Journal of
INTERNATIONAL
MEDICAL RESEARCH

Review

Journal of International Medical Research
Trends in chronic hepatitis © The Authorty 015

Article reuse guidelines:

B t I"e at m e nt- re I ated sagepub.com/journals-permissions

DOI: 10.1177/03000605 19893234

research from 1973 to "“’bég;é”g
2018: a bibliometric and
visual analysis

Guiyu Li"*, Jiyong Linz’*, Cen jiang',
Quansheng Feng'#® and Li Wen'#

Abstract

Objective: Chronic hepatitis B (CHB) is a worldwide disease and the most common cause of
liver cancer. This study aimed to identify specific areas of research activity concerning CHB
treatment between 1973 and 2018 and to aid in identifying new areas for future development.
Methods: The literature was searched from the GoPubMed and Web of Science databases using
terms related to CHB treatment, analyzed with bibliometric methods and visualized using
VOSviewer.

Results: A total of 9486 and 5883 papers were collected from PubMed and Web of science,
respectively. The studies focused on two clusters of topics: antiviral therapy for CHB and pro-
gressive diseases, and drug resistance. Studies related to antiviral drugs concentrated on lamivudine
(n =788), entecavir (n = 390), and adefovir dipivoxil (n = 376). Studies addressing conditions devel-
oping from CHB highlighted hepatocellular carcinoma (n=403) and cirrhosis (n=223). China
(n=1978) contributed the most publications. The 10 most quantitatively prolific organizations
were in France. All 20 of the most cited papers investigated antiviral treatments for CHB or
CHB-associated cirrhosis.

Conclusions: Research on CHB treatment over the past 45 years has concentrated on antiviral
therapy, CHB-associated progressive conditions, drug resistance and immunization. Although
work on CHB treatment has made considerable progress, new approaches must be explored.
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Introduction

CHB is a worldwide disease caused by hep-
atitis B virus, despite the implementation of
preventive vaccines.'? Schweitzer and col-
leagues reported that up to 248 million indi-
viduals were seropositive against hepatitis B
surface antigen (HBsAg) in 2010, by review-
ing and analyzing the literature from 1965
to 2013 on the prevalence of CHB virus
from databases such as MEDLINE and
Web of Science.’ Uncontrolled CHB con-
tributes to cirrhosis and even cancer.* This
disease was the major cause of liver cancer
deaths (265,000 individuals [33%]) globally
between 1990 and 2015.°

By 2030, the World Health Assembly’s
goal is decrease new viral hepatitis infections
by 90% and decrease the number of deaths
from viral hepatitis by 65% globally.®
Extensive work on therapeutic strategies for
CHB has been performed. A growing body
of literature on treatment of CHB has been
collected in PubMed, a free resource provid-
ed by the National Center for Biotechnology
Information in the United States for readers
to explore, as well as the Web of Science
database, including the Science Citation
Index expanded database. Nevertheless,
studies on the status quo, focus areas, and
future prospects of research toward CHB
treatment are still absent.

Bibliometric methods have expanded the
focus of topics, publications, countries,
authors, institutions and journals in many
research fields.” '" A large number of stud-
ies have applied bibliometric methods to
identify  research trends in various
fields.”'%12"1® Although a few articles relat-
ed to hepatitis have been bibliometrically

analyzed,'® there is a lack of comprehensive
bibliometrics for CHB treatment. The aims
of this study were to apply bibliometric
methods to identify specific areas of
research activity concerning CHB treatment
and to facilitate the identification of new
areas for future development.

Materials & methods

Using GoPubMed as a retrieval tool,”® we
searched PubMed for literature on the treat-
ment of CHB. The search strategy in
GoPubMed (www.gopubmed.org) was as

follows: “Hepatitis B, Chronic” [mesh]
AND Therapeutics [mesh]. The earliest
available literature was from 1973.

Relevant literature was also mined from
the Web of Science database using the fol-
lowing search strategy: TI = (“Chronic hep-
atitis B” AND (therap* OR treat®* OR cure*
OR remedy*)) from 1973 to 2018. The
search was conducted on October 29, 2018.

A network visualization map based on
data searched from the Web of Science
Core Collection database was created
using VOSviewer (www.vosviewer.com) to
analyze all keywords, as well as collabora-
tions between countries, organizations, and
authors, related to research on CHB treat-
ment. The search strategy for the Web of
Science Core Collection database was as
described above.

All data were analyzed using Microsoft
Excel 2003 (Microsoft Corp., Redmond,
WA, USA). Bar graphs were prepared
using  OriginPro 2018  (OriginLab,
Northampton, MA, USA).


www.gopubmed.org
http://www.vosviewer.com
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Results

Annual publications on CHB treatment

From 1973 to 2018, PubMed indexed 9486
papers on the treatment of CHB, while Web
of Science indexed 5883 papers. The results
from GoPubMed showed that the number
of published papers on treatment of CHB
increased from 1973 to 2015, with one
paper published in 1973 and 683 papers
published in 2015, a 683-fold increase. In
2016 and 2017, slightly fewer papers were
published than in 2015 (Figure 1). These
results suggested that the interest of
researchers in CHB treatment generally
rose from 1973 to 2015 and that there was
a slight drop from 2016 to 2018.

Top topics addressed in CHB
treatment-related literature

The results (data collected from Web of
Science; Figure 2) demonstrated that the
co-occurrence of all keywords (except for
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focused on lamivudine (788, 19.70%), hepa-
tocellular carcinoma (403, 10.07%), enteca-
vir (390, 9.75%), adefovir dipivoxil (376,
9.40%), virus infection (340, 8.50%), infec-
tion (333, 8.32%), hepatitis B virus (273,
6.82%), virus (254, 6.35%), management
(248, 6.20%), antiviral therapy (246,
6.15%), cirrhosis (223, 5.57%), efficacy
(213, 5.32%), interferon (209, 5.22%), resis-
tance (207, 5.17%), e-antigen (190, 4.75%),
natural-history (184, 4.60%), peginterferon
alpha-2a (180, 4.50%), trial (174, 4.35%),
combination (164, 4.10%), tenofovir (162,
4.05%), surface-antigen (152, 3.80%) and
lamivudine therapy (151, 3.77%). Each of
these topics was addressed by at least 150
studies, and together were broadly inter-
preted as “antiviral therapy for CHB and
its progressive diseases”, and “antiviral
drug-related resistance” using cluster anal-
ysis. This suggested that research on the
treatment of CHB concentrated on antiviral
drugs, especially lamivudine, entecavir and
adefovir dipivoxil. Consistent with the
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Figure |. Annual publication on the treatment of chronic hepatitis B.
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results from the Web of Science database,
antiviral drugs were also frequent topics
related to CHB treatment in studies from
PubMed (Table 1). In addition, develop-
ment of this disease, including cirrhosis
and hepatocellular carcinoma, as well as
drug resistance were also frequent topics
in research on CHB treatment over the
past decades.

Countrylregions, city distribution and
collaborations on CHB treatment-related
research

According to the world map from

GoPubMed related to treatment of CHB,
the literature was concentrated in Europe,

infegtion

East Asia, and North America (data not
shown). The 10 leading countries in publi-
cations related to CHB treatment were
China (n=1978, 20.85%), the United
States (n=1258, 13.26%), Japan (n =496,
5.23%), Germany (n=457, 4.82%), Italy
(n=443, 4.67%), France (n =433, 4.56%),
South Korea (n=413, 4.35%), Turkey
(n=284, 2.99%), the United Kingdom
(n=266, 2.80%), and Spain (n=229,
2.41%). Figure 3 shows the collaborations
between the top-publishing countries/
regions. Among 75 countries, 23 countries
were responsible for more than 30 publica-
tions. The map was divided into four
collaboration clusters: 10 countries sur-
rounding the United States (red), five
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Figure 2. Network visualization map showing co-occurrence of all keywords analyzed by VOSviewer.
The map was created using a threshold of n=150 for analyzing papers from Web of Science. Twenty-two
keywords appear on the map. More occurrences of each keyword result in larger circles. A color represents
a cluster. The red cluster can be broadly interpreted as “antiviral therapy for CHB and its progressive
diseases”, while the green cluster can be interpreted as “antiviral drug-related resistance”. CHB, chronic

hepatitis B.
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Table I. Top |15 terms in publications concerning
treatment of CHB from GoPubMed.

Top terms Frequency %ltotal
Humans 8073 85.10%
Patients 7131 75.17%
Hepatitis B virus 6191 65.26%
Male 4961 52.30%
Female 4613 48.63%
Adult 4342 45.77%
Antiviral agents 3950 41.64%
Middle aged 3487 36.76%
Hepatitis B e antigens 3255 3431%
DNA 2739 28.87%
Immunization 2672 28.17%
Immunity 2654 27.98%
Antigens 2591 27.31%
Serum 2463 25.96%
Fibrosis 2395 25.25%

CHB, chronic hepatitis B.

countries surrounding China (green), four
countries surrounding England (blue), and
four countries surrounding Australia
(yellow) (Figure 3). The results suggested
that the most prolific countries collaborated
strongly with one another on research relat-
ed to CHB treatment.

The top nine cities producing CHB pub-
lications were Beijing (n=423, 4.46%),

Taipei (n=320, 3.37%), Shanghai
(n=299, 3.15%), Hong Kong (n=284,
2.99%), Seoul (n=278, 2.93%),
Guangzhou (n=223, 2.35%), London

(n=181, 1.91%), Paris (n=156, 1.64%),
and Rotterdam (n= 135, 1.42%). This dem-
onstrates that the most prolific cities pro-
ducing CHB treatment-related research
were concentrated in China.

Top authors and organizations for
research on the treatment of CHB

The co-authorship network map from
VOSviewer (Figure 4) showed the publica-
tions and collaborations between authors.
Seventeen authors had at least 40

publications, and Patrick Marcellin was
the most active author (102 papers, 1.7%).
Table 2 shows the most productive
organizations, with the most prolific orga-
nization  being  Assistance  Publique
Hopitaux Paris (264 papers, Table 2).

The 10 most productive journals and
the 20 most influential papers for
research on treatment of CHB

Table 3 shows the 10 most prolific journals
publishing research on CHB treatment.
The three most prolific journals were
Journal of Hepatology (314 papers,
3.31%), Hepatology (313 papers, 3.30%),
and Chinese Journal of Hepatology (278
papers, 2.93%).

As shown in Table 4, the most highly
cited papers were primarily concerned
with the effects of antiviral drugs, especially
lamivudine, adefovir dipivoxil, interferon,
and entecavir, on CHB and associated
diseases including fibrosis and cirrhosis,
consistent with the results of the top
topics for CHB treatment. These results
further suggested the major theme of anti-
viral therapy as a central topic for CHB and
CHB-associated research.

Discussion

We analyzed literature on CHB treatment,
involving 9486 papers retrieved from
PubMed and 5883 papers from Web of
Science database, by applying quantitative
and qualitative bibliometric methods.
Through bibliometric analysis, our results
provided an overview of the development
of CHB treatment and issues of special
interest based on literature over the past
45 years.

According to the increasing amount of
literature in PubMed and Web of Science
over the past 45 years, great progress has
been made in the therapy of CHB. The
results highlighted frequent topics in CHB
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Figure 3. Network visualization map for top publication countries/regions. The map was created using a
threshold of n = 30 for analyzing the papers searching from Web of Science. Twenty-three countries/regions
appear on the map. The more publications, the larger the circle. The thickness of the line represents link
strength of collaboration between the countries, and the collaboration cluster between the countries is

shown as four colors.

treatment including a focus on antiviral
drugs. There was a large body of literature
that described antiviral therapies for CHB,
especially lamivudine, entecavir, adefovir
dipivoxil, interferon, peginterferon alpha-
2a (PeglFNw-2a) and tenofovir. These high-
lights were likely related to the discovery
and development of antiviral agents.
Between 1990 and 2013, several antiviral
agents were successively approved for
CHB treatment.*' Six antiviral agents
(peginterferon-2a, lamivudine, telbivudine,
entecavir, adefovir, and tenofovir) were
approved for the treatment of CHB in
adults, and five antiviral agents (IFN-A-
2B, lamivudine, entecavir, adefovir, and
tenofovir) were used for treatment of

CHB in children.*> These approved antivi-
ral agents were classified into interferons
and  nucleotide/nucleoside  analogues,
including lamivudine, adefovir, entecavir,
telbivudine and tenofovir.*? Our results
for both types of antiviral agents were cor-
related, with studies on interferon and
nucleoside analogues both being areas of
high interest for CHB treatment over the
past decades. In addition, drug resistance
was also one of the top topics in CHB treat-
ment, which may suggest that new thera-
peutic strategies for CHB need to be
explored.

Progressive conditions associated with
CHB, including cirrhosis and hepatocellular
carcinoma, were also frequently described in
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Figure 4. Network of top authors on the treatment of CHB analyzed from VOSviewer. The map was
created using a threshold of 40 for analyzing papers identified from Web of Science. The thickness of the line
represents collaborations between authors. CHB, chronic hepatitis B.

Table 2. Top 10 organizations producing CHB-related publications.

Organization Country Publications %/total papers
Assistance Publique Hopitaux Paris France 264 4.49%
Erasmus University Rotterdam Netherlands 243 4.13%
Erasmus University Medical Center Netherlands 226 3.84%
University of Toronto Canada 197 3.35%
Gilead Sciences USA 191 3.25%
Hopital Universitaire Beaujon Aphp France 190 3.23%
Institut National De La Sante Et De La France 189 3.21%
Recherche Medicale Inserm
University of Hong Kong China 183 3.11%
University of London UK 163 2.77%
Capital Medical University China 140 2.38%

CHB, chronic hepatitis B.

the literature on CHB treatment, suggesting  progression to cirrhosis and liver cancer is
that CHB treatment also focused on cirrho-  elevated in patients with CHB. CHB is the
sis and hepatocellular carcinoma, consistent most frequent of hepatocellular carcinoma.
with previous studies.*’ The risk of A recent study reported that patients with
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Table 3. Top journals publishing papers on the
treatment of CHB identified from GoPubMed.

Journal Publications ~ %/total

Journal of Hepatology 314 3.31%

Hepatology 313 3.30%

Chinese Journal of 278 2.93%
Hepatology

World Journal of 258 2.72%
Gastroenterology

Journal of Viral Hepatitis 229 241%

Journal of Medical Virology 194 2.05%

Journal of Gastroenterology 181 1.91%
and Hepatology

Liver International 149 1.57%

Gastroenterology 134 1.41%

Antiviral Therapy 132 1.39%

CHB, chronic hepatitis B.

hepatitis B virus-associated hepatocellular
carcinoma receiving antiviral drugs dis-
play attenuated hepatocarcinogenesis.*’
Moreover, three of the 20 most cited
papers on CHB treatment investigated
antiviral therapy, including tenofovir dis-
oproxil, entecavir and lamivudine, for
CHB-associated cirrhosis, further indicat-
ing that antiviral therapy for cirrhosis has
been of high interest to researchers. A
meta-analysis demonstrated that antiviral
therapy reduced the risk of cirrhosis and
hepatocellular carcinoma in patients with
chronic hepatitis B viral infection.*?
There was also a great deal of work
indexed in PubMed showing the possible
therapeutic effects of immunization treat-
ment on CHB. This result is consistent
with previous reports."** ¢ Activation of
innate immunity is a novel strategy for treat-
ment of CHB by directly targeting hepatitis
B virus.*® For immune-active CHB in adults,
peg-IFN, entecavir, or tenofovir were the
preferred antiviral agents recommended by
the American Association for the Study of
Liver Diseases.> Taken together with the
results from Web of Science database,
these findings showed that treatments for

CHB focused not only on antiviral therapy,
but also on immunization. Interestingly, few
terms related to traditional Chinese medicine
were discovered in the terms or keywords
from GoPubMed and the network from
VOSviewer, even though China is the coun-
try with the most publications on CHB treat-
ment. This finding is likely related to the
databases we retrieved studies from. More
work needs to be done to develop novel
treatments for CHB.

Our results also showed the contribu-
tions of countries, organizations, and
authors to CHB treatment research. We
presented a network visualization map in
productive countries by applying
VOSviewer. Research related to the treat-
ment of CHB varied greatly globally but
was mostly produced in Europe, Asia, and
America. China contributed the most pub-
lications related to CHB treatment, consis-
tent with the results of a literature review
reporting high prevalence of this disease in
China.*” These advances may benefit from a
vast network of collaborations between
countries, and between researchers. All con-
tributions from countries, institutions and
researchers promoted the development of
CHB treatment.

Approximately 75% of papers with high
influence were related to antiviral agents,
which was consistent with the analysis of
top terms or keywords. Interestingly, from
a productivity and citation perspective,
only three journals published the top
twenty most highly cited articles (Table 3
and 4) between 1973 to 2018. These three
journals were Gastroenterology, Hepatology
and Gut. Gastroenterology accounted for
20.1% of the top-20 manuscript citations.
Two papers were related to adefovir dipi-
voxil, and the other two were related to
lamivudine in Gastroenterology. Hepatology
accounted for 16.4% of the top-20 manu-
script citations. Two papers were related to
lamivudine, and the others were related
to entecavir and guidelines, respectively.
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Gut published one paper among the top
twenty most highly cited manuscripts,
accounting for 3.4% of all citations. That
paper was related to lamivudine and alpha
interferon, which further confirmed that
antiviral agents, especially lamivudine, were
very interesting to researchers.

Our study had some limitations. we qual-
itatively and quantitatively analyzed the lit-
erature related to CHB treatment over the
past 40 years, but the literature databases
used were limited to MEDLINE and Web
of Science. Other databases, such as Scopus
and Embase, also can index relevant
papers. Although MEDLINE is one of the
most authoritative biomedical databases in
the world, and Web of Science is the core
database of Science Citation Index
Expanded, the papers indexed both two lit-
erature databases in this study are still not
comprehensive. In addition, we may not
have searched comprehensively based on
the search terms used, and use of other
search terms may also affect the results.
Therefore, all the results and conclusions
of this study should be interpreted in light
of these limitations.

Conclusions

This study illustrated the features of publi-
cations on CHB treatment from 1973 to
2018 by applying bibliometric analysis.
Great progress has been made in the treat-
ment of CHB over the past 45 years.
Overall, our study found that a Ilarge
amount of research on treatment of CHB
concentrated on antiviral therapy, CHB
progressive conditions including cirrhosis
and hepatocellular carcinoma, immuniza-
tion, and antiviral drug resistance.
Although work on CHB treatment has
made considerable progress in the past 45
years, many unresolved issues such as drug
resistance and inability to eliminate all
HBsAg, remain. New therapeutic strategies

and approaches for CHB remain to be
explored.
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