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Abstract

Objective: The purpose of this study was to investigate the effect of Hashi-
moto’s thyroiditis on efficacy of '*'I ablation in intermediate- and high-risk of
thyroid papillary carcinoma patients. The findings will help to develop a per-
sonalized treatment plan for patients with thyroid papillary carcinoma com-
plicated with Hashimoto’s thyroiditis. Material and Methods: From January
2016 to December 2020, patients who were diagnosed with intermediate- and
high-risk PTC with lymph node metastasis were analyzed retrospectively, ex-
cluding patients with incomplete clinical data, distant metastasis, positive
TGADb, TSH < 30 mIU/L. The baseline data of sex, age, and biochemical in-
formation were collected before admission. All patients included had radioac-
tive iodine (RAI) with 3.70 GBq. The treatment response of patients was eva-
luated 6 - 8 months after discharge. By means of univariate and multivariate
analysis, including excellent response (ER) and non-excellent response (NER)
groups of clinical data, we assessed the impact of *'I on patients outcome.
Results: A total of 525 patients (166 males and 359 females) were included in
the study, including 368 patients in ER group (70.1%) and 157 patients in NER
group (29.9%). Eleven factors including combining Hashimoto’s thyroiditis,
pre-ablative Tg levels, sex, tumor diameter, extraglandular invasion, multi-
focal, bilateral lesions, central lymph node metastasis, lateral lymph node
metastasis, lymph node metastasis rate, thyroglobulin were statistically dif-
ferent between ER group and NER group with significance at P < 0.05. Fur-
ther multivariate analysis showed that Hashimoto’s thyroiditis, Ps-Tg levels
and lateral lymph node metastasis could be used as independent factors. And
patients with HT had significantly superior outcomes compared with patients
without HT. Conclusion: Hashimoto’s thyroiditis, Ps-Tg level and lateral
lymph node metastasis are potential predictors for short-term efficacy of "’'I
treatment in intermediate- and high-risk thyroid papillary carcinoma. Ha-
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shimoto’s thyroiditis, high Ps-Tg level and increased number of lateral lymph
node metastasis reduce the efficacy of "*'I therapy in patients with interme-
diate and high risk thyroid papillary carcinoma.

Keywords

Papillary Thyroid Carcinoma, Hashimoto’s Thyroiditis, '*'I Therapy,
Curative Effect

1. Introduction

Thyroid carcinoma (TC) accounts for less than 1% of all malignant tumors and
0.5% - 10% of thyroid nodules develop to thyroid carcinoma. Previous findings
indicate that in countries high iodine intake 80% of thyroid cancer cases com-
prise well-differentiated thyroid cancer, of which 60% are papillary thyroid can-
cers (PTC), and about 70% of the tumor cases are detected in clinical [1] [2] [3]
[4] [5]. Hashimoto’s thyroiditis (HT) is the most common inflammatory disease
of the thyroid. HT is the leading cause of hypothyroidism in countries with high
iodine intake. The thyroid gland grows larger in HT subjects; then it gradually
shrinks and progresses to hypothyroidism. Previous findings show that the peak
age of HT onset is between 30 and 50 years old, and the ratio of incidence in
male to female is 8 - 9:1 [6]. HT is a chronic inflammatory disease but its effect
on the occurrence or progression of thyroid cancer, especially the effect on the
therapeutic effect of *'I therapy in PTC patients, has not been fully elucidated.

The recurrence rate and risk of death in most differentiated thyroid carcino-
mas, especially papillary thyroid carcinomas, are significantly reduced with a 5-year
survival rate more than 95% after thyroidectomy, radioactive iodine and TSH
inhibition [7] [8]. Previous studies report that age, surgical resection method,
tumor pathological characteristics, thyroglobulin and recurrence risk stratifica-
tion affect the therapeutic effect of ' therapy [7] [8] [9]. Low-dose "*'I treatment is
less expensive and is associated with fewer side effects compared with high-dose
BT treatment [10] [11] [12]. Therefore, it is imperative to administer effective
treatment to patients with poor response, and avoid higher doses in people with
good response to P'I treatment. Therefore, the purpose of this study was to ex-
plore the effect of HT on efficacy of **'I therapy in PTC patients.

2. Data and Methods
2.1. Clinical Data

Patient data extracted from the clinical electronic medical record system were
de-identified so that all private information of patients was not included. The
Institutional Review Board of the First Hospital, Chongqing Medical University
approved the use of medical records and allowed us to obtain written consent
from each patient (2022-K248). All procedures complied with the Declaration of
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Helsinki for research involving human subjects. All the patients signed informed
consent before RAL

From January 2016 to December 2020, a total of 525 patients treated with *'I
for the first time after total thyroidectomy surgery and neck lymph node dissec-
tion were retrospectively reviewed. The inclusion criteria were as follows: 1) sub-
jects with postoperative pathology confirmed PTC, and the risk stratification was
intermediate- and high-risk patients; 2) patients with complete clinicopatholog-
ical data; 3) subjects who had undergone total thyroidectomy plus central and/or
lateral lymph node dissection; 4) level of thyroid stimulating hormone (TSH) >
30 ulU/ml. 5) serum level of anti-thyroglobulin antibody (TgAb) below 115 IU/ml
to alleviate the effect on the results of thyroglobulin. The pathological evaluation
was performed by the same group of pathologists. Data on the tumor size (if the
tumor was multifocal, the maximum diameter of the largest nodule was record-
ed), multifocal (yes/no), central lymph node metastasis (yes/no), lateral lymph
node metastasis (yes/no), thyroid extracapsular invasion (yes/no) and BRAF600E
mutation (yes/no) were recorded. The patients were grouped into stages I, IT and
IIT according to the TNM staging guidelines for differentiated and undifferen-
tiated thyroid carcinoma recommended by the American Joint Commission on

Cancer.

2.2. Treatment Methods

All patients were required to eat a low-iodine diet for 4 weeks, stop taking levo-
thyroxine tablets for 3 weeks, and were not supposed to undergo enhanced CT
and other examinations before receiving '*'I treatment. The acclimatization pe-
riod was extended for 2 weeks if the TSH level was still less than 30 mIU/L. Rou-
tine examinations and evaluation of related items were performed, including
stimulated thyroglobulin (Ps-Tg), TgAb, TSH, abdominal and neck ultrasound,
cervicothoracic computed tomography CT, thyroid iodine uptake rate, thyroid
static imaging, renal GFR imaging and salivary gland imaging, were performed
before iodine treatment. Physicians gave the patients iodine doses according to
the recurrence risk stratification, Ps-Tg levels and clinicopathological factors.
Whole-body post-treatment scans (Rx-'*'I-WBS) were performed 72 hours after
iodine administration. Patients were monitored for serological indicators (Ps-Tg,
TgAb, TSH, etc.), and neck ultrasonography, and whole body diagnostic *'I im-
aging (Dx-"*'I-WBS) were performed during 6 - 8 months after discharge.

2.3. Evaluation Criteria and Grouping

The outcomes were classified as excellent response(ER) and non-excellent re-
sponse (NER) after 6 months according to the imaging results obtained at 6
months and the stimulation/inhibition Tg levels, Dx-WBS examination, neck ul-
trasonography and other imaging examinations performed during the follow-up
period as recommended in the 2015 edition of ATA guidelines. Imaging exami-

nation with no clear lesions, inhibitory Tg < 0.2 ng/L or irritant Tg < 1.0 ng/L
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represented excellent response, whereas other all other outcomes were classified
as NER. Three nuclear medicine physicians independently evaluated the results
of the follow-up tests after treatment and reached an agreement through discus-

sion in the event of discrepancies.

2.4. Statistical Methods

Data obtained in this study were statistically analyzed using SPSS25.0 software.
Continuous numerical variables were presented as means * standard deviation
or median and quartile, and categorical variables were presented as frequency
(percentage). T test, Chi-square test and rank sum test were performed to compare
the differences between two groups of patients. Logistic regression analysis was
performed for multivariate analysis. P < 0.05 was considered to be statistically

significant.

3. Results

3.1. Comparison of Clinical Features of Thyroid Cancer Patients
between the Two Groups

A total of 525 patients were enrolled in the study. The average age of patients
was 39.87 years old. The proportion of patients under 55 years old was relatively
higher than patients above 55 years. The ratio of male to female was 1:2.2. Most
of the primary lesions in the subjects were single, unilateral and microcarcino-
ma, and only a few lesions invaded the capsule. In this study, 367 cases of thyro-
id papillary carcinoma without Hashimoto thyroiditis (HT) and 158 cases of thy-
roid papillary carcinoma with HT were confirmed by postoperative pathological
diagnosis. The results showed that the curative effect of the first '*'I therapy was
ER in 368 cases. There was no significant difference in sex, age, tumor diameter,
lymph node metastasis and *'I therapy of subjects in the two outcome groups
(P> 0.05) (Table 1).

3.2. Factors Affecting the Efficacy of 1311 Therapy in Patients
with Thyroid Cancer

Univariate analysis showed that extraglandular invasion, multifocal, bilateral le-
sions, central lymph node metastasis, lateral lymph node metastasis, lymph node
metastasis rate, Ps-Tg and HT affected the efficacy of PTC"I therapy. Multiva-
riate analysis showed that the number of lateral lymph node metastasis, Ps-Tg
and HT were independent factors that affected the efficacy of PTC"'I therapy
(Table 2).

3.3. Comparison of the Efficacy of 131] Therapy in Patients with
and without Hashimoto’s Thyroiditis

The results showed that the proportion of ER outcomes based on "'I therapy ef-
fect of the Non-HT group was significantly higher than that of the HT group
(Table 3, Figure 1).
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Table 1. Clinicopathological characteristics of patients with papillary thyroid cancer in
the ER group and the NER group.

ER grou NER grou
Category (n :g 368I)) (n :g157)p
Gender 0.98
Male 117 (31.8%) 49 (31.2%)
Female 251 (68.2%) 108 (68.8%)
Age 51 (13.9%) 0.69
<55 317 (86.1%) 138 (87.9%)
>55 51 (13.9%) 19 (12.1%)
Tumor size (cm) 1.06 £ 0.51 1.12 £ 0.59 0.09
Extragrandular invasion 0.07
Yes 75 (20.4%) 44 (28%)
No 293 (79.6%) 113 (72%)
Multifocality 0.76
Yes 143 (38.9%) 64 (40.8%)
No 225 (61.1%) 93 (59.2%)
Minuteness 0.72
Yes 101 (27.4%) 40 (25.5%)
No 267 (72.6%) 117 (74.5%)
Bilateral lesions 0.69
Yes 109 (29.6%) 50 (31.8%)
No 259 (70.4%) 107 (68.2%)
HT 0.64
Yes 108 (29.3%) 49 (31.8%)
No 260 (70.7%) 108 (68.2%)
BRAFV*E mutation 0.10
Yes 197 (53.5%) 97 (61.8%)
No 171 (46.5%) 60 (38.2%)
Number of central lymph node metastases 5.58 £4.51 5.29 £3.81 0.74
Number of lateral lymph node metastases 2.53 +3.29 2.92 +3.59 0.13
Total lymph nodes resected 26.47 + 18.09 27.9+17.59  0.30
Lymph node ratio metastasis 0.35+0.22 0.36 + 0.24 0.98
Ps-Tg 13.81 + 53.33 15+ 55.51 0.22
TPOADb 22.89 + 82.5 27.73 £82.59  0.16
TgAb 16.02 +78.32  36.45+218.54 0.27
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Table 2. Logistic regression analysis of factors that affect '*'I treatment efficacy in patients with thyroid cancer in the training

group (n = 525).

Univariate logistic regression

Multivariate logistic regression

Factors
OR (95% CI) P OR (95% CI) P
Gender 1.518 (1.019 - 2.261) 0.06
Age 1.278 (0.745 - 2.191) 0.27
Tumor size 0.803 (0.572 - 1.126) 0.09
Extragrandular invasion 1.601 (1.037 - 2.473) 0.02* 1.448 (0.801 - 2.619) 0.17
Multifocality 0.623 (0.424 - 0.914) 0.02* 0.913 (0.377 - 2.212) 0.14
Microcarcinoma 0.999 (0.651 - 1.533) 0.76
Bilateral lesions 1.664 (1.114 - 2.485) 0.03* 1.636 (0.648 - 4.126) 0.57
HT 1.286 (0.172 - 0.475) <0.0001* 0.488 (0.255 - 0.934) 0.04*
BRAFVSE mutation 0.727 (0.496 - 0.1064) 0.1
Central lymph node metastasis 0.939 (0.900 - 0.980) 0.05* 0.982 (0.922 - 1.045) 0.7
Lateral lymph node metastasis 0.863 (0.816 - 0.913) 0.0001* 0.887 (0.817 - 0.963) 0.04*
Total nodes resected 0.997 (0.987 - 1.008) 0.65
Lymph node ratio 0.978 (0.970 - 0.986) 0.0003* 0.988 (0.977 - 0.999) 0.08
Ps-Tg 0.838 (0.803 - 0.876) <0.0001* 0.857 (0.820 - 0.896) <0.0001*
TPOAD 1.004 (1.000 - 1.009) 0.34
TgAb 1.005 (0.999 - 1.010) 0.41

Note: HT represents Hashimoto’s thyroiditis; * indicates a statistically significant difference.

Table 3. Comparison of the efficacy of I nail clearance in patients with thyroid cancer grouped according to Hashimoto’s

thyroiditis.
HT Group Non-HT Group P
ER 134 234 <0.0001*
NER 23 134 <0.0001*

Note: HT Group represents PTC with Hashimoto’s thyroiditis group; Non-HT Group represents without Hashimoto’s thyroiditis
group; * indicates a statistically significant difference.

e Group _
o Group -

0 50 100 150 200 250 300 350 400

mER
mNER

Figure 1. A histogram showing the distribution of I treatment efficacy
between the HT Group and Non-HT Group.
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4. Discussion

The relationship between Hashimoto’s thyroiditis and thyroid papillary carci-
noma has been extensively studied. A significant increase in the incidence of
co-existence of these two diseases had been reported in the past 20 years, and the
two conditions was reported to be between 10% and 58% [13] [14]. In the present
study, the incidence of PTC cases presenting with HT was 30.1%. PTC "I treat-
ment after total thyroidectomy results in good prognosis of patients. The results
in this study shows that 70.1% of patients with papillary thyroid cancer in the
achieved ER status. Previous findings indicated that 63.2% - 70% of PTC pa-
tients who had received 'I treatment for the first time achieved ER status,
which is a relatively consistent with the present finding [15] [16] [17]. The male
to female ratio of patients included in this study is 1:2.2, indicating that papillary
thyroid carcinoma has higher incidence in female subjects, but male have a
higher risk for thyroid cancer recurrence. Previous results showed that age is an
independent risk factor affecting the postoperative staging of differentiated thy-
roid cancer, with higher the age associated with worse prognosis of thyroid can-
cer patients [18]. In this study, gender and age were not associated with the the-
rapeutic effect of radioactive iodine, which was consistent with the results from
previous studies [19] [20] [21].

Xu et al [13] reported that tumor diameter, regional lymph node metastasis
status, and extrathyroid invasion were correlated with the prognosis of thyroid
cancer. Pathological characteristics of tumors are associated with efficacy of **'I
treatment. The present findings indicated that multi-focal, capsule invasion,
maximum tumor diameter and tumor location did not affect the efficacy of in-
termediate-high risk papillary carcinoma. Grani et al. [22] reported similar re-
sults after exploring the efficacy of radioiodine therapy administered to interme-
diate-low risk papillary carcinoma. These findings indicate that the pathological
features of all risk stratification PTC may not affect the efficacy of **'I treatment.
Lymph node is the most common site of a cancer metastasis, and the main types
include central lymph node and lateral lymph node metastasis. The number of
lymph node metastases, the total number of lymph nodes cleared, and the ratio
of metastatic lymph nodes were included in the multivariate analysis in this
study. The results showed that the number of lateral lymph node metastases was
an independent risk factor for predicting treatment response, which was differ-
ent from findings reported in previous studies [23]. This observation indicates
that iodine dose should be increased in patients with lateral lymph node metas-
tasis to increase the efficacy of RAI treatment and reduce the recurrence rate
among this group.

Hashimoto’s thyroiditis (HT) is the most common autoimmune disease re-
ported in humans HT is associated with high risk of occurrence and poor prog-
nosis of thyroid papillary carcinoma patients [13]. Previous findings showed that
HT could reduce the efficacy of ablation with low dose radioactive iodine [24].
In this study, a multivariate analysis of HT is carried out and the results showed
that HT was an independent risk factor for the therapeutic effect of **'I for PTC.
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The expression level of sodium iodine transporters (NIS) in the basement mem-
brane of thyroid follicular epithelial cells with HT is lower compared with nor-
mal thyroid tissue, which may affect the uptake of **'I by residual thyroid tissue
[25]. BRAFV®E mutation is an indicator of intermediate recurrence risk, which
leads to decreased expression of sodium iodine transporter (NIS) and promotes
downregulation of genes and proteins involved in iodide metabolism [26]. The
mutation rates of BRAFV®F were 56%. The results of this study showed that
mutation of the gene had no significant effect on the efficacy of radioactive iodine
therapy in PTC patients. The sample size was not large enough and the data in
this study was from a single center so studies with a higher number of patients
should be conducted and data from multiple centers should be used to verify the
present findings.

Thyroglobulin (Tg) is produced by thyroid tissue and is proportional to the
volume of thyroid [25]. Tg has a biological half-life of 65 hours. Tg is undetecta-
ble 4 - 6 weeks after total thyroidectomy in the absence of levothyroxine sup-
plement and without metastasis [27] [28] [29] [30]. This implies that the con-
centration of Tg in serum can be used to estimate the volume of residual thyroid
gland and predict the efficacy of radioactive iodine ablation. A higher level of
Ps-Tg is associated with poor therapeutic effect of radioactive iodine therapy.
High level of Ps-Tg is also correlated with poor prognosis of patients and a
higher risk of recurrence. Liu et al. reported that Ps-Tg (cutoff value 9.05 ng/mL)
can be used as an independent factor to predict satisfactory efficacy (ER) of ra-
dioactive iodine therapy. Previous findings showed that Ps-Tg < 9.05 ng/mL was
associated with ER in 87.5% of patients. These findings indicate that Ps-Tg com-
bined with tumor size is an effective marker to predict the response to the first
BT treatment. The results on the levels of Ps-Tg in the present study were con-
sistent with previous finding. However, the cutoff value of Ps-Tg in our study
was 3.75 ng/mL. The difference in cutoff value is observed mainly because in-
termediate-high risk thyroid cancer is explored in the present study, whereas the
study by Liu et al comprised patients at three risk levels. Moreover, the fol-
low-up time in this study was shorter, 6 - 8 months compared with the 5 - 10
years follow-up time reported in the study by Liu et al The ATA guidelines in-
dicate that the optimal Tg cutoff value for predicting *'I treatment response has
not been determined, and more experiments should be conducted to evaluate
the effective cut off value. A previous study reported 3.2 ng/mL as the critical
value for Ps-Tg among intermediate-risk patients, which was effective in pre-
dicting the progression-free survival of patients. The dose of radioactive iodine
should be increased when the biochemical level is high. The level of Ps-Tg can be
used as a guiding factor for increasing the dose of radioactive iodine in patients
with PTC [30]. Studies should be conducted to explore the optimal dose of ra-

dioactive iodine for **'I therapy.

5. Conclusion

Our data suggest that coexisting Hashimoto’s thyroiditis, Ps-Tg and lateral
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lymph node metastasis are independent risk factors for poor clinical prognosis
for patients with moderate and high-risk thyroid papillary carcinoma after '*'I
treatment. The efficacy of I treatment significantly decreases when papillary
thyroid carcinoma is complicated with Hashimoto’s thyroiditis. Similarly, the ef-
ficacy of *I therapy decreases significantly with the increase of the number of

lateral lymph nodes and the increase of Ps-Tg level.
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