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Introduction: This study aimed to investigate the landscape of Multiple Endocrine Neoplasia Type 1 research during the last 22 years using machine learning and text analysis.

Method: In December 2021, all publications indexed under the MeSH term “Multiple Endocrine Neoplasia Type 1” were obtained from PubMed. The whole set of search results was downloaded in XML format, and metadata such as title, abstract, keywords, mesh words, and year of publication were extracted from the original XML files for bibliometric evaluation. The Latent Dirichlet allocation (LDA) topic modeling method was used to analyze specific themes.

Results: This study eventually contained 1,407 publications. Among them, there are 768 (54.58%) case reports and reviews. Text analysis based on MeSH words revealed that the most often studied clinical areas include therapy efficacy, prognosis, and genetic diagnosis. The majority of basic study is focused on genetic alterations. The LDA topic model further identifies three topic clusters include basic research, treatment cluster, and diagnosis cluster. In the basic research cluster, many studies are focused on the expression of Menin. The primary focus of the therapy cluster is pancreatic resections and parathyroidectomy. In the diagnose cluster, the main focus is on Genetic Diagnosis and screening strategies for Hereditary Cancer Syndrome.

Conclusion: The current state of research on MEN1 is far from adequate. Research on rare diseases MEN1 necessitates implementing a broad research program involving multiple centers to advance MEN1 research together.
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INTRODUCTION

Multiple Endocrine Neoplasia Type 1 (MEN1) is a rare disease of the endocrine system (1). The incidence of MEN1 is extremely low, but based on the majority of reports available to date, it can be estimated that the incidence of MEN1 is approximately 1–3 per 100,000 but may go undocumented due to the mild clinical presentation of some patients (2). The disease causes a series of endocrine tumors, even malignant ones, at high risk (2, 3). The diagnosis of MEN has been an intractable problem. Until now, there is no consensus on its optimal diagnostic criteria (4). It is likely to go undetected due to mild clinical symptoms, while the diagnosis is more difficult in children and adolescents (4). Therefore, there is a great gap in MEN's clinical diagnosis and treatment, which can negatively affect the prevalence of cancer, and various related clinical issues need to be addressed.

Fortunately, the disease is starting to gain attention in various countries, especially in France and the Netherlands (2). However, the current research on MEN has many loopholes and gaps due to the lack of reasonable control of the research direction. For example, the current MEN diagnosis can be made by genetic testing. However, there are a series of complex ethical issues, so there is a need to find other new diagnostic methods (5). Additionally, the early detection and diagnosis of MEN in children and adolescents is also an urgent issue that needs to be addressed. Some children with the disease are not even diagnosed until later in life (6). Therefore, there is an urgent need to grasp and evaluate the research prospects of MEN in order to solve real clinical problems with the highest efficiency.

There are several software and machine learning methods to analyze the evolving trends in different literature (7, 8). However, one major challenge when using Pubmed for theme analysis is that the PubMed database does not provide topic or concept changes over time (9). Using a semi-automatic approach based on text analysis to identify critical topics is an alternative solution since there is no need to pre-define terms such as MeSH. Therefore, using topic models can better complement the study (9). LDA is the most common approach among the thematic models and has been successfully applied in different fields in similar medical publications research (9–11).

This paper will retrieve and bibliometrically examine MEN1-related articles published and indexed in PubMed during the past 22 years (2000–2021). We will analyze the changes in research directions and findings on MEN1 over the past 22 years and identify the underlying patterns so that researchers can grasp the overall status and research trends related to MEN1 and address a range of relevant clinical issues.



METHOD

This study referred to similar previous research methods (10, 11).


Data Sources and Pre-processing

We downloaded all publications indexed under the Mesh term “Multiple Endocrine Neoplasia Type 1” from PubMed in December 2021. The complete record of the search results was downloaded in XML format, and then the metadata was extracted separately from the original XML file. The metadata extracted in this study included the title, abstract, keywords, Mesh words, and year of publication of each article.



Topic Modeling

In this study, we use further analysis of abstracts from the raw data to perform LDA modeling analysis to analyze the current macroscopic view of the research field together with MeSH words. LDA is a topic probability model. It can give the probability that an article is relevant to a particular research topic based on how often the term appears in the document set. In LDA, each topic is modeled as an infinite mixture on a set of underlying topic probabilities. In the context of text modeling, topic probabilities provide an explicit representation of the document. By analyzing the abstracts of the articles, the topic with the highest probability is defined as the main topic of each article based on the topic probability calculated by the algorithm.

Analysis using the LDA method generally requires setting the number of themes in advance, which in other previous studies has generally been set to 50 (12, 13). After a preliminary exploration using four different methods (Supplementary Material), we sought to have LDA identify the 20 most characteristic themes.



Document Clustering

We perform cluster analysis using the Louvain algorithm to build a topic similarity network, which identifies relationships between topics and determines communities of related topics. For each article, we identified the two topics with the highest attribution probability, counted the frequency of each topic in each document, and linked each topic.

All relevant Python and R language codes can be found in the cited literature (10, 11). All descriptive statistics are reported as mean ± standard deviation. The network visualization in the article was performed using Excel and Gephi (https://gephi.org/) (14, 15). This article is a bibliometric analysis and does not require institutional review board or ethics committee approval.




RESULTS

By searching for characters we identified 1,407 publications, including 406 Case Reports, 362 Reviews, and 19 Clinical Trials. As can be seen, there is a trend of relative decrease in the number of publications from 2000 to the present (Figure 1), with an average of 50 studies related to MEN1 type published in the last 5 years.


[image: Figure 1]
FIGURE 1. PubMed search results: articles per year.



MeSH Analysis

After removing disease-specific words such as Multiple Endocrine Neoplasia Type 1 and Humans words from the MeSH terminology, the MeSH words were further analyzed. Table 1 shows the top 20 Mesh terms that appear in the retrieved articles that are related to the topic. The most frequently occurring terms include Pancreatic Neoplasms, Proto-Oncogene Proteins, Mutation, and others. Figure 2 further shows the percentage of the number of relevant research publications for different age groups in the last 22 years. It is important to emphasize that articles dealing with more than one age group can be in the total number of publications for all corresponding age groups. Overall, Adult and Middle Aged were the most prominent in the literature covered in this study, followed by Aged, with child coming in last.


Table 1. Overall ranking of research foci in the past 22 years.
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FIGURE 2. Annual output of literature, broken down by age group.


Considering that MEN1 is a rare disease and the overall number of studies is low, and the number of publications per year is relatively decreasing. Therefore, instead of looking for fast-growing domains, we show here the results for a larger number of MeSH words. We divided it into two aspects, the results of MeSH words related to treatment and the results of MeSH words related to basic research.

Figure 3 shows the trends in the five topics with the highest number of clinical studies. First of all, it can be seen that retrospective studies make up the majority of the MEN1 type. In addition, treatment efficacy and prognosis are also the focus of attention in MEN1 clinical studies. Genetic diagnosis is also a very important part for MEN1. It is interesting to note that although MEN1 is a multiple neoplastic disease, there is a large body of literature on parathyroidectomy that focuses on this topic.


[image: Figure 3]
FIGURE 3. Research foci trends related to clinical research.


Figure 4 further illustrates the research hotspots related to basic research. It can be seen that most of the words related to basic research are related to gene mutation and analysis. The most frequent occurrence was Proto-Oncogene Proteins. The second in line is Mutation, where Germ-line Mutation is the focus of Mutation. Pedigree and DNA Mutational Analysis were also the focus of the study.


[image: Figure 4]
FIGURE 4. Research foci trends related to basic research.




Latent Dirichlet Allocation

Machine learning algorithms were used to give more specific details to the study topics, and a total of 20 topics in MEN1 were identified in this study. Figure 5 shows the trend of the five most numerous themes over the last 11 years. It can be seen that Case Reports is the most studied topic in MEN1. PENTs have also received increasing attention in recent years. In addition, Expression of Menin, Gene Mutation, and Hereditary Cancer Syndrome have also received a lot of attention. It is noteworthy that in the field of MEN1, there were relatively more studies on Gene Mutations in the early years, while declining in recent years.


[image: Figure 5]
FIGURE 5. Latent Dirichlet allocation (LDA) analysis: top 5 topic areas in late 22 years.


Network analysis of topics can present clusters of topics with high similarity, and we can study network analysis of topics to aggregate domains of similar topic clusters and show the connection and strength between different topics. We identified three thematic network clusters by the Louvain method (Figure 6), with strong intra-cluster relationships among publications within each thematic network cluster. These 3 thematic network clusters can be grouped into 3 directions in the MEN1 research area: Diagnosis, Treatment, and Basic Research. For each topic network, the size of the bubble represents the number of papers it is associated with. The lines between the bubbles indicate that the two topics contain articles that use common terms, and their thickness represents the magnitude of the relationship between the topics.


[image: Figure 6]
FIGURE 6. LDA research topic cluster network: inter-and intra-relationships.


In the Diagnosis cluster, the most studied topics are Hereditary Cancer Syndrome, Genetic Diagnosis and Family Screening, Pituitary Adenomas, and Development of MEN1. Among them, Genetic Diagnosis and Family Screening is closely related to Hereditary Cancer Syndrome and Case Reports. In addition, Hereditary Cancer Syndrome showed the connection with Development of MEN1 and Expression of Menin.

In the Basic Research cluster, the most studied topics are Expression of Menin and Gene Mutations. It can be seen that Expression of Menin and Gene Mutations both show more connections with Loss of Heterozygosity on Chromosome and Autosomal Dominant Inheritance. Interestingly, we can notice that Case Reports was recognized by machine learning and entered other words related to basic research. The possible reason is that the basic research for these cases is mostly based on rare cases.

In the Treatment cluster, you can see that the hot spots are concentrated in Pancreatic Resections and Parathyroidectomy. Within this cluster, we see that Parathyroidectomy is most closely related to Hyperparathyroidism. Anti-TNFα Agents are clearly related to Follow-up Studies, Clinical Response and Remission and Combination Therapy. Imaging Tools and Lesions Localization and Follow-up Studies have extensive connections with other topics in the cluster. This suggests that accurate location of lesions is a research hotspot in treatment, and Follow-up Studies is the main research form.




DISCUSSION

From 1903, when the first case of MEN1 was described, to 2012, when the latest clinical guidelines were updated, many research efforts have led to breakthroughs that have improved our understanding of MEN1 (2). The MEN1 locus was first clearly localized to 11q13 in 1988 (16). The identification of MEN1 and its protein product MENIN in 1997 further paved the way for the diagnosis of the gene (17, 18). Our analysis of the literature since 2000 shows that the subsequent two decades have been closely focused on these themes, such as the study of further mechanisms of these genes and their products, genetic diagnosis and family screening strategies. However, these studies are still not clearly elucidated, for instance, the imaging of survival rates by genetic monitoring still needs further elucidation (2). So these existing research hotspots will remain an area for further research in the future. Furthermore, some areas that have been explored but are still insufficient were also identified in this study, such as the study of quality of life in MEN1 patients still needs further elucidation in future studies.

In our study, we found that research on PENT has received increasing attention in recent years. Duodenopancreatic ENTs are the first manifestation in approximately 20% of MEN1 patients (19). The previous diagnosis of duodenopancreatic ENTs is usually a mass syndrome or found during systematic imaging, which usually accounts for about 55–70% of patients (20–22). But microscopic tumors were able to be detected in 95% of the patients (6). Thus, the presence of duodenopancreatic ENTs may be underestimated. As it is one of the leading causes of death in men (19), one of the major breakthrough directions for further research will be how to examine the mechanistic relationship of duodenopancreatic ENTs in MEN1.

Rare diseases are now considered to be a global public health problem (23). With the support of supervision and economic incentives, researchers have made a lot of efforts to promote the development of treatments for rare diseases (24). In fact, some studies have pointed out that the funds received by companies that actually focus on RDS have increased, while the financial support for common diseases has decreased (25). However, no rapid increase in the number of research articles has been observed in the MEN1 field as compared to other fields. The reasons for this may be multifaceted. The first reason may be the underdiagnosis of MEN1, for which some patients are actually underdiagnosed. In addition due to the lack of rare cases, greater barriers to the development and availability of drugs to treat these diseases may be one of the reasons.

Rare case reports and reviews accounted for about half of the published articles in this study. This may be due to the small incidence, so a large number of studies are presented in the form of cases. Additionally, a significant number of reviews were included in this study, possibly in conjunction with references to MEN1 in the context of rare diseases. In any case, publications on rare diseases demonstrate that landscape is significantly different from other diseases, and this suggests a need for systematic change in the study of rare diseases in order to advance the research on MEN1 more. Novel evolutionary and sequencing technologies have progressively revealed mutated genes in MEN1, but the translation of these into therapeutics has lagged far behind the rate of production of this knowledge (23). For MEN1, the selection of the optimal drug therapy is challenging for patients because clinical trials are usually not conducted in MEN1 patients, but rather extrapolate results from trials conducted in patients with a single endocrine tumor or based on descriptive small cohort studies (26). How to establish a more standardized treatment process and allow large centers to collect enough case information and pathological specimens for research will be one of the future research directions.

There are several limitations to this study. First, there are other databases available for bibliometric research besides PubMed, including the Web of Science, Scopus, and Embase. It is worth noting, however, that PubMed contains the highest quality peer-reviewed research and excludes irrelevant, non-peer-reviewed publications. If future researchers are able to explore publications in other medical science databases, they will be able to provide a more comprehensive and detailed description of the field than we have provided here. In addition, some recently published papers may not appear in our study because they have not been indexed by MeSH words. These are shared limitations of published studies. Finally, the LDA themes and their connections in this study were created by artificial intelligence, which presents a machine-driven understanding. A deeper, more detailed exploration of these topics can provide easier interpretation and more accurate results, so medical professionals can provide more effective treatment.



CONCLUSIONS

The current state of research on MEN1 is far from adequate. Current clinical research on MEN focuses on therapy efficacy, prognosis, and genetic diagnosis, while basic research focuses on genetic alterations and expression of Menin. Research on MEN1 necessitates implementing a broad research program involving multiple centers to advance research together.
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