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Purpose: To analyze the effect of Hashimoto’s thyroiditis (HT) concurrent with papillary
thyroid cancer (PTC) on cervical lymph node metastasis (LNM).
Methods: Two thousand nine hundred twenty-six patients who underwent thyroidectomy
and lymph node dissection between January 2015 and December 2018 were enrolled in this
study. Patient demographics and clinicopathologic features were analyzed.
Results: Of the total enrolled patients, 598 (20.4%) had concurrent HT. There were 1482
PTC cases with N0, 1033 cases with N1a, and 411 cases with N1b. Patients with HT had
lower frequency of extrathyroidal extension (ETE), lymphatic vascular (LV) invasion, high
pathological T stage (III+IV) and central LNM rate. Stratifying central LNM by non-ETE or
without intrathyroidal spreading, it was further found that central LNM rate in patients with
HT was lower than that of patients without HT. However, there was no significant difference
in the central LNM rate in patients with PTC stratified by ETE or intrathyroidal spreading.
HT with PTC played a weak protective role in N1a, reducing the risk of N1a by 16.4%.
Conversely, HT is a risk factor for N1b, increasing the risk by 1.336 times compared to
patients without HT. TgAb is an independent risk factor for N1b, which appears related to the
promotion of N1b by HT.
Conclusion: In PTC, HT has a protective effect on central LNM and a risk effect on lateral
LNM, although the difference was not significant. This weak protective effect on N1a is
more obvious in PTC with less aggressive clinicopathologic characteristics. The risk effect of
HT on N1b may be associated with TgAb.
Keywords: Hashimoto’s thyroiditis, papillary thyroid cancer, lymph node metastasis,
influence factor, extrathyroidal extension, intrathyroidal spreading
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Hashimoto’s thyroiditis (HT), also known as chronic lymphocytic thyroiditis,1
is the most common inflammatory thyroid disease and the leading cause of
hypothyroidism. HT is a problem worldwide, and in developed countries
affects 0.1–5% of the population.2–5 HT is characterized by increased
TPOAb and/or circulating TgAb, diffuse swelling, uneven echo of parenchy
mal tissue on ultrasound, follicular cell atrophy, and lymphocytic infiltration
pathologically. HT is thought to arise due to a combination of genetic suscept
ibility and environmental risk factors, which determine the breakdown of
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immunological tolerance6 and create a favorable setting
for malignant transformation.7
Papillary thyroid carcinoma (PTC) is the most common
cancer of the endocrine system.1,8,9 In 1955, Dailey et al10
first suggested an association between HT and PTC, link
ing chronic inflammation to neoplastic changes. Since
then, numerous epidemiological studies have confirmed
a high level of coexistence between HT and PTC, ranging
from 20% to 85%.11–14 In patients with thyroid nodules,
the nodules are 2.766 times more likely to be associated
with PTC in patients with HT than in those without HT
(OR =2.766; 95% CI 1.947–3.929; P < 0.001).15 HT is an
endogenous carcinogen for thyroid cancer.1 A recent study
with a large sample size confirmed that the rate of inci
dental PTC in patients with HT undergoing surgical treat
ment for benign thyroid disease was much higher than that
in patients with nodular goiter or with Graves’ disease.16
Lymph node metastasis (LNM) is generally regarded as
an indicator of the progression and aggressiveness of
malignant tumors. The presence of an autoimmune disease
facilitates the occurrence of neoplastic lesions, but it is not
entirely clear whether the disease predisposes to cancer
development per se or whether it may provide a protective
barrier against its spread as LNM or local recurrent
disease.17–20 Several studies revealed that patients with
PTC and coexisting HT exhibited less aggressive clinico
pathologic characteristics, including lower rates of ETE
and LNM.14,19–21 However, other reports have shown no
relationship between the presence of HT and PTC aggres
siveness, including LNM.18,22,23 Even Konturek et al
found that patients with PTC and HT had significantly
more lymph nodes and metastatic lymph nodes.12
To date, there has been no definite and clear position
formulated on predisposition to the development or inhibi
tion of LNM in patients with PTC and HT.
This study was designed to explore the demographic
and pathological features of patients presenting with PTC
with and without HT, to analyze independent factors for
cervical LNM, and to determine the role of PTC concur
rent with HT in LNM.

Materials and Methods
Patients
We analyzed the data of consecutive patients with thyroid
disease undergoing surgery in our hospital between
January 2015 and December 2018. Approval for this
study was obtained from the ethics and IRB committee
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of Qilu Hospital of Shandong University and this study
was performed in accordance with the principles of the
Declaration of Helsinki. Written informed consent was
obtained retrospectively from patients when they came to
the office for follow-up.

Exclusion Criteria
The exclusion criteria were: patients with PTC who did
not undergo lymph node dissection (LND); patients who
were missing clinicopathological data; patients with recur
rent PTC; patients with other benign thyroid diseases and
other pathologic types of thyroid cancer; patients positive
for thyroid-stimulating hormone receptor antibodies
(TRAb); patients with Graves’ disease in their medical
history; and patients with an absence of clinical, ultra
sound, and morphological signs of HT.

Inclusion Criteria
The inclusion criteria were: patients who underwent thyr
oidectomy and central lymph node dissection and/or lat
eral lymph node dissection; patients with PTC confirmed
by routine pathology; and patients with data that could be
obtained from medical records and analyzed for various
clinicopathologic factors, including demographics, tumor
features, and postoperative pathological details.

Diagnosis of HT
The final diagnosis of HT was based on the histopathological
gold standard of diffuse lymphocytic infiltration with numer
ous lymphoid follicles and the presence of germinal centers.
The serological or ultrasound evidence had a moderate
concordance with the gold standard histological findings.24 If
pathological diagnoses were not performed and we had tissue
in the tissue bank for that specific patient, we proceeded with
a pathological diagnosis when TPOAb was 2.11-fold above
the upper reference range value, which is the optimal cutoff,
or when ultrasound showed a diffusely enlarged gland with
a thickened isthmus and uneven internal echo.

Laboratory Methods
TPOAb and TgAb were measured by chemiluminescent
microparticle immunoassay (CMIA, Abbott Laboratories).
All thyroid autoantibody measurements were performed
following the manufacturer’s recommended procedure.
The TgAb measurement range was 1–1000 IU/mL with
a normal range of 0–4.11 IU/mL in our institution. The
TPOAb measurement range was 1–1000 IU/mL with
a normal range of 0–5.61 IU/mL.
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Surgery
All patients underwent general anesthesia with intubation
and were placed in a supine position with necks hyperex
tended. The operation was performed as we described
previously.25–27 Open surgery was performed in the neck
with a transverse arc-shaped incision, and the incision length
was determined by the scope of lymph node dissection.
Endoscopic thyroid surgery was performed using
a modified anterior chest approach or a breast approach.
Thyroidectomy was performed according to the meticulous
capsular dissection technique. In our center, all patients
underwent central lymph node dissection (CLND) regardless
of suspected lymph nodes. In other words, we perform pro
phylactic CLND in patients with clinically node negative
(cN0) PTC. CLND was performed cranially to the two super
ior thyroid arteries and the pyramidal lobe, caudally to the
innominate vein, laterally to the carotid sheaths, and dorsally
to the prevertebral fascia. Lateral lymph node dissection
included at least the II a, III, IV, and V b compartments.

LN Status
Based on the LN status in patients with PTC, patients
without positive LNs were classified as group N0, those
with only central LNM but no lateral LNM were classified
as group N1a, and those with lateral LNM regardless of
central LNM were classified as group N1b.

Statistical Analysis
SPSS Statistics 20.0 (SPSS, Inc., Chicago, IL) was used for
data analysis and statistical significance was defined as P <
0.05. Continuous variables were first tested for normality. If
the data followed a normal distribution, continuous variables
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were shown as means ± standard deviation (SD), and were
analyzed using t-tests. If the data did not follow a normal
distribution, median-interquartile ranges (IQR) were used for
the Wilcoxon signed-rank test. Categorical variables were
compared using the χ2 test or Fisher’s exact test. Logistic
regression was used for multivariate analysis. The parallel
test of LN status, such as N0, N1a, and N1b, was conducted
first. If P > 0.05, the orderly classification logistics regression
was adopted and if P < 0.05, the multinomial logistic regres
sion analysis was adopted for multivariate analysis.

Results
From January 2015 to December 2018, a total of 3704
patients underwent surgery for thyroid disease. Among
them, 778 patients met the exclusion criteria and were
not included in this study. A flow chart of data collection
is shown in Figure 1.
A total of 2926 patients with PTC were finally enrolled
in our study. In this cohort there were 2279 female (77.9%)
and 647 male (22.1%) patients. The median age was 45
years. Of the included patients, 598 had concurrent HT and
the rate of PTC concurrent with HT was 20.4%. Cervical
lymph node status indicated that there were 1482 cases with
N0, 1033 cases with N1a, and 411 cases with N1b.

Demographics and Pathological
Characteristics of Patients with PTC
Stratified by HT
There were 598 PTC patients with concurrent HT and
2328 patients without HT. We compared their demo
graphics and pathological characteristics in Table 1.

Figure 1 Flowchart depicting data collection and division of groups according to lymph node status.
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Table 1 Demographics and Pathological Characteristics of Patients with PTC Stratified by Hashimoto’s Thyroiditis
Variables

PTC with HT

PTC without HT

P

SEX (F/M)
Age

548/50
43 (34~53)

1731/597
45 (36~53)

<0.001
0.049

TSH

2.01 (1.316~2.964)

1.716 (1.146~2.458)

<0.001

TPOAb
TgAb

16.57 (1~246.26)
35.765 (7.642~184.852)

1 (1~1.8)
1.03 (0.4~2.347)

<0.001
<0.001

Tumor size

0.8 (0.6~1.2)

0.8 (0.6~1.3)

0.708

Focality (Multifocal/unifocal lesions)
Unilaterality/bilateral lesions

210/388
469/129

769/1559
1790/538

0.335
0.424

PTC Classical subtype (Yes/No)
p T stage (I+II/III+IV)

565/33
339/259

2243/85
1174/1154

0.038
0.006

ETE (Yes/No)

258/340

1151/1177

0.006

LV invasion (Yes/No)
Intrathyroidal spreading (Yes/No)

2/596
45/553

40/2288
131/2197

0.011
0.082

LNM (N0/N1a/N1b)

330/179/89

1152/854/322

0.008

Central LNM (Yes/No)
The average number of positive central LNs

179/330
0 (0~2)

854/1152
0 (0~2.05)

0.002
0.037

The number of central LNS

7 (4~10)

4 (2~6)

<0.001

Lateral LNM (Yes/No)
The average number of positive lateral LNs

89/509
3 (1~5.5)

322/2006
3 (1~6)

0.333
0.192

The average number of lateral LNs

19 (13~29)

19 (12~27)

0.817

Note: Variables in bold show statistical significance.
Abbreviations: ETE, extrathyroidal extension; LV invasion, lymphatic vascular invasion; LNM, lymph nodes metastasis; LNs, lymph nodes; PTC, papillary thyroid cancer;
HT, Hashimoto’s thyroiditis.

Tumor size, multifocal lesions, unilateral or bilat
eral lesions, intrathyroidal spreading, lateral LNM,
number of positive lateral LNs, and number of total
lateral LNs were comparable in the PTC group with
HT and the PTC group without HT (all P > 0.05). The
group with HT was significantly associated with lower
frequency of males (p < 0.001), classical subtype (p =
0.038), ETE (p = 0.006), lymphatic vascular (LV) inva
sion (p = 0.011), central LNM (p = 0.002), and high
pathological T stage (III+IV) (p = 0.006). Compared
with the group without HT, the group with HT also had
the following characteristics: younger age (p = 0.049);
increased TPOAb (p < 0.001); increased TgAb (p <
0.001); increased TSH (p < 0.001); less positive central
LNs (p = 0.037) and more total central LNs (p <
0.001).
We further stratified the patients by invasive indica
tors such as ETE and intrathyroidal spreading and found
that the central LNM rate in patients with HT is lower
than that in patients without HT only under the condition
of a tumor without ETE or intrathyroidal spreading.
However, for patients with ETE or intrathyroidal spread
ing, the central LNM rate had no significant difference
regardless of HT (Table 2).
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Clinical Pathological Factors for Lymph
Node Status in the Cervical
Compartment (pN0, pN1a, or pN1b)
Univariate analysis revealed significant differences among
N0, N1a, and N1b groups in terms of age (p < 0.001), sex
(p < 0.001), TPOAb (p = 0.018), TgAb (p = 0.001), HT
Table 2 The Central LNM Rate in Patients with and without HT
Stratified by ETE or Intrathyroidal Spreading
Variables

ETE-

ETE+

ITS-

ITS+

CLNM

P

Yes

No

HT+

86

210

HT-

402

679

HT+

93

120

HT-

452

473

HT+

162

321

HT-

797

1131

HT+

17

9

HT-

57

21

0.01

0.171

0.002

0.453

Abbreviations: ETE, extrathyroidal extension; CLNM, central lymph node metas
tasis; HT, Hashimoto thyroiditis; ITS, intrathyroidal spreading; “-”, negative; “+”,
positive.
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(p = 0.008), ETE (p < 0.001), tumor size (p < 0.001), LV
invasion (p < 0.001), intrathyroidal spreading (p < 0.001),
focality (p < 0.001), unilateral or bilateral lesions (p <
0.001), and PTC pathological subtype (p = 0.033). TSH
did not significantly differ between N0, N1a, and N1b
groups (p = 0.213) (Table 3).
To exclude the influence of each variable factor, we
performed multinomial logistic regression analysis of
LNM after parallel line testing of dependent variables.
With reference to N0, independent factors for N1a were
tumor size (OR, 2.101; 95% CI, 1.794–2.460, P < 0.001),

age (OR, 0.972; 95% CI, 0.964–0.979, P < 0.001), female
(OR, 0.521; 95% CI, 0.423–0.642, P < 0.001), ETE (OR,
1.446; 95% CI, 1.216–1.719, P < 0.001), and intrathyroidal
spreading (OR, 2.480; 95% CI, 1.578–3.896, P < 0.001)
(Table 4).
With reference to N1a, independent factors for N1b were
TgAb (OR, 1.001; 95% CI, 1–1.001, P = 0.009), tumor size
(OR, 1.832; 95% CI, 1.585–2.117, P < 0.001), female (OR,
0.738; 95% CI, 0.565–0.963, P = 0.025), ETE (OR, 1.415;
95% CI, 1.098–1.825, P = 0.007), and intrathyroidal spread
ing (OR, 2.295; 95% CI, 1.580–3.332, P < 0.001) (Table 4).

Table 3 Univariate Analyses of the Clinical Pathological Factors for Lymph Node Status in the Cervical Compartment (pN0, pN1a,
and pN1b)
Variables

N0

N1a

N1b

P

Female

1253

750

276

<0.001

Male

229

283

135

Yes

330

179

89

No

1152

854

322

Yes

593

545

271

No

889

488

140

Unifocal

1058

663

226

Multifocal

424

370

185

Unilateral

1219

777

263

Bilateral

263

256

148

Classical

1425

998

385

Non-classical

57

35

26

Yes

6

21

15

No

1476

1012

396

Yes

30

74

72

No

1452

959

339

Age

47 (38~54)

43 (34~51)

41 (31~50)

<0.001

TSH

1.749 (1.14~2.547)

1.761 (1.187~2.551)

1.84 (1.251~2.68)

0.213

TPOAb

1 (1~6.6275)

1 (1~2,85)

1 (1~4.8)

0.018

TgAb

1.4 (1~11.488)

1.22 (0.6~5.865)

1.6 (1~13.07)

0.001

Tumor size

0.7 (0.5~1)

0.9 (0.7~1.3)

1.4 (1~2)

<0.001

Sex

HT

ETE

Focal

Lateral

PTC subtype

LV invasion

Intrathyroidal spreading

0.008

<0.001

<0.001

<0.001

0.033

<0.001

<0.001

Note: Variables in bold show statistical significance.
Abbreviations: HT, Hashimoto thyroiditis; ETE, extrathyroidal extension; LV invasion, lymphatic vascular invasion; TSH, thyroid stimulating hormone; PTC, papillary thyroid
cancer.
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Table 4 Analyses of the Clinical Pathological Factors for PTC Patients with pN1a or pN1b Using Multinomial Logistic Regression
N1a (N0 as a Reference)

N1b (N1a as a Reference)

Variables
TPOAb

OR (95% CI)
1 (0.999–1)

P
0.092

OR (95% CI)
1 (0.999–1)

P
0.478

TgAb

1 (0.999–1.001)

0.963

1.001 (1–1.001)

0.009

Tumor size
Age (>45y)

2.101 (1.794–2.460)
0.972 (0.964–0.979)

<0.001
<0.001

1.832 (1.585–2.117)
0.993 (0.983–1.004)

<0.001
0.197

Female

0.521 (0.423–0.642)

<0.001

0.738 (0.565–0.963)

0.025

ETE
Unifocal

1.446 (1.216–1.719)
0.802 (0.612–1.052)

<0.001
0.111

1.415 (1.098–1.825)
0.921 (0.608–1.394)

0.007
0.697

Unilateral
LV invasion

0.837 (0.641–1.14)
2.204 (0.851–5.706)

0.259
0.104

0.708 (0.457–1.098)
0.927 (0.440–1.953)

0.123
0.843

Intrathyroidal spreading

2.480 (1.578–3.896)

<0.001

2.295 (1.580–3.332)

<0.001

HT
Classic subtype

0.846 (0.667–1.072)
1.281 (0.81–2.026)

0.167
0.289

1.336 (0.952–1.876)
0.760 (0.427–1.352)

0.094
0.351

Note: Variables in bold show statistical significance.
Abbreviations: HT, Hashimoto thyroiditis; ETE, extrathyroidal extension; LV invasion, lymphatic vascular invasion.

The Effect of PTC Concurrent with HT
on LN Status (pN0, pN1a, and pN1b)
Multinomial logistic regression analysis showed that HT
was not an independent factor for N1a or N1b. However,
HT concurrent with PTC played a weak protective role in
N1a (N0 as a reference), reducing the risk of N1a by
16.4% compared with patients with PTC without HT
(OR, 0.846; 95% CI, 0.667–1.072; P = 0.167). However,
compared with patients with PTC without HT, HT is a risk
factor for N1b compared in patients with PTC and HT, and
increases the risk 1.336 times (N1a as a reference) (OR,
1.336; 95% CI, 0.952–1.876; P = 0.094) (Table 4).

Discussion
The activated inflammatory response present in HT may
result in oncogene mutations that eventually lead to the
occurrence of PTC.1,7,8,28 A visible increase in the inci
dence of PTC and HT co-existence has been noticed over
the past 20 years. In this study, the rate of PTC with HT
was 20.4%, which is consistent with the 20% to 85% range
reported previously.7,8,11,13,29 Patients with PTC and HT
have different demographics than do those without HT. In
this study, the HT group had a higher frequency of patients
that were female, of a younger age, with increased TSH,
TgAb, and TPOAb. These results are consistent with other
reports.14,15
The association between HT and PTC behavior has
been a topic of interest for researchers. Our results show
that PTC with HT is less often associated with factors that
indicate aggressive tumor behavior such as ETE, LV
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invasion, TNM stage (III+IV), central LNM rate and the
number of positive central LNs, which are consistent with
those presented in many other studies.14–16,19–21,25,30
These studies suggest, paradoxically, that HT lymphocytic
infiltrate might be an immunological response with
a cancer-retarding effect, contributing to a favorable out
come for patients with PTC. However, other studies have
shown that HT does not attenuate any aggressive factors
such as tumor size, ETE, or multifocal lesions, indicating
that there is no relationship between HT and PTC
aggressiveness.15,23,31,32
In our study, we routinely performed prophylactic
CLND in PTC patients with cN0. Therefore, only 15
patients who did not undergo CLND were excluded from
our study. The strategy ruled out the selective bias resulted
from CLND of benign lymph node enlargement in HT
patients. Patients with PTC were divided into three groups,
N0, N1a, and N1b, based on their LN status. We also
performed a parallel line test and found that the severity
of LNM was not equally spread among the three groups,
suggesting that multinomial logistic regression could be
used to identify the independent influencing factors for
each group. Not surprisingly, the risk factors for N1a and
N1b in PTC included larger tumors, being male, ETE,
younger age, and intrathyroidal spreading, all of which
are recognized LNM risk factors that we validated
previously.26
Regarding the effect of HT on LNM, a meta-analysis
showed that PTC with HT was related to the absence of
LNM, but there is significant statistical heterogeneity
among the studies.11 Liang proposed that patients with
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PTC and HT had early-stage disease and were associated
with a low rate of central and lateral LNM (19.6% vs
9.5%) by a chi-square test,14 but they did not explore
whether HT was an independent risk factor for LNM
using multivariate analysis. Lee found that HT was not
an independent predictor of central LNM in multivariate
analysis, although central LNM was less frequent in
patients with PTC and HT than in patients with PTC
without HT in univariate analysis.1 In this study, uni
variate analysis revealed a significant difference in LNM
between the group with HT and that without HT. When
age, gender, tumor size, ETE, and intrathyroidal spread
ing were adjusted, we found HT was not an independent
risk factor for LNM. Although the difference was not
significant, we found that PTC with HT had a weak
inhibitory effect on central LNM, reducing the risk of
N1a by 16.4% compared with PTC without HT, and that
HT had a weak promoting effect on lateral LNM,
increasing the risk of N1b by 1.336 time (N1a as
a reference). It was slightly statistically significant in
the effect of HT in promoting lateral LNM, compared
with the observed inhibitory effect on central LNM,
which was trending toward significance (P = 0.094).
Combined with central LNM stratified by ETE and
intrathyroidal spreading, we further found that patients
with HT had a significantly lower central LNM rate com
pared with patients without HT only in the absence of
aggressive features. There was a comparable central
LNM rate in patients with ETE or intrathyroidal spreading
regardless of HT. Jara studied central LNM in PTC strati
fied by demographic and histopathologic characteristics
and found that the central LNM rate stratified by female
or T1a stage was significantly lower in patients with PTC
and HT than that in those with PTC without HT.33
However, there was no observed difference in the central
LNM rate in patients with PTC stratified by being male or
other T stages that are factors of tumor aggression.
Another study consistently reported that the LNM rate of
the HT group was significantly lower than that of the nonHT group in terms of PTC with T1, but there was no
difference in LNM in T2 and T3 between the two
groups.12 These findings suggested that the protective
role of HT in central LNM rate was only associated with
early stage, or PTC with low aggressiveness, and that this
protection may be offset or reversed by factors of tumor
progression or high aggressiveness, which is consistent
with our results.
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Similarly, tumors associated with lateral LNM are more
aggressive, so HT did not have a weak protective effect against
lateral LNM, which can be shown in central LNM. We spec
ulate that the autoimmune inflammation in HT may be
exploited by the metastatic mechanism of PTC with aggres
siveness. The immune background of HT involves activation
of T-helper and T-cytotoxic lymphocytes and over production
of TPOAb and TgAb antibodies. Based on our results, TgAb is
an independent risk factor for lateral LNM, as consistent with
the other study.34 In this study, the 95% confidence interval of
TgAb was relatively narrow, with an OR value of 1.001. This is
because clinical data showed a large span of TgAb. Although
TgAb was an independent risk factor for N1b, the risk only
increased by 1.001 times for every unit increase in the value.
Circulating TgAb is associated with HT, and is present in
60–80% of patients with HT. Both retrospective studies and
a prospective study suggest that the association of HT with
PTC progression is antibody-specific.29,35,36 PTC patients with
positive serum TgAb had more aggressive disease and less
favorable long-term outcomes than did demographically simi
lar patients without circulating TgAb.37 It is possible that the
presence of thyroid autoimmune antibodies makes it easier for
differentiated thyroid cancer cells expressing thyroid-specific
antigen to locate to the lymph node when they invade the
lymphatic vessel.37 Vasileiadis et al found a positive correla
tion between TgAb and LNM in patients with PTC.38 There
was no significant relationship between TSH level and PTC
aggressiveness, including LNM.8 This is consistent with our
result that TSH was comparable among N0, N1a, and N1b
groups and was not an independent factor for LNM.
To the best of our knowledge, this is the first time that the
specific role of HT in cervical LNM and its potential mechan
ism have been described. Additional strengths of this study
include the large sample size and the access to pathology
reports for all patients. In our study, all cases eventually needed
to be confirmed by paraffin section, which improved the diag
nostic accuracy of HT. The limitations of this work are that it is
a retrospective analysis and that some immunological basic lab
studies were not available. We plan to commence a prospective
study that includes these data to obtain a better understanding
of the potential role of HT on PTC and the immunological
connections to central LNM and lateral LNM.

Conclusion
In PTC, HT has a protect effect on central LNM and is a risk
factor for lateral LNM, although the differences were not
statistically significant. This weak protective effect on N1a is
more obvious in PTC with less aggressive clinicopathologic
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characteristics. The risk effect of HT on N1b may be associated
with TgAb. The immune response of HT may have a weak
protective effect on initial LNM, but may be exploited by other
high-risk factors for LNM during tumor progression. Further
studies are needed to obtain a better understanding.
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