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Radiotherapy for rectal cancer has received increasing research attention

in recent years; however, no bibliometric assessment has been conducted

on the progress of research in this field. This study aimed to visualize the

research evolution and emerging research hotspots in the field of rectal cancer

radiotherapy using bibliometric methods. Data were collected from the Web

of Science Core Collection database, including countries, institutions, authors,

keywords, and co-citations of references, and the CiteSpace software was

used for bibliometric analysis. A total of 5,372 publications on radiotherapy

for rectal cancer, published between January 2000 and January 2022, were

included. An increasing trend in the number of published articles was

observed. There is an overall upward trend in the number of publications

published, with the US publishing the most in this field, followed by China

and the Netherlands. Italian writer Vincenzo Valentini and German writer

R. Sauer ranked first in terms of published articles and co-cited authors,

respectively. Literature co-citation and keyword co-occurrence analyses

showed that early studies focused on topics such as preoperative radiotherapy,

combined radiotherapy and chemotherapy, and total mesorectal excision. In

recent years, gradually increasing attention has been paid to short-course

radiotherapy, x-ray brachytherapy, and stereotactic systemic radiotherapy.

Burst analysis suggested that magnetic resonance (MR)-guided neoadjuvant

radiotherapy studies, mechanistic studies, and clinical trials may emerge as

new research hotspots. Rectal cancer radiotherapy has been widely studied

and the research hotspots have considerably changed in recent years. Future

research hotspots may include MR-guided neoadjuvant radiotherapy studies,

mechanistic studies, and clinical trials.
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Introduction

Colorectal cancer is the third most commonly diagnosed

cancer and the second major cause of cancer deaths worldwide.

In 2021, colorectal cancer was diagnosed in 1,931,590 patients

and caused the death of 935,173 people worldwide (1). Rectal

cancer is the second most commonly diagnosed cancer in the

large intestine (28%) after proximal colon cancer (42%) (2), and

one-third of colorectal cancer cases involve the rectum, which

poses a serious threat to the life and health of patients (3).

Given the location of the rectum within the pelvis and

its relationship to the urogenital organs, the diagnosis and

treatment of rectal tumors have been widely considered

distinct from those tumors of the rest in the colon (4). The

treatmentmethods for patients with rectal cancermainly include

surgery, adjuvant therapy, and multidisciplinary comprehensive

therapy (3). In patients with resectable rectal cancer, the

standard treatment is surgery followed by chemoradiation

and postoperative adjuvant chemotherapy (5). For patients

with unresectable rectal cancer, radiotherapy is considered the

standard of care. The goal of radiotherapy is to downstage

the primary tumor to allow for an R0 resection and to

decontaminate the at-risk pelvic region, in order to reduce

the rate of local recurrence and improve survival (6). With

the widespread application of radiotherapy in rectal cancer,

the discussion on this topic has become increasingly intensive

worldwide, and related studies on radiotherapy for rectal

cancer are accumulating. These studies objectively reported the

developmental trends and characteristics of research in the field

of rectal cancer radiotherapy. How the studies have evolved,

which studies have key roles and guiding significance, and

how the research trends and hotspots have changed are issues

that need to be explored and have great significance for future

research on rectal cancer radiotherapy.

Bibliometrics is a tool that has been widely used to

quantitatively evaluate the literature and to explore trends in

a research field (7). CiteSpace is a tool for visualizing and

analyzing the trends and patterns in scientific papers, helping

researchers in understanding network patterns in research

areas and in identifying and monitoring study hotspots (8,

9). In this study, we used CiteSpace for the first time to

qualitatively analyse the literature on rectal cancer radiotherapy,

combining all relevant studies on rectal cancer radiotherapy and

chemotherapy for >20 years, in order to elucidate the research

evolution trends and research hotspots in this field.

Data collection and research
methods

Data source and collection

On 25 March 2021, we searched the literature in the field of

radiotherapy for rectal cancer using the Web of Science Core

Collection (WoSCC) database for the period from 1 January

2000 to 1 January 2022. Science Citation Index Expanded,

Conference Proceedings Citation Index-Science, Conference

Proceedings Citation Index-Social Science & Humanities, Book

Citation Index-Science, and Book Citation Index-Social Sciences

& Humanities were used as data sources, and the type of

publication was limited to “article”. The main search terms were

“rectal neoplasm”, “rectal tumor”, “rectal cancer” or “rectum

cancer”, “colorectal cancer”, “colorectal carcinoma”, “colorectal

tumor”, “radiotherapy”, and “radiation”. The detailed search

strategies are described in the Supplementary material. Two

authors (Y.X. and S.H.) independently searched the WoSCC

database for relevant literatures, downloaded and saved the

remaining literature in the “full record with cited references”

format, and screened for duplicates, resulting in a sample of

5,372 articles for analysis.

Research methods

The CiteSpace software (version 5.8. R3) was selected as

the main tool for the comprehensive analysis of the literature

on radiotherapy for rectal cancer. The CiteSpace software is

a Java-based visualization program developed by Professor

Chen Chaomei of Dexrel University in the United States. The

data sources of Citespace software are mainly from Web of

Science database and PubMed database (10). The imported

data is constructed to a visual map through the following

steps: procedure, time slicing, thresholding, modeling, pruning,

merging and mapping (8). It combines the three functions

of bibliometrics, data integration analysis and visualization

methods (11). It is used to analyse the basic literature indicators,

including countries, authors, institutions, keywords, and co-

citations of references, So as to systematically and clearly show

the development process of a research field, the emergence

of emerging research fields and predict the future research

direction (12, 13). The parameters of CiteSpace were set as

follows: the time period was from January 2000 to January

2022; the time slice was 1 year; the term source selected all

items, a node type at a time, and TOP50 or TOP30 or TOP10

as the standard; and other settings were set to the default

values. The visual knowledge graph consisted of nodes and linear

connections. Each node in the graph represents a keyword, and

the size of the node represents the frequency of occurrence and

citation. Notably, PFNET is short for “pathfinding network”,

which means pruning network. According to Chen et al.,

pruning is one of the main procedures of the Citespace software,

and effective pruning can reduce link crossover and improve the

clarity of the resulting network visualization. CiteSpace supports

two common network pruning algorithms, Pathfinder and

Minimum Spanning Tree (MST). Compared to MST, Pathfinder

uses a more sophisticated link elimination mechanism that

removes a large number of links and keeps the most important

ones (8). Some other details are shown as follows: Timespan:
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time interval of literature data; Slice Length: setted time slicing;

Selection Criteria: Top n per slice: extract the top n data of

each slice to generate the final network; Network: N: number of

network nodes, E: number of links; Density: network density;

Largest CC: maximum co-citation or co-occurrence frequency;

Pruning: network pruning method; Modularity Q (Q value):

Clustering module value, it is generally believed that Q>0.3

means that the clustering structure is significant; Weighted

Mean Silhouette S (S value): the average silhouette value of the

cluster, it is generally considered that S>0.5 clustering class is

reasonable, and S>0.7 means that the clustering is convincing.

To predict the number of articles that will be published

in 2022, Microsoft Office Excel 2016 (Microsoft, Redmond,

WA, USA) was used to process the data and to construct a

polynomial regression model: f(x) = p0x n + p1x n-1 + p2x

n-2+ p3x n-3+ . . . + pn.

Results

Quantitative analysis of basic information

Annual growth trend of publications

The search of the WoSCC database yielded a total of 5,372

articles on radiotherapy for rectal cancer published between

2000 and 2021. As shown in Figure 1, the overall trend from 2000

to 2021 was largely upward, except for small decreases in 2003

(−1.59%), 2008 (−7.18%), 2015 (−5.82%), and 2017 (−2.19%).

In addition, in 2001, 2005, 2014, and 2021, the annual growth

rate of literature was relatively high, which were 20.00, 37.31,

19.31, and 22.75%, respectively (Supplementary Table S1). The

year with the least number of published articles was 2000 (n

= 90, 1.68%) and that with the highest number of published

articles was 2021 (n= 464, 8.64%), with an average of 244 articles

published per year. A statistically significant correlation between

the year and number of publications was observed by fitting the

data (R2 = 0.9823). On the basis of the fitted curve, we predicted

that approximately 511 articles on radiotherapy for rectal cancer

will be published in 2022.

Country/region analysis

In the past 22 years, all publications on radiotherapy

for rectal cancer have come from 130 countries/regions. As

shown in the country distribution chart (Figure 2A) and bar

chart (Figure 2B), the top 10 countries (five European, three

Asian, and two North American countries) published a total

of 4,797 articles, accounting for 71.47% of the total volume

of publications. The top three countries/regions were the

United States (n= 1,314, 19.58%), China (n= 764, 11.38%), and

the Netherlands (n = 440, 6.56%) (Table 1). According to the

burst analysis (Figure 2C), radiotherapy for rectal cancer was a

hot topic in Europe, Japan, Korea, and Australia between 2000

and 2007. Between 2009 and 2012, research on radiotherapy

for rectal cancer increased in popularity in Germany. Studies

related to radiotherapy for rectal cancer have been accumulating

in China since 2018, and this topic remains popular until

today. In addition, many different countries/regions have shown

extensive cooperation, particularly the United States, not only

with the neighboring countries Mexico and Canada but also

with European countries (United Kingdom, Norway, Belgium,

and Greece) and Asian countries (Japan, Taiwan [China], and

Australia). By contrast, China has cooperated with relatively few

regions, mainly Pakistan and Sweden (Figure 2D).

Institutional analysis

The top three institutions in terms of publication volume

were Leiden University (n = 137, 6.87%), Memorial Sloan

Kettering Cancer Center (n = 124, 6.62%), and Catharina

Hospital (n = 71, 3.56%). Leiden University had the largest

number of publications; however, the average publication year

was in the early period. The institutions with more recent

publications were Fudan University (n= 57, 2.86%) and Sun Yat

Sen University (n = 56, 2.81%) in China, indicating a gradual

increase in research activity related to radiotherapy for rectal

cancer in China in recent years (Table 1).

As shown in Figure 3A, cooperation between institutions is

broader than cooperation between countries. The institutions

with which Leiden University cooperated were the Netherlands

Cancer Institute, University Groningen Hospital, Aarhus

University Hospital, and University Nijmegen. Among these,

the Netherlands Cancer Institute, University Groningen

Hospital, and Aarhus University Hospital more closely

cooperated with Leiden University than the others. Mayo Clinic

cooperated with the highest number of institutions, namely

University of North Carolina, Dana Farber Cancer Institute,

Northwestern University, University of Texas, University

of Virginia, University of Pennsylvania, Oregon Health &

Science University, University of Chicago, and University of

Utah. Among these, University of North Carolina and Dana

Farber Cancer Institute most closely cooperated with Mayo

Clinic. Fudan University cooperated with Soochow University,

Shanghai Jiaotong University, Shanghai United Imaging

Medical Company, Shanghai Key Laboratory of Radiation

Oncology, and Fujian Medical University. Fudan University

had a relatively close cooperation with Shanghai United

Imaging Medical Company and Shanghai Key Laboratory

of Radiation Oncology; however, it did not cooperate with

foreign institutions. Sun Yat-Sen University cooperated with

the University Texas MD Anderson Cancer Center, Zhengzhou

University, Southern Medical University, and Fujian Medical

University, among which the cooperation with Zhengzhou

University and SouthernMedical University was relatively close.

Notably, both Fudan University and Sun Yat-Sen University

cooperated with Fujian Medical University, but had low or no

cooperation with foreign institutions.
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FIGURE 1

Polynomial curve fitting of publication growth in the field of radiotherapy for rectal cancer.

Burst analysis showed that prominent foreign cancer

institutions such as the University of Texas, National Cancer

Center, and Mayo Clinic led past research on radiotherapy

for rectal cancer. In recent years, the influence of institutions

such as Fudan University, Sun Yat Sen University, Netherlands

Cancer Institute, Maastricht University, and Chinese Academy

of Medicine and Peking Union Medical College has increased.

Three of these five institutions that recently emerged are in

China, indicating the rapid development of research on rectal

cancer radiotherapy in China (Figure 3B).

Analysis of authors and co-cited authors

More than 1,500 researchers have participated in studies

related to radiation therapy for rectal cancer. The top three

authors with the most published papers were Vincenzo Valentini

(n = 41), Bengt Glimelius (n = 34), and Cornelis J.H. Van De

Velde (n = 33) (Table 2). Among the top 10 co-cited authors

(Table 1), R. Sauer (n = 1398) ranked first, followed by E.

Kapiteijn (n = 971) and J.F. Bosset (n = 849) (Table 2). Figure 4

shows the relationship between authors or between co-cited

authors. One node represents an author, and the size of the

node represents the number of published articles: the higher

the number of published articles, the larger the size of the

node. With respect to the degree of cooperation between the

authors, a wider line indicates a closer cooperation between

two authors. Some authors had good cooperation with other

authors, such as the Italian author Vincenzo Valentini, as shown

by the large number of connections in the network diagram.

This indicates that enhanced cooperation may help obtain more

results. From the perspective of co-cited author centrality, J.F.

Bosset from France had the highest centrality value (centrality,

0.73). This author published the results of several clinical trials

on rectal cancer radiotherapy, most recently the results of a

phase 3 clinical trial on FOLFIRINOX (oxaliplatin, irinotecan,

fluorouracil and leucovorin) neoadjuvant chemotherapy and

preoperative radiotherapy in patients with locally advanced

rectal cancer in The Lancet in 2021 (14). He also collaborated

more with experts in the field of rectal cancer radiotherapy,

which might have helped achieve impactful results (Figure 4B).

Exploring the hotspots and evolution of
research on radiotherapy for rectal
cancer based on literature co-citations

Analysis of total number of citations

When two articles are cited together in other articles,

they are considered to be in a co-citation relationship, and

the frequency of co-citations is a measure of the degree of

the relationship between the two articles (15). For statistical

convenience, we selected the top 30 cited documents in a time

slice of 1 year and constructed a co-citation network map.

The citation number ranking of the articles was obtained by

counting the number of citations (Table 3). The most cited

article was by Sauer et al., published in the New England
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FIGURE 2

Analysis of countries engaged in research on radiotherapy for rectal cancer. (A) Distribution of countries in terms of publications. (B) Top 10

most productive countries. (C) Top 15 countries in publishing research related to radiation therapy for rectal cancer with burst period after 2000.

(D) Network diagram showing country links (Timespan: 2000–2022; Slice Length: 1; Selection Criteria: Top50 per slice; Network: N = 130, E =

140; Density: 0.0167; Largest CC:113; Nodes Labeled:1.0%; Pruning: Pathfinder).
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TABLE 1 Ranking of institutions according to number of published

articles.

Rank Count Centrality Year Institutions

1 137 0.15 2001 Leiden University

2 124 0.04 2000 Mem Sloan Kettering Cancer

Center

3 71 0.01 2000 Catharina Hospital

4 65 0.02 2002 Karolinska Institute

5 63 0.04 2008 University Texas MD

Anderson Cancer Center

6 57 0.03 2013 Fudan University

7 57 0.09 2009 Maastricht University

8 56 0.03 2015 Sun Yat Sen University

9 54 0.17 2002 Mayo Clinic

10 49 0.00 2007 Netherlands Cancer Institute

Journal of Medicine in 2004. This article compared preoperative

chemoradiotherapy with postoperative chemoradiotherapy and

concluded that preoperative chemoradiotherapy can improve

local tumor control and is associated with reduced toxicity

(16). The second most cited article was that by Kapiteijn et al.,

published in the New England Journal of Medicine in 2001.

This article showed that short-term preoperative radiotherapy

reduces the risk of local recurrence in patients with rectal

cancer after total mesorectal resection (17). The third most cited

article was the work by Bosset et al. published in the New

England Journal of Medicine, which found that preoperative

radiotherapy combined with fluorouracil chemotherapy had a

significant benefit in the local control of rectal cancer (18).

Notably, these top three cited articles were published in the New

England Journal of Medicine, indicating the important influence

of this journal in the field of rectal cancer radiotherapy. Two of

the top five cited articles were studies by R. Sauer in Germany,

indicating that this author made outstanding contributions in

the field. In addition, the article with the highest centrality

(centrality, 0.50) was that by Gerard et al. (20). They reported

that preoperative chemoradiotherapy, despite a modest increase

in acute toxicity and no effect on overall survival, significantly

improved local control and was recommended for mid- and

distal rectal T3-4, N0-2, M0 adenocarcinomas. A node with a

centrality value of > 0.1 is considered a critical node, and this

article had a centrality value of 0.5, indicating that it had a

significant impact on subsequent studies on radiotherapy for

rectal cancer (Table 3).

Analysis of co-citation burst characteristics

Burst analysis can identify articles that have attracted

the attention of peer researchers and can help in the

timely discovery of articles with a strong influence on

future research (21). The collected articles were screened,

and the top 15 studies according to the strength of citation

bursts are shown in Figure 5. The top-ranked article in

terms of citation burst strength was published in 2004,

titled “Preoperative vs. postoperative chemoradiotherapy for

rectal cancer”. The authors of the article concluded that

preoperative chemoradiotherapy, compared with postoperative

chemoradiotherapy, improved local control and was associated

with reduced toxicity but not with improved overall survival

(16). The article with the second strongest citation burst was

published in 2001, titled “Preoperative radiotherapy combined

with total mesorectal excision for resectable rectal cancer”,

which concluded that short-term preoperative radiotherapy

reduces the risk of local recurrence in patients with rectal

cancer undergoing standardized total mesorectal excision

(17). This was followed by an article titled “Chemotherapy

with preoperative radiotherapy in rectal cancer” published

in 2006, which concluded that the addition of preoperative

or postoperative fluorouracil-based chemotherapy had no

significant effect on the survival of patients with rectal cancer

treated with preoperative radiotherapy. Chemotherapy, whether

administered before or after surgery, offers significant benefits

for local disease control (18). The top three articles with the

strongest citation burst focused on the treatment plan before

or after rectal cancer surgery. The conclusions of these studies

suggest that preoperative chemoradiotherapy has significant

benefits for local control.

According to the year of the citation burst, an article titled

“Improved survival with preoperative radiotherapy in resectable

rectal cancer” began to be associated with a surge of citations

in 2000. This study concluded that a short-term regimen

of high-dose preoperative radiotherapy may reduce local

recurrence rates and improve survival in patients with resectable

rectal cancer (22). The topic of “preoperative radiotherapy”

became the focus of research in 2000–2002. The articles with

citation bursts in the next few years were mainly focused on

preoperative radiotherapy, and supported the conclusion that

preoperative chemoradiotherapy improves local control but

not overall survival (16–18, 20, 23, 24). An article that had

citation bursts in 2010 reported the results of a multicentre

randomized trial comparing preoperative radiotherapy and

selective postoperative chemoradiotherapy for rectal cancer. The

authors concluded that short-course preoperative radiotherapy

is an effective treatment for patients with operable rectal cancer

(23). Although the addition of oxaliplatin to fluorouracil-based

adjuvant chemotherapy for colon cancer has been shown to

improve disease-free survival and overall survival, no clear

evidence existed at that time on the effectiveness of adding

oxaliplatin to multimodal therapy for patients with locally

progressive rectal cancer (25). In an article that had citation

bursts in 2011, Gerard et al. evaluated the response of the

primary tumor to preoperative radiotherapy with or without

oxaliplatin. They concluded that oxaliplatin has unproven

benefits in patients with advanced rectal cancer and that this
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FIGURE 3

Analysis of institutions involved in research on radiotherapy for rectal cancer. (A) Network diagram showing institution links (Timespan:

2000–2022; Slice Length: 1; Selection Criteria: Top10 per slice; Network: N = 297, E = 507; Density: 0.0115; Largest CC:138; Nodes

Labeled:1.0%; Pruning: Pathfinder). (B) Top 15 institutions in publishing research related to radiation therapy for rectal cancer with burst period

after 2000.

drug should not be used in combination with radiation therapy

(26). In an article that had citation bursts in 2012, R. Sauer

et al. suggested that the addition of oxaliplatin to fluorouracil-

based preoperative chemoradiotherapy significantly increased

toxicity without affecting the primary tumor response, requiring

a longer follow-up to assess the effect on efficacy endpoints

(19). Although preoperative radiotherapy has been widely

accepted, the use of oxaliplatin in combination with preoperative

radiotherapy has been questioned. This question was answered

by an article that had citation bursts in 2013, in which Rodel et

al. reported the preliminary results of their phase 3 trial. The

authors concluded that oxaliplatin can be incorporated into a

modified fluorouracil-based combination therapy and that this

regimen allows more patients to achieve pathological complete

remission, compared with standard treatment (27). Rodel et al.

published the final results of their phase 3 trial in 2015 (with
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TABLE 2 Ranking of authors and co-cited authors according to the number of published articles.

Rank Author Count Co-cited

Author

Count Centrality

1 Vincenzo Valentini 41 Sauer R 1,398 0.06

2 Bengt Glimelius 34 Kapiteijn E 971 0.47

3 Cornelis J H Van De Velde 33 Bosset JF 849 0.73

4 Corrie A MMarijnen 32 Gerard JP 789 0.40

5 Dae Yong Kim 30 Pahlman L 756 0.39

6 Xiaofeng Sun 28 Rodel C 651 0.35

7 BDMinsky 26 Heald RJ 635 0.14

8 Zhen Zhang 26 Anonymous 575 0.08

9 Maria Antonietta Gambacorta 25 Valentini V 508 0.48

10 George J Chang 22 Bujko K 489 0.14

citation bursts in 2016) and reported that oxaliplatin added

to fluorouracil-based neoadjuvant radiotherapy and adjuvant

chemotherapy significantly improved disease-free survival in

patients with cT3-4 or cN1-2 rectal cancer. The articles with

citation bursts in 2018 and 2019 focused on the clinical statistics

of rectal cancer and the clinical guidelines for diagnosis and

treatment. The burst time period has continued to the present.

These two articles have strong guiding significance for the

diagnosis and treatment of rectal cancer (28, 29).

Notably, among the top 15 articles with citation bursts,

5 articles were related to short-course radiotherapy (17, 22–

24, 30). Short-course radiotherapy differs from conventional

radiotherapy and usually involves 5Gy × 5 irradiation (5). The

results of studies performed in Sweden (31) and the Netherlands

(30) showed that surgery after short-course radiotherapy

can reduce the local recurrence rate compared with simple

surgery and has advantages of lower treatment cost and better

treatment convenience. For resectable rectal cancer, short-

course radiotherapy has been shown to have similar local control

and overall survival rates to conventional chemoradiotherapy,

with lower toxicity (32). Thus, short-course radiotherapy

is recommended as an alternative to neoadjuvant therapy.

However, in the phase 3 studies, short-course radiotherapy

resulted in lower tumor downstaging rates than conventional

chemoradiotherapy (30, 31).

Analysis of the characteristics of co-citation
clustering

In the cluster analysis, we found that the clustering themes

of articles with citation bursts have considerably changed during

the last 22 years. In Figure 6A, the lighter gray color represents

the time period closer to the current time. The average year

indicates the mean year of publication of the cited literature. The

silhouette coefficient “S” reflects the amount of attention paid

by researchers to the topic. S > 0.7 means that the clustering

was convincing. The silhouette coefficients of the clusters in

the figure were > 0.9 (Supplementary Table S2). The early

themes were mainly about preoperative radiotherapy, and the

studies mainly focused on patients with resectable rectal cancer

and some patients with advanced rectal cancer (Figure 6 and

Supplementary Table S2). Later, radiotherapy combined with

chemotherapy regimens, including oxaliplatin, capecitabine,

and bevacizumab, began to be studied in patients with

unresectable rectal cancer. Subsequently, some new protocols,

such as short-course radiotherapy, delayed surgery, x-ray

brachytherapy, and stereotactic whole-body radiotherapy, began

to be mentioned, and the study participants began to include

patients with metastatic rectal cancer. This may be because

researchers began to realize that the patient survival time

mainly depends on distant metastases (24). Recently, magnetic

resonance (MR)-guided neoadjuvant radiotherapy has begun to

be investigated in patients with recurrent rectal cancer as well as

in younger patients with colorectal cancer, which may be related

to the increasing number of patients diagnosed with colorectal

cancer at a young age (33).

The constructed co-citation network graph is presented

based on the time nodes to obtain a timeline map (Figure 6B).

The size of the circles in the map represents the number of

citations: the larger the circle, the more citations the articles

has received. The time map shows that research on rectal

cancer radiotherapy was popular in the two periods of 2001–

2007 and 2010–2013. In these two periods, some influential

articles appeared, such as the article titled “Preoperative versus

postoperative chemoradiotherapy for rectal cancer” by Sauer et

al. in 2004, which is the most cited article in this field thus far

(16). Eight of the top 10 cited articles in the field were from these

two periods.

The largest cluster in the title clusters was “advanced rectal

cancer”, reflecting its importance in research on radiotherapy for

rectal cancer. The clusters with the largest silhouette coefficients

were “ii study” and “study protocol”, indicating that these two
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FIGURE 4

Analysis of authors and co-cited authors involved in research on radiotherapy for rectal cancer. (A) Network diagram showing author links

(Timespan: 2000–2022; Slice Length: 1; Selection Criteria: Top30 per slice; Network: N = 1617, E = 5,185; Density: 0.004; Largest CC:642;

Nodes Labeled:1.0%; Pruning: None). (B) Network diagram showing co-cited author links (Timespan: 2000–2022; Slice Length: 1; Selection

Criteria: Top30 per slice; Network: N = 126, E = 127; Density: 0.0161; Largest CC:113; Nodes Labeled:1.0%; Pruning: Pathfinder).
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clusters had the most explicit themes. The studies in these two

clusters were mainly related to radiotherapy combined with

chemotherapy and recurrent rectal cancer, reflecting the focus of

research on this topic (Supplementary Table S2). In addition, as

shown in Figure 6B, prior studies on rectal cancer radiotherapy

were relatively concentrated in four clusters: #0 (advanced

rectal cancer), #1 (ii study), #2 (total mesorectal excision),

and #8 (median follow-up). Notably, clusters #15 (MR-

guided neoadjuvant chemoradiotherapy) and #16 (stereotactic

body radiotherapy [SBRT]), which have emerged recently,

represent the latest technologies and protocols for rectal

cancer radiotherapy.

Exploring the hotspots and evolution of
research on rectal cancer radiotherapy
based on keywords

Analysis of keyword co-occurrence clustering

Keyword co-occurrence analysis can reflect the hotspots

of research in a field. This analysis was performed on the

5,372 articles published between January 2000 and January

2022. The time slice was set to 1 year, and the top 30

keywords that appeared most frequently in each slice were

selected. After merging similar keywords (“radiation therapy”

was merged with “radiotherapy”, “chemoradiation” was merged

with “chemoradiotherapy”) and using a Pathfinder network

for tailoring (PFNET pathfinding network), a keyword co-

occurrence map was generated (Figure 7). The nodes represent

keywords, and the size of each node corresponds to the co-

occurrence frequency of the keywords. The colors of the nodes

and connecting lines represent the chronological order: color

from dark to light indicates time from far to near. The top

10 keywords with the highest frequency were “radiotherapy”,

“carcinoma”, “chemoradiotherapy”, “total mesorectal excision”,

“survival”, “colorectal cancer”, “chemotherapy”, “surgery”,

“preoperative radiotherapy”, and “therapy”. Among them,

“radiotherapy” corresponded to the largest node, indicating that

radiotherapy plays an important role in the field of rectal cancer

treatment. Preoperative or postoperative radiation therapy has

been shown to reduce the risk of local recurrence in patients with

operable rectal cancer (23, 34). The keywords “tumor” and “total

mesorectal resection” had a large centrality, indicating that these

keywords were the key nodes in the graph. Since its introduction

in the 1980s, total mesorectal excision has revolutionized

the surgical treatment of rectal cancer. This surgical method

not only considerably improves patient outcomes but also

reduces local recurrence rates, preserves sphincter function,

and decreases the incidence of complications (35). Currently,

preoperative radiotherapy followed by total mesorectal resection

is the standard treatment for patients with locally advanced

rectal cancer (36).

TABLE 3 Ranking of cited times of literature.

Rank Counts Centrality Year Cited

references

1 287 0.07 2004 (16)

2 211 0.02 2001 (17)

3 205 0.01 2006 (18)

4 160 0.04 2012 (19)

5 158 0.5 2006 (20)

Table 4 shows the main clusters of keywords. The first

eight clusters were all ≥ 10 in size and possessed high

silhouette coefficients, suggesting successful clustering with

high confidence. Among the four largest clustering categories,

“local recurrence” had the largest profile coefficient and the

earliest mean study year. This indicates that the impact of

local recurrence on patients with rectal cancer has long

been a research concern. With the constant development of

surgical strategies and adjuvant/neoadjuvant treatments, the

local recurrence rate of rectal cancer has considerably decreased.

However, postoperative recurrence and distant metastasis

remain the main causes of treatment failure (37, 38). In addition,

the average burst time of “capecitabine” was in the early

period, which indicates that the combination of radiotherapy

and chemotherapy for rectal cancer has long been studied.

The attention to “trial” and “expression” has increased over

time, whereas the average burst time of “expression” was in the

most recent period. These findings imply that clinical trials and

mechanistic studies may be hot research topics in the field of

rectal cancer treatment in recent years.

Analysis of keyword bursts

Keyword burst analysis not only can reflect the changes in

research hotspots in a certain field but can also predict future

research trends. As shown in Figure 8, the change in keyword

bursts over the past 22 years demonstrated the evolution of

hotspots in rectal cancer research. Among the top 20 keywords

with bursts, “adenocarcinoma” had the highest burst strength

(strength, 55.53) and longest burst duration (10 years). This

indicates that adenocarcinoma has an important role in the

study of rectal cancer, which may be related to the fact that it is

the most common pathological type of rectal cancer. The burst

time of “fluorouracil” and “sphincter preservation” also lasted

from 2000 to 2009, suggesting that researchers have focused

on adjuvant chemotherapy for rectal cancer and postoperative

anal sphincter preservation. Moreover, early research hotspots

also included the expression of the oncogene p53 and local

recurrence as prognostic indicators. The next two keywords that

emerged were “prognostic factors” and “phase II”, which may

indicate the emergence of clinical trials.

Frontiers in PublicHealth 10 frontiersin.org

https://doi.org/10.3389/fpubh.2022.962256
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Xiao et al. 10.3389/fpubh.2022.962256

FIGURE 5

Top 15 articles related to radiation therapy for rectal cancer with burst period after 2000.

The remaining 10 keywords that have received more

attention from after 2015 to the present time are the focus

of current studies in the field of rectal cancer radiotherapy.

Among them, “multicenter” and “open label” had the highest

burst strength, indicating that the research activity was more

concentrated on clinical trials. Clinical trials have guiding

significance in the formulation of clinical treatment strategies.

Another research hotspot emerged related to preoperative and

postoperative radiotherapy, with bursts beginning in 2015

and 2016, respectively, and continuing to the present time.

On the basis of numerous clinical trials, total mesorectal

resection after preoperative 5-fluorouracil-based neoadjuvant

radiotherapy has become the standard treatment for locally

progressive rectal cancer, significantly reducing the rate of local

recurrence but not the risk of metastatic recurrence (36, 39).

Postoperative radiotherapy is less effective than preoperative

radiotherapy in terms of sphincter preservation, toxicity, and

overall treatment compliance (40). Therefore, the optimal

indications for postoperative adjuvant therapy remain to be

determined. Moreover, as a radiosensitiser and a safe and

effective alternative to 5-fluorouracil, the role of capecitabine in

adjuvant or neoadjuvant radiotherapy regimens may be a new

hot topic (41, 42).

Discussion

In this study, a systematic literature search of the WoSCC

database was conducted for articles on radiotherapy for rectal

cancer published between 2000 and 2022. After excluding

studies that did notmeet the screening criteria, the scientometric

analysis included 5,372 English-language papers from 130

countries. The research results and progress in this field

were quantitatively and visually assessed using the CiteSpace

econometric analysis software.

Articles associated with research on rectal cancer

chemotherapy over the last 22 years were analyzed from

different dimensions and perspectives. With respect to the

volume of publications, the number of articles in the field of

rectal cancer has increased every year, indicating that increasing

attention has been paid to research related to rectal cancer

radiotherapy. In terms of countries of publication, European

countries, Japan, Korea, Australia conducted the earlier studies

on rectal cancer radiotherapy, and the United States has the

highest number of publications in this field. The analysis

of institutional bursts showed that foreign institutions have

ushered the development of this field in the past. However, of

the five institutions that emerged recently, three are in China.

Although research in this field started late in China, rapid

developments have been achieved. The analysis of authors

and co-cited authors showed that the Italian author Vincenzo

Valentini ranked first in terms of the number of published

articles, reflecting his extensive research in the field, whereas the

German author R. Sauer ranked first in terms of co-citations,

indicating his significant influence in the field of radiotherapy

for rectal cancer. In the co-citation analysis, R. Sauer’s article

published in the New England Journal of Medicine, which

established the importance of neoadjuvant radiotherapy in the

treatment of locally progressive rectal cancer, was the most

frequently cited article (5).
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FIGURE 6

Analysis of the cited articles. (A) Knowledge map of the cited literature (Timespan: 2000–2022; Slice Length: 1; Selection Criteria: Top30 per

slice; Network: N = 404, E = 498; Density: 0.0061; Largest CC:366; Nodes Labeled:1.0%; Pruning: Pathfinder; Modularity Q:0.8921; Weighted

Mean Silhouette S:0.9682). (B) Time axis map of the cited literature (Timespan: 2000–2022; Slice Length: 1; Selection Criteria: Top30 per slice;

Network: N = 404, E = 498; Density: 0.0061; Largest CC:366; Nodes Labeled:1.0%; Pruning: Pathfinder; Modularity Q:0.8921; Weighted Mean

Silhouette S:0.9682).

Through a literature clustering analysis, we found that the

clustering topics of burst literature have considerably changed in

recent years, which is mainly reflected in three aspects of rectal

cancer radiotherapy: objects, types, and methods. In the past,

the study participants included patients with resectable rectal

cancer and some patients with advanced rectal cancer. More

recently, studies gradually included patients with unresectable

rectal cancer, patients with metastatic rectal cancer, patients

with recurrent rectal cancer, and young patients with rectal

cancer. Radiotherapy types have changed from postoperative

radiotherapy to preoperative radiotherapy and now to

preoperative radiotherapy combined with chemotherapy.
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FIGURE 7

CiteSpace visualization map of the keyword clustering analysis (Timespan: 2000–2022; Slice Length: 1; Selection Criteria: Top30 per slice;

Network: N = 114, E = 128; Density: 0.0199; Largest CC:112; Nodes Labeled:1.0%; Pruning: Pathfinder; Modularity Q:0.8017; Weighted Mean

Silhouette S:0.9519).

TABLE 4 Main clusters of keywords.

Cluster ID Size Silhouette Mean year Label (LLR)

0 12 0.915 2003 Capecitabine

1 12 0.965 2000 Local recurrence

2 12 0.946 2002 Colon cancer

3 12 0.96 2008 Fluorouracil

4 11 0.95 2012 Expression

5 10 1.00 2001 Colorectal cancer

6 10 1.00 2008 Trial

7 10 0.844 2005 Recurrence

Radiotherapy methods for rectal cancer has changed from

conventional radiotherapy to brachytherapy and to the

current stereotactic radiotherapy and MR-guided neoadjuvant

radiotherapy. Notably, among these, the radiotherapy approach

was the fastest evolving method. SBRT uses stereotactic

technology for radiation therapy to improve positioning and

positional accuracy (43), whereas three-dimensional conformal

radiotherapy and intensity-modulated radiotherapy both

involve the application of stereotactic technology (44). In

rectal cancer, both local recurrence and distant metastasis

are important issues associated with substantial morbidity

and mortality (45). SBRT has been successfully applied

in the treatment of pelvic recurrence of rectal cancer and

liver metastasis of rectal cancer (46, 47). Compared with

conventional external beam therapy, this technique has a

smaller dilated margin and greater conformity, and is a safer

way to minimize repeat irradiation of normal structures (45).

The introduction of MR-guided radiotherapy has led to a

new era in radiation oncology, offering the possibility of

providing daily online adaptive radiotherapy and acquiring

images with higher soft-tissue contrast (48–50). MR-guided

radiotherapy is a type of image-guided radiotherapy and

is a four-dimensional radiotherapy technique that adds the

concept of temporal sequencing to the three-dimensional

radiotherapy technique (51). Image-guided radiotherapy is used

to define target and non-target structures, design and validate

treatment plans, and reduce positional and treatment errors

with the aid of modern imaging methods such as computed

tomography/MR imaging/positron emission tomography or

ultrasound (51). Both SBRT and MR-guided radiotherapy

are aimed at improving the precision of radiotherapy and

reducing its toxic effects, and both are representative precision

radiotherapy techniques.

Keyword co-occurrence and burst analyses have enabled

the evaluation of hot research topics and emerging research

areas in the field of rectal cancer radiotherapy over the past

22 years. Early researchers focused more on total mesorectal

resection, combined radiotherapy and chemotherapy, local
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FIGURE 8

Top 15 keywords related to radiation therapy for rectal cancer with burst period after 2000.

recurrence, sphincter preservation, and treatment with 5-

fluorouracil. Later, researchers gradually explored a system of

rectal cancer treatments based on surgery and supplemented

by radiotherapy to reduce postoperative complications and

improve prognosis. In recent years, the keywords of interest

included “p53”, “expression”, “multicenter”, “open trial”,

“preoperative radiotherapy”, and “postoperative radiotherapy”,

which indicate that mechanistic studies, clinical trials, and

neoadjuvant/adjuvant radiotherapy studies may be the recent

hotspots in the field of rectal cancer. Currently, an increasing

number of clinical trials are exploring the outstanding

issues in the field of rectal cancer radiotherapy, such as

the dose of radiotherapy, the optimal indications, and

the timing of adjuvant therapeutic interventions, to guide

the clinical development of a more rational individualized

treatment strategy.

Clinical trials related to rectal cancer radiotherapy are

of great significance for promoting the development of

clinical treatment. Previous clinical trials discussed the toxicity

and survival outcomes of neoadjuvant radiotherapy, the

choice of short- and long-course radiotherapy. Whether

preoperative radiotherapy can increase patient survival remains

controversial. Early studies have shown survival benefit of

preoperative radiotherapy (31, 52), but recent studies do

not support this conclusion (19, 23, 53, 54). Notably,

it has become a consensus that preoperative radiotherapy

can reduce the local recurrence rate and improve the

surgical resection rate, tumor local control rate and sphincter

preservation rate of rectal cancer (14, 55, 56). There are two

common methods of neoadjuvant radiotherapy: conventionally

fractionated long-course radiotherapy (45–50.4 Gy/25-28 days)

followed by delayed surgery and hypofractionated short-course
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radiotherapy (25 Gy/5 days) followed by immediate surgery

(57). Studies have shown that both radiation regimens

have pros and cons (57, 58). Short-course radiotherapy is

simple, convenient and easy to implement. Its advantages are

that the single dose of radiation is large, the radiotherapy

cycle is short, and surgery is performed after 1 week of

radiotherapy, which significantly shortens the preoperative

treatment time, and decreases patients’ cost. The disadvantage

is that there is not enough time for tumor regression

after short-course radiotherapy, and the effect of tumor

downstaging is not obvious. It is not suitable for patients

who are evaluated for unresectable before treatment. In order

to improve its defects, recent research mainly focus on

prolonging the interval between radiotherapy and surgery, or

delaying surgery after short-course radiotherapy and sequential

chemotherapy (59, 60). In addition, other clinical trials are

still working on unresolved issues in the field of rectal cancer

radiotherapy, such as the dose of radiotherapy, the intervention

of immune drugs or new chemotherapy drugs, the best

indications, and the timing of adjuvant therapy intervention.

Undoubtedly, these clinical trials are important for guiding

the clinical formulation of more reasonable individualized

treatment strategies.

To our knowledge, this study is the first bibliometric

analysis focusing on research in the field of rectal cancer

radiotherapy. The data downloaded from the WoSCC database

covered the vast majority of articles in the field of rectal

cancer radiotherapy. Moreover, our data analysis was relatively

objective and comprehensive, clearly demonstrating the current

state of research in this field. However, this study had

some limitations. First, this study included original articles

published between 2000 and 2022 and indexed in the WoSCC

database. The literature included in our study may not

be exhaustive, as books, conference abstracts, and other

types of publications were excluded from the document

screening process. Second, only articles written in English

were included in our analysis, which might have introduced

some language bias. Third, recently published high-quality

articles may not have received due attention because of

low citation rates, which indicates the importance of future

research updates. Therefore, the articles included in our

analysis may not adequately reflect all studies on radiotherapy

treatment for rectal cancer; however, our analysis covered

the vast majority of articles in the field of rectal cancer

radiotherapy, which is sufficient for the analysis of research

trends and hotspots.

Conclusion

Starting from the radiotherapy of rectal cancer, we use

bibliometrics to visualize the research progress and emerging

research hotspots in the field of rectal cancer radiotherapy,

and provide researchers with a comprehensive landscape. In

the past 20 years, a large number of high-quality studies on

rectal cancer radiotherapy have emerged, which has promoted

the development of clinical rectal cancer treatment. Through

bibliometric analysis, we believe that rectal cancer radiotherapy

will remain a hot research topic in the future and cooperations

between countries and institutions will be closer. Research

will continue to be mainly in the form of clinical trials,

and basic research on mechanisms related to radiotherapy

for rectal cancer will also expand. The research participants

will be more diversified in the future, including patients with

metastatic rectal cancer, patients with recurrent rectal cancer,

and young patients with rectal cancer. The research themes

will also keep pace with the times, whereas new treatment

modalities, such as radiotherapy combined with different

chemotherapeutic agents, SBRT, and MR-guided neoadjuvant

radiotherapy, will continue to be explored. In conclusion, we

hope this article can provide some inspiration for relevant

researchers and clinicians.

Data availability statement

The original contributions presented in the study are

included in the article/Supplementary material, further inquiries

can be directed to the corresponding author.

Author contributions

CQ contributed to the conception and design of this

paper. YX, MQ, and WH downloaded and organized

related papers. YX, MQ, WH, and SH contributed to

all tables and figures and the main manuscript. CT,

FN, XJ, DW, ML, and QL revised and supplemented

the manuscript. All authors read and approved the

final manuscript.

Funding

This study was supported by the National Natural

Science Foundation of China (NSFC-U1504818), Science and

Technology Foundation of Henan Province (172102310152,

SBGJ202002097, and 192102310099), Natural Science

Foundation of Henan Province (182300410359), Henan

Provincial Education Fund (19A320020), Postgraduate

Cultivating Innovation and Quality Improvement Action

Plan of Henan University (SYL20060192, SYLYC2022141

and SYLJD2022009).

Frontiers in PublicHealth 15 frontiersin.org

https://doi.org/10.3389/fpubh.2022.962256
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Xiao et al. 10.3389/fpubh.2022.962256

Acknowledgments

We would like to thank Professor Longxiang Xie, Institute

of Biomedical Informatics, School of Basic Medical Sciences,

Henan University, for his informatics and statistical advice and

support for this article.

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.

Supplementary material

The Supplementary Material for this article can be found

online at: https://www.frontiersin.org/articles/10.3389/fpubh.

2022.962256/full#supplementary-material

References

1. Siegel RL, Miller KD, Fuchs HE, Jemal A. Cancer Statistics, 2021. CA Cancer J
Clin. (2021) 71:7–33. doi: 10.3322/caac.21654

2. Siegel R, Desantis C, Jemal A. Colorectal cancer statistics, 2014. CA Cancer J
Clin. (2014) 64:104–17. doi: 10.3322/caac.21220

3. Tseng M, Soon YY, Vellayappan B, Ho F, Tey J. Radiation therapy for rectal
cancer. J Gastrointest Oncol. (2019) 10:1238–50. doi: 10.21037/jgo.2018.12.04

4. Fazeli MS, Keramati MR. Rectal cancer: a review. Med J Islam Repub Iran.
(2015) 29:171.

5. Shen L, Zhang Z. [Radiotherapy standard and progress in locally advanced
rectal cancer]. Zhonghua Wei Chang Wai Ke Za Zhi. (2016) 19:618–20.

6. Braendengen M, Tveit KM, Berglund A, Birkemeyer E, Frykholm G, Pahlman
L, et al. Randomized phase III study comparing preoperative radiotherapy with
chemoradiotherapy in nonresectable rectal cancer. J Clin Oncol. (2008) 26:3687–
94. doi: 10.1200/JCO.2007.15.3858

7. Nicolaisen J, Bibliometrics and Citation Analysis: From the Science Citation
Index to Cybermetrics. J Assoc Inf Sci Tech. (2010) 16:205–7. doi: 10.1002/asi.21181

8. Chen C. Searching for intellectual turning points: progressive
knowledge domain visualization. Proc. Natl. Acad. Sci. U.S.A. (2004)
101:5303–10. doi: 10.1073/pnas.0307513100

9. Chen C. CiteSpace II: Detecting and visualizing emerging trends and
transient patterns in scientific literature. J Assoc Inf Sci Tech. (2006) 57:359–
77. doi: 10.1002/asi.20317

10. Synnestvedt MB, Chen C, Holmes JH. CiteSpace II: visualization and
knowledge discovery in bibliographic databases. AMIA Annu Symp Proc.
(2005) 724–8.

11. Zhu X, Hu J, Deng S, Tan Y, Qiu C, Zhang M, et al. Bibliometric and
visual analysis of research on the links between the gut microbiota and depression
from 1999 to 2019. Front Psychiatry. (2020) 11:587670. doi: 10.3389/fpsyt.2020.5
87670

12. Liu S, Sun YP, Gao XL, Sui Y. Knowledge domain and emerging trends in
Alzheimer’s disease: a scientometric review based on CiteSpace analysis. Neural
Regen Res. (2019) 14:1643–50. doi: 10.4103/1673-5374.255995

13. Chen C. Science mapping: a systematic review of the literature. J Inf Sci.
(2017) 2:1–40. doi: 10.1515/jdis-2017-0006

14. Conroy T, Bosset JF, Etienne PL, Rio E, Francois E, Mesgouez-Nebout
N, et al. Partenariat de Recherche en Oncologie Digestive, Neoadjuvant
chemotherapy with FOLFIRINOX and preoperative chemoradiotherapy for
patients with locally advanced rectal cancer (UNICANCER-PRODIGE 23): a
multicentre, randomised, open-label, phase 3 trial. Lancet Oncol. (2021) 22:702–
15. doi: 10.1016/S1470-2045(21)00079-6

15. Ma D, Yang B, Guan B, Song L, Liu Q, Fan Y, et al. A Bibliometric
analysis of pyroptosis from 2001 to 2021. Front Immunol. (2021)
12:731933. doi: 10.3389/fimmu.2021.731933

16. Sauer R, Becker H, Hohenberger W, Rodel C, Wittekind C, Fietkau
R, et al. German Rectal Cancer Study, Preoperative versus postoperative
chemoradiotherapy for rectal cancer. N Engl J Med. (2004) 351:1731–
40. doi: 10.1056/NEJMoa040694

17. Kapiteijn E, Marijnen CA, Nagtegaal ID, Putter H, Steup WH, Wiggers T,
et al. Dutch Colorectal Cancer, Preoperative radiotherapy combined with total
mesorectal excision for resectable rectal cancer. N Engl J Med. (2001) 345:638–
46. doi: 10.1056/NEJMoa010580

18. Bosset JF, Collette L, Calais G, Mineur L, Maingon P, Radosevic-Jelic L, et al.
Trial ERG. Chemotherapy with preoperative radiotherapy in rectal cancer. N Engl
J Med. (2006) 355:1114–23. doi: 10.1056/NEJMoa060829

19. Sauer R, Liersch T, Merkel S, Fietkau R, Hohenberger W, Hess C, et
al. Preoperative versus postoperative chemoradiotherapy for locally advanced
rectal cancer: results of the German CAO/ARO/AIO-94 randomized phase
III trial after a median follow-up of 11 years. J Clin Oncol. (2012) 30:1926–
33. doi: 10.1200/JCO.2011.40.1836

20. Gerard JP, Conroy T, Bonnetain F, Bouche O, Chapet O, Closon-Dejardin
MT, et al. Preoperative radiotherapy with or without concurrent fluorouracil and
leucovorin in T3-4 rectal cancers: results of FFCD 9203. J Clin Oncol. (2006)
24:4620–5. doi: 10.1200/JCO.2006.06.7629

21. Huang X, Fan X, Ying J, Chen S. Emerging trends and
research foci in gastrointestinal microbiome. J Transl Med. (2019)
17:67. doi: 10.1186/s12967-019-1810-x

22. T. Swedish Rectal Cancer. Cedermark B, Dahlberg M, Glimelius B,
Pahlman L, Rutqvist LE, Wilking N. Improved survival with preoperative
radiotherapy in resectable rectal cancer. N Engl J Med. (1997) 336:980–
7. doi: 10.1056/NEJM199704033361402

23. Sebag-Montefiore D, Stephens RJ, Steele R, Monson J, Grieve R, Khanna S,
et al. Preoperative radiotherapy versus selective postoperative chemoradiotherapy
in patients with rectal cancer (MRC CR07 and NCIC-CTG C016): a multicentre,
randomised trial. Lancet. (2009) 373:811–20. doi: 10.1016/S0140-6736(09)60484-0

24. Peeters KC, Marijnen CA, Nagtegaal ID, Kranenbarg EK, Putter H,
Wiggers T, et al. Dutch Colorectal Cancer, The TME trial after a median
follow-up of 6 years: increased local control but no survival benefit in
irradiated patients with resectable rectal carcinoma. Ann Surg. (2007) 246:693–
701. doi: 10.1097/01.sla.0000257358.56863.ce

25. Rodel C, Graeven U, Fietkau R, Hohenberger W, Hothorn T, Arnold
D, et al. German Rectal Cancer Study, Oxaliplatin added to fluorouracil-
based preoperative chemoradiotherapy and postoperative chemotherapy
of locally advanced rectal cancer (the German CAO/ARO/AIO-04
study): final results of the multicentre, open-label, randomised, phase
3 trial. Lancet Oncol. (2015) 16:979–89. doi: 10.1016/S1470-2045(15)
00159-X

26. Gerard JP, Azria D, Gourgou-Bourgade S, Martel-Laffay I, Hennequin C,
Etienne PL, et al. Comparison of two neoadjuvant chemoradiotherapy regimens

Frontiers in PublicHealth 16 frontiersin.org

https://doi.org/10.3389/fpubh.2022.962256
https://www.frontiersin.org/articles/10.3389/fpubh.2022.962256/full#supplementary-material
https://doi.org/10.3322/caac.21654
https://doi.org/10.3322/caac.21220
https://doi.org/10.21037/jgo.2018.12.04
https://doi.org/10.1200/JCO.2007.15.3858
https://doi.org/10.1002/asi.21181
https://doi.org/10.1073/pnas.0307513100
https://doi.org/10.1002/asi.20317
https://doi.org/10.3389/fpsyt.2020.587670
https://doi.org/10.4103/1673-5374.255995
https://doi.org/10.1515/jdis-2017-0006
https://doi.org/10.1016/S1470-2045(21)00079-6
https://doi.org/10.3389/fimmu.2021.731933
https://doi.org/10.1056/NEJMoa040694
https://doi.org/10.1056/NEJMoa010580
https://doi.org/10.1056/NEJMoa060829
https://doi.org/10.1200/JCO.2011.40.1836
https://doi.org/10.1200/JCO.2006.06.7629
https://doi.org/10.1186/s12967-019-1810-x
https://doi.org/10.1056/NEJM199704033361402
https://doi.org/10.1016/S0140-6736(09)60484-0
https://doi.org/10.1097/01.sla.0000257358.56863.ce
https://doi.org/10.1016/S1470-2045(15)00159-X
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Xiao et al. 10.3389/fpubh.2022.962256

for locally advanced rectal cancer: results of the phase III trial ACCORD 12/0405-
Prodige 2. J Clin Oncol. (2010) 28:1638–44. doi: 10.1200/JCO.2009.25.8376

27. Rodel C, Liersch T, Becker H, Fietkau R, Hohenberger W, Hothorn
T, et al. German Rectal Cancer Study, Preoperative chemoradiotherapy
and postoperative chemotherapy with fluorouracil and oxaliplatin
versus fluorouracil alone in locally advanced rectal cancer: initial
results of the German CAO/ARO/AIO-04 randomised phase 3
trial. Lancet Oncol. (2012) 13:679–87. doi: 10.1016/S1470-2045(12)
70187-0

28. Glynne-Jones R, Wyrwicz L, Tiret E, Brown G, Rodel C, Cervantes A, et
al. Rectal cancer: ESMO Clinical Practice Guidelines for diagnosis, treatment and
follow-up. Ann Oncol. (2017) 28:iv22–40. doi: 10.1093/annonc/mdx224

29. Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A.
Global cancer statistics 2018: GLOBOCAN estimates of incidence and mortality
worldwide for 36 cancers in 185 countries. CA Cancer J Clin. (2018) 68:394–
424. doi: 10.3322/caac.21492

30. van Gijn W, Marijnen CA, Nagtegaal ID, Kranenbarg EM, Putter
H, Wiggers T, et al. Dutch Colorectal Cancer, Preoperative radiotherapy
combined with total mesorectal excision for resectable rectal cancer:
12-year follow-up of the multicentre, randomised controlled TME
trial. Lancet Oncol. (2011) 12:575–82. doi: 10.1016/S1470-2045(11)
70097-3

31. Folkesson J, Birgisson H, Pahlman L, Cedermark B, Glimelius B,
Gunnarsson U. Swedish Rectal Cancer Trial: long lasting benefits from
radiotherapy on survival and local recurrence rate. J Clin Oncol. (2005) 23:5644–
50. doi: 10.1200/JCO.2005.08.144

32. Bujko K, Nowacki MP, Nasierowska-Guttmejer A, Michalski W, Bebenek M,
Kryj M. Long-term results of a randomized trial comparing preoperative short-
course radiotherapy with preoperative conventionally fractionated chemoradiation
for rectal cancer. Br J Surg. (2006) 93:1215–23. doi: 10.1002/bjs.5506

33. Siegel RL, Miller KD, Goding Sauer A, Fedewa SA, Butterly LF, Anderson
JC, et al. Colorectal cancer statistics, 2020. CA Cancer J Clin. (2020) 70:145–
64. doi: 10.3322/caac.21601

34. Sipaviciute A, Sileika E, Burneckis A, Dulskas A. Late gastrointestinal toxicity
after radiotherapy for rectal cancer: a systematic review. Int J Colorectal Dis. (2020)
35:977–83. doi: 10.1007/s00384-020-03595-x

35. Votava J, Kachlik D, Hoch J. Total mesorectal excision - 40 years
of standard of rectal cancer surgery. Acta Chir Belg. (2020) 120:286–
90. doi: 10.1080/00015458.2020.1745529

36. Vendrely V, E. Rivin Del Campo, Modesto A, Jolnerowski M, Meillan N,
Chiavassa S, et al. Rectal cancer radiotherapy. Cancer Radiother. (2022) 26:272–
8. doi: 10.1016/j.canrad.2021.11.002

37. Bahadoer RR, Dijkstra EA, van Etten B, Marijnen CAM, Putter H,
Kranenbarg EM, et al. Short-course radiotherapy followed by chemotherapy
before total mesorectal excision (TME) versus preoperative chemoradiotherapy,
TME, and optional adjuvant chemotherapy in locally advanced rectal cancer
(RAPIDO): a randomised, open-label, phase 3 trial. Lancet Oncol. (2021) 22:29–
42. doi: 10.1016/S1470-2045(20)30555-6

38. Liu Z, Meng X, Zhang H, Li Z, Liu J, Sun K, et al. Predicting distant metastasis
and chemotherapy benefit in locally advanced rectal cancer. Nat Commun. (2020)
11:4308. doi: 10.1038/s41467-020-18162-9

39. Bachet JB, Benoist S, Mas L, Huguet F. [Neoadjuvant treatment for rectal
cancer]. Bull Cancer. (2021) 108:855–67. doi: 10.1016/j.bulcan.2021.03.018

40. Duzova M, Basaran H, Inan G, Gul OV, Eren OO, Korez MK.
Preoperative versus postoperative chemoradiotherapy for locally advanced
rectal cancer: Outcomes of survival, toxicity, sphincter preserving and
prognostic factors. Transpl Immunol. (2021) 69:101489. doi: 10.1016/j.trim.2021.1
01489

41. Zhang Q, Teng H. Clinical effect of radiotherapy combined with
capecitabine after neoadjuvant therapy for rectal cancer. J Oncol. (2021)
2021:9972051. doi: 10.1155/2021/9972051

42. Hofheinz RD, Wenz F, Post S, Matzdorff A, Laechelt S, Hartmann JT, et
al. Chemoradiotherapy with capecitabine versus fluorouracil for locally advanced
rectal cancer: a randomised, multicentre, non-inferiority, phase 3 trial. Lancet
Oncol. (2012) 13:579–88. doi: 10.1016/S1470-2045(12)70116-X

43. Ma L, Wang L, Tseng CL, Sahgal A. Emerging technologies in stereotactic
body radiotherapy. Chin Clin Oncol. (2017) 6:S12. doi: 10.21037/cco.2017.06.19

44. Nakamura K, Sasaki T, Ohga S, Yoshitake T, Terashima K, Asai K, et
al. Recent advances in radiation oncology: intensity-modulated radiotherapy, a
clinical perspective. Int J Clin Oncol. (2014) 19:564–9. doi: 10.1007/s10147-014-
0718-y

45. Patel SA, Wo JY, Hong TS. Advancing techniques of radiation
therapy for rectal cancer. Semin Radiat Oncol. (2016) 26:220–
5. doi: 10.1016/j.semradonc.2016.02.005

46. Lee MT, Kim JJ, Dinniwell R, Brierley J, Lockwood G, Wong R, et al. Phase
I study of individualized stereotactic body radiotherapy of liver metastases. J Clin
Oncol. (2009) 27:1585–91. doi: 10.1200/JCO.2008.20.0600

47. Abusaris H, Hoogeman M, Nuyttens JJ. Re-irradiation: outcome, cumulative
dose and toxicity in patients retreated with stereotactic radiotherapy in
the abdominal or pelvic region. Technol Cancer Res Treat. (2012) 11:591–
7. doi: 10.7785/tcrt.2012.500261

48. Chiloiro G, Boldrini L, Preziosi F, Cusumano D, Yadav P, Romano
A, et al. A predictive model of 2yDFS during MR-guided RT neoadjuvant
chemoradiotherapy in locally advanced rectal cancer patients. Front Oncol. (2022)
12:831712. doi: 10.3389/fonc.2022.831712

49. Cusumano D, Boldrini L, Yadav P, Yu G, Musurunu B, Chiloiro G, et al.
Delta radiomics for rectal cancer response prediction using low field magnetic
resonance guided radiotherapy: an external validation. Phys Med. (2021) 84:186–
91. doi: 10.1016/j.ejmp.2021.03.038

50. Meng Y, Zhang Y, Dong D, Li C, Liang X, Zhang C, et al. Novel radiomic
signature as a prognostic biomarker for locally advanced rectal cancer. J Magn
Reson Imaging. (2018). doi: 10.1002/jmri.25968

51. Michalski J, Purdy JA, Gaspar L, Souhami L, Ballow M, Bradley J, et al.
Radiation therapy oncology, radiation therapy oncology group. Research plan
2002-2006 image-guided radiation therapy committee. Int J Radiat Oncol Biol Phys.
(2001) 51:60–5. doi: 10.1016/S0360-3016(01)01784-9

52. Camma C, Giunta M, Fiorica F, Pagliaro L, Craxi A, Cottone M. Preoperative
radiotherapy for resectable rectal cancer: Ameta-analysis. JAMA. (2000) 284:1008–
15. doi: 10.1001/jama.284.8.1008

53. Roh MS, Colangelo LH, O’Connell MJ, Yothers G, Deutsch M, Allegra
CJ, et al. Preoperative multimodality therapy improves disease-free survival in
patients with carcinoma of the rectum: NSABP R-03. J Clin Oncol. (2009) 27:5124–
30. doi: 10.1200/JCO.2009.22.0467

54. Pach R, Richter P, Sierzega M, Papp N, Szczepanik A. Preoperative short-
course radiotherapy and surgery versus surgery alone for patients with rectal
cancer: a propensity score-matched analysis at 18-year follow-up. Biomedicines 9.
(2021). doi: 10.3390/biomedicines9070725

55. Sakanaka K, Fujii K, Ishida Y, Mukumoto N, Hida K, Inoo H, et al.
Preoperative chemoradiotherapy for locally advanced low rectal cancer using
intensity-modulated radiotherapy to spare the intestines: a single-institutional pilot
trial. J Radiat Res. (2022) 63:88–97. doi: 10.1093/jrr/rrab106

56. Bazarbashi S, Elshenawy MA, Badran A, Aljubran A, Alzahrani A, Almanea
H, et al. Neoadjuvant concurrent chemoradiotherapy using infusional gemcitabine
in locally advanced rectal cancer: a phase II trial. Cancer Med. (2022) 11:2056–
66. doi: 10.1002/cam4.4590

57. Palta M, Willett CG, Czito BG. Short-course versus long-course
chemoradiation in rectal cancer–time to change strategies? Curr Treat Options
Oncol. (2014) 15:421–8. doi: 10.1007/s11864-014-0296-2

58. Diaz Beveridge R, Akhoundova D, Bruixola G, Aparicio J. Controversies
in the multimodality management of locally advanced rectal cancer. Med Oncol.
(2017) 34:102. doi: 10.1007/s12032-017-0964-8

59. Erlandsson J, Fuentes S, Radu C, Frodin JE, Johansson H, Brandberg
Y, et al. Radiotherapy regimens for rectal cancer: long-term outcomes
and health-related quality of life in the Stockholm III trial. BJS Open 5.
(2021). doi: 10.1093/bjsopen/zrab137

60. Pach R, Sierzega M, Szczepanik A, Popiela T, Richter P. Preoperative
radiotherapy 5 x 5Gy and short versus long interval between surgery for resectable
rectal cancer: 10-Year follow-up of the randomised controlled trial. Radiother
Oncol. (2021) 164:268–74. doi: 10.1016/j.radonc.2021.10.006

Frontiers in PublicHealth 17 frontiersin.org

https://doi.org/10.3389/fpubh.2022.962256
https://doi.org/10.1200/JCO.2009.25.8376
https://doi.org/10.1016/S1470-2045(12)70187-0
https://doi.org/10.1093/annonc/mdx224
https://doi.org/10.3322/caac.21492
https://doi.org/10.1016/S1470-2045(11)70097-3
https://doi.org/10.1200/JCO.2005.08.144
https://doi.org/10.1002/bjs.5506
https://doi.org/10.3322/caac.21601
https://doi.org/10.1007/s00384-020-03595-x
https://doi.org/10.1080/00015458.2020.1745529
https://doi.org/10.1016/j.canrad.2021.11.002
https://doi.org/10.1016/S1470-2045(20)30555-6
https://doi.org/10.1038/s41467-020-18162-9
https://doi.org/10.1016/j.bulcan.2021.03.018
https://doi.org/10.1016/j.trim.2021.101489
https://doi.org/10.1155/2021/9972051
https://doi.org/10.1016/S1470-2045(12)70116-X
https://doi.org/10.21037/cco.2017.06.19
https://doi.org/10.1007/s10147-014-0718-y
https://doi.org/10.1016/j.semradonc.2016.02.005
https://doi.org/10.1200/JCO.2008.20.0600
https://doi.org/10.7785/tcrt.2012.500261
https://doi.org/10.3389/fonc.2022.831712
https://doi.org/10.1016/j.ejmp.2021.03.038
https://doi.org/10.1002/jmri.25968
https://doi.org/10.1016/S0360-3016(01)01784-9
https://doi.org/10.1001/jama.284.8.1008
https://doi.org/10.1200/JCO.2009.22.0467
https://doi.org/10.3390/biomedicines9070725
https://doi.org/10.1093/jrr/rrab106
https://doi.org/10.1002/cam4.4590
https://doi.org/10.1007/s11864-014-0296-2
https://doi.org/10.1007/s12032-017-0964-8
https://doi.org/10.1093/bjsopen/zrab137
https://doi.org/10.1016/j.radonc.2021.10.006
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

	Global status of research on radiotherapy for rectal cancer: A bibliometric and visual analysis
	Introduction
	Data collection and research methods
	Data source and collection
	Research methods

	Results
	Quantitative analysis of basic information
	Annual growth trend of publications
	Country/region analysis
	Institutional analysis
	Analysis of authors and co-cited authors

	Exploring the hotspots and evolution of research on radiotherapy for rectal cancer based on literature co-citations
	Analysis of total number of citations
	Analysis of co-citation burst characteristics
	Analysis of the characteristics of co-citation clustering

	Exploring the hotspots and evolution of research on rectal cancer radiotherapy based on keywords
	Analysis of keyword co-occurrence clustering
	Analysis of keyword bursts


	Discussion
	Conclusion
	Data availability statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	Supplementary material
	References


