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Background: The neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio
(PLR), and prognostic nutritional index (PNI) have been reported to be prognostic biomar-
kers in various cancers. Our study evaluated whether the preoperative NLR, PLR and PNI
predicted tumor-node-metastasis (TNM) stage and recurrence in papillary thyroid carcinoma
(PTC) patients.

Methods: A total of 1873 patients with PTC from 9 centers in mainland China were retro-
spectively assessed. Receiver operating characteristic (ROC) curves were generated, and Kaplan-
Meier analyses were performed to evaluate the prognostic value of inflammation-based scores.
Univariate and multivariate analyses were conducted to identify risk factors for recurrence.
Results: A decreased PNI and an increased PLR were predictive of TNM stage (p=0.005
and p=0.030, respectively), while a decreased NLR was predictive of recurrence (p=0.040).
Univariate and multivariate analyses indicated that N1 status (odds ratio (OR), 1.898; 95%
confidence (CI), 1.253-2.874; p=0.002), NLR<1.6 (OR, 1.596; 95% CI,
1.207-2.111; p=0.001) and PNI<53.1 (OR, 1.511; 95% CI, 1.136-2.009; p=0.005) were
independent factors that predicted recurrence.

interval

Conclusion: The NLR, PLR and PNI have predictive value for TNM stage and recurrence
in patients with PTC, but their predictive efficiency is limited. Caution should be used when
considering clinical applications of inflammation-based scores.

Keywords: inflammation-based scores, papillary thyroid carcinoma, lymph node metastasis,

prognosis

Introduction

Papillary thyroid carcinoma (PTC) is the most common subtype of differentiated
thyroid carcinoma (DTC), and its incidence is dramatically increasing worldwide.'-?
Despite the relatively good prognosis, locoregional recurrence (LRR) is common in
PTC patients and occurs in approximately 6.9—18% of patients within the first five
years after initial treatment.>* PTC is also associated with frequent metastases to
locoregional lymph nodes (LNs), as approximately 30—-80% of PTC patients have
LN metastases in postoperative pathology examinations.”® Ultrasonography is the
main method for examining cervical LN metastasis, but its accuracy is affected by
certain factors, such as air in the trachea and inflamed, enlarged LNs caused by
Hashimoto’s thyroiditis (HT) based on the fact that approximately 38—46% of PTC
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patients have concurrent HT.”* Additionally, ultrasonogra-
phy cannot effectively evaluate the invasiveness of pri-
mary lesions, and the agreement between the preoperative
tumor-node-metastasis (TNM) stage and postoperative
pathological diagnosis is unsatisfactory.” Hence, auxiliary
indicators are needed to aid in the diagnosis and to help to
better predict prognosis.

A growing amount of evidence has demonstrated that
systemic inflammation plays an important role in the

pathogenesis
10,11

and progression of many malignant
tumors, and some inflammation-based scores, such as
the neutrophil-to-lymphocyte ratio (NLR), platelet-to-
lymphocyte ratio (PLR), lymphocyte-to-monocyte ratio
(LMR), and prognostic nutritional index (PNI), have
been demonstrated to have prognostic value for various

tumors.'> ' In our previous single-center studies,'>'®

we
determined that certain inflammation-based scores were
significantly associated with the pathologic characteristics
of patients with medullary thyroid carcinoma (MTC).
Although some studies have investigated the relationship

C,'722 most of

between inflammation-based scores and PT
these studies were from a single center and contained only
limited sample sizes and examined few inflammatory fac-
tors, with contradictory results.

Our present study included a large sample of PTC
patients from multiple centers in mainland China to eval-
uate the predictive values of the preoperative inflamma-
tion-based scores (the NLR, PLR and PNI) for tumor
stage, LN metastasis, distant metastasis (TNM stage) and
the prognosis of PTC patients. These results may reveal
the important role of inflammation-based scores in PTC

and may also help to evaluate patient prognosis.

Materials and Methods
Study Subjects

This was a retrospective study, and the data were derived
from the “DTCC study”, a multicenter, prospective study
that was performed to observe the initial management of
patients with DTC in the real world in China. Patients who
were diagnosed with DTC after their first thyroidectomy
were enrolled in the DTCC study and followed up for at
least one year. From October 2014 to July 2016, a total of
2013 DTC patients from 9 institutions were considered
eligible and enrolled in the DTCC study. The trial is regis-
tered at ClinicalTrials.gov (NCT02638077). Based on the
data of the DTCC study, patients older than 18 years who
were scheduled for initial surgical treatment for PTC were

eligible for our study. The exclusion criteria included the
following: the presence of other tumors, a lack of key
clinical data, and patients with clinical evidence of infection
or other inflammatory diseases (except for thyroid autoim-
mune inflammation, such as HT). In addition, since there
were only 15 follicular thyroid carcinoma (FTC) patients, to
maintain the comparability of the participants and to mini-
mize the selection bias, patients with FTC were also
excluded from this study. Ultimately, a total of 1873
patients were included in our study, and the flow diagram
of the study is shown in Figure 1. The study protocol was
approved by the Institutional Review Boards of all enrolled
hospitals, and this study was conducted in accordance with
the Declaration of Helsinki. Written informed consent was
obtained from all participants.

Management of PTC

The management principles for PTC were mainly based on
the 2012 Chinese guidelines™ and the 2015 American
Thyroid Association (ATA) guidelines.** Before surgery,
neck ultrasonography, thyroid function tests (consisting of
at least TSH, FT3, FT4, TgAb and TPOAD), serum cal-
cium and serum parathyroid hormone (PTH) tests were
routinely performed to evaluate the basic thyroid and
parathyroid parameters. A preoperative vocal cord laryn-
goscopy was performed for functional confirmation of
recurrent laryngeal nerve (RLN). All operations were per-
formed by experienced surgeons. Total thyroidectomy was
recommended for PTC patients with PTC >4 c¢cm or with
extrathyroidal extensions or clinical evidence of metastasis
in the lymph node (cN1) or at distant sites (cM1). For
patients without extrathyroidal extensions and who were
cNO, lobectomy was suggested for PTC<1 cm, while both
lobectomy and total thyroidectomy were considered for
PTC>1 c¢cm and <4 cm. Lateral neck dissection was per-
formed only when preoperative fine needle aspiration
(FNA) cytology or intraoperative frozen sections con-
firmed lateral node metastases. During surgery, autotrans-
plantation of the parathyroid gland was performed after
confirming in the frozen sections that the suspicious gland
was inadvertently removed or could not be preserved
in situ. Intraoperative nerve monitoring was recommended
to prognosticate RLN function. All PTC cases were con-
firmed by postoperative paraffin sections, and the post-
operative recurrence risk of patients was assessed
according to the ATA three-tiered clinicopathologic risk
stratification system. Radioactive iodine (RAI) ablation
was performed for patients at a high risk of recurrence,
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Patients enrolled in the DTCC study: n=2016 |

| Violated the program : n=3|

| Patients analyzed in the DTCC study : n=2013 |

| Diagnosed with FTC: n=15]

| Patients who met inclusion criteria: n=1998 |

Computation was constrained: n=75
Lack of all data: n=3
Lack of data on the NLR, PLR and PNI : n=47

| Analyzed: n=1873 |

Figure | Flow diagram of the patients analyzed in the current study.

whereas RAI ablation was considered for patients at an
intermediate risk of recurrence according to the clinico-
pathologic characteristics.

Follow-Up Program

The follow-up program was mainly based on the 2015
ATA guidelines.**
instructed and trained for the follow-up process at

Professional staff members were

every institution, and the follow-up information was
recorded in case report form. Generally, the first follow-
up time was one month after the operation. Then, the
subsequent visits were conducted at 3 months, 6 months,
and 12 months in the first year and annually thereafter.
When disease progression or adverse events occurred,
the patient’s condition was assessed in a timely manner.
At each follow-up time point, patients came to the out-
patient unit for a postoperative evaluation. A thyroid
function test consisting of TSH, FT3 and FT4 was
routinely performed to guide TSH inhibitory dispensing,
while Tg and TgAb were used together with neck ultra-
sonography to assess postoperative recurrence following
a total thyroidectomy. Computed tomography (CT)/mag-
netic resonance imaging (MRI), fluorodeoxyglucose
positron emission tomography (FDG-PET) scans or
FNA was performed if necessary. In addition, serum
calcium, PTH and bone density scans (if applicable)

were performed to determine parathyroid function.
Moreover, wound healing was evaluated 30 days after
the hospital stay.

Data Collection

Generally, peripheral blood samples were routinely obtained
within one week before the operation. The NLR, PLR and
PNI were calculated from the results of routine preoperative

blood tests as previously described:*> 2’

neutrophil count platelet count

NLR =

lymphocyte count’ - lymphocyte count

PNI = 10 x albumin value (g/dL) + 0.005
x lymphocyte count

The following data were collected after the eligible
patients signed an informed consent form: patient number
allocation; demography; medical history; preoperative
records; surgical records (extent of thyroidectomy, extent
of LN dissection, intraoperative and postoperative pathol-
ogy); and postoperative evaluation records (including clin-
ical stage, recurrence risk stratification, etc.). During the
observation period, the following data were collected: 1311
therapy records (if applicable); reoperation records (if
applicable); TSH suppression therapy records; reexamina-

tion records (if applicable); and survival status.
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Recurrence was defined as both a biochemical incom-
plete response (negative imaging and suppressed Tg>1 ng/
mL or stimulated Tg>10 ng/mL or rising anti-Tg antibody
levels) and a structural incomplete response (structural or
functional evidence of disease with any Tg level with or
without anti-Tg antibodies), which was diagnosed accord-
ing t02015 ATA guidelines.”* TNM stage was determined
based on the 8th edition of the American Joint Committee
on Cancer TNM staging system.

Statistical Analysis

Continuous and categorical variables are expressed as the
mean + standard deviation and numbers (percentages),
respectively. A Student’s #-test and the chi-squared test
were used as appropriate. Receiver operating characteristic
(ROC) curve analysis was performed to evaluate the prog-
nostic values of inflammation-based scores. The optimal cut-
off points were calculated, and the area under the ROC curve
(AUC) with the 95% confidence interval (CI) was compared.
Logistic regression was used for multivariate analysis.
Recurrence-free survival (RFS) curves were plotted using
the Kaplan-Meier method, and the Log rank test was per-
formed to analyze the differences between curves. SPSS
software (SPSS 20; SPSS, Inc., Chicago, IL, USA) was
used for statistical analysis, and p<0.05 was considered sta-
tistically significant.

Results
Baseline Clinical and Pathologic

Characteristics

The baseline clinical and pathologic characteristics of all
patients are listed in Table 1. A total of 1873 patients, which
included 522 (27.9%) males and 1351 (72.1%) females, were
enrolled in this study. The median age at surgery was 41.9
+11.4 years. Advanced T stages (T3 or T4) occurred in 493
(26.3%) patients. LN metastasis was found in 1508 (80.5%)
patients. Among these patients, 650 (34.7%) patients had
lateral LN metastasis, and 858 (45.8%) patients had only
central LN metastasis. At baseline, the median NLR, PLR,
and PNI values were 2.1+1.4, 126.9+53.5, and 55.1+7.4,
respectively. The mean follow-up period was 12.2+3.8 months,
and tumor recurrence occurred in 241 (12.9%) patients.

ROC Curves of the Inflammation-Based

Scores
ROC curve analyses were performed to predict advanced
T stage (T3 or T4), LN metastasis, distant metastasis and

Table | Baseline Characteristics of Patients

Patient Characteristic n/Mean * SD
Number 1873

Age at surgery (mean * SD, years) 419114
Gender (male/female) 522/1351
BMI(kg/m?) 237 £36
Family PTC history, n (%) 33(1.8%)
Neck radiology history, n (%) 21(1.1%)
Largest tumor size (mean * SD, cm) 1.5+ 1.1
Number of tumors 1.6 + 1.0
Multifocality, n (%) 711 (38.0%)
Bilaterality, n (%) 542 (28.9%)
Resection extent (TT/LT) 1526/347

T stage, n (%) 493 (26.3%)

Tl 1152 (61.5%)
T2 228 (12.2%)
T3 292 (15.6%)
T4 201 (10.7%)
pNI, n (%) 1508 (80.5%)
pNla, n (%) 858 (45.8%)
pNIb, n (%) 650 (34.7%)
Distant metastasis, n (%) 8 (0.4%)
RAI (yes/no) 989/884
Follow-up duration (m) 12.2+3.8
Baseline NLR 2,114
Baseline PLR 126.9+53.5
Baseline PNI 55.1+7.4

Abbreviations: BMI|, body mass index; TT, total thyroidectomy; LT, lobectomy;
RAI, radioiodine ablation; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-
lymphocyte ratio; PNI, prognosticnutritional index.

recurrence (Figure 2), and the AUC measurements are
listed in Table 2. The AUC of the PNI for predicting
advanced T stage (T3/T4) was 0.542 (95% CI, 0.512—
0.572; p=0.006), and the optimal cutoff level was 54.1,
with a sensitivity of 50.1% and a specificity of 59.9%.
However, the NLR and PLR showed relatively low dis-
criminative power.

ROC analyses were also performed for total LN metas-
tasis, central LN metastasis and lateral LN metastasis. As
shown in Figure 2B and C, all three scores (the NLR, PLR
and PNI) showed relatively low discriminative power for
both total and central LN metastasis, and similar results
were found in the ROC analysis of distant metastasis
(Figure 2E). However, when lateral LN metastasis was
considered the endpoint (Figure 2D), the PLR was found
to have significant discriminative power, with an AUC
measurement of 0.530 (p=0.030), and the sensitivity and
specificity were the highest when the PLR value was
136.5.
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Figure 2 ROC curves for the preoperative NLR, PLR and PNI to predict (A) advanced tumor stage, (B) LN metastasis, (C) central LN metastasis, (D) lateral LN metastasis,
(E) distant metastasis, and (F) recurrence in PTC patients. In the combined cohort, the PNI was predictive of advanced T stage (0.006), the PLR was predictive of lateral LN
metastasis (p=0.030), and the NLR was significantly associated with recurrence (p=0.040).

When
(Figure 2F), the NLR showed good performance, with an
AUC of 0.541 (95% CI, 0.500-0.582;p=0.040). The best
cutoff NLR value was 1.6, and the sensitivity and specifi-

recurrence was considered an endpoint

city were 46.9% and 63.4%, respectively. Then, patients
were subclassified into two groups: the high NLR group,
with an NLR>1.6 (n=1162, 62.0%), and the low NLR
group, with an NLR<1.6 (n=711, 38.0%). Patients were
also classified into two groups based on the optimal cutoff
points for the PLR and PNI.

Correlation Between the NLR and

Recurrence in PTC Patients

During the follow-up period, a higher recurrence rate was
found in the NLR-low group (n=113, 15.9%) than in the
NLR-high group (n=128, 10.8%). As shown in Figure 3,
the Kaplan-Meier analysis revealed that the RFS curve
was significantly different based on the NLR value
(»=0.018).

Univariate and Multivariate Analyses of

the Risk Factors for Recurrence

To further study the risk factors for recurrence, univariate
and multivariate analyses were performed. The univariate
analysis showed that a large tumor size (p=0.025), LN
metastasis (N1, p=0.001), the NLR (p=0.002) and PNI
(»=0.028) were
(Table 3). In multivariate analysis, we found that N1 pre-
sence (odds ratio (OR), 1.898; 95% CI, 1.253-2.874;
p=0.002), NLR<1.6 (OR, 1.596; 95% CI, 1.207-2.111;
p=0.001) and PNI<53.1 (OR, 1.511; 95% CI, 1.136-2.009;

p=0.005) were independent factors that were predictive of

significantly associated with RFS

recurrence.

Discussion

It is well known that systemic inflammation, regardless of
tumor suppression or neoplasia, plays an important role in
the tumor micro environment.”® Previous studies have

explored the relationship between inflammation-based
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Table 2 Area Under the ROC Curve

Prognostic Factor AUC 95% CI p-value
Advanced tumor stage

NLR 0.501 0.471-0.531 0.931

PLR 0515 0.485-0.545 0.309

PNI 0.542 0.512-0.572 0.006
Total LN metastasis

NLR 0.520 0.488-0.552 0.234

PLR 0.505 0.471-0.539 0.774

PNI 0.520 0.488-0.552 0.227
Central LN metastasis

NLR 0516 0.481-0.551 0.377

PLR 0.509 0.473-0.544 0.621

PNI 0519 0.484-0.554 0.287
Lateral LN metastasis

NLR 0.501 0.473-0.529 0.956

PLR 0.530 0.503-0.557 0.030

PNI 0.508 0.480-0.535 0.575
Distant metastasis

NLR 0.544 0.292-0.796 0.670

PLR 0.605 0.447-0.764 0.303

PNI 0.638 0.527-0.748 0.179
Recurrence

NLR 0.541 0.500-0.582 0.040

PLR 0517 0.477-0.557 0.401

PNI 0.520 0.480-0.560 0314

Abbreviations: NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte
ratio; PNI, prognosticnutritional index; LN, lymph node.

scores and MTC and anaplastic thyroid cancer (ATC),
which may help to guide treatment and to evaluate
prognosis.'*'®%° However, there are few reports on PTC,
and the results are contradictory. In the present study, we
assessed the value of the preoperative NLR, PLR and PNI
as predictive biomarkers of TNM stage and recurrence in
PTC patients based on data from a large clinical sample
from 9 centers in mainland China. Our study demonstrated
that the PNI was predictive of advanced T stage, the PLR
was predictive of lateral LN metastasis, and the NLR was
significantly associated with recurrence. Moreover, an N1
status, NLR<1.6 and PNI <53.1 were independent factors
that predicted recurrence.

Previous studies have evaluated the relationship between
preoperative inflammation-based scores and tumor size in
patients with PTC, but the results have been contradictory.
Y. Ceylan’s study™® reported that a high preoperative NLR
was associated with a large tumor size; similar results were

also found in other studies.'”'>** However, in SM Kim’s

study,'® a large tumor size was correlated with a high PLR
instead of a high NLR, although that study included only
female patients. In the present study, considering that even
papillary thyroid microcarcinoma (PTMC) might sometimes
be associated with extrathyroid invasion and a poor

‘3
prognosis,'

we used the T stage to evaluate primary lesions.
Interestingly, our study found that advanced T stage was not
associated with the NLR or PLR but was associated with
a lower PNI (<54.1). An increasing amount of evidence
indicates that a lower PNI can predict a poor prognosis in
a variety of malignancies, such as prostate cancer,’> lung
cancer” and breast cancer.®* Serum albumin is an indicator
that reflects the nutritional status of patients.*> Lymphocytes,
as the smallest white blood cells, play an important role in
antitumor effects.>® Lymphopenia is indicative of decreased
antitumor immunity, which may lead to increased invasive-
ness and a poor prognosis.”’ Taken together, our results
suggest that a lower PNI (<54.1) may be a valuable predictor
of advanced T stage.

Several studies have indicated that a high PLR was
associated with poor outcomes in various types of

1516 e found that

cancer.>®**° In our previous study,
a high PLR value was significantly associated with lateral
LN metastasis in patients with MTC. Further study for
the relationship between inflammation-based scores and
different MTC genotypes is worth trying based on the
results of Accardo G’s review showing that different
genotypes of MTC were associated with different
prognoses.*® A similar result was found in this study
that a PLR>136.5 was a prognostic factor for lateral LN
metastasis in PTC patients. The exact mechanisms under-
lying the association between an elevated PLR and the
biological behavior of cancer cells remain unclear. One
hypothesis suggests that this phenomenon may be a result
of the release of inflammatory mediators, such as IL-1,
IL-2, and IL-6.*'

Recurrence was one of the most important endpoints
that were examined in this study. During the 12.2
+3.8-month follow-up period, a high recurrence rate was
observed, and the NLR was significantly associated with
recurrence. Logistic regression analysis revealed that an
N1 status, NLR<1.6 and PNI<53.1 were independent fac-
tors that predicted RFS. LN metastasis had significant
prognostic value for predicting the risk of PTC recurrence,
which was confirmed in our previous study.** As reported
in previous studies that focused on PTC,"”?' our study
also found a lower cutoff value (1.6) than that of other
cancers, in which a range of cutoff values from 4 to 5 were
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Figure 3 Predictive RFS in different NLR subgroups.Patients in the NLR-low group showed a higher recurrence rate (n=113, 15.9%) than those in the NLR-high group

(n=128, 10.8%). The difference between the two groups was significant (p=0.018).

defined.**™* This phenomenon could be explained by the
relatively indolent nature of DTC. In our study, the median
NLR was 2.1£1.4, and most patients had an NLR below 5.
However, unlike most previous studies, which reported
that a high NLR was significantly associated with recur-
rence, our study found that an NLR<1.6 was an indepen-
dent factor that predicted RFS, with relatively low
specificity and sensitivity.

The exact mechanisms driving the association between
the NLR and the biological behaviors of cancer are not
clearly understood. A high NLR was a result of an
increased neutrophil count relative to the lymphocyte
count. As mentioned above, a decreased number of lym-
phocytes might imply a reduction in the antineoplastic
capacity.’” D. Bausch’s studies*® revealed that neutrophils
could promote the production of vascular endothelial
growth factor (VEGF) and inhibit the secretion of tumor
necrosis factor-a (TNF-a), thereby facilitating tumor pro-
gression and angiogenesis. It has also been hypothesized
that neutrophils can influence tumors by mediating the
secretion of inflammatory cytokines, such as IL-6, IL-8
and monocyte chemotactic protein-1, which might be
linked to tumor development.*” ZY Chen’s study®® inves-
tigated the relationship between the NLR and circulating
cytokines in colorectal cancer, but the link between

neutrophils and cytokines was still not established. The
contradictory results found in our study may be explained
by the fact that the relationship between inflammation and
PTC is relatively weak based on the fact that the median
NLR value was significantly lower than that in most other
4345 and the OR value of the NLR for recurrence
was relatively low (1.596). In addition, the disappointing
values of the specificity (46.9%) and sensitivity (63.4%) of
the NLR further confirm this hypothesis. Our results sug-

tumors,

gest that a high NLR is not necessarily associated with
a poor prognosis, at least in patients with PTC.

There were several limitations to our study. First, our
study included only three preoperative inflammation-
based scores (the NLR, PLR and PNI) because the
“DTCC study” collected only this information. Second,
our follow-up period was too short to assess the prog-
nostic effect of inflammation-based scores, since PTCs
have an excellent prognosis. However, we will continue
to update the results based on follow-up information.
Finally, although our study detected the association of
preoperative inflammation-based scores with TNM stage
and PTC patient prognosis, the association and clinical
significance were limited. Therefore, further study of the
effect of
necessary.

inflammation-based scores on tumors is
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Table 3 Univariate and Multivariate Analyses of the Risk Factors for Recurrence

Clinicopathological Feature Recurrence Group Control Group Univariate Multivariate
(n=241) (n=1632) p-value OR(95% Cl) p-value

Age, y (£55/>55) 214/27 1443/189 0.864

Gender (male/female) 79/162 443/1289 0.069

BMI, kg/m? (<25/>25) 173/68 1126/506 0.381

Family history (Yes/No) 3/238 30/1602 0.695

Neck radiology history (Yes/No) 3/238 18/1614 0.999

Largest tumor size, cm (>1/<l) 138/103 808/824 0.025 1.293 (0.981-1.704) | 0.068
Multifocality (Yes/No) 91/150 620/1012 0.945

Bilaterality (Yes/No) 73/168 469/1163 0.620

Resection extent (TT/LT) 193/48 1333/299 0.552

RAI (yes/no) 136/105 853/779 0.227

T stage (I+1I/11+1V) 175/66 1205/427 0.688

N stage (N1/NO) 213/28 1295/337 0.001 1.898 (1.253-2.874) | 0.002
NLR (£1.6/>1.6) 113/128 598/1034 0.002 1.596 (1.207-2.111) | 0.001
PLR (=I11.8/>111.8) 118/123 726/906 0.192

PNI (=53.1/>53.1) 97/144 540/1092 0.028 I.511 (1.136-2.009) | 0.005

Abbreviations: BMI, body mass index; TT, total thyroidectomy; LT, lobectomy; RAI, radioiodine ablation; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte

ratio; PNI, prognosticnutritional index.

Conclusions

In summary, our present study found that the NLR, PLR
and PNI were correlated with tumor invasiveness, lateral
LN metastasis and recurrence in patients with PTC, but
their predictive efficiency was limited. The clinical appli-
cation of inflammation-based scores should be considered
with caution.

Abbreviations

ATA, American Thyroid Association; AUC, area under the
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LMR, lymphocyte-to-monocyte ratio; LN, lymph node;
LRR, locoregional recurrence; MTC, medullary thyroid
carcinoma; NLR, neutrophil-to-lymphocyte ratio; PLR,
platelet-to-lymphocyte ratio; PNI, prognostic nutritional
index; PTC, papillary thyroid carcinoma; PTH, parathyr-
oid hormone; PTMC, papillary thyroid microcarcinoma;
RFS, recurrence-free survival; RLN, recurrent laryngeal
nerve; ROC, receiver operating characteristic; TNF-a,
tumor necrosis factor-o; TNM, tumor-node-metastasis;
VEGF, vascular endothelial growth factor.
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