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Background: Thyroid cancer is a common malignant tumor, and its incidence is rising. Positron emission 
tomography-computed tomography (PET-CT) is of great value in diagnosing and monitoring thyroid 
cancer. The purpose of this study is to analyze the current research status of the use of PET-CT in thyroid 
cancer.
Methods: We used the Science Citation Index-Expanded (SCI-E) database in the Web of Science Core 
Collection (WOSCC) as the data source for the literature search. The search was carried out with (“thyroid 
cancer” OR “thyroid carcinoma”) AND “positron emission tomography”, and the results were analyzed 
with the bibliometric R software package. The analysis included the number of documents published in this 
field by each country, the cooperative relationship between countries, the number of documents published 
by institutions, the cooperative relationship between institutions, the number of documents published by 
researchers, the cooperative relationship between researchers, the location of researchers being cited, the 
number of documents published in journals, and the use of keywords.
Results: One thousand and six hundred and seven papers were finally included, and the number of 
published papers each year showed a trend of fluctuating growth before reaching a peak in 2010, followed 
by a decreasing trend. The United States published the largest number of documents and was cited far 
more frequently than other countries. The research institute with the largest number of published articles 
was the Memorial Sloan Kettering Cancer Center in New York, USA. The cooperation relationship of 
authors presented a clustered distribution, and the authors in the same cluster often came from the same 
research institution or country. The professional journal “Thyroid” published the largest amount of studies 
in this field. According to Bradford’s rules, nine core journals in this field were determined. The result of 
our keyword analysis showed that the most commonly used keyword was “positron emission tomography”, 
followed by “cancer” and “carcinoma”. The research in this field focused on follow-up and management of 
thyroid cancer, especially papillary thyroid cancer.
Conclusions: The number of studies in this field shows a decreasing trend, and PET is essential in the 
follow-up monitoring of thyroid cancer patients.
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Introduction

Thyroid cancer is a common malignant tumor. The 2021 
global cancer statistics report predicts that there will be 
586,000 new cases of thyroid cancer worldwide in 2020, 
ranking it 11th among all malignant tumors, with 43,600 
deaths per annum. The mortality of thyroid cancer is 
relatively low, ranking 26th among all malignant tumors and 
the lowest among common malignant tumors (1). In China, 
the 2016 cancer statistical study estimated that in 2015, 
there would be 90,000 new cases of thyroid cancer, ranking 
10th among all malignant tumors, with 6,800 deaths, and 
22nd among 25 malignant tumors (2). The statistical results 
of several epidemiological studies in the United States, 
Italy, and South Korea show that the incidence of thyroid 
cancer in many countries has increased significantly in the 
past 20–30 years (3,4). The statistical results in China also 
show that thyroid cancer incidence in Beijing increased by 
approximately fivefold between 1995 and 2010 (5). On the 
other hand, the rates in Tianjin increased nearly threefold 
from 1981 to 2001 (6). 

In recent decades, 18F-deoxyglucose (FDG) positron 
emission tomography-computed tomography (PET-CT) 
has been widely used in clinical practice (7), and 18F-FDG 
PET-CT imaging has significantly improved the detection 
rate of thyroid cancer (8). In a previous study, approximately 
1/3 of tumors detected by 18F-FDG PET-CT were thyroid 
cancer (9). 18F-FDG PET-CT can provide important 
information at the molecular level and plays a crucial 
role in the differential diagnosis of benign and malignant  

tumors (10). Bibliometrics is an important method of 
literature research nowadays. By statistical analysis of the 
relevant literature on a specific topic, the status quo of the 
relevant research on the subject can be presented, including 
national information, research institution information, 
researcher information, journal information, and the use 
of keywords in the relevant literature on the topic (11). To 
further investigate the current status of the use of 18F-FDG 
PET-CT in thyroid cancer, we used bibliometric methods 
to statistically analyze the relevant literature.

Methods

Data source

We used the Science Citation Index Expanded (SCI-E) 
database in the Web of Science Core Collection (WOSCC) 
as the data source for our literature search. SCI-E is the 
primary data source for bibliometric research at present. 
It mainly includes English literature articles (including 
literature in other languages with English abstracts) and 
reflects the main achievements of scientific research 
worldwide.

Search strategy

We used the search topic terms “thyroid cancer” OR 
“thyroid carcinoma” AND “positron emission tomography”. 
The time range was from inception to 2022.08.23.

Analysis

All records and references of the search results were 
exported in plain text format and analyzed using the R 
software bibliometric package. The analysis contents 
included the number of documents published in this 
field by each country, the cooperation relationship 
between countries, the number of documents published 
by institutions, the cooperation relationship between 
institutions, the number of documents published in 
research, the cooperation relationship between researchers, 
the situation of researchers being cited, the number of 
documents published in journals, and the use of keywords.

Statistical analysis

Excel software was used to draw the trend chart of the 
number of published documents and the number of cited 
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papers in this field. Qualitative data are expressed in terms 
of quantity and percentage.

Results

General information

In this study, 1,675 relevant research literature records were 
retrieved, including 1,182 original articles, 310 reviews, 66 
editorials, 59 conference papers, 32 conference abstracts, 13 
letters, 7 online publications, 3 revisions, 2 book chapters, 
and 1 briefing. Among them, there were 68 duplicate 
records. After removing duplicate records, 1,607 articles 
were finally included (Table 1). The analysis results showed 
that the number of documents published each year had a 
fluctuating growth trend before 2010, while after reaching 
the peak in 2010, there was a decreasing trend (Table 2, 
Figure 1). However, the number of citations increased yearly 
(Table 2, Figure 1). These documents were cited 63,742 
times, with an average of 39.67 times for each document 
and an h-index of 103.

Distribution of source countries

The search results show that many countries have 
conducted relevant research (Table 3), but the United States 
has been cited far more than other countries (Figure 2). At 
the same time, the total number of published documents 

in various countries far exceeds the number of records 
retrieved in this study, indicating that many countries have 
cooperated in this field.

Distribution of research institutions

The greatest number of published articles were from the 

Table 1 Search results by document type

Document types Record count % of 1,607

Original Articles 1,182 73.55 

Review Articles 310 19.29 

Editorial Materials 66 4.11 

Proceedings Papers 15 0.93 

Meeting Abstracts 16 1.00 

Letters 13 0.81 

Early Access 2 0.12 

Book Chapters 2 0.12 

Notes 1 0.06 

Notes: in this table, when the conference papers, conference 
abstracts, corrections, advance publications, and other 
documents were duplicated with original articles or reviews, the 
corresponding records of the former were deleted.

Table 2 Annual changes in the number of publications and citations

Years Publications Citations

1995 4 0

1996 7 19

1997 8 37

1998 15 91

1999 21 164

2000 23 254

2001 37 457

2002 33 519

2003 47 732

2004 54 947

2005 36 814

2006 57 1,159

2007 88 1,877

2008 90 2,111

2009 70 2,186

2010 103 2,894

2011 99 3,346

2012 96 3,947

2013 72 3,682

2014 94 4,322

2015 84 4,196

2016 87 4,590

2017 78 4,506

2018 68 4,205

2019 71 4,568

2020 80 5,211

2021 75 5,813

2022 10 1,095
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Memorial Sloan Kettering Cancer Center (Figure 3) in New 
York, USA. Research institutions from The United States 
and South Korea headed the list of the top 20 research 
institutions that produced the largest number of published 
documents (Figure 3). Further analysis of the cooperation 
between institutions showed that they were clustered, and 
the research institutions in each cluster were from the same 
country. Among them, research institutions from the United 
States carried out extensive cooperation, mainly with the 
Memorial Sloan Kettering Cancer Center, followed by 
several research institutions from South Korea, which also 
demonstrated relatively close cooperative relationships 
(Figure 4).

Author analysis

In this field, there were 49 authors who published more 
than 10 articles, including eight authors who published 
more than 20 articles. L. Giovanella from Sweden published 
the largest number of articles, with 35 in total (Figure 5). 
In the visual atlas of the authors’ co-authorship, we can see 
that the cooperation relationship of the authors presents a 
cluster distribution. Further analysis showed that authors 
in the same cluster were often from the same research 
institution or country (Figure 6). The citation analysis shows 
that S. M. Larson from the Memorial Sloan Caitlin Cancer 
Center in New York, USA, was cited 801 times (Figure 7). 
Moreover, these documents were often cited simultaneously 
in the same document (Figure 8).

Distribution of journals

The analysis of journals showed that the journal with 
the largest number of published studies in this field was 
“Thyroid”, which published 107 articles in total, followed 
by the professional journal “European Journal of Nuclear 
Medicine Molecular Imaging” in the field of nuclear medicine, 
which published 89 studies in total (Figure 9). Four of the 
top five journals with the largest number of publications 
were nuclear medicine professional journals (Figure 9). 
According to Bradford’s rules, nine core journals in this field 
were identified, namely: Thyroid, European Journal of Nuclear 
Medicine Molecular Imaging, Clinical Nuclear Medicine, 
Journal of Nuclear Medicine, Nuclear Medicine Communication, 
Journal of Clinical Endocrinology & Metabolism, Quarterly 

Table 3 Ranking of countries with number of published documents 
(top 10)

Rank Region Frequency

1 United States of America 1,305

2 France 552

3 South Korea 535

4 Italy 469

5 Germany 415

6 China 394

7 Japan 276

8 The Netherlands 211

9 United Kingdom 181

10 Switzerland 177
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Figure 1 Annual changes in the number of publications and the number of citations.
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Figure 2 Visual atlas of the number of citations for studies published by various countries (top 20). 

Figure 3 Ranking of number of documents published by institutions (top 20).
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Journal of Nuclear Medicine and Molecula, Annals of Nuclear 
Medicine, and Seminars in Nuclear Medicine (Figure 10). 

Keyword analysis

The results of the keyword analysis revealed that the 
most commonly used keywords were “positron emission 
tomography”, followed by “cancer” and “carcinoma”, 
which are the main keywords in this field. In addition, 
common keywords included “follow up”, “management”, 
“diagnosis”, and “salary”. It can be seen from the common 
keywords that research in this field was focused on follow-
up and management of thyroid cancer, especially papillary 

thyroid cancer (Figure 11). The keyword co-occurrence 
map shows that “positron emission tomography” was often 
used together with “cancer”, “carcinoma”, and “follow-up” 
(Figure 12).

Discussion

In this study, 1,607 articles were retrieved according to the 
topic words. The analysis of these 1,607 articles showed 
that the number of PET-CT-related research articles 
regarding thyroid cancer patients had declined slowly after 
reaching a peak in 2010. Further analysis revealed that the 
country with the most research in this field was the United 

Figure 4 Visual atlas of institutional cooperation.
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Figure 6 The visual atlas of cooperation.

Figure 5 Ranking of number of articles published by authors (top 20).
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Figure 7 Ranking of authors with high citations (top 20).

Figure 8 Visual atlas of co-citation.
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States, and the institution with the most research was the 
Memorial Sloan Kettering Cancer Center in New York, 
USA. The cooperation between institutions was mainly 
limited to each country. Although the author with the 

most published literature was L. Giovanella from Sweden, 
the author with the most citations was S. M. Larson from 
the Memorial Sloan Kettering Cancer Center in New 
York, USA. The research papers in this field were mainly 

Figure 9 Ranking of the number of articles published in journals (top 20).

Figure 10 Bradford’s law identifying the core journals.
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Figure 11 Frequency of keyword use (top 10).

Figure 12 Keyword co-occurrence map.
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published in the professional journals of thyroid diseases 
and nuclear medicine. We identified nine core journals 
in this field according to Bradford’s rules. The keyword 
analysis demonstrated that PET was mainly used for 
patients’ follow-up, management, and diagnosis, especially 
for papillary thyroid cancer.

The pathological classification of thyroid carcinoma 
includes papillary carcinoma, follicular carcinoma, 
Hürthle cell carcinoma, medullary carcinoma, and 
undifferentiated carcinoma. The most common is papillary 
thyroid carcinoma, accounting for 79~94% of all thyroid  
cancers (12). Due to the biological characteristics of thyroid 
cancer and the effectiveness of current treatment, the vast 
majority of patients with thyroid cancer can achieve long-
term survival and even clinical or pathological cure (13). 
The type of thyroid cancer with the poorest prognosis 
is undifferentiated cancer with high malignancy, but it 
is relatively rare. To eradicate thyroid cancer, it is often 
necessary to perform a total thyroidectomy and administer 
patients lifelong thyroxine, and some patients need to 
be assisted by radioiodine ablation (14). Although these 
methods can cure thyroid cancer, particular surgical or 
therapeutic complications can occur, such as damage to the 
recurrent laryngeal nerve or low parathyroid function. The 
latter requires long-term use of thyroxine, which may also 
lead to adverse medication side effects (15). In addition, it 
should be noted that thyroid cancer is more likely to recur 
after treatment than other malignant tumors. A previous 
study has shown that about 20% of patients with thyroid 
cancer may need to undergo two or more operations 
because of recurrence (16). Therefore, monitoring before, 
during, and after treatment is critically important.

The clinical practice for diagnosing thyroid diseases 
mainly includes a physical examination, ultrasound, fine 
needle puncture, and 18F-FDG PET-CT imaging. Physical 
examination, ultrasound, and fine needle puncture are 
used primarily to evaluate local nodules. 18F-FDG PET-
CT imaging can not only differentiate thyroid nodules 
but can also evaluate the general situation, especially when 
diagnosis with the previous methods proves challenging (17).  
Some researchers believe that using 18F-FDG PET-CT 
in postoperative monitoring can promptly detect the 
recurrence and metastasis of thyroid cancer, providing 
an important reference for follow-up treatment (18). A 
previous study has shown that the iodine uptake ability 
of undifferentiated thyroid cancer tissues is reduced or 
even extinguished. At the same time, glucose metabolism 
activity is enhanced, and glucose transporter-1 (GLUT-1) 

expression is significantly increased (19). On the contrary, 
a low expression of GLUT-1 in differentiated thyroid 
carcinoma may lead to a decrease in glucose metabolism 
activity, thus achieving a relatively good prognosis (20). 
A previous study has shown that 18F-FDG PET-CT has a 
vital reference value for the early diagnosis and prognosis 
of thyroid cancer (21). PET-CT has high sensitivity and 
accurate anatomical localization ability for diagnosing 
malignant tumors, especially in whole-body imaging, 
which can fully assess the possibility of diagnosis, staging, 
metastasis and recurrence (8,22,23). Some research results 
show that the ability of differentiated thyroid cancer tissue 
to ingest FDG is related to metastatic or recurrent tumor 
tissue. The lower the degree of differentiation of metastatic 
or recurrent lesions, the stronger the degree of glycolysis, 
and the higher the degree of differentiation of metastatic or 
recurrent lesions, the lower the intake of FDG, leading to 
a specific difference in the effective detection of 18F-FDG 
PET-CT for postoperative metastasis and recurrence of 
differentiated thyroid cancer (24-27). Actually, based on 
previous researches, some guideline were established for 
clinical practice, especially for medullary thyroid carcinoma 
(28,29). The main limitation for the utility of PET-CT in 
thyroid cancer management is the high cost for patients, 
which make some low-income patients cannot afford it.

However, the results of this study indicated that the 
number of documents published every year in this field 
showed a downward trend after 2010, suggesting that 
research in this field may have been comprehensively 
evaluated and the issues of concern had gradually resolved. 
Future researchers can refer to the results of this study 
to carefully choose the research direction in this field. 
Furthermore, in future research efforts, we should pay 
attention to the research trends of important research 
institutions in the United States, South Korea, and other 
countries through the key journals summarized in this 
study.

There are some limitations to this study: this research 
is a literature analysis and does not analyze specific cases. 
The results and conclusions obtained are holistic and not 
focused on particular cases or studies. However, because 
some documents in other languages were not included 
in the database, some important papers may have been 
omitted. However, SCI-E is a globally recognized scientific 
literature database, and the literature it contains reflects 
the main achievements of current scientific development. 
Secondly, this study did not conduct an in-depth analysis 
of each piece of literature. Some of the literature may have 
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been repeated, but according to the amount of published 
literature identified and the number of papers cited, we 
believe this study accurately reflects the important research 
institutions and researchers in this field.

Conclusions

The number of studies in this field shows a decreasing 
trend, and PET is essential in the follow-up monitoring of 
thyroid cancer patients.
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