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Background: As the prevalence of Hashimoto's thyroiditis (HT) and thyroid
cancer (TC) has been increasing dramatically in recent years, the association
between the two diseases has been widely debated and studied. However, no
consistent findings are available and the relationship remains controversial. In
this study, we analyzed the influence of HT on the diagnosis and treatment of
thyroid nodules and investigated the relationship between HT and TC.

Methods: From Jan 2017 to Apr 2021, 4678 patients underwent thyroid surgery
were collected. Of these patients, 440 were diagnosed with HT (242 nodular
goiter (NG) with HT, 198 TC with HT). These patients were grouped when
appropriate and the data from these patients were statistically analyzed by
using SPSS and GraphPad Prism 6.

Results: HT occurred in 198 of 1089 (18.2%) TC patients and 242 of 3589
(6.74%) patients without TC (p=0.000). In terms of the ultrasonography
features, in the NG with HT group, 33.1% (80/242) of patients had fine
calcification and 45.9% (111/242) of patients whose TI-RADS classification
were > Level 3. In the isolated PTC group, 32.3% (2343/7260) LN were
metastasis-positive while in the NG with HT group, only 26.0% (504/1939)
LN were metastasis-positive (P=0.000). The proportion of PTMC was
significantly higher (P=0.000), while the proportion of multifocal carcinoma
was significantly lower when coexisting with HT (P=0.029). When comparing
the data from the two groups diagnosed as PTMC coexisting with HT or not,
there was no significant difference in the composition ratio of tumor number,
LN metastasis, LN dissection area, regional LN metastasis and number of
negative/positive LN (P=0.614, P=0.051, P=0.139, P=0.350, P=1.000 and
P=0.333 respectively). In the MPTC group, 42.2% (872/2065) LN were
metastasis-positive while in the MPTC with HT group, only 23.6% (50/212) LN
were metastasis-positive (P=0.000).
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Conclusions: Our data suggested that HT is associated with an increased risk of
developing TC but may be a protective factor against PTC progression and metastasis.
The coexistence of HT affects the judgment of thyroid nodules by ultrasonography.

KEYWORDS

thyroid cancer, Hashimoto thyroiditis, thyroid nodules, PTC, PTMC

Introduction

Hashimoto’s thyroiditis (HT), an autoimmune disease, is the
most common cause of hypothyroidism and characterized by
diftuse lymphocytic infiltration and gradual autoimmune which
led to chronic inflammation and thyroid failure (1, 2). Increased
serum anti-thyroid peroxidase antibodies (ATPO) and anti-
thyroglobulin antibodies (ATG) are the main diagnostic
indicators of Hashimoto’s disease. Under thyroid ultrasound,
the main manifestation of HT is diffuse thyroid lesions, which
can be further diagnosed by pathological examination (2). With
the popularization of thyroid ultrasound examination and
ultrasound-guided thyroid fine needle aspiration biopsy
(FNAB), the detection rate of thyroid nodules continues
increasing, as well as the increasing detection rate of thyroid
cancer and HT (3, 4). The incidence of HT is reported to be 0.3-
1.5 cases per 1000 individuals and is more prevalent in women (5,
6). In recent years, more and more studies have focused on the
impact of HT on human health and found that HT is associated
with an increased risk of cardiovascular disease and stroke (7-10).

Thyroid cancer (TC) is the most common endocrine
malignancy, ranking in 9™ place in both sexes and 5" in
female for incidence (11, 12). The association between HT and
TC has attracted increasing attentions due to the increasing
incidence of TC together with HT. It has been hypothesized that
HT is associated with an increased risk of papillary thyroid
carcinoma (PTC). Despite the numerous studies assessing the
association between HT and TC, no consistent findings are
available and the relationship remains controversial (13-16).
Due to the ongoing debate, we put forward this study aiming to
determine the frequency of HT in patients diagnosed as benign
as well as malignant thyroid nodules. Moreover, the patients
who have nodular goiter (NG) with HT or TC with HT will be

Abbreviations: HT, Hashimoto’s thyroiditis; TC, thyroid carcinoma; PTC,
papillary thyroid carcinoma; NG, nodular goiter; TI-RADS, thyroid imaging
reporting and data system; PTMC, papillary thyroid microcarcinoma; MPTC,
multifocal papillary thyroid carcinoma; ATPO, anti-thyroid peroxidase
antibodies; ATG, anti-thyroglobulin antibodies; FNAB, fine needle
aspiration Biopsy; TSH, thyroid stimulating hormone; FTC, follicular
thyroid carcinoma; MTC, medullary thyroid carcinoma; ATC, anaplastic
thyroid carcinoma. LN, lymph nodes.

Frontiers in Endocrinology

02

compared to those who have isolated PTC, in terms of patient
characteristics, ultrasonography features, tumor type, tumor
stage, tumor size and lymph node involvement. This study will
help us understand the influence of HT on diagnosis and
treatment of thyroid nodules and whether HT is associated
with the increased risk and the higher stage of PTC.

Materials and methods

From Jan 2017 to Apr 2021, 4678 patients underwent thyroid
surgery at The First Affiliated Hospital of GuangXi Medical
University and its interconnected hospital The Hepu People’s
Hospital were enrolled in this study. Based on voluntary principles,
the subjects were informed the purpose of this study and that they
could freely decide whether they want to participate in the
investigation or not. The subjects’ personal privacy and rights are
fully protected. Research contents and results have no conflict of
interest. Of these patients, 440 were diagnosed with HT (242 NG with
HT, 198 TC with HT), all diagnoses are based on the final
pathological diagnosis after surgery. For all patients, data were
collected by retrospective chart review through electronic clinical
records for patient general characteristics, clinicopathological
characteristics, thyroid function, ATPO, ATG, ultrasonography
features, nodule size, tumor stage, tumor number, presence of a
goiter or malignancy, lymph nodes (LN) metastasis. The normal
reference range of FT3, FT4, TSH was2.8to7.1 pmol/L, 12to 22
pmol/L, 0.27 to 4.20 uIU/ml respectively, and the normal reference
ranges of ATPO and ATG were 0 to 34 TU/ml and 0 to 115 TU/ml
respectively. If the patient’s test value is not within the normal range,
make a corresponding clinical diagnosis, such as hyperthyroidism,
hypothyroidism and HT. When the clinical diagnosis is inconsistent
with the pathological diagnosis, the pathological diagnosis shall
prevail. The staging of TC is based on the eighth edition AJCC
TNM dlassification for thyroid carcinoma (AJCC 8th ed., 2017).

Statistical analysis
Statistical analyses were performed with SPSS software

program (version 21.0; IBM Corporation) and GraphPad
Prism 6 (San Diego, CA). In analysis of these data, t-test, Chi-
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square test, Fisher’s exact test, and one-way analysis of variance
(ANOVA) was utilized when appropriate. With regard to the
results, P<0.05 was considered to be statistically significant. The
collection of patients’ data and subsequent analysis was
approved by the Research Ethics Committee of The First
Affiliated Hospital of GuangXi Medical University and The
Hepu People’s Hospital.

Results

Patient characteristics of nodular goiter
with HT and thyroid cancer with HT

Overall, of the 4678 patients, 9.4% (440/4678) were
diagnosed with HT (242 NG with HT, 198 TC with HT) and
23.3% (1089/4678) were diagnosed with TC based on final
pathology. Of the 1089 patients who were diagnosed with TC,
18.2% (198/1089) were together with HT, while, of the 3589
patients who were diagnosed with benign thyroid nodule, only
6.74% (242/3589) were together with HT, which indicates that
the proportion of TC combined with HT is higher and HT may
be a risk factor for TC. Of the 440 patients who were diagnosed
with HT, 90.5% (398/440) were female while only 9.5% (42/440)
were male, which means that HT is more prevalent in women as
well as TC. When comparing patients who were diagnosed as
NG with HT to those were diagnosed as TC with HT (Table 1),
the mean age of the TC with HT group was younger than the NG
+HT group (37.80 + 11.49 vs 47.14 + 11.50, P=0.000), which
may be due to HT can affect and improve the TI-RADS grading
of thyroid nodules in the diagnosis process that lead to more
active and earlier treatment measures for patients with HT and
thyroid nodules, and the proportion of males is higher in the TC

TABLE 1 Patient characteristics of nodular goiter with HT and TC with HT.

10.3389/fendo.2022.1067390

+HT group (16/242 vs 26/198, P=0.021). Although the nodule
sizes of the NG with HT group appeared to be slightly smaller
than those of TC with HT group (1.29 + 0.97cm vs. 1.41 +
1.05cm), this difference was not significant (P=0.2142). In terms
of thyroid function, there was no significant difference in the
composition ratio between the two groups (P=0.126). There was
no significant difference in the preoperative mean ATG value
(347.21 £ 436.95 vs 357.95 + 370.34) between NG with HT
group and TC with HT group (P=0.7839). Similarly, there was
no significant difference in the preoperative mean ATPO value
(150.78 £ 160.09 vs 161.15 + 162.63) between the two groups
(P=0.5025). In addition, in terms of the composition ratio of
ATG/ATPO positive rate, there was no significant difference
between the two groups (P=0.674). Of the 440 patients who were
diagnosed with HT based on final pathology, 13.6% (60/440) of
patients whose serum ATG and ATPO were double negative,
which suggests that ATG and ATPO negativity cannot rule out
the diagnosis of HT.

Ultrasonography features of nodular
goiter with HT and TC with HT

When comparing the ultrasonography features of patients
who were diagnosed as NG with HT to those were diagnosed as
TC with HT, in terms of diffuse thyroid gland and tumor
number, there was no significant difference between the two
groups (Table 2, P=0.241 and P=0.383 respectively). There were
significant differences between the two groups (P=0.000) in the
appearance of calcifications, in the TC with HT group, the main
manifestations of ultrasonography were fine calcifications which
accounted for 88.4% (175/198), and no calcifications only
accounted for 4.5% (9/198), on the contrary, in the NG with

NG+HT(n=242) TC+HT (n=198) t/x2 P-value

Age (years, mean+SD) 47.14+11.50 37.80£11.49 8.479 0.000*

Gender Male 6.6% (16/242) 13.1% (26/198) 5361 0.021*
Female 93.4% (226/242) 86.9% (172/198)

Tumor size (cm, mean+SD) 1.29+0.97 1.41+1.05 1.244 0.2142

Thyroid function Normal 64.9% (157/242) 73.2% (145/198) 4.141 0.126
Hyperthyroidism 11.6% (28/242) 10.6% (21/198)
Hypothyroidism 23.5% (57/242) 16.2% (32/198)

ATG (IU/mL, mean+SD) 347.21+436.95 357.95+370.34 0.2745 0.7839

ATPO (IU/mL, mean+SD) 150.78+160.09 161.15+£162.63 0.6712 0.5025

ATG, ATPO Double positive 42.6% (103/242) 48.5% (96/198) 2.339 0.674

Only ATG positive
Only ATPO positive

Double negative 15.3%

Untested

ATPO, anti-thyroid peroxidase antibodies; ATG, anti-thyroglobulin antibodies; *p<0.05.
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21.0% (51/242)
19.0% (46/242)

18.7% (37/198)

(
18.7% (37/198)
(
(

37/242) 11.6% (23/198)
2.1% (5/242)

2.5% (5/198)
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TABLE 2 Ultrasonography features of nodular goiter with HT and TC with HT.

Diffuse thyroid gland

Number of tumors

Calcification

TI-RADS classification

YES

NO

Single

Multiple

Fine calcification
Coarse calcification
No calcification

< Level 3

> Level 3

NG+HT(n=242)

30.6% (74/242)
69.4% (168/242)
26.9% (65/242)
73.1% (177/242)
33.0% (80/242)
11.6% (28/242)
55.4% (134/242)
54.1% (131/242)
45.9% (111/242)

*p<0.05.

HT group, no calcifications accounted for 55.4% (134/243),
which indicates that fine calcifications are an important
indicator for differentiating benign and malignant thyroid
nodules. In terms of TI-RADS classification, in the NG with
HT group, 45.9% (111/242) of patients were > Level 3, while in
the TC with HT group, 91.4% (181/198) of patients were > Level
3, there were significant differences between the two groups
(P=0.000). These suggested that HT may affect the TI-RADS
classification of thyroid nodules, and the TI-RADS classification
of thyroid nodules with HT may be higher, thereby influencing
clinical decisions.

Patient characteristics of isolated TC and
TC with HT

Of the 1089 patients who were diagnosed with TC, 18.2%
(198/1089) were together with HT, 81.8% (891/1089) were
diagnosed as isolated TC without HT. When comparing the
patient characteristics of isolated TC to those were diagnosed as
TC with HT, in terms of age, tumor size and tumor stage, there
was no significant difference between the two groups (Table 3,
P=0.0687, P=0.890 and P=0.473 respectively). In isolated TC

TABLE 3 Patient Characteristics of isolated TC and TC with HT.

Isolated TC (n=891)

Age (years, mean+SD)

39.60+12.80

Gender Male 27.0% (241/891)
Female 73.0% (650/891)
Tumor size (cm, mean+SD) 1.40+0.89
Tumor type PTC 98.9% (881/891)
FTC 0.6% (5/891)
MTC 0.1% (1/891)
ATC 0.4% (4/891)
Tumor stage I-1I stage 94.7% (844/891)

*p<0.05.
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III-1V stage

5.3% (47/891)

04

TC+HT (n=198) t/y2 P-value
35.9% (71/198) 1.374 0.241
64.1% (127/198)

23.2% (46/198) 0.76 0383
76.8% (152/198)
88.4% (175/198) 142.38 0.000*
7.1% (14/198)
4.5% (9/198)
8.6% (17/198) 101.204 0.000*

91.4% (181/198)

group, 27% (241/891) were male and 73% (650/891) were
female, while in TC with HT group only 13.1% (26/198) were
male, there were significant differences between the two groups
(Table 3, P=0.000) in terms of gender composition. In terms of
tumor type, there were also significant differences between the
two groups (Table 3, P=0.000), in TC with HT group, the
proportion of FTC and MTC increased significantly, while, in
isolated TC group, the proportion of ATC was higher than that
in the TC with HT group, however, due to the limited sample
size, there are too few cases diagnosed as MTC/ATC by final
pathology, so the relationship between HT and MTC/ATC
cannot be clarified and need to be further confirmed by
expanding the sample size.

Patient characteristics of isolated PTC
and PTC with HT

Of the 1089 patients who were diagnosed with TC, PTC was
accounted for 98.3% (1070/1089), therefore, in order to explore
the effect of HT on PTC progression and metastasis, we
conducted a comparative analysis between the isolated PTC
group and the PTC with HT group. As can be seen from Table 4

TC+HT (n=198) t/x2 P-value
37.80+11.49 1.822 0.0687
13.1% (26/198) 16.954 0.000*
86.9% (172/198)
1.41+1.05 0.1382 0.89
95.5% (189/198) 22375 0.000*

2% (4/198)
2.5% (5/198)
0% (0/198)
96.0% (190/198) 0515 0473
4.0% (8/198)
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that there was no significant difference between the two groups
in the composition ratio of lymph node dissection, lymph node
metastasis, lymph node dissection area and regional lymph node
metastasis (Table 4, P=0.376, P=0.130, P=0.601, and P=0.850
respectively). In the isolated PTC group, a total of 7260 lymph
nodes were dissected from 727 patients, of which 32.3% (2343/
7260) were metastasis-positive and 67.7% (4917/7260) were
metastasis-negative, while, in the PTC with HT group, a total
of 1939 lymph nodes were dissected from 161 patients, of which
26% (504/1939) were metastasis-positive and 74% (1435/1939)
were metastasis-negative, there were significant differences
between the two groups (Table 4, P=0.000), which indicates
that PTC patients with coexisting HT were likely less frequent
nodal metastases. There was a significant difference between the
two groups in terms of the composition ratio of PTMC and
multifocal carcinoma between the two groups (Table 4, P=0.000
and P=0.029 respectively), compared with the PTC with HT
group, in the isolated PTC group, the proportion of PTMC was
significantly lower, while the proportion of multifocal carcinoma
was significantly higher, which indicated that PTC patients with
coexisting HT were likely less aggressive disease.

Patient characteristics of PTMC and
PTMC with HT

PTMC refers to PTC with a tumor diameter no more than
1 cm, also known as occult PTC, which belongs to the very early
stage of cancer. From the data presented above, the proportion
of PTMC was significantly difference between the isolated PTC
group and the PTC with HT group. Therefore, we further

TABLE 4 Patient Characteristics of isolated PTC and PTC with HT.

10.3389/fendo.2022.1067390

grouped and compared patients’ characteristics who were
diagnosed with PTMC and PTMC together with HT. As
showed in Table 5, there is no significant difference between
the two groups in age and the composition ratio of tumor
number, LN metastasis, LN dissection area, regional LN
metastasis and number of negative/positive LN (Table 5,
P=0.614, P=0.051, P=0.139, P=0.350, P=1.000 and P=0.333
respectively). In patients of PTMC group, 19.7% (12/61) were
male and 80.3% (49/61) were female, while in PTMC with HT
group only 5.1% (2/39) were male, there were significant
differences between the two groups (Table 6, P=0.039) in
terms of gender composition. These indicated that co- existing
with HT at the early stage of the tumor does not affect the lymph
nodes metastasis ability of the tumor, however, due to the
limitation of sample size which were diagnosed as PTMC or
PTMC with HT, this conclusion needs to be confirmed by
further expanding the sample size.

Patient characteristics of MPTC and
MPTC with HT

From the data presented above, we found that the
proportion of multifocal PTC (MPTC) was significantly
difference between the isolated PTC group and the PTC with
HT group. Therefore, we further grouped and compared
patients’ characteristics who were diagnosed with MPTC and
MPTC together with HT. In terms of age, the composition ratio
of LN dissection area and regional LN metastasis, there was no
significant difference between the two groups (Table 6,
P=0.0945, P=0.122 and P=0.732 respectively). In MPTC group,

Isolated PTC (n=881) PTC+HT(n=189) t/x2 P-value

LN dissection YES 82.5% (727/881) 85.2% (161/189) 0.783 0.376
NO 17.5% (154/881) 14.8% (28/189)

LN metastasis YES 65.3% (475/727) 59.0% (95/161) 2.298 0.13
NO 34.7% (252/727) 41.0% (66/161)

LN dissection area Central district 63.7% (463/727) 61.5% (99/161) 0.274 0.601
Central + side area 36.3% (264/727) 38.5 (62/161)

Regional LN metastasis Central district 59.2% (281/475) 58.9% (56/95) 0.325 0.85
Central + side area 36.8% (175/475) 35.8% (34/95)
Only side area 4.0% (19/475) 5.3% (5/95)

Number of N/P LN Total 7260 1939
Negative 67.7% (4917/7260) 74.0% (1435/1939) 28.24 0.000*
Positive 32.3% (2343/7260) 26.0% (504/1939)

PTMC YES 6.9% (61/881) 20.6% (39/189) 34.529 0.000*
NO 93.1% (820/881) 79.4% (150/189)

Multifocal carcinoma YES 18.8% (166/881) 12.2% (23 /189) 4.764 0.029*
NO 81.2% (715/881) 87.8% (166/189)

*p<0.05.
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TABLE 5 Patient Characteristics of PTMC and PTMC with HT.

Age (years, mean+SD)

Gender Male
Female

Tumor number Single
Multiple

LN metastasis
Not cleaned
NO
YES
LN dissection area Total
Central district
Central + side area
Regional LN metastasis Total
Central district
Central + side area
Number of N/P LN
Total
Negative

Positive

10.3389/fendo.2022.1067390

PTMC(n=61) PTMC+HT(n=39) t/x2 P-value
39.25+10.84 38.05+12.63 0.506 0.614
19.7% (12/61) 5.1% (2/39) 4.18 0.041*
80.3% (49/61) 94.9% (37/39)
73.8% (45/61) 89.7% (35/39) 3.794 0.051
26.2% (16/61) 10.3% (4/39)
26.2% (16/61) 28.2% (35/39) 3.945 0.139
44.3% (27/61) 59.0% (23/39)
29.5% (18/61) 12.8% (5/39)
45 28
82.2% (37/45) 92.9% (26/28) 0.874 035
17.8% (8/45) 7.1% (2/28)
18 5
83.3% (15/18) 80.0% (4/5) 0 1
16.7% (3/18) 20.0% (1/5)
242 129
84.7% (205/242) 88.4% (114/129) 0.936 0.333

15.3% (37/242)

LN, lymph nodes; PTMC, papillary thyroid microcarcinoma; N/P, Negative/Positive; *p<0.05..

11.6% (15/129)

19.9% (33/166) were male and 80.1% (133/166) were female,
while in MPTC with HT group 100% (23/23) were female, there
were significant differences between the two groups (Table 6,
P=0.039) in terms of gender composition, which mean that
MPTC with HT is more prevalent in women. In terms of LN
metastasis, in the MPTC group, of 166 patients, 156 patients

underwent lymph node dissection and 69.9% (109/156) had
lymph node metastases, while, in the MPTC with HT group, of
23 patients, 17 patients underwent lymph node dissection and
52.9% (9/17) had lymph node metastases, there was no
significant difference between the two groups (P=0.155).
However, in the MPTC group, a total of 2065 lymph nodes

TABLE 6 Patient Characteristics of MPTC and MPTC with HT.

MPTC(n=166) MPTC+HT(n=23) t/x2 P-value
Age (years, mean+SD) 40.05+11.89 35.65+10.80 1.681 0.0945
Gender Male 19.9% (33/166) 0.0% (0/23) 4.246 0.039*
Female 80.1% (133/166) 100% (23/23)
LN metastasis
Not cleaned 6.0% (10/166) 26.1% (6/23) 12.173 0.002*
NO 28.3% (47/166) 34.8% (8/23)
YES 65.7% (109/166) 39.1% (9/23)
LN dissection area
Central district 57.1% (89/156) 76.5% (13/17) 2.389 0.122
Central + side area 42.9% (67/156) 23.5% (4/17)
Regional LN metastasis
Central district 45.9% (50/109) 55.6% (5/9) 0.313 0.732
Central + side area 54.1% (59/109) 44.4% (4/9)
Number of N/P LN
Total 2065 212
Negative 57.8% (1193/2065) 76.4% (162/212) 27.731 0.000*
Positive 42.2% (872/2065) 23.6% (50/212)

MPTC, multifocal PTC; *p<0.05..

Frontiers in Endocrinology

06

frontiersin.org


https://doi.org/10.3389/fendo.2022.1067390
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Mao et al.

were dissected from 156 patients, of which 42.2% (872/2065)
were metastasis-positive and 57.8% (1193/2065) were
metastasis-negative, while, in the MPTC with HT group, a
total of 212 lymph nodes were dissected from 17 patients, of
which 23.6% (50/212) were metastasis-positive and 76.4% (162/
212) were metastasis-negative, there were significant differences
between the two groups (Table 6, P=0.000), which indicates that
MPTC patients with coexisting HT were likely less frequent
nodal metastases, however, due to the limitation of sample size
which were diagnosed as MPTC with HT, this conclusion needs
to be confirmed by further expanding the sample size.

Discussion

The exact etiology of HT has not been fully elucidated,
genetic susceptibility, immune disorders, environmental factors
and epigenetic factors affect the occurrence and development of
it. Evidence implicates that avoiding high iodine intake,
appropriate selenium, vitamin D and iron supplementation
have certain effects on the treatment of HT, and lead to a
reduction of serum ATG/ATPO level (17, 18). Since the initial
description of the relationship between HT and PTC by Dailey
(19), the association between the two diseases has been widely
debated and studied. Because of HT is an autoimmune disease
which led to chronic inflammation of thyroid, it has been
hypothesized that HT is associated with an increased risk of
TC according to the “inflammation-tumorigenesis” theory (20),
and numerous studies had investigated this hypothesis. However
nearly all studies have been confounded by imprecise metrics,
substantial selection bias and retrospective analysis (1, 21-23).
Conflicting reports continue to emerge, Holm et al. found that
HT patients had no obvious risk of thyroid cancer (24). Xu et al.
found that HT is a “double-edged sword” in TC patients (15),
therefore the relationship between the two diseases remains
controversial. In our study, we found that of the 1089 patients
who were diagnosed with TC, 18.2% were together with HT,
while, of the 3589 patients who were diagnosed with benign
thyroid nodule, only 6.74% were together with HT, which
indicates that the proportion of TC combined with HT is
higher and suggests an obvious relationship between HT and
TC, HT may be an important risk of TC.

Definition of HT requires histopathological diagnosis,
however, currently other means of preoperative non-invasive
diagnosis had been proven highly predictive of the disease,
including the detection of serum ATG and ATPO, as well as
the identification of a diffusely heterogeneous parenchyma upon
sonographic imaging of the thyroid gland (1). However, in our
study, of the 440 patients who were diagnosed with HT based on
final pathology, 13.6% of patients whose serum ATG and ATPO
were double negative, which suggests that ATG and ATPO
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negativity cannot rule out the diagnosis of HT. What’s more,
when we analyzed the ultrasonography features of nodular goiter
with HT and thyroid cancer with HT, we found that only 33% of
patients had explicitly reported diffusely heterogeneous
parenchyma of the thyroid gland. Therefore, the diagnostic
methods used alone have certain false negatives, and their
combined application can improve the diagnostic accuracy of
HT. Furthermore, Nathalie et al. found that the diagnostic
evaluation of thyroid nodules is affected by the presence of
HT, even when the nodule is nonmalignant, and a significantly
higher risk of indeterminate cytology should be expected (1). TI-
RADS is founded on the evaluation of US features in five
categories—composition, echogenicity, shape, margin, and
echogenic foci, which is an important method for preoperative
assessment of benign and malignant thyroid nodules, and has
important reference significance for artificial intelligence (AI) to
realize the characterizations of thyroid nodules and for the
treatment of thyroid nodules (25, 26). It has been reported
that the proportion of TI-ARDS>3 in benign thyroid nodules
was found to be about 9% assessed by thyroid ultrasound (27).
However, we found that the TI-ARDS classification of 45.9%
patients who diagnosed NG with HT were > Level 3, which
suggested that HT may affect the TI-RADS classification of
thyroid nodules, and the TI-RADS classification of thyroid
nodules with HT may be higher, thereby influencing
clinical decisions.

Tumor diameter, lymph node metastasis and multifocal
carcinoma are all the main risk factors for PTC progression
and recurrence. In our study, the proportion of PTMC was
significantly higher when coexisting with HT. It may be because
HT patients are prone to anxiety and frequently undergo thyroid
ultrasonography, which is more likely to detect malignant
thyroid nodules early. It remains unclear whether HT is a risk
factor for lymph node metastasis of TC. Studies have found that
the lymphocytic infiltration of HT may be an immunologic
response with a cancer-impeding effect and PTC patients with
coexisting HT are likely to be with less aggressive disease, less
frequent nodal metastases, less likely to develop recurrence, and
have a higher survival rate (28-32). However, some studies have
also found that HT is not associated with lymph node metastasis
of TC and promotes the progression of TC (33-35). Our data
showed that PTC patients with HT to have a lower prevalence of
lymph-node metastasis and HT may be a protective factor
against PTC metastasis. In terms of multifocal carcinoma, our
study showed that the proportion of multifocal carcinoma was
significantly lower when coexisting with HT, which conclusion is
consistent with the conclusions reached by Cappellacci et al. (36)
but not by Xu et al. (15).

Our study explored the influence of Hashimoto thyroiditis
on diagnosis and treatment of thyroid nodules and mainly
analyze the relationship between TC and HT, but had two
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main limitations. First, the study was retrospective: more real-
world studies and prospective studies are needed to obtain more
accurate conclusions. Second, the sample size of this study is
small, more samples need to be collected to reduce experimental

errors and draw more accurate conclusions.

Conclusions

HT increases the risk of TC but is a protective factor against
PTC progression and metastasis.

Data availability statement

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

Author contributions

LM and CZ conceived this study, GD directed the study.
LM and CZ performed most of the experiments. LM drafted
the manuscript. LM, CZ and SO collected and analyzed the
data and performed the statistical analyses. YH and CL
participated in some experiments. GD and LM provided
critical intellectual revision. GD provided financial support.
All authors contributed to the article and approved the
submitted version.

References

1. Silva de Morais N, Stuart J, Guan H, Wang Z, Cibas ES, Frates MC, et al. The
impact of hashimoto thyroiditis on thyroid nodule cytology and risk of thyroid
cancer. J Endocr Soc (2019) 3(4):791-800. doi: 10.1210/js.2018-00427

2. Grani G, Carbotta G, Nesca A, D'Alessandri M, Vitale M, Del Sordo M, et al.
A comprehensive score to diagnose hashimoto's thyroiditis: A proposal. Endocrine
(2015) 49(2):361-5. doi: 10.1007/s12020-014-0441-5

3. Ragusa F, Fallahi P, Elia G, Gonnella D, Paparo SR, Giusti C, et al. Hashimotos'
thyroiditis: Epidemiology, pathogenesis, clinic and therapy. Best Pract Res Clin
Endocrinol Metab (2019) 33(6):101367. doi: 10.1016/j.beem.2019.101367

4. Tartaglia F, Giuliani A, Tromba L, Carbotta S, Karpathiotakis M, Tortorelli G,
et al. Fine needle aspiration cytology of 650 thyroid nodules operated for multinodular
goiter: a cyto-histological correlation based on the new Italian cytological classification
(siapec 2014). ] Biol Regul Homeost Agents. (2016) 30(4):1187-93.

5. Resende de Paiva C, Grenhej C, Feldt-Rasmussen U, von Buchwald C.
Association between hashimoto's thyroiditis and thyroid cancer in 64,628 patients.
Front Oncol (2017) 7:53. doi: 10.3389/fonc.2017.00053

6. Batool S, Das B, Arif M, Islam N. Frequency of hashimoto thyroiditis in
papillary thyroid cancer patients and its impact on their outcome. ] Ayub Med Coll
Abbottabad. (2022) 34(2):251-5. doi: 10.55519/JAMC-02-9133

7. Antonelli A, Ferrari SM, Corrado A, Di Domenicantonio A, Fallahi P.
Autoimmune thyroid disorders. Autoimmun Rev (2015) 14(2):174-80. doi:
10.1016/j.autrev.2014.10.016

8. Sarkhail P, Mehran L, Askari S, Tahmasebinejad Z, Tohidi M, Azizi F.
Maternal thyroid function and autoimmunity in 3 trimesters of pregnancy and
their offspring's thyroid function. Horm Metab Res (2016) 48(1):20-6. doi: 10.1055/
s-0035-1555878

Frontiers in Endocrinology

08

10.3389/fendo.2022.1067390

Funding

This study was supported by the National Natural Science
Foundation of China (No. 81902500).

Acknowledgments

The authors of this manuscript would like to acknowledge
the support given by the Department of General Surgery at The
Hepu People’s Hospital and The First Affiliated Hospital of
GuangXi Medical University in pursuit of this study.

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.

9. Karch A, Thomas SL. Autoimmune thyroiditis as a risk factor for stroke: a
historical cohort study. Neurology (2014) 82(18):1643-52. doi: 10.1212/
'WNL.0000000000000377

10. Gtowinska-Olszewska B, Borysewicz-Sanczyk H, Sawicka B,
Klonowska B, Charemska D, Zelazowska-Rutkowska B, et al. Does
hashimoto's thyroiditis increase the risk of cardiovascular disease in
young type 1 diabetic patients? Front Endocrinol (Lausanne) (2020)
11:431. doi: 10.3389/fend0.2020.00431

11. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, et al.
Global cancer statistics 2020: GLOBOCAN estimates of incidence and mortality
worldwide for 36 cancers in 185 countries. CA Cancer J Clin (2021) 71(3):209-49.
doi: 10.3322/caac.21660

12. Cabanillas ME, McFadden DG, Durante C. Thyroid cancer. Lancet (2016)
388(10061):2783-95. doi: 10.1016/S0140-6736(16)30172-6

13. Feldt-Rasmussen U. Hashimoto's thyroiditis as a risk factor for thyroid
cancer. Curr Opin Endocrinol Diabetes Obes (2020) 27(5):364-71. doi: 10.1097/
MED.0000000000000570

14. Paparodis R, Imam S, Todorova-Koteva K, Staii A, Jaume JC. Hashimoto's
thyroiditis pathology and risk for thyroid cancer. Thyroid (2014) 24(7):1107-14.
doi: 10.1089/thy.2013.0588

15. XuJ, Ding K, Mu L, Huang ], Ye F, Peng Y, et al. Hashimoto's thyroiditis: A
"Double-edged sword" in thyroid carcinoma. Front Endocrinol (Lausanne). (2022)
13:801925. doi: 10.3389/fend0.2022.801925

16. Abbasgholizadeh P, Naseri A, Nasiri E, Sadra V. Is hashimoto thyroiditis
associated with increasing risk of thyroid malignancies? a systematic review and
meta-analysis. Thyroid Res (2021) 14(1):26. doi: 10.1186/s13044-021-00117-x

frontiersin.org


https://doi.org/10.1210/js.2018-00427
https://doi.org/10.1007/s12020-014-0441-5
https://doi.org/10.1016/j.beem.2019.101367
https://doi.org/10.3389/fonc.2017.00053
https://doi.org/10.55519/JAMC-02-9133
https://doi.org/10.1016/j.autrev.2014.10.016
https://doi.org/10.1055/s-0035-1555878
https://doi.org/10.1055/s-0035-1555878
https://doi.org/10.1212/WNL.0000000000000377
https://doi.org/10.1212/WNL.0000000000000377
https://doi.org/10.3389/fendo.2020.00431
https://doi.org/10.3322/caac.21660
https://doi.org/10.1016/S0140-6736(16)30172-6
https://doi.org/10.1097/MED.0000000000000570
https://doi.org/10.1097/MED.0000000000000570
https://doi.org/10.1089/thy.2013.0588
https://doi.org/10.3389/fendo.2022.801925
https://doi.org/10.1186/s13044-021-00117-x
https://doi.org/10.3389/fendo.2022.1067390
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Mao et al.

17. Ralli M, Angeletti D, Fiore M, D'Aguanno V, Lambiase A, Artico M, et al.
Hashimoto's thyroiditis: An update on pathogenic mechanisms, diagnostic
protocols, therapeutic strategies, and potential malignant transformation.
Autoimmun Rev (2020) 19(10):102649. doi: 10.1016/j.autrev.2020.102649

18. Hu S, Rayman MP. Multiple nutritional factors and the risk of hashimoto's
thyroiditis. Thyroid (2017) 27(5):597-610. doi: 10.1089/thy.2016.0635

19. DAILEY ME, LINDSAY S, SKAHEN R. Relation of thyroid neoplasms to
hashimoto disease of the thyroid gland. AMA Arch Surg (1955) 70(2):291-7. doi:
10.1001/archsurg.1955.01270080137023

20. Coussens LM, Werb Z. Inflammation and cancer. Nature (2002) 420
(6917):860-7. doi: 10.1038/nature01322

21. Grani G, Calvanese A, Carbotta G, D'Alessandri M, Nesca A, Bianchini M, et al.
Thyroid autoimmunity and risk of malignancy in thyroid nodules submitted to fine-
needle aspiration cytology. Head Neck. (2015) 37(2):260-4. doi: 10.1002/hed.23587

22. Boi F, Pani F, Mariotti S. Thyroid autoimmunity and thyroid cancer: Review
focused on cytological studies. Eur Thyroid ] (2017) 6(4):178-86. doi: 10.1159/
000468928

23. Uhliarova B, Hajtman A. Hashimoto's thyroiditis - an independent risk
factor for papillary carcinoma. Braz J Otorhinolaryngol (2018) 84(6):729-35. doi:
10.1016/j.bjor].2017.08.012

24. Holm LE, Blomgren H, Léwhagen T. Cancer risks in patients with chronic
lymphocytic thyroiditis. N Engl ] Med (1985) 312(10):601-4. doi: 10.1056/
NEJM198503073121001

25. Zhang ], Liu BJ, Xu HX, Xu JM, Zhang YF, Liu C, et al. Prospective

validation of an ultrasound-based thyroid imaging reporting and data system (TI-
RADS) on 3980 thyroid nodules. Int J Clin Exp Med (2015) 8(4):5911-7.

26. Sorrenti S, Dolcetti V, Radzina M, Bellini M1, Frezza F, Munir K, et al.
Artificial intelligence for thyroid nodule characterization: Where are we standing?
Cancers (Basel) (2022) 14(14):3357. doi: 10.3390/cancers14143357

27. Tessler FN, Middleton WD, Grant EG. Thyroid imaging reporting and data
system (TI-RADS): A user's guide. Radiology (2018) 287(1):29-36. doi: 10.1148/
radiol.2017171240

Frontiers in Endocrinology

09

10.3389/fendo.2022.1067390

28. Noureldine SI, Tufano RP. Association of hashimoto’s thyroiditis and
thyroid cancer. Curr Opin Oncol (2015) 27(1):21-5. doi: 10.1097/
CC0.0000000000000150

29. Zhang Y, Dai ], Wu T, Yang Z, Yin N. The study of the coexistence of
hashimoto’s thyroiditis with papillary thyroid carcinoma. J Cancer Res Clin Oncol
(2014) 140(6):1021-6. doi: 10.1007/500432-014-1629-z

30. Dvorkin S, Robenshtok E, Hirsch D, Strenov Y, Shimon I, Benbassat CA.
Differentiated thyroid cancer is associated with less aggressive disease and better
outcome in patients with coexisting hashimotos thyroiditis. J Clin Endocrinol
Metab (2013) 98(6):2409-2414. doi: 10.1210/jc.2013-1309

31. Kim SY, Kim BW, Pyo JY, Hong SW, Chang HS, Park CS.
Macrometastasis in papillary thyroid cancer patients is associated with higher
recurrence in lateral neck nodes. World J Surg (2018) 42(1):123-9. doi: 10.1007/
500268-017-4158-5

32. Jankovic B, Le KT, Hershman JM. Clinical review: Hashimoto’s thyroiditis
and papillary thyroid carcinoma: is there a correlation? J Clin Endocrinol Metab
(2013) 98:474-82. doi: 10.1210/jc.2012-2978

33. Mao J, Zhang Q, Zhang H, Zheng K, Wang R, Wang G. Risk factors for
lymph node metastasis in papillary thyroid carcinoma: A systematic review and
meta-analysis. Front Endocrinol (Lausanne) (2020) 11:265. doi: 10.3389/
fendo.2020.00265

34. Sun W, Lan X, Zhang H, Dong W, Wang Z, He L, et al. Risk factors for
central lymph node metastasis in CNO papillary thyroid carcinoma: A systematic
review and meta-analysis. PloS One (2015) 10(10):20139021. doi: 10.1371/
journal.pone.0139021

35. McLeod DS, Watters KF, Carpenter AD, Landenson PW, Cooper DS, Ding
EL. Thyrotropin and thyroid cancer diagnosis: A systematic review and dose-
response meta-analysis. J Clin Endocrinol Metab (2012) 97:2682-92. doi: 10.1210/
jc.2012-1083

36. Cappellacci F, Canu GL, Lai ML, Lori E, Biancu M, Boi F, et al.
Association between hashimoto thyroiditis and differentiated thyroid cancer:
A single-center experience. Front Oncol (2022) 12:959595. doi: 10.3389/
fonc.2022.959595

frontiersin.org


https://doi.org/10.1016/j.autrev.2020.102649
https://doi.org/10.1089/thy.2016.0635
https://doi.org/10.1001/archsurg.1955.01270080137023
https://doi.org/10.1038/nature01322
https://doi.org/10.1002/hed.23587
https://doi.org/10.1159/000468928
https://doi.org/10.1159/000468928
https://doi.org/10.1016/j.bjorl.2017.08.012
https://doi.org/10.1056/NEJM198503073121001
https://doi.org/10.1056/NEJM198503073121001
https://doi.org/10.3390/cancers14143357
https://doi.org/10.1148/radiol.2017171240
https://doi.org/10.1148/radiol.2017171240
https://doi.org/10.1097/CCO.0000000000000150
https://doi.org/10.1097/CCO.0000000000000150
https://doi.org/10.1007/s00432-014-1629-z
https://doi.org/10.1210/jc.2013-1309
https://doi.org/10.1007/s00268-017-4158-5
https://doi.org/10.1007/s00268-017-4158-5
https://doi.org/10.1210/jc.2012-2978
https://doi.org/10.3389/fendo.2020.00265
https://doi.org/10.3389/fendo.2020.00265
https://doi.org/10.1371/journal.pone.0139021
https://doi.org/10.1371/journal.pone.0139021
https://doi.org/10.1210/jc.2012-1083
https://doi.org/10.1210/jc.2012-1083
https://doi.org/10.3389/fonc.2022.959595
https://doi.org/10.3389/fonc.2022.959595
https://doi.org/10.3389/fendo.2022.1067390
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Influence of Hashimoto thyroiditis on diagnosis and treatment of thyroid nodules
	Introduction
	Materials and methods
	Statistical analysis

	Results
	Patient characteristics of nodular goiter with HT and thyroid cancer with HT
	Ultrasonography features of nodular goiter with HT and TC with HT
	Patient characteristics of isolated TC and TC with HT
	Patient characteristics of isolated PTC and PTC with HT
	Patient characteristics of PTMC and PTMC with HT
	Patient characteristics of MPTC and MPTC with HT

	Discussion
	Conclusions
	Data availability statement
	Author contributions
	Funding
	Acknowledgments
	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


