254
https://doi.org/10.2147/cmar.s177320
https://doi.org/10.5009/gnl17216
https://doi.org/10.1089/thy.2018.0684
https://doi.org/10.1245/s10434-020-08302-2
https://doi.org/10.3389/fendo.2022.861869
https://doi.org/10.3322/caac.21442
https://doi.org/10.1089/thy.2015.0020
https://doi.org/10.6004/jnccn.2018.0089
https://doi.org/10.1016/j.cell.2010.01.025
https://doi.org/10.1016/S0140-6736(18)30789-X
https://doi.org/10.21037/tlcr.2019.11.16
https://doi.org/10.1186/s12885-020-07700-9
https://doi.org/10.3390/cancers13081913
https://doi.org/10.1155/2017/8471235
https://doi.org/10.1002/jso.23270
https://doi.org/10.1002/jso.26089
https://doi.org/10.1155/2015/159269
https://doi.org/10.1155/2015/159269
https://doi.org/10.1172/jci80005
https://doi.org/10.1016/j.immuni.2004.07.017
https://doi.org/10.1158/0008-5472.can-08-3845
https://doi.org/10.1016/j.breast.2015.08.003
https://doi.org/10.1111/j.1464-410X.2012.11353.x
https://doi.org/10.1111/j.1464-410X.2012.11353.x
https://doi.org/10.1111/bju.13414
https://doi.org/10.1016/j.ccr.2013.05.008
https://doi.org/10.1016/j.ccr.2013.05.008
https://doi.org/10.1186/s12967-018-1636-y
https://doi.org/10.1016/S0272-2712(18)30418-9
https://doi.org/10.1007/s11239-010-0489-x
https://doi.org/10.4149/neo_2010_02_145
https://doi.org/10.3389/fendo.2022.984157
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Prognostic significance of inflammatory markers LMR, PLR, MPV, FIB in intermediate-and high-risk papillary thyroid carcinoma
	Introduction
	Materials and methods
	Eligibility
	Patients and data collection
	Ethics
	PTC diagnosis
	Measurement of biomarkers
	Follow-up
	Outcomes Recorded
	Statistical analysis

	Results
	Basic characteristic features of the patients
	Predictive performance of inflammatory indices
	Lower FIB and capsular invasion as risk factors for lymph node metastasis
	Lower PLR was a potential risk factor for recurrence 

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


