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Background: Hashimoto’s thyroiditis (HT) is the most prevalent inflammatory disorder of the
thyroid gland. Current studies have reported the coexistence rate between HT and papillary
thyroid carcinoma (PTC) is quite high. The objective of this study was to evaluate the impact of
HT on the predictive factors of central compartment lymph node metastasis (CLNM) in PTC.

Methods: A retrospective investigation was performed on PTC patients. They were
subclassified into HT and non-HT groups. The results of preoperative neck ultrasound (US)
examinations were reviewed. The clinical characteristics and the predictive value for CLNM
were explored and compared between the two groups.

Results: A total of 756 patients were included in this study. There were more female patients
(86.1%) in the PTC coexistent with the HT group than non-HT group. The patients with HT
group had higher preoperative serum level of TSH. There was statistically significant difference
between the HT patients and non-HT patients in nodular vascularization. Univariate and
multivariate analyses showed that male, age ≤45 years old, tumor diameter >1 cm, and
presence of suspicious central compartment lymph node on US, irregular nodular shape,
multifocal carcinoma were independent predictive factors of CLNM in PTC patients. It was
showed that male, age ≤45 years old, tumor diameter >1 cm, multifocality, and presence of
suspiciouscentral lymphnodeonUSwere risk factors forCLNMinnon-HTpatients.Only tumor
diameter >1 cm and presence of suspicious central lymph node on US were independently
correlated with CLNM in HT patients. The sensitivity of themultivariate model was 63.5%, and
specificity was 88.9% for prediction CLNM in HT patients. For non-HT patients, the AUC was
80.6%, the sensitivity of the multivariate model was 64.5%, and specificity was 85.2%

Conclusion: PTC combined with HT is more common in women, and TSH level in HT group
is higher than that in patients with PTC alone. Regardless of that HT is not a related risk factor
of CLNM in PTC, our result suggested that different predictive systems should be used for HT
and non-HT patients respectively to have a more accurate evaluation of CLNM in clinic.

Keywords: papillary thyroid carcinoma, Hashimoto’s thyroiditis, central compartment lymph node metastasis,
multivariate analysis, receiver operating characteristic analysis
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INTRODUCTION

Hashimoto’s thyroiditis (HT), also known as chronic
lymphocytic thyroiditis, is the most prevalent inflammatory
disorder of the thyroid gland, with an incidence of 0.3%–5.1%
(1, 2). Thyroid cancer is the most common malignant tumor of
the endocrine system, and its incidence rate is rapidly increasing
with an annual growth rate of 4.5%–6.6% (3). The papillary
thyroid carcinoma (PTC) accounts for 80%–90% of all thyroid
malignant tumors (3, 4).

Since Dailey et al. (5) proposed the association between HT and
PTC in 1952, many etiological and epidemiological studies have
focused on the relationship between the two diseases. Notably,
current studies have reported that the average coexistence rate
betweenHTandPTC is quite high, approximately 23% (range from
10% to 58%) (6). Several previous reports have shown that PTC
coexistent with HT is associated with a better prognosis (7–10).
However, this conclusion has not been confirmed in some other
studies, and the pathogenesis of the coexistence of PTC and HT
remains controversial (11, 12).

PTC is usually considered as an indolent tumor andmostly has a
good prognosis. However, it is prone to lymph node metastasis,
especially central compartment lymphnodemetastasis (CLNM). In
addition, there is still a significant controversy regarding routine
prophylactic central compartment lymph node dissection in cN0
PTC patients because of the potential high incidence of
postoperative complications and uncertainty of improved
prognosis (13, 14). At present, neck ultrasound (US) is the most
valuable method for preoperative evaluation of lymph node status
(15–17). However, the sensitivity of US for predicting CLNM in
PTC is only 23%–30.0% (15, 18).

Recurrent laryngeal nerve (RLN) injury is one of the most
common causes of litigation after thyroidectomy (19). RLN
paralysis after lymph node dissection can be unilateral or
bilateral. It can result in a group of voice symptoms such as
breathiness due to air leakage, hoarseness, and vocal fatigue
leading to using short sentences in unilateral paralysis of RLN
(20). Pereira found that voice changes after thyroidectomy with
intact voice nerves were present in 28% of the involved patients
(21). Several studies have shown that voice changes after lymph
node dissection have a negative impact on life (20). Accurate
preoperative evaluation of CLNM is particularly crucial for
determining the appropriate scope of lymph node dissection.
However, there are few studies on the effects of coexisting HT
with PTC on the characteristics of lymph node metastasis in the
central region. In this study, PTC patients were subclassified into
HT and non-HT groups. The clinical characteristics and the
predictive value for CLNM were explored and compared
between the two groups.
MATERIALS AND METHODS

Aretrospective investigationwasperformedonPTCpatients atThe
First Affiliated Hospital of Xi’an Jiaotong University from January
2014 to May 2017. The study was approved by the institutional
review board. All of the PTC patients had received initial
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thyroidectomy with at least one side central neck dissection
(CND). Those who did not receive CND were excluded from this
study. Patients who had received preoperative I131 ablation or prior
head and neck oncological surgery were excluded from our study.
Thosewho had undergoneTSH suppression therapy or antithyroid
therapy before surgery were also excluded (22). A total of 756
patients were included in this study. The mean age was 42 years
(range, 9–84years). Patientswere staged according to theAmerican
JointCommitteeonCancer (AJCC)8th editionof the tumor–node–
metastasis (TNM) staging standard for thyroid cancer (23).HTwas
defined as the presence of diffuse lymphoplasmacytic infiltration,
germinal centers, and enlarged epithelial cells with large nuclei and
eosinophilic cytoplasm (24). Coexistence of HT with PTC was
confirmed by the postoperative pathological examination in 130
(17.20%)patients.CLNMwashistologically proven in60.19%(455/
756) patients. Patients were divided into HT group (n = 130) and
non-HT group (n = 626). The clinical features of PTC were
compared between the two groups.

The measurements of preoperative serum thyroid function and
thyroid relative autoantibodies were done by radioimmunoassay.
The results of preoperative neck US examinations were reviewed.
The ultrasonographic characteristics of the suspicious thyroid
nodules, including size, number (multifocal/unifocal), location
(bilateral/unilateral), shape (regular/irregular), border (clear/
obscure), echogenicity (hypoechoic/hyperechoic or isoechoic),
calcification (non-calcification/microcalcification/coarse
calcification), and degree of vascularization (none/low/middle/
high), were recorded. Thyroid nodules that were diagnosed TI-
RADS fourth or fifth grade by radiologists were defined as
suspicious thyroid nodules in this study. The diameter of the
largest suspicious thyroid nodule was used as tumor size for
analysis. Lymph node showing one or more suspicious features
(focal or diffuse hyperechogenicity, presence of internal
calcification, cystic change, round shape, or chaotic vascularity)
on US was regarded as clinical pathologic lymph nodes (22).

SPSS statistical software version 22.0 (SPSS Inc, Chicago, IL)
was used to analyze the data. p < 0.05 was considered statistically
significant. Differences in single variables were tested with the
chi-square test or unpaired non-parametric test (Mann–Whitney
U-test). Multivariate analysis using logistic regression analysis
was performed on the variables that showed p < 0.1 in univariate
analysis. Predictive value of those factors was measured using the
area under the receiver operating characteristic (ROC) curve.
RESULTS

Basic Clinical Features of HT Group and
Non-HT Group
There were more female patients (86.1%) in the PTC coexistent
with the HT group than non-HT group (p < 0.001). Compared
with non-HT group, the patients with HT group had higher
preoperative serum level of TSH (p < 0.05). There was
statistically significant difference between the HT patients and
non-HT patients in nodular vascularization (p = 0.022). There
were no statistically significant differences between the two
groups in age, preoperative T4 level, T3 level, nodular size,
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number, location, nodular shape, border, internal echo, and
calcification, and the presence of suspicious central
compartment lymph node (CLN) on US (p > 0.05). There was
no difference in the CLNM rate between the HT and non-HT
groups. During lymphadenectomy, 0–41 lymph nodes were
removed in the central compartment region. The number of
lymph node dissections in the central compartment region of
PTC coexistent with the HT group was more than those in the
PTC group (p < 0.001; Table 1). However, the number of
metastatic lymph nodes in the central compartment region was
fewer in the HT group (p = 0.02; Table 1). There were more
patients with stage I (94.6%) in HT group than in non-HT group
(p < 0.001; Table 1).

Sonographic Characteristics of Suspicious
Lymph Node
A total of 175 patients were regarded as clinical pathological
lymph nodes (cN1) in this study. There were 152 patients with
round shape (86.8%), 76 with internal calcification (43.4%), 64
with focal or diffuse hyperechogenicity (36.6%), 21 with cystic
Frontiers in Endocrinology | www.frontiersin.org 3
change (12%), and 14 with chaotic vascularity (8%). There were
23 patients with HT in the cN1 group. Seventeen of the 23
(73.9%) patients were round shape on US. There were no
statistically significant differences between the two groups in
focal or diffuse hyperechogenicity, presence of internal
calcification, cystic change, round shape, and chaotic
vascularity on US (p > 0.05; Table 2).

Predictive Risk Factors of CLNM
in PTC Patients
Univariate analysis showed that age, gender, preoperative T4
level, T3 level, nodular size, number, location, nodular shape,
border, calcification, presence of suspicious CLN on US, and the
number of lymph node dissections in the central compartment
region were all correlated with CLNM (p < 0.05; Table 3). Then,
multivariate analysis was used to detect the risk factors of CLNM
in PTC patients. It was showed that male, age ≤45 years old,
tumor diameter >1 cm, and presence of suspicious CLN on US,
irregular nodular shape, and multifocal carcinoma were all risk
factors for CLNM in PTC patients (Table 4).
TABLE 1 | Clinicopathological characteristic of HT and non-HT PTC patients.

HT (n = 130) Non-HT (n = 626) p

Age at diagnosis, M (P25; P75) 40 (31; 48) 43 (33; 51) 0.107
Age (≤45 y/>45 y) 85/45

65.4%/34.6%
369/257

58.9%/41.1%
0.137

Gender (male/female) 18/112
13.8%/86.2%

181/445
28.9%/71.1%

<0.001

TSH, mIU/ml, M (P25; P75) 2.42 (1.44; 3.97) 1.96 (1.24; 3.02) 0.013
T4, mg/dl, M (P25; P75) 15.4 (12.7; 17.1) 15.6 (13.7; 17.5) 0.309
T3, ng/ml, M (P25; P75) 5.27 (4.49; 6.01) 5.38 (4.67; 6.07) 0.328
Ultrasonographic characteristics of suspicious nodules
Tumor size (≤1 cm/>1 cm) 39/91

30%/70%
151/475

24.1%/75.9%
0.151

Unilateral/bilateral 86/44
66.1%/33.9%

451/175
72%/28%

0.178

Unifocal/multifocal 72/58
55.3%/44.7%

358/268
57.2%/42.8%

0.705

Border (clear/obscure) 66/64
50.7%/49.3%

312/314
49.8%/50.2%

0.847

Margin (regular/irregular) 60/70
46.1%/53.9%

253/373
40.4%/59.6%

0.227

Non-/micro-/coarse calcification 26/92/12
20%/70.7%/9.3%

116/442/88
18.5%/70.6%/10.9%

0.333

Hypoechoic/hyper- or isoechoic 121/9
93.1%/6.9%

605/21
96.6%/3.4%

0.058

Vascularization, none/low/middle/high 49/36/31/14
37.7%/27.7%/23.8%/10.8%

173/188/166/99
27.6%/30%/26.5%15.9%

0.022

Absence/presence of suspicious CLN on ultrasonography 107/23
82.3%/17.7%

474/152
75.7%/24.3%

0.105

CLNM
CLNM, presence/absence 70/60

53.8%/46.2%
385/241

61.5%/38.5%
0.105

Number of removed CLNs, M(P25; P75) 9 (6; 13) 5 (3; 9) <0.001
Number of metastatic CLNS, M (P25; P75) 1 (0; 3) 1 (0; 4) 0.02
TNM staging <0.001
Stage I 123 (94.6%) 578 (92.3%)
Stage II 5 (3.9%) 40 (6.4%)
Stage III 2 (1.5%) 8 (1.3%)
Stage IV 0 (0) 0 (0)
November 2021 | Volume 12 | Article
CLNM, central lymph node metastases; CLN, central lymph node; PTC, papillary thyroid cancer; M, median value.
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ROC analysis was performed to predict CLNM in PTC
patients. The area under the curve (AUC) was 80.6%
(Figure 1). A cutoff point for the prediction of CLNM was
defined as a value 65% for PTC patients. The sensitivity of the
multivariate model was 61%, and specificity was 86% for
prediction CLNM in PTC patients (Figure 1).

Predictive Risk Factors of CLNM in HT
Patients and Non-HT Patients
Patients were divided into HT group and non-HT group. In
univariate analysis, age (p = 0.021), gender (p = 0.028), T3 (p =
0.022), nodular size (p = 0.002), nodular number (p = 0.041), and
Frontiers in Endocrinology | www.frontiersin.org 4
presence of suspicious central cervical lymph node on US
(P<0.001) were all correlated with CLNM in HT patients. In
non-HT patients, age (p < 0.001), gender (p < 0.001), T4 (p =
0.035), nodular size (p < 0.001), nodular number (p = 0.004),
nodular shape (p = 0.003), calcification (p < 0.001) and presence
of suspicious central cervical lymph node on US (p < 0.001) were
significantly associated with CLNM (Table 5).

Next, we investigated the risk factors associated with CLNM
in HT patients and non-HT patients. It was showed that male,
age ≤45 years old, tumor diameter >1 cm, multifocality, and
presence of suspicious CLN on US were all risk factors for CLNM
in non-HT patients (Table 6). However, only tumor diameter >1
TABLE 2 | Sonographic characteristics of suspicious lymph node.

HT (23) Non-HT (152) p

Round shape (yes/no) 17/6
73.9%/26.1%

135/17
88.8%/11.2%

0.101

Internal calcification (yes/no) 13/10
56.5%/43.5%

63/89
41.4%/58.6%

0.174

Cystic change (yes/no) 3/20
13%/87%

18/134
11.8%/88.2%

1.000

Hyperechogenicity (yes/no) 7/16
30.4%/69.6%

57/95
37.5%/62.5%

0.512

Chaotic vascularity (yes/no) 2/21
8.7%/91.3%

12/140
7.9%/92.1%

1.000
November 2021 | Volume 12 | Article 7
TABLE 3 | Univariate analysis of the correlation between clinical factors of the primary tumor and rate of CLNM in PTC patients.

CLNM (n = 455) NCLNM (n = 301) p

Age at diagnosis, M(P25; P75) 38 (30; 48) 47 (29; 53) <0.001
Age (≤45 years/>45 years) 323/132

71.0%/29.0%
131/170

43.5%/56.5%
<0.001

Gender (male/female) 149/306
32.7%/67.3%

50/251
16.6%/83.4%

<0.001

Hashimoto’s thyroiditis, absent/present 385/70
84.6%/15.4%

241/60
80.1%/19.9%

0.105

TSH, mIU/ml, M (P25; P75) 2.03 (1.28; 3.02) 1.85 (1.27; 3.21) 0.614
T4, mg/dl, M (P25; P75) 15.7 (13.9; 17.6) 15.3 (13.1; 16.9) 0.018
T3, ng/ml, M(P25; P75) 5.48 (4.71; 6.15) 5.21 (4.55; 5.98) 0.017
Ultrasonographic characteristics of suspicious nodules
Tumor size (≤1 cm/>1 cm) 79/376

17.4%/82.6%
111/190

36.9%/63.1%
<0.001

Unilateral/bilateral 311/144
68.4%/31.6%

226/75
75.1%/24.9%

0.046

Unifocal/multifocal 236/219
51.9%/48.1%

194/107
64.5%/35.5%

0.001

Border (clear/obscure) 214/241
47.0%/53.0%

164/137
54.5%/45.5%

0.045

Margin (regular/irregular) 165/290
36.3%/63.7%

148/153
49.2%/50.8%

<0.001

Non-/micro-/coarse calcifification 62/336/57
13.6%/73.9%/12.5%

80/178/43
26.6%/59.1%/14.3%

<0.001

Hypoechoic/hyper- or isoechoic 437/18
96.0%/4%

289/12
96.0%/4.0%

0.983

Vascularization None/low/middle/high 134/127/118/76
29.5%/27.9%/25.9%/16.7%

88/97/79/37
29.2%/32.2%/26.3%/12.3%

0.338

absence/presence of suspicious CLN on ultrasonography 295/160
64.8%/35.2%

286/15
95%/5%

<0.001

Number of removed CLNs, M(P25; P75) 7 (4; 10) 5 (2; 8) <0.001
CLNM, central lymph node metastases; CLN, central lymph node; PTC, papillary thyroid cancer; M, Median value.
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cm and presence of suspicious CLN on US were independently
correlated with CLNM in HT patients (Table 6).

ROC analysis was performed to predict CLNM in HT and
non-HT patients, respectively. The AUC was 83.4% (Figure 2) in
HT patients. A cutoff point for prediction of CLNM in HT group
was defined as a value 64%. The sensitivity of the multivariate
model was 63.5%, and specificity was 88.9% for prediction
CLNM in HT patients (Figure 2). For non-HT patients, the
AUC was 80.6%. A cutoff point for prediction of CLNM was
defined as a value 66%; the sensitivity of the multivariate model
was 64.5%, and specificity was 85.2% (Figure 3).
DISCUSSION

HT, which was first identified by Hashimoto in 1912, is regarded
as a destructive autoimmune disease of thyroid (24). An obvious
Frontiers in Endocrinology | www.frontiersin.org 5
increase in the incidence of the coexistence of PTC and HT has
been reported during the past 20 years, and the impact of HT in
PTC has been a research hotspot (25–27). Most of the studies
show that PTC in the presence of HT is associated with an earlier
stage of disease at the time of initial treatment and a better
prognosis (8–11, 28, 29). However, only a handful of studies
investigate the influence of HT on lymph node metastasis in
PTC. Our study confirmed the influence of HT on the clinical
characteristics of PTC and also showed that the predictive factors
of CLNM varied in HT and non-HT group.

Our results showed that there were more female patients in
HT group than in non-HT group. Our study also indicated that
the TSH in HT patients was higher than that in patients with
PTC alone. These results were consistent with many other
previous observations (24, 30). HT, which is characterized by
the infiltration of abundant lymphocytes, fibrosis, and
parenchymal atrophy of thyroid tissue, is an autoimmune
inflammation of the thyroid. The autoimmune response of HT
TABLE 4 | Multivariate analysis of the correlation between clinical factors of the primary tumor and rate of CLNM in all PTC patients.

Variables OR CI p

Gender (male) 2.278 1.458-3.56 <0.001
Age (≤45 years) 3.211 2.222-4.641 <0.001
Margin (regular) 0.629 0.425-0.930 0.020
Multifocal 2.444 1.437-4.159 0.001
Tumor size (≤1 cm) 0.314 0.207-0.476 <0.001
Presence of suspicious CLN on ultrasonography 8.470 4.597-15.606 <0.001
November 2021 | Volume 12 | Article
CLNM, central lymph node metastases; CLN, central lymph node; PTC, papillary thyroid cancer.
FIGURE 1 | Receiver operating characteristic curve analysis for prediction of central lymph node metastases using the multivariate model in PTC patients.
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can result in an increase in TSH (31, 32). What’s more, the
incidence of PTC increases gradually with the increase in TSH
levels. Thus, HT patients with thyroid nodules need to be
carefully monitored in our clinical practice.

Some studies have shown that the rate of CLNM is lower in
patients with PTC coexistent with HT (33, 34). However, there
was no statistical significance in the rate of CLNM between the
HT group and non-HT group in this study. We had a very
interesting finding that although the number of lymph node
dissections in the central compartment region of PTC coexistent
with the HT group were more than those in the PTC group, the
number of metastatic lymph nodes were fewer in the HT group.
Frontiers in Endocrinology | www.frontiersin.org 6
Similar findings have also been found in previous studies (27, 35,
36). In fact, it is unclear whether HT influences the CLNM in
PTC patients due to lack of relevant studies. Increasing results
suggest that the inflammatory process of thyroiditis confers a
protective effect on PTC.

In fact, many patients with PTC coexistent with HT always
have more enlarged lymph nodes in the neck (37), and it brings
more difficulties in determining the metastasis of lymph node
using preoperative color Doppler ultrasound. PTC patients with
HT appear to undergo a more excessive lymph node dissection
because of the presence of more enlarged lymphadenopathy
identified at the time of thyroidectomy, which is likely to result
TABLE 5 | Univariate analysis of the correlation between clinical factors of the primary tumor and rate of CLNM in HT and non-HT PTC patients.

HT (n = 130) Non-HT (n =626)

CLNM (n = 70) NCLNM (n = 60) p CLNM (n = 385) NCLNM (n = 241) p

Age at diagnosis, M(P25; P75) 37 (31; 47) 42.5 (31; 51) 0.034 38 (30; 48) 48 (40; 53) <0.001
Age (≤45 years/>45 years) 52/18

74.3%/25.7%
33/27

55.0%/45.0%
0.021 271/114

70.4%/29.6%
98/143

40.7%/59.3%
<0.001

Gender (male/female) 14/56
20%/80%

4/56
6.7%/93.3%

0.028 135/250
35.0%/65.0%

46/195
19.1%/80.9%

<0.001

TSH, mIU/ml, M (P25; P75) 2.33 (1.28;3.72) 2.53 (1.58;4.13) 0.721 2.01 (1.27; 2.90) 1.76 (1.23; 3.14) 0.353
T4, mg/dl, M (P25; P75) 15.8 (12.6;17.6) 15 (12.7;16.9) 0.419 15.7 (13.9; 17.6) 15.3 (13.5; 16.8) 0.035
T3, ng/ml, M (P25; P75) 5.61 (4.61;6.41) 4.99 (4.45;5.63) 0.022 5.46 (4.73; 6.07) 5.26 (4.59; 6.1) 0.141
Ultrasonographic characteristics of
suspicious nodules
Tumor size (≤1 cm/>1 cm) 13/57

18.6%/81.4%
26/34

43.3%/56.7%
0.002 66/319

17.1%/82.9%
85/156

35.3%/64.7%
<0.001

Unilateral/bilateral 41/29
58.6%/41.4%

45/15
75.0%/25.0%

0.048 270/115
70.1%/29.9%

181/60
75.1%/24.9%

0.177

Unifocal/multifocal 33/37
47.1%/52.9%

39/21
65%/35.0%

0.041 203/182
52.7%/47.3%

155/86
64.3%/35.7%

0.004

Border (clear/obscure) 34/36
48.6%/51.4%

32/28
53.3%/46.7%

0.588 180/205
46.8%/53.2%

132/109
54.8%/45.2%

0.051

Margin (regular/irregular) 27/43
38.6%/61.4%

33/27
55.0%/45.0%

0.061 138/247
35.8%/64.2%

115/126
47.7%/52.3%

0.003

Non-/micro-/coarse calcification 12/51/7
17.1%/72.9%/10%

14/41/5
23.3%/68.3%/8.4%

0.667 50/285/50
13.0%/74.0%/13.0%

66/137/38
27.4%/56.8%/15.8%

<0.001

Hypoechoic/hyper- or isoechoic 64/6
91.4%/8.6%

57/3
95.0%/5.0%

0.504 373/12
96.9%/3.1%

232/9
96.3%/3.7%

0.676

Vascularization
None/low/middle/high

30/15/17/8
42.8%/21.4%/24.3%/

11.5%

19/21/14/6
31.7%/35.0%/23.3%/

10.0%

0.565 104/112/101/68
27.0%/29.1%/26.2%/

17.7%

69/76/65/31
28.6%/31.5%/27.0%/

12.9%

0.250

Absence/presence of suspicious CLN on
ultrasonography

49/21
70.0%/30.0%

58/2
96.7%/3.3%

<0.001 246/139
63.9%/36.1%

228/13
94.6%/5.4%

<0.001
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CLNM, central lymph node metastases; CLN, central lymph node; PTC, papillary thyroid cancer; M, Median value.
TABLE 6 | Multivariate analysis of the correlation between clinical factors of the primary tumor and rate of CLNM in HT and non-HT patients.

Variables OR CI p

Non-HT group
Age (≤45 years) 3.323 2.223–4.968 <0.001
Gender (male) 2.156 1.346–3.454 0.001
Tumor size (≤1 cm) .378 0.240–0.597 <0.001
Multifocal 1.669 1.109–2.510 0.014
Presence of suspicious CLN on ultrasonography 8.0 4.132–15.488 <0.001
HT group
Tumor size (≤1 cm) 0.181 .057–0.572 0.004
Presence of suspicious CLN on ultrasonography 14.743 2.593–83.821 0.002
CLNM, central lymph node metastases; CLN, central lymph node; PTC, papillary thyroid cancer.
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FIGURE 2 | Receiver operating characteristic curve analysis for prediction of central lymph node metastases using the multivariate model in HT patients.
FIGURE 3 | Receiver operating characteristic curve analysis for prediction of central lymph node metastases using the multivariate model in non-HT patients.
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in more postoperative complications. The rates of RLN injury
have been reported to increase significantly during therapeutic
central compartment lymph node dissection (38). Previous
systematic meta-analyses have reported RLN injury rates of
2.8%–9.8% (39). Voice, swallowing, and coughing can be
affected in RLN injury. The voice is weak and breathy with a
loss of vocal projection and phonation time, which may have
greater impact on patients working in teaching, training,
management, and administrative support and make them
more vulnerable to experiencing voice disorders in their daily
lives. PTC patients with HT are more likely to have enlarged
lymph nodes, thus prompting the surgeon to perform a more
extensive CND. However, an overly aggressive dissection that
may damage the normal function of the RLN is not necessary
(37). Therefore, the accurate identification of risk factors of
CLNM is helpful to evaluate the status of CLN and determine
the necessity of lymph node dissection, especially for PTC
patients with HT (30).

Previous studies have revealed that age of onset and
multifocality are independently associated with CLNM in PTC
(34, 40). It has been established that the risk of CLNM positively
correlates with the number of tumor foci (34, 41), and tumor size
>1 cm was also reported to be a risk factor of CLNM in PTC (42,
43). Our study confirmed that age, multifocality, and tumor size
were independent risk factors of CLNM in PTC patients. In
addition, male gender, irregular nodules, and presence of
suspicious CLN on US were independent risk factors of CLNM.

We further explored differences in CLNM between patients
with and without HT. Our study confirmed the predictive value
of tumor size and presence of suspicious CLN on US in both
groups with and without HT and showed that age, gender, and
the number of suspicious CLN on US lost their predictive value
for CLNM in PTC patients with HT. It suggested that HT might
have an impact against aggressive behaviors and play a protective
role in the natural history to some extent.

Then, we performed different multivariate models to calculate
the probability of CLNM for HT and non-HT patients,
respectively. ROC analysis was performed to predict CLNM in
both groups (AUCs, 83.4% and 80.6%, respectively). Compared
with the whole PTC group, the sensitivity of those models in
predicting CLNM was both higher for HT and non-HT groups
(63.5% versus 61% and 64.5% versus 61%, respectively), and the
specificity of those models was a little higher for HT group
(88.9% versus 86%), while the specificity of those models was a
little lower for non-HT group than the whole PTC group (85.2%
versus 86%).

However, the present study also had some potential
limitations. A limitation of the present study is its retrospective
nature. Further prospective studies are needed to clarify the
potential causal relationship between HT and PTC. Second, our
study is a single-center study, and the sample size is a little small.
Further multicenter studies with a larger number of patients are
needed. What is worse, there are not enough statistical data and
tracking data for postoperative complications. Therefore,
multicenter collaboration and long-term follow-up are needed
to obtain more reliable results in the future.
Frontiers in Endocrinology | www.frontiersin.org 8
CONCLUSIONS

In summary, our study explored and confirmed the impact of HT
on the predictive risk factors of CLNM in PTC. PTC combined
with HT is more common in women, and TSH level in HT group
is higher than that in patients with PTC alone. Regardless of the
fact that HT is not a related risk factor of CLNM in PTC, our
result suggested that different predictive systems should be used
for HT and non-HT patients, respectively, to have a more
accurate evaluation of CLNM in clinics. Considering the
possible influence of HT on CLNM in PTC, the scope of
lymph node dissection should be performed more accurately in
HT patients.
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