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Abstract

Background and Aims: The aim of this study was to analyse the landscape of publications on
rectal cancer (RC) over the past 25years by machine learning and semantic analysis.
Methods: Publications indexed in PubMed under the Medical Subject Headings (MeSH) term
‘Rectal Neoplasms’ from 1994 to 2018 were downloaded in September 2019. R and Python
were used to extract publication date, MeSH terms and abstract from the metadata of each
publication for bibliometric assessment. Latent Dirichlet allocation was applied to analyse the
text from the articles” abstracts to identify more specific research topics. Louvain algorithm
was used to establish a topic network resulting in identifying the relationship between the

topics.

Results: A total of 23,492 papers published were identified and analysed in this study. The

changes of research focus were analysed by the changing of MeSH terms. Studied contents
extracted from the publications were divided into five areas, including surgical intervention,
radiotherapy and chemotherapy intervention, clinical case management, epidemiology and

cancer risk as well as prognosis studies.

Conclusions: The number of publications indexed on RC has expanded rapidly over the

past 25years. Studies on RC have mainly focused on five areas. However, studies on basic
research, postoperative quality of life and cost-effective research were relatively lacking. It is
predicted that basic research, inflammation and some other research fields might become the

potential hotspots in the future.
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Introduction

The understanding and treatment of rectal cancer
(RC) have made great progress in the past
25years. The publications showed that the emer-
gence of new diagnostic and therapeutic technol-
ogies has led to a downward trend in the
prevalence and mortality of RC worldwide.! The
mortality rate of RC in the United States
decreased from 100-200/100,000 in the 1990s to
8-12/100,000 in 2017. The 5-year survival rate of
RC increased from 45-58% in 1983-1989 to 68—
76% in 2010-2015.1-% However, RC remains a

deadly malignant tumour, which causes huge dis-
ease burden. Moreover, because of rectum unique
physiological position and function, diagnosis
and treatment of RC have brought huge physio-
logical and psychological suffering to patients.

Most of the progress of studies on RC treatment
is reported in the form of publications. With the
continuous development of the publishing indus-
try, the number of papers published has risen
every year. The number of academic publications
is often presented as a trend that reflects research
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interest and public attention within a certain
period.” Bibliometrics is a method to analyse aca-
demic literature quantitatively. It is important
and useful to quantitatively analyse a large num-
ber of literature data to summarize what has been
done and speculate on possible future research.
The last bibliometric study on colorectal cancer
(CRC) was carried out in 2016 by Stout, identify-
ing the top 100 cited articles.® However, as we are
lacking effective semantic analysis tools to analyse
a large amount of literature, so far, the overall
landscape of all publications on RC remains
uncharacterized.

Natural language processing (NLP) is a computa-
tional technique for analysing human language
which was applied to process medical informa-
tion. There have been substantial research
achievements on applications in processing medi-
cal information by using NLP methods.%10 The
latent Dirichlet allocation (ILDA) is the most clas-
sic topic modelling method used in bibliometrics
to characterize large numbers of unstructured
texts. It creates a feature glossary of terms based
on how often the vocabulary coexists in the docu-
ment set. Once the vocabulary glossary is created,
LDA determines the probability that an article
belongs to a particular topic based on the fre-
quency with which the vocabulary appears in each
document.!-12 Tt was reported that NLP and
LDA were used to identify specific themes in a
large number of publications by investigating top-
ics and trends in cancer rehabilitation and cardio-
vascular diseases.!314

In the present study, we analysed the themes of
publications on RC in the past 25years (1994—
2018) indexed by PubMed under the Medical
Subject Headings (MeSH) term ‘Rectal Neoplasm’.
Inspired by Stout’s research on cancer rehabilita-
tion,!* and guided by NLP and LDA analysis, we
modified the machine learning methodology to
conduct a more detailed analysis on publications
on RC resulting in finding areas where the evidence
is robust, highlighting fields where publication defi-
cits exist, and identifying specific areas where
opportunities will exist in the future.

Materials and methods

We searched the public version of PubMed
indexed under the MeSH term ‘Rectal Neoplasms’
from 1994 to 2018, in September 2019. The com-
plete record of the search results was downloaded

in XML format. R was used to extract metadata
including the year when each article was pub-
lished, the abstract, the type of research and the
MeSH terms. LDA was used to identify more spe-
cific research topics in each article. Python was
used to model the topics by analysing the abstracts
of all the indexed articles in our record and set the
number of topics identified to 50. The criteria of
topic number selection are based on proper per-
plexity, redundancy and legibility.1%15> Based on
the subject probability calculated by the algo-
rithm, we finally determined the main topic of
each article. We named each term glossary through
manual checking based on the abstract and MeSH
terms. Finally, we used the Louvain algorithm for
cluster analysis in order to establish a topic net-
work resulting in identifying the relationship
between the topics. In each article, we identified
two topics with the highest probability of attribu-
tion, counted the number of simultaneous occur-
rences of the two topics in each document and
established a link between the topics.

XML format analysis was performed with the
R programming language in R Studio (https://
rstudio.org). The R code is publicly available on
GitHub  (https://github.com/christopherBelter/
pubmedXML). We published all the relevant
code on GitHub (https://github.com/yan-
wen0614/Medicine-Bibliometric-Analysis). The
network visualizations in the article were per-
formed with the software package Gephi (https://
github.com/gephi/gephi).1® This article does not
require approval by the relevant institutional
review board or ethics committee. All the R and
Python codes and raw XML data are available in
the Supplemental Material online.

Results

Overview data

The search string revealed 23,492 publications
indexed under the MeSH term ‘Rectal Neoplasms’
from 1994 to 2018. An average of 603 articles were
published per year from 1994 to 2002, while the
body of literature has grown at a rate of 6—13% per
year from 2003 to 2016 (Figure 1). However, there
was a numerical decline in 2017 and 2018. It may
reflect an indexing delay rather than a decline in
publications.!* The 23,492 publications could be
roughly classified into eight types: systemic review,
meta-analysis, comment, multi-centre study, let-
ter, case report, review and clinical trial (Figure 2).
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Figure 1. PubMed search results: articles published per year.
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Figure 2. PubMed search results: distribution of each type of publications

It is remarkable that papers of the systematic
reviews as well as meta-analysis increased from less
than 1% in the 1990s to 13% in 2018, while papers
of clinical trials decreased from 18% in 1994 to 4%
in 2018. The number of other types of articles
published has not changed much over the years.

MeSH analysis
We have found a total 7237 MeSH terms in all
the publications. They occurred 296,490 times.
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per year.

In order to simplify our study, 771 MeSH terms
whose occurrence was more than 25 were chosen
in the study. We found that 106 MeSH terms
appeared after 1994, such as chemoradiotherapy,
chemoradiotherapy adjuvant, capecitabine and so
on (Figure 3). Although these terms appeared
9049 times in all, accounting for only 3% of all
the occurrences, they represented the emergence
of some new research fields. In fact, many new
technologies represented by these newly emerg-
ing MeSH terms are currently part of the first line
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Figure 3. Top 10 MeSH terms appearing after 1994 and changes per five years.
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Figure 4. Top 10 MeSH term appearing before 1994 and changes per 5years.

treatments, such as chemoradiotherapy and neo-
adjuvant therapy.

Among the remaining 665 MeSH terms, we list the
top 10 MeSH terms, such as neoadjuvant therapy,
digestive system surgical procedures, laparoscopy
and so on, which appeared newly in 1994, but
more frequently after 1994 (Figure 4). Among
these terms, we are interested in some MeSH
terms, including neoadjuvant therapy, laparoscopy,
fluorouracil, radiotherapy adjuvant, chemotherapy

adjuvant. Figure 5 shows the changing proportion
of these terms over the past 25years. On the one
hand, the proportion of neoadjuvant chemoradio-
therapy increased gradually after its first appear-
ance in 1998. The proportions of laparoscopy and
robotic surgical procedures were also gradually
increasing. On the other hand, the proportions of
adjuvant radiotherapy and adjuvant chemotherapy
have gradually decreased since 2002. The propor-
tions of magnetic resonance imaging (MRI) as well
as X-ray computed tomography have been flat over
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Figure 5. Proportion changes of some representative MeSH terms.

25years. These findings suggest that the focus on
RC treatment strategies has shifted from adjuvant
radiotherapy and chemotherapy to neoadjuvant
therapy, endoscopy and robotic surgery. In addi-
tion, we also found that the occurrences of some
MeSH terms, such as positron-emission tomogra-
phy and deoxycytidine, decreased in recent 25 years.
In all, these findings showed the changes of differ-
ent research fields. (Supplemental Material pro-
vides details of MeSH terms.)

LDA analysis

Topic network analysis by LDA and Louvain
algorithm highlights areas where clusters of inter-
related topics co-occur and provides insight into
the relationships between prominent topics of
interest. Five topic-network clusters analysed
by LDA are shown in five different colours in
Figure 6. The five areas are Surgical intervention
(marked in green), Radiotherapy and chemother-
apy intervention (marked in purple), Clinical case
management (marked in blue), Epidemiology
and cancer risk study (marked in orange) and
Prognosis study (marked in red). The size of
the bubble in each area represents the number of
the related publications. The magnitude of the

relationships among five areas can be seen both
within and between topic clusters by the network
line connections, with thicker lines representing
greater numbers of articles that use certain terms.

In the Surgical intervention cluster (green area),
the topics that have been studied more were local
recurrence, transanal surgery, laparoscopic and
open surgery, as well as surgery complication.
Strong relationships are seen among these topics,
suggesting that they are closely related and care-
fully studied in this area. However, there were a
small number of publications on the two topics
quality of life and anal function protection.
Furthermore, there was weak connection between
these two topics. On the whole, the cluster of
Surgery intervention is strongly related to both of
the clusters of Radiotherapy and chemotherapy
intervention and Prognostic study.

Case reports accounted for the majority of pub-
lications in the cluster of Clinical case manage-
ment (blue area). Most case reports were relatively
isolated and reported descriptions of symptoma-
tology and rare cases. A few cases reported
symptoms, endoscopic resection or rare and anal
cancer. In view of the five areas, this cluster was
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Figure 6. Topic cluster network studied by Latent Dirichlet allocation: inter- and intra-relationships.

Green, Surgical intervention; Purple, Radiotherapy and chemotherapy intervention; Blue, Clinical case management;
Orange, Epidemiology and cancer risk study; Red, Prognostic study. The size of circle represents the number of papers in
each topic, the thickness of line represents the weight of connection between each topic.

relatively independent. However, the reported
cases associated with liver metastasis were
strongly related to the cluster of Radiotherapy
and chemotherapy intervention (purple area).

In the cluster of Epidemiology and cancer risk
study (orange area), there were three major top-
ics: Age and cancer risk, Precancerous lesion and
Rectal and colon cancer risk. It is noteworthy that
although the number of publications studying
inflammation was rarely small, inflammation
showed strong correlation with precancerous
lesions. In the view of the relationships among the
five clusters, the cluster of Epidemiology and can-
cer risk study shows strong correlation with the
cluster of Prognostic study (red area).

In the cluster of Radiotherapy and chemotherapy
intervention (purple area), four main topics were

Chemotherapy toxicity, Treatment review and
literature, Comparison of radiotherapy and sur-
gery and Adjuvant chemoradiotherapy. The stud-
ies on comparison of radiotherapy and surgery
were closely connected with the other three top-
ics, suggesting that radiotherapy and surgery was
a very important therapy for RC. Furthermore,
this cluster is strongly related with the other four
clusters, demonstrating that this cluster was a key
field in last 25 years.

Among the Prognostic study cluster (red area),
both Survival analysis and Neoadjuvant chemora-
diotherapy are the most studied topics. Although
there were fewer than 350 papers on the topic
of magnetic resonance imaging, this topic was
closely associated with multiple topics, suggesting
that MRI was a research hotspot in this area. In
addition, this cluster also contained a variety of
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topics such as gene mutation, tumour related pro-
tein expression, risk factors of invasion and so on,
which suggested that studies in this cluster were
very comprehensive. The small number of basic
research papers on RC indicates that there are a
lot of blanks in basic research on RC. This cluster
also showed close relationship with the other four
clusters.

Discussion

For the first time, 23,492 literatures on RC pub-
lished during 1994-2018 were systematically ana-
lysed by machine learning and semantic analysis.
The average number of annual publications was
603 from 1994 to 2002, and increased by 74%
from 2002 to 2007 and 87% from 2008 to 2014.
The numbers of papers declined in 2017 as well
as 2018, which may be due to index delay, rather
than a decline in publications. Studies on RC
over 25years have mainly focused on five fields:
surgical intervention, radiotherapy and chemo-
therapy intervention, clinical case management,
epidemiology and cancer risk study, and progno-
sis study. The relationships among the clusters
and the topics were identified.

Surgical intervention of RC has been a hot and
controversial topic for the last 25 years. Our study
found that surgical treatment strategies kept
improving. The operation mode was developed
from open surgery to laparoscopic, robotic sur-
gery. Total mesorectal excision (TME) was grad-
ually improved into transanal total mesorectal
excision (TaTME). Heald er al. put forward
TME for the first time in 1982.17 Jacobs firstly
completed laparoscopic radical resection in
1991.18 However, it was not until the results of
the COREAN trail were published in 2013 that
the National Cancer Network Guidelines
(NCCNs) had a more positive attitude toward
laparoscopic radical surgery.!819 Sylla launched
the world’s first transanal endoscopic microsur-
gery-based TaTME surgery in 2010.2° However,
TaTME is still a relatively new surgery procedure
with many problems needing to be solved, espe-
cially in peritoneal exploration, mesenteric lymph
node dissection and left colon vascular manage-
ment.2! However, our previously study found that
the improvement of RC prognosis might mostly
be attributed to radiotherapy and chemotherapy
rather than surgery improvement.?2 Therefore,
newly RC surgical strategies still need to be sup-
ported by more RCTs and clinical data.

Meanwhile, we find that metastatic RC treated by
surgical methods was scarcely reported over the
past 25years. Recent studies have shown that
there are many advantages of surgery, combined
with neoadjuvant radiotherapy and chemother-
apy for liver metastasis of RC.23 Surgical inter-
vention for liver metastasis of RC may suggest
that other tissues’ metastasis of RC potentially
achieve good prognosis under surgical interven-
tion. Therefore, surgical intervention for meta-
static cancer may become one of the research
focuses in the future. It is well-known that the
complications of RC treated by surgical or radio
therapy are very painful for patients due to the
rectal physical function. However, our study
showed that there were few publications on stud-
ies of anal function protection and patients’ qual-
ity of life over the past years. These two topics
account for less than 8% of the total amount
of research related to surgery intervention.
Therefore, more attention should be paid to anal
function protection and patients’ quality of life by
using advanced surgical strategies in the future.

Local recurrence was not only the most studied
topic in the field of surgery intervention, but was
also strongly associated with the other four clus-
ters. We found that the rate of local recurrence
has been gradually decreased from 20-30% to
5-10% over the past 25years.?* Neoadjuvant
chemoradiotherapy, especially radiotherapy, was
reported to play an important role in treatment of
local recurrence.?> Furthermore, the topic of
comparison of radiotherapy and surgery shows a
strong connection with local recurrence. Some
retrospective studies demonstrated that com-
pared with surgery, preoperative radiotherapy of
low RC and local advanced RC could increase
survival rate, control distance metastasis, improve
patient’s life quality, preserve anus and secondary
reconstruct anus. Therefore, the comparison
between radiotherapy and surgery might still be a
research focus and will stay controversial in the
future.?6

Epidemiology and cancer risk of RC is another
hot research field. Along with our understanding
of characteristics of sporadic and hereditary CRC,
many effective methods for diagnosis and preven-
tion of the cancer in early stage have been devel-
oped.?’” In the MeSH analysis, we found that
many methods were developed for early diagno-
sis, including biomarker detection, occult blood
test, endoscopy examination and faecal DNA
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sequencing.?® Another interesting finding was the
topic of inflammation in this cluster. There were
only 622 (2.6%) articles related to inflammation
out of 23,492 publications. The weight between
inflammation and precancerous lesions is 212,
suggesting strong correlation between them. We
also notice that inflammation has little correlation
with study on epidemiology and cancer risk, cor-
roborating that the current guidelines on cancer
prevention do not clearly indicate the treatment
of inflammation.?° Basically, our study did not
find that gut microbiota was a research hotspot,
because of the small number of relative articles.
However, recent studies have revealed that gut
microbiota played an important role in CRC. Li
demonstrated that gut microbiota-stimulated
cathepsin K secretion mediated TLLR4-dependent
M2 macrophage polarization and promoted
tumour metastasis in CRC, which could cause a
higher death rate.3-32 Therefore, it is reasonable
that past researches on the role of inflammation
in rectal carcinogenesis and development were
insufficient. Inflammation is likely to be a hot
studied topic in the future.33

The area of prognostic study contained many top-
ics, not only basic medicine researches of RC but
also clinic and diagnostic strategies. These themes
showed that prognosis of RC is influenced by
many factors. It was interesting that neoadjuvant
chemoradiotherapy was incorporated into the area
of prognostic study rather than the radiotherapy
and chemotherapy cluster. Neoadjuvant therapy
was firstly proposed as a MeSH term in 1995 and
became one of the research’s focuses over the fol-
lowing years. Neoadjuvant therapy was firstly
introduced in the 2007 edition of the NCCN of
RC. Based on the findings of two clinical trials,
MRCCRO07 and CAO/ARO/AIO-94, preopera-
tive neoadjuvant therapy combined with radical
surgery is considered to be the gold standard for
the treatment of locally advanced RC.3%35 Many
clinical studies demonstrated that neoadjuvant
chemotherapy assisting TME shows a positive
effect on the prognosis of advanced RC. Another
hotspot is MRI. The number of papers concerned
with MRI was 1253 (5.3%), but the total com-
bined weights with other studies was 396, suggest-
ing that MRI was closely related to neoadjuvant
chemoradiotherapy, ultrasound and endoscopy et
cetera. Pelvis MRI was first completed in 1984.3¢
Recent studies using developed MRI have shown
that MRI plays an important role in the staging of
RC. In the different guidelines of RC, MRI is

considered an indispensable examination.?” In
this cluster, the basic research of RC is insuffi-
cient. We found that the proportion of basic
research such as gene mutation is less than 3% of
total publications, which may be related to the fact
that most of the relevant RC journals are clinical
journals. At present, even the cell line model of
RC has not been established. RC is still studied
together with colon cancer in many studies.
However, due to the different biological behav-
iours of these two cancers, they have been gradu-
ally separated for research. Therefore, the basic
research of RC will be an indispensable research
content in the future.

In the past 25years, studies on the cluster of
Radiotherapy and chemotherapy intervention of
RC showed considerable progress. Topics includ-
ing Radiotherapy, Comparison of radiotherapy
and surgery, Intensity of chemotherapy and
Review of treatment are research hotpots. But
some contradictions among these topics were
found. Although 5Fu-based chemotherapy has
brought survival benefits since 1990s,38 there was
a tendency to deal with RC by de-chemothera-
peutic and de-radiotherapeutic methods by evalu-
ation of different risk factors first.>® We found
that citation rates of adjuvant radiotherapy and
chemotherapy have been gradually reduced,
which is consistent with the mentioned concepts.
Accurate assessment can benefit early patients
and reduce the risk of radiotherapy and chemo-
therapy. Patients with advanced RC tend to be
treated with neoadjuvant radiotherapy and chem-
otherapy with TME,*® which also corresponded
with our research results.

For the first time in our research, with the help of
ML and NLP, we analysed over 20,000 publica-
tions on RC and have shown the study characteris-
tics, deficiencies of research and possible research
directions in the future. In the past 25years, great
progress has been made in the diagnosis and treat-
ment of RC. However we find several things in our
research. First, basic research on RC accounted
for a small proportion. There are few studies on
the basic mechanism of carcinogenesis and cancer
development. Second, there is insufficient atten-
tion paid to functional protection, fistula and qual-
ity of life. Publications on these three topics
comprised about 2000 (8.5%) articles, and many
of them were related to surgical methods. Third,
there were few studies on cost-effective research.
Only about 350 (1.5%) papers described the
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economic burden of cancer. We predicted that
basic research, inflammation and some other
research fields might become hotspots in the
future. Our study proves that neoadjuvant radio-
therapy and chemotherapy might be a more impor-
tant factor for the improvement of survival
prognosis than surgery. We found that several
research fields, such as inflammation with RC, are
likely to be novel research fields in the future and
anticipate it will bring positive effect in under-
standing the pathogenicity and treatment of RC. It
is reasonable that machine learning will play an
active role in clinical practice in the future with suf-
ficient medical record text databases and improved
algorithms. Our finding suggests that Machine
Learning and NLP could be a tremendous tool for
scientists, who will be able to draw objective and
comprehensive clues from huge numbers of data.

As for limitations, first, there are several other
databases besides PubMed available for biblio-
metric research, including Scopus, Web of
Science and Embase. Although PubMed contains
the highest quality of peer-reviewed research and
excludes irrelevant, non-peer-reviewed publica-
tions, detailed and comprehensive knowledge will
be provided if other databases are explored mean-
time. Second, some publications may not have
appeared in our study because they had not yet
been indexed by MeSH words. Last but not least,
the publications may include more positive results
and less intuitive experience of clinical practice,
which could cause bias in our research.
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