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Objective: The incidence rate of thyroid diseases increased worldwide. This study aims to overview the changing landscape of drug
clinical trials on thyroid disease during 2009-2022.

Methods: The detailed information of thyroid disease drug trials registered on the National Medical Products Administration (NMPA)
Registration and Information Disclosure Platform for Drug Clinical Studies was searched and collected. The thyroid drug clinical trials
were analyzed by the characteristics, time trends, indications, and geographical distribution.

Results: Sixty-five thyroid disease drug clinical trials were launched from 2009 to 2022 in China, which included 21 trials in
nontumorous thyroid disease and 44 trials in thyroid carcinoma. The number of registered trials of thyroid diseases including thyroid
carcinoma and nontumorous thyroid disease increased steadily from 2009 to 2020. Bioequivalence studies accounted for the largest
proportion (32[49.2%]), while phase 1 and Phase II studies both only accounted for 18.5% (12/65). A significant difference was
observed in the trials phase, and randomization between thyroid carcinoma and nontumorous thyroid disease. In terms of clinical
indications and drug mechanisms, the number of trials in multi-target tyrosine kinase inhibitors for thyroid carcinoma (n=35) ranked
first, followed by thyroid hormone for hypothyroidism (n=7), thyrotropin for thyroid carcinoma (n=6). Sixty-five trials were led by 36
principal investigator (PI) units, and more than 30% of PI-leading units were located in Shanghai (n=7) and Beijing (n=4).
Conclusion: During the past 13 years, the development of thyroid diseases drugs trials has achieved certain progress in thyroid
carcinoma, especially the molecular targeted therapy, yet the development of drug trials on nontumorous thyroid disease was very slow.
Keywords: thyroid disease, thyroid carcinoma, nontumorous thyroid disease, China, drug clinical trial

Introduction

Thyroid diseases, including thyroid carcinoma and nontumorous thyroid disease, are prevalent diseases of the endocrine
system worldwide. The incidence rates of thyroid carcinoma and nontumorous thyroid disease were significantly
increased in China.'” As the routine screening of thyroid function is not indicated in the present guidelines, the incidence
rate of nontumorous thyroid disease may be underestimated.>* For the rare terminal thyroid carcinoma which cannot be
treated surgically, chemotherapy and targeted therapy is the main strategy. Thyroid hormones and calcium intake should
also be taken for life to maintain endocrine homeostasis in patients after thyroidectomy or with radioiodine treatment for
hyperthyroidism, autoimmune thyroid disease, congenital hypothyroidism or toxic goiter. In terms of nontumorous
thyroid diseases, drug therapy is the only option. The development of drug clinical trials for thyroid disease is important
for the optimization of clinical therapy strategies and improvement in patients’ prognosis and long-term quality of life.
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The National Medical Products Administration (NMPA) established a Registration and Information Disclosure
Platform for Drug Clinical Studies in 2013 and required all the clinical trials conducted in China and approved by the
NMPA should be registered and disclosed mandatorily on this platform. If the drug had been approved before the date
of this announcement, the applicant must complete the supplemental registration on the platform within 3 months.
Therefore, the registration on the platform became the essential way to market for drugs in China. The move
accelerated the review process of drug applications and approval. The Chinese government also issued a series of
policies during 2013-2017 to support the development of innovative drugs and clinical trials, which has made great
progress in drug research and marketing.> Although some reviews have focused on and summarized the clinical trials
of lung cancer, lymphoma, pediatric drugs, etc.®” There is still a lack of relevant analysis on the trends and
characteristics of drug trials for thyroid diseases. This study aimed to analyze the changes in the drug clinical trials
for thyroid diseases in China and to provide useful information for investigators, pharmaceutical enterprises, policy-

makers and other stakeholders.

Materials and Methods

Data Source and Collection
We searched the NMPA Registration and Information Disclosure Platform for Drug Clinical Studies website (http:/www.
chinadrugtrials.org.cn) using the word “thyroid” as a keyword. After that, we checked all candidate clinical trials by

manual screening to make sure all eligible clinical trials were relevant to the thyroid disease.

Search Strategy and Selection Criteria

The included trials must meet several criteria: (1) the clinical indication must be thyroid diseases. (2) Drug trials should
be registered between January 1, 2009, and December 31, 2022. (3) The location of drug trials should be in China.
Detailed information on drug trials was collected, including trial title, leading unit, registered date, trial status, trial phase,
type and mechanism of tested drug, indications, trial objective, the number of participating centers, geographical location
of the principal clinical trial units, key inclusion criteria and exclusion criteria, date of first ethical review, and first
enrolment. The data selection and extraction process were conducted by two investigators (C.L. and J.H.). In case of
disagreement, all investigators will discuss and reach a consensus under the moderation of a senior investigator (Y-D.T.).

A total of 65 drug trials on thyroid diseases were included in the following analysis (Figure 1).

Statistical Analysis

We classified the drug clinical trials of thyroid diseases into thyroid carcinoma and nontumorous thyroid disease
according to pathological types. For descriptive analyses, quantitative variables were expressed as frequency and
percentages (%). We analyzed the 13-year characteristic and trends of clinical trials, the distribution of indication and
geography. A two-sided p < 0.05 was considered statistically significant. Differences were compared using Pearson’s chi-
square test or Fisher’s exact test for dichotomous variables. All statistical analyses were conducted using SAS software,
version 9.4 (SAS Institute).

Results

Time Trends of Initiated Trials

A total of 65 drug clinical trials were registered on this platform of NMPA, involving 21 trials on nontumorous thyroid
disease and 44 trials in thyroid carcinoma. The annual number of drug trial registration in thyroid disease by year is
demonstrated in Figure 2. During 2009-2017, the number of trial registration was quite small in both thyroid carcinoma
and nontumorous thyroid disease, but it increased significantly between 2018 and 2021. The total number of trials on
thyroid disease increased by 167%.
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18912 Clinical trials registered until January 1, 2023, on the
NMPA Registration and Information Disclosure Platform
for Drug Clinical Studies

18841 Non-thyroid disease drug trials
> excluded through the retrieval
strategy

\4

71 Thyroid disease drug trials
included

6 Non-thyroid disease drug trials
excluded by manual

65 Thyroid disease drug trials
included

21 Drug trials on nontumorous

Bl eaee 44 Drug trials on thyroid carcinoma

Figure | Flowchart of the selection process.
Abbreviation: NMPA, National Medical Products Administration.
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Figure 2 Annual numbers of initiated thyroid diseases drug clinical trials by major indications in China, 2009-2022.

Characteristics of Registered Trials
The detailed information on the drug trial’s characteristics is summarized in Table 1. It is of significant difference in the
phase, and randomization (p<0.05) between nontumorous thyroid disease and thyroid carcinoma. In terms of status, the
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Table 1 Characteristics of Thyroid Diseases Drug Clinical Trials in China (n=65)

Variables No. (%) P value
Total Non-Tumorous Thyroid Thyroid Carcinoma
(N=65) Disease (n=21) (n=44)
Status 0.8125*
Proceeding 38 (58.5%) 14 (66.7%) 24 (54.5%)
Completed 25 (38.5%) 7 (33.3%) 18 (40.9%)
Suspended I (1.5%) 0 (0.0%) 1 (2.3%)
Terminated I (1.5%) 0 (0.0%) 1 (2.3%)
Trails Phase 0.0410*
Phase IlI 9 (13.8%) 0 9 (20.5%)
Phase I 12 (18.5%) 2 (9.5%) 10 (22.7%)
Phase | 12 (18.5%) 5 (23.8%) 7 (15.9%)
Bioequivalence 32 (49.2%) 14 (66.7%) 18 (40.9%)
Type of drugs 0.5026*
Chemical 53 (81.5%) 16 (76.2%) 37 (84.1%)
Biological 12 (18.5%) 5 (23.8%) 7 (15.9%)
Design 0.0585*
Single-arm 14 (21.5%) | (4.8%) 13 (29.5%)
Crossover 36 (55.4%) 15 (71.4%) 21 (47.7%)
Parallel-group 15 (23.1%) 5 (23.8%) 10 (22.7%)
Randomization 0.0249*
Non-randomization 15 (23.1%) | (4.8%) 14 (31.8%)
Randomization 50 (76.9%) 20 (95.2%) 30 (68.2%)
Blinding 0.7366*
Open-label 54 (83.1%) 17 (81.0%) 37 (84.1%)
Double-blind 11 (16.9%) 4 (19.0%) 7 (15.9%)
Coverage 0.1658*
International Multi-center 5(7.7%) 0 (0.0%) 5 (11.4%)
Domestic 60 (92.3%) 21 (100.0%) 39 (88.6%)

Note: *Fisher’s exact test.

trials in nontumorous thyroid disease were all completed or still in proceeding, while there are two trials in thyroid
carcinoma suspended and terminated (Figure 3). The bioequivalence study accounted for 66.7% of nontumorous thyroid
disease trials. However, it only accounted for 40.9% of thyroid carcinoma, followed by 15.9% in phase I, 22.7% in phase
IT and 20.5% in phase III. In the study design, 71.4% of trials in nontumorous thyroid disease were cross-over studies.

Distribution of Clinical Trials by Pathological Types and Drug Mechanisms
Among all the 65 trials, the proportion of drugs targeting differentiated thyroid cancer (44.6% [29/65]) accounted for the
largest, followed by medullary thyroid carcinoma (13.8% [9/65]), hypothyroidism (10.8% [7/65]), and hyperthyroidism

Total Thyroid Carcinoma Nontumorous Thyroid Disease
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Figure 3 Distribution of phase and status for drug clinical trials. Numbers beside each column of the chart represent the actual number of trials.
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(9.2% [6/65]) (Figure 4A). In contrast, the number of drugs for Graves’ disease (n=1), anaplastic thyroid cancer (n=2),
and thyroiditis was quite small (n=2).

In terms of the drug mechanisms and clinical indications, the number of multi-target tyrosine kinase inhibitors ranked
first (n=35) (Figure 4B). The definite drugs of multi-target tyrosine kinase inhibitors are summarized in Table 2. As for

A
2(3.1%)
7(10.8%) —————
6(9.2%) ——
1(1.5%) 29(44.6%) Differentiated Thyroid Cancer
. = Anaplastic Thyroid Cancer
= Medullary Thyroid Carcinoma
5(7.7%) —— = Advanced Thyroid Carcinoma
= Graves' Ophthalmopathy
Graves' Disease
4(6.2%) Hyperthyroidism
9(13.8%) = Hypothyroidism
o Thyroiditis
2(3.1%)
B
6 Thyrotropin

Differentiated Thyroid Cancer

23 | Multi Target Tyrosine Kinase Inhibitor

1 . o
Advanced Thyroid Carcinoma belective ET Inhibiior
3 Multi Target Tyrosine Kinase Inhibitor

) ) 1 Anti PD-1 Monoclonal Antibody
Anaplastic Thyroid Cancer
1 BRAF V600E Small Molecule Inhibitor
Medullary Thyroid Carcinoma _ 9 Multi Target Tyrosine Kinase Inhibitor
1 Targeting Neonatal Fc Receptor Mono-antibody
Graves' Ophthalmopathy o )
4 Insulin-like growth factor 1 receptor antibody
Graves' Disease | \ 1 Thyroid Peroxidase Inhibitor
3 Thyroid Peroxidase Inhibitor
Hyperthyroidism 2 Immunosuppressant
1 B-blocker
Hypothyroidism _ 7 Thyroid Hormone
Thyroiditis | 2 Glucocorticoid
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Figure 4 The distribution of clinical indications and drug mechanisms for thyroid diseases drug clinical trials. (A) The distribution of clinical indications for thyroid disease
drug clinical trials. (B) Drug mechanisms according to different thyroid diseases in corresponding drug clinical trials.
Abbreviations: BRAF, V-raf murine sarcoma viral oncogene homolog Bl; PD-I, programmed cell death-1; RET, rearranged during transfection.
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Table 2 The Registered Drugs Trials for Thyroid Diseases by Disease Topic and Drug Class

Disease Topic Disease Sub-Topic Drug Class Drug
Thyroid Differentiated Thyroid Multi Target Tyrosine Kinase Inhibitor Sorafenib, Arotinib, Donafenib, Lenvatinib, E7080,
Carcinoma Cancer Renvatinib, Suovatinib
Thyrotropin Thyrotropin
Anaplastic Thyroid Anti PD-1 Monoclonal Antibody Hx008
Cancer
BRAF V600E Small Molecule Inhibitor HIx208
Medullary Thyroid Multi Target Tyrosine Kinase Inhibitor Cabotinib, LOXO-292, Blu-667, HA121-28, TY-1091
Carcinoma
Advanced Thyroid Multi Target Tyrosine Kinase Inhibitor Suovatinib, SYHA1813, YPOI001
Carcinoma
Selective RET Inhibitor Hec169096
Hyperthyroidism Hyperthyroidism Thyroid Peroxidase Inhibitor Propylthiouracil, Methimazole
Immunosuppressant Azathioprine
B-blocker Metoprolol
Graves’ Disease Thyroid Peroxidase Inhibitor Propylthiouracil
Graves’ Monoclonal Antibody Targeting Neonatal HBM9161 (HL16IBKN) Injection
Ophthalmopathy Fc Receptor
Insulin-like Growth Factor | Receptor IBI3I 1, ZBOOI, PHP1003
(IGF-1R) Antibody
Hypothyroidism Hypothyroidism Thyroid Hormone Levothyroxine Sodium
Thyroiditis Thyroiditis Glucocorticoid Methylprednisolone

differentiated thyroid cancer, the number of multi-target tyrosine kinase inhibitors in clinical trials accounted for the
largest proportion (35.4% [23/65]) (Figure 4B), including sorafenib, anlotinib, dabrafenib, donafenib, lenvatinib,
surufatinib, vandetanib. For undifferentiated thyroid carcinoma, an anti-PD-1 antibody (Hx008) and a BRAF V600E
small molecule inhibitor (HIx208) were applied for clinical trials. For medullary thyroid carcinoma, all drug trials were
multi-target tyrosine kinase inhibitors including cabozantinib, LOX0-292, Blu-667 and HA121-28 and TY-1091. For
advanced thyroid cancer, surufatinib, SYHA 1813, YP01001 and selective RET inhibitor (Hec169096) are all Class I new
drugs for the treatment of advanced solid tumors. In nontumorous thyroid disease trials, drugs for hyperthyroidism and
hypothyroidism were levothyroxine sodium, propylthiouracil, methimazole and metoprolol which have been commonly
used for many years. The only new drug trial was the neonatal Fc receptor antibody for Graves’ ophthalmopathy (GO).

Geographical Distribution of Trial Leading Units in China
Overall, 65 trials were conducted in 17 provinces, autonomous regions or municipalities in China (Figure 5;
Supplementary Table 1). A total of 15 of 36 (41.7%) principal investigator (PI) leading units were from Shanghai

(n=6), Beijing (n=4), and Anhui (n=4). In contrast, there was no PI leading unit in the northwest of China, which
reflected an uneven geographical distribution in clinical trials for thyroid disease in China (Figure 5). In addition, trial
leading units in thyroid carcinoma were more widely distributed in China than those in nontumorous thyroid disease.

Discussion
The drug trials of thyroid diseases in China are related to millions of patients. However, the current situation of drug
clinical trials for thyroid diseases in China is still unclear. This study is aimed at analyzing the current situation and the
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Figure 5 Geographical distribution of thyroid diseases drug clinical trials and leading units in China, 2009-2022.

progress for thyroid drug trials in China. Thyroid diseases include thyroid carcinoma and nontumorous thyroid diseases.
Thyroid carcinoma is the most common cancer in the endocrine system.'® In the last century, surgery and radioiodine
therapy were the main strategies for thyroid carcinoma, but there is no effective treatment for refractory differentiated
thyroid cancer, undifferentiated thyroid cancer and medullary thyroid carcinoma. However, molecular targeted therapy
shed light on these refractory thyroid cancers and provided a more efficient and accurate treatment strategy.'' In the past
ten years, due to changes in China’s drug research and development and approval policies, as well as a large amount of
capital investment, trials of molecular targeted drugs on thyroid carcinoma have made much progress in China, which
provided the Chinese patients with more options. In terms of nontumorous thyroid disease, including hyperthyroidism,
hypothyroidism and Graves’ disease, there is also high prevalence in the Chinese population.> Apart from the commonly
used anti-thyroid drugs and levothyroxine in the clinic, targeted therapy and immunomodulation therapy are potential
research and development directions in the future. However, there was no previous research providing analysis and
prospect of drug clinical trials on thyroid diseases in China to date. To the best of our knowledge, this is the first study to
comprehensively analyze changes in drug clinical trials on thyroid diseases in China.

We analyzed 65 trials including 21 trials in nontumorous thyroid disease and 44 trials in thyroid carcinoma from 2009
to 2022 in China. Compared with the rapid development in drug trials on thyroid cancer, drug trials on nontumorous
thyroid diseases have developed slowly.

A significant difference was observed in the trial phase and randomization between thyroid carcinoma and non-
tumorous thyroid disease. In terms of clinical indications and drug mechanisms, the number of trials in multi-target
tyrosine kinase inhibitors for thyroid carcinoma (n=35) ranked first. Sixty-five trials were led by principal investigator
(PI) units in 17 provinces, which exhibited a severely uneven geographical distribution.

From 2015 to 2017, the State Council of China successively issued a series of reform measures, including “Opinions on the
Reform and Approval System of Drugs and Medical Devices” and “Opinions on Deepening the Reform of the Evaluation and
Approval System and Encouraging the Innovation of Pharmaceutical and Medical Devices”.'*'? In this study, we also found
that the numbers of both thyroid carcinoma and nontumorous thyroid disease increased gradually from 2009 to 2021. In 2018,
the NMPA also announced that clinical trials can be carried out if no negative and questionable comments or opinions are
received within sixty working days after the application.'* What is more, the government provided clear opinions on the
consistency evaluation and encouraged enterprises to carry out bioequivalence studies.'” With the support of the above
policies, drug clinical trials on thyroid diseases have also achieved much development. We found a significant increase in the
number of registered trials for both thyroid carcinoma and nontumorous thyroid diseases since 2018. However, the
bioequivalence studies accounted for the largest proportion (32[49.2%]), while phase I studies only accounted for 18.5%
(12/65), suggesting the deficiency in original drug research and development.

Drug therapy is of great significance for both thyroid carcinoma and nontumorous thyroid disease. In thyroid
carcinoma, molecular targeted therapy is the most promising therapeutic strategy for advanced thyroid cancer, medullary
thyroid carcinoma and undifferentiated thyroid cancer.'®'” Basic research confirmed that gene mutation of the tyrosine
kinase family was closely related to thyroid carcinoma. Mutations of RET and VEGFR genes existed in medullary
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thyroid carcinoma and follicular thyroid carcinoma widely, while mutations of the BRAF gene were found in undiffer-
entiated thyroid and follicular thyroid carcinoma.'®'® The targeted therapy also focuses on these genes. Sorafenib was
the first approved drug in 2013 by US Food and Drug Administration (FDA) for differentiated thyroid cancer therapy.?
Several drug trials have proved that targeted therapy including multi-target tyrosine kinase inhibitors, rearranged during
transmission (RET) inhibitors, BRAF kinase inhibitors and tropomyosin receiver kinase (TRK) inhibitors significantly
improved the patient’s medium progression-free survival (PFS).*"*** In this study, we found that half of the trials (n=35)
were multi-target tyrosine kinase inhibitor, which indicated the extensive therapeutic potential and competitive devel-
opment of this target. It should also be noted that selective RET inhibitor (Hec169096) and multi-target tyrosine kinase
inhibitor (SYHA1813, YP01001) applied by the Chinese pharmaceutical enterprises are all first-in-class new drugs. In
the research and development of thyroid carcinoma drugs, China has gradually caught up and approached the interna-
tional level.

Compared with the thyroid carcinoma trials, the number of drug trials on nontumorous thyroid diseases was less
(n=21). The vast majority of drug trials were generic drugs. In the thyroid hormone drugs, there was only levothyroxine
sodium and was lack of triiodothyronine, a highly efficient active form for rapid therapy in hypothyroidism and
myxedema coma. A combination therapy including LT4 and T3 was also used in the trials for Hashimoto’s thyroiditis,
but the advantage was still controversial, mainly due to the risk of arrhythmia.?*** In terms of the dosage form, there is
only the tablet form, without any oral solution. The levothyroxine needs to be converted into the effective active form T3
by deiodinase in the body and intestinal absorption is often affected by many factors. It is a difficult problem to avoid
over-treatment and under-treatment in the clinic. Recently, several studies have shown that liquid or hydrogel dosage
forms are more conducive to promoting the absorption of levothyroxine and improving patient compliance.*>*® The
improvement in the dosage form should also be strengthened in this field.

In anti-thyroid drugs, propylthiouracil and methimazole have been found and applied for the clinic since the 1940s.2”*%
Although the efficacy of these anti-thyroid drugs in hyperthyroidism, Graves’ disease and other thyroid diseases have been
widely recognized. The side effects may not be ignored. Propylthiouracil and methimazole could induce liver injury and
agranulocytosis.> Apart from propylthiouracil and methimazole, there were only commonly used drugs including p-blocker,
immunosuppressant azathioprine and glucocorticoid in the trial applications and lack of specific TSHR targeted drugs. What is
more, propylthiouracil was recommended for the pregnancy due to its low placenta permeability, and there is still a clear risk in
fetal birth defects.*® Due to the lack of new drugs and related clinical trials, how to avoid harm to the fetus and mother as much
as possible during the treatment of hyperthyroid pregnant women is a long-term pending problem.>' * Trials in pregnancy
require strict ethical approval and a safety review process. Compared with other countries, there is still a lack of drug clinical
trials on thyroid diseases during pregnancy in China, and the recommendations also lack clinical trial evidence support. New
therapies such as thyroid stimulating hormone receptor (TSHR) targeted therapy and immune cell therapy were still lacking
trial application in China. Compared with trials on thyroid carcinoma (n=44), trials on nontumorous thyroid diseases (n=21)
were much less, and most of the trials were bioequivalent studies. The new drug trials were the Monoclonal Antibody
(HBM9161) and Insulin-like growth factor 1 receptor (IGF-1R) antibody (IBI311, ZB001 and PHP1003) targeting Graves’
Ophthalmopathy (GO). It is worth mentioning that PHP1003 was also the first independently innovative targeted drug for GO
in China. At present, there are no approved targeted drugs for GO by NMPA. These drug trials will bring great improvement to
the clinical treatment of GO patients in China. Consistent with the previous studies, our results also showed that the original
drugs are mainly concentrated in the cancer field.>** On the one hand, more new targets have been found in cancer research,
and on the other hand, it is easier for cancer drug trials application and endpoints observation.

Despite the progress in the drug clinical trials on thyroid diseases, there remain shortcomings that should not be
ignored. First, the number of international multi-center trials was few. International multi-center trials could improve the
utilization of new drugs in Chinese patients, and provide evidence for the efficacy and safety evaluation in Chinese
patients. Second, doctors are the actual executants in drug trials. There have been strong policy incentives for drug
development enterprises and hospitals, but not enough for doctors. Third, in the development of anti-thyroid cancer
drugs, there were a large number of “me too” drugs, which followed the first-in-class drugs. There is a lack of first-in-
class drugs. The underlying reasons may be the insufficient original basic research and lack of enterprises with research
and development capability and sufficient capital. Fourthly, the geographical distribution of the leading units of drug
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trials was quite uneven, which reflects the imbalance distribution of high-quality medical resources. Hospitals with drug
clinical trial units were gathered in Beijing, Shanghai and other economically developed provinces, which is uncoordi-
nated with the geographical distribution of patients with thyroid diseases in China.

Conclusions

This study provided a comprehensive analysis of drug trials for thyroid diseases in China in the past 12 years. The rapid
growth in the number of drug trials reflected the progress in the clinical trial capacity of new drug research and
development for thyroid diseases. The most prominent progress lies in drug targeted therapy for thyroid carcinoma,
but there are a lot of homogeneous trials targeting the same hot spot target and lack of innovative “first in class” drugs.
More research and investment are needed in nontumorous thyroid diseases. In general, the development of drug trials has
provided more optimized drug options for patients with thyroid diseases in China. Considering the increased prevalence
of thyroid diseases in China, a sustained and concerted effort development is required to improve the innovative drug
development and drug optimization for thyroid diseases from relevant policymakers, investigators, pharmaceutical
enterprises and hospital clinical trial organizations.
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