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Objective: As one of the cancers that seriously threatens women's health,
ovarian cancer has a high morbidity and mortality rate. Surgery and
chemotherapy are the basic treatment strategies for ovarian cancer, and
chemotherapy resistance is a significant factor in affecting the prognosis,
survival cycle, and recurrence of ovarian cancer. This article aims to analyze
articles about ovarian cancer and drug resistance via bibliometric software,
offering new ideas and directions for researchers in this field.

Methods: Both Citespace and Vosviewer are bibliometric software on the Java
platform. Articles were collected on ovarian cancer and drug resistance in the
Web of Science Core Collection database from 2013 to 2022. The countries,
institutions, journals, authors, keywords, and references were analyzed, and the
development status of this field was indicated from multiple perspectives.

Results: Studies on ovarian cancer and drug resistance generally showed an
increasing trend from 2013 to 2022. The People’s Republic of China and Chinese
institutions contributed more to this field. Gynecologic Oncology published the
most articles, and the journal with the most citations was Cancer Research. Li Li
was the author with the most publications, and Siegel RL was the author with the
most citations. Through burst detection, it can be found that the research
hotspots in this field mainly focused on the in-depth exploration of the drug
resistance mechanism of ovarian cancer and the progress of PARP inhibitors and
bevacizumab in the treatment of ovarian cancer.

Conclusions: Many studies on the mechanism of drug resistance in ovarian
cancer have been discovered; however, the deeper mechanism remains to be
explored. Compared with traditional chemotherapy drugs, PARP inhibitors and
bevacizumab have shown better efficacy, but PARP inhibitors have initially shown
drug resistance. The future direction of this field should be to overcome the
resistance of existing drugs and actively develop new ones.
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1 Introduction

According to relevant statistics, ovarian cancer ranks eighth
among female tumors in terms of morbidity and mortality (1). In
2020, compared with 2018, the mortality of ovarian cancer
increased by 0.3 percentage points (1, 2). In the estimated
number of new cancer cases and deaths in the United States in
2022, ovarian cancer ranked fifth (3). All in all, ovarian cancer poses
a serious threat to women’s health (4). As more attention is paid to
ovarian cancer, various therapies have emerged, but drug resistance
has also become increasingly common (5). Consequently, finding
ways to address drug resistance is crucial for effective treatment.

Drug resistance involves many complex mechanisms. A large
number of studies have shown that drug resistance in ovarian
cancer may be mainly related to apoptosis inhibition pathways
(6), the multidrug resistance gene (MDR) (7), non-coding RNA (8),
the tumor microenvironment (9), and other factors related.
Furthermore, different treatment methods can also generate
corresponding drug resistance mechanisms. Khan et al.
summarized the resistance mechanism of platinum drugs and
came to the conclusion that most genes implicated in platinum
resistance belong to DNA damage repair machinery (10). Gogola
et al. found that loss of PAR glycohydrolase (PARG) is the major
resistance mechanism of inhibitors of poly(ADP-ribose)(PAR)
polymerase (PARPi) in the treatment of ovarian cancer (11).
With more in-depth research on the mechanism of drug
resistance in ovarian cancer, additional mechanisms are being
gradually uncovered. Understanding these mechanisms is of great
significance for clinical treatment and improving the prognosis of
ovarian cancer.

The drug resistance mechanism of ovarian cancer is not yet fully
disclosed, which can cause difficulties for researchers studying in
this field. Fortunately, bibliometrics, as a recently emerging
discipline, can analyze the contributions of countries/regions,
institutions, authors, and journals in a certain field, as well as
understand research hotspots and emerging keywords in this field.
Furthermore, bibliometrics can predict future development
prospects (12). Citespace and VOSviewer are Java-based
bibliometric visualization analysis software that we used to
analyze literature on ovarian cancer and drug resistance from
2013 to 2022 to identify the latest results and research hotspots in
this field. Meanwhile, we provided reference directions for relevant
researchers to avoid polyisomerism and improve scientific research
efficiency (13, 14).

2 Materials and methods
2.1 Data collection

All documents in this bibliometric analysis were downloaded
from the WOSCC (Web of Science Core Collection). Compared

with other related databases, the data in WOS are more
representative and influential. Moreover, studies have shown that
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the results of bibliometric analysis using the data in WOS are better
visualized (15, 16).

The search formula used in this study was TI = ((resist*) OR
(drug resist*) OR (medicine resist*) OR (agent resist*) OR
(Antineoplastic Agent resist*) OR (Antineoplastic Drug resist*)
OR (Antineoplastic resist*)) AND TI = ((Ovarian Cancer*) OR
(Ovarian Carcinoma) OR (Ovarian Neoplasm*) OR (Cancer of
Ovary) OR (Cancer of the Ovary)). To improve the data time
sensitivity, the post date was limited to 2013-2022. Article and
review were set as the document types and English as the language
type. Data collection was completed on 8 November 2022 and saved
as a txt file in the Full Record and Cited References format. A total
of 1,511 documents were obtained for the next visual analysis.

2.2 Data analysis

Microsoft Excel (version 2019), Citespace (6.1.R3), and
VOSviewer (1.6.18) were used for data analysis. Microsoft Excel
2019 was used to analyze the annual trend in the number of articles
published. The content of the analysis included the contributions of
countries/regions, institutions, authors, and journals in this field, as
well as the clustering and burst of keywords and co-cited references.
The node size indicated the frequency of occurrence or reference,
while the connection between the nodes indicated the strength of
the connection. In addition, we also calculated the betweenness
centrality of the node to determine its significance and whether it
served as a bridge role (17). In keyword clustering, the modularity Q
and the mean silhouette scores reflect the clustering situation.
Generally speaking, when Q >0.3, the clustering structure is
significant, while when S >0.5, the clustering is reasonably
significant (18). VOSviewer was used to analyze the related
situation in journals. Compared with Citespace, its density map
showed the distribution of journals better (14).

3 Result
3.1 Annual growth trends of publication

To investigate the research status in ovarian cancer and drug
resistance, we utilized Microsoft Office 2019 software to count the
number of papers published in each year from 2013 to 2022 and
plotted the results on a trend line. As shown in Figure 1A, generally,
there has been an upward trend in the number of publications in the
past decade, which indicates drug resistance issues in ovarian cancer
have become increasingly important topics. In 2021, the number of
publications increased by 43, which was the largest expansion
compared with 2020. Moreover, the growth of the trend line
suggests that this field of study still presents promising research
opportunities. In terms of article types (Figure 1B), articles
accounted for a large part (95%), while reviews made up a
smaller portion (5%).
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(A) Annual growth trends of publication. The number of publications in 2013-2022 was an increasing trend. (B) The distribution of document type.

Article accounts for 95% and review accounts for 5%.

3.2 Collaborative networks of countries/
regions and institutions co-occurrence

The 1,511 articles encompassed a total of 58 countries/regions
and 363 research institutions. The number of co-occurrences
between countries was 2,064, while the number of co-occurrences
between institutions was 1,676. As shown in Table 1, the People’s
Republic of China ranked first with 728 contributions. The top ten
institutions, due to the relatively high number of contributions,
were all from the People’s Republic of China.

The betweenness centrality of England and the USA was 0.25
and 0.23, respectively, which demonstrated that these two countries
played a crucial role as bridges in the studies conducted in this field.
Among institutions, the contribution of the University of Texas MD
Anderson Cancer Center was not much, but its betweenness
centrality was 0.13, significantly higher than other institutions,
which indicated it played a vital role in the cooperation of

institutions. Figure 2 illustrates the co-occurrence of cooperation
networks among countries/regions and institutions.

3.3 Analysis of journals and
co-cited journals

These 1,511 articles were published in 404 journals from 2013 to
2022. The top ten journals with the most publications are listed in
Table 2. The density map in Figure 3A shows the publication
volume of each journal. “Gynecologic Oncology,” the top journal,
had published 68 articles, and the impact factor of this journal had
increased to 5.304. Other high-volume journals were all related to

tumors, including “Oncotarget,” “International Journal of Molecular
Oncology Letters,” and “Oncology R.” The impact factors

» «

Sciences,
were between 3 and 7, so, these journals had a very
important position.

TABLE 1 The top 15 co-occurrences numbers of countries/regions and institutions related to ovarian cancer drug resistance.

Rank Country/Region Frequency @ Year Centrality Institution Frequence Year Centrality
1 People’s Republic of China 728 2013 0.03 China Med Univ 53 2013 0.06
2 USA 401 2013 0.23 Fudan Univ 45 2013 0.08
3 Ttaly 82 2013 0.08 Zhejiang Univ 42 2013 0.05
4 England 77 2013 0.25 Huazhong Univ Sci & Technol 34 2013 0.09
5 Japan 71 2013 0.02 Zhengzhou Univ 29 2013 0.07
6 Canada 62 2013 0.14 Harbin Med Univ 28 2014 0.02
7 South Korea 62 2013 0.01 Shandong Univ 28 2015 0.04
8 Germany 60 2013 0.17 Guangxi Med Univ 27 2013 0
9 Australia 57 2013 0.14 Shanghai Jiao Tong Univ 26 2013 0.02
10 France 41 2013 0.09 Jilin Univ 26 2013 0.02
11 Poland 41 2013 0 Poznan Univ Med Sci 25 2013 0.03
12 Spain 37 2014 0.07 Univ Texas MD Anderson Canc Ctr 23 2013 0.13
13 Belgium 27 2013 0.06 Nanjing Med Univ 23 2013 0.01
14 Iran 24 2015 0 Capital Med Univ 20 2014 0.01
15 Denmark 22 2013 0.03 Sun Yat Sen Univ 20 2017 0.07
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The co-occurrence of cooperation networks of countries/regions (A) and institutions (B) related to ovarian cancer drug resistance. The nodes
represent countries/regions or institutions. The size of nodes represents the number of published documents, the more published documents, the
larger the nodes. The color of each layer of nodes represents the year of publication. The connection between nodes represents the cooperation

between countries/regions or institutions, the density of the lines represents the level of the combinations. The color of the connecting line

represents the cooperation time.

To investigate the journal articles that researchers preferred to
cite and reflect the source of ovarian cancer and drug resistance
knowledge, we analyzed the journal co-citations. The top ten
journals with the most citations are listed in Table 2. Most of
these journals were related to clinical tumor research. Figure 3B
provides a density plot indicating that the most cited journal was
“Cancer Research” with 2,585 citations and a high impact factor of
13.512. Among other journals, “Nature Reviews Cancer” had 1,078
citations, which played an essential role in the source of knowledge
with an impact factor of 69.800 in this field.

3.4 Analysis of authors and
co-cited authors

A total of 8,938 authors participated in the writing of these
1,511 articles, and relevant information is shown in Table 3. It can
be observed that Li Li published the highest number of articles, with
a total of 30 publications. Januchowski Radoslaw, Yin Fugqiang,
Nowicki Michal, Sterzynska Karolina, and Zhang Wei also
published more than 15 articles. Nevertheless, the betweenness
centrality of the top ten authors was relatively low. As shown in
Figure 4A, the cooperation network among authors was very
intensive. Interestingly, the top ten authors by number of
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publications were disadvantaged in the cooperation network.
Wang Yu and Liu Juanjuan, who had published 7 and 5 papers,
respectively, had betweenness centralities of 0.2 and 0.27, becoming
the “bridge” in the authors’ cooperation network.

Furthermore, an analysis of co-cited authors was carried out, with
the results shown in Figure 4B. Siegel RL, became the first co-cited
author with 346 citations. Among the top five, Pujade-Lauraine E,
Markman M, Januchowski R, and Galluzzi L all had more than 150
citations. But their betweenness centrality was not high enough.

3.5 Keyword co-occurrence, cluster, and
burst detection

Keywords can effectively reflect the research hotspots and
directions in a specific field. First, we used VOSviewer to analyze
the co-occurrence of keywords in this domain. The top 20 keywords
with the highest frequency of co-occurrence are listed in Table 4
after merging duplicate-meaning keywords such as drug-resistance
and drug resistance. The analysis revealed that ovarian cancer
(n = 813) had the highest frequency, followed by expression
(n = 406), chemotherapy (n = 310), drug resistance (n = 281),
and cisplatin (n = 259). Additionally, the distribution of each
keyword is visualized in the density map in Figure 5.
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TABLE 2 The top 10 journals and co-cited journals related to ovarian cancer drug resistance.

If . o If
Journal Count Co-cited Journal Citation
(2021) (2021)
1 Gynecologic Oncology 68 5.304 Cancer Research 2,585 13.312
5.168 .
2 Oncotarget 43 (2016) Gynecologic Oncology 2,339 5.304

International Journal of Molecular

3 R 37 6.208 Journal of Clinical Oncology 2,018 50.739
Sciences

4 Oncology Letters 36 3.111 Clinical Cancer Research 1,816 13.801
5 Oncology Reports 34 4.136 Oncogene 1,442 8.756
6 Journal of Ovarian Research 29 5.506 PLOS One 1,220 3.752
7 Scientific Reports 29 4997 Nature 1,216 69.504

. 5.168
8 International Journal of Oncology 26 5.884 Oncotarget 1,157 (2016)

International Journal of .
9 . 26 4.661 Nature Reviews Cancer 1,078 69.800
Gynecological Cancer

P i f the National A f Sci f th i
10 PLOS One 25 3750 roceedings of the National Academy of Sciences of the United 1,008 12779

States of America

Then, Citespace was used to cluster the keywords, and the  epithelial ovarian cancer (Cluster 3), and advanced ovarian cancer
outcomes were displayed in Figure 6A. All keywords were clustered  (Cluster 7) were related to ovarian cancer classification, microarray
into eight categories, including paclitaxel resistance (Cluster 0),  (Cluster 6) was related to ovarian cancer research technology, and
multidrug resistance (Cluster 5), and parp inhibitor (Cluster 4)  bevacizumab (Cluster 1) was associated with the treatment of
related to drug resistance. Furthermore, ovarian cancer (Cluster 2),  ovarian cancer. Keyword clustering can well represent research
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FIGURE 3
The density map of journals (A) and co-cited journals (B) related to ovarian cancer drug resistance. The title of the journal is marked on the figure.
The more publications or citations, the closer to red. (A) the number of publications >5; (B) the number of journals citations >100
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TABLE 3 The top 10 authors and co-cited authors related to ovarian cancer drug resistance.

10.3389/fonc.2023.1173863

Author Centrality Co-cited Author Citation Centrality

1 Li Li 30 0.03 Siegel RL 346 0

2 Januchowski Radoslaw 23 0 Pujade-Lauraine E 257 0.04
3 Yin Fugiang 19 0 Markman M 175 0.02
4 Nowicki Michal 18 0 Januchowski R 161 0.03
5 Sterzynska Karolina 16 0 Galluzzi L 158 0.03
6 Zhang Wei 15 0.03 Bell D 131 0.05
7 Zabel Maciej 13 0 Coleman RL 125 0.05
8 Liu Xia 12 0.01 Agarwal R 123 0.03
9 Moore Kathleen N. 12 0.04 Lheureux S 121 0

10 Swierczewska Monika 12 0 Gordon AN 112 0.02

branches and hotspots in this field. Meanwhile, we performed
keyword burst detection. Figure 6B depicts the top 25 keywords
with burst strength, in which “parp inhibitor” (5.08) had the highest
burst strength. “Promote” (4.87), “invasion” (4.69), and
“maintenance therapy” (4.67), all exceeding 4.5, reflect the
research frontier to some extent.

To investigate the development and evolution processes and the
research trend, we conducted a timeline analysis of keywords. As
shown in Figure 7, paclitaxel resistance (Cluster 0), bevacizumab
(Cluster 1), ovarian cancer (Cluster 2), epithelial ovarian cancer
(Cluster 3), and multidrug resistance (Cluster 5) started earlier.
Despite the fact that advanced ovarian cancer (Cluster 7) started
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FIGURE 4

The visualization of author’s cooperation network (A) and co-cited author network (B) related to ovarian cancer drug resistance. (A) Each node
represents an author. The size of node indicates how much the author has published. The lines between authors reflect their collaborative
relationships. Authors with purple circles indicate that their betweenness centrality is high (>0.2), and they have a certain bridge effect. (B) Each node
represents an author. The size of a node represents the number of references. Author descriptions of the same node color are a small group.

Authors with citations >20 are shown in the figure.
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TABLE 4 The top 20 keywords related to ovarian cancer drug resistance.

10.3389/fonc.2023.1173863

Rank Keyword Count Rank Keyword Count
1 ovarian cancer 813 11 paclitaxel 165
2 expression 406 12 growth 134
3 chemotherapy 310 13 proliferation 123
4 drug resistance 281 14 survival 121
5 cisplatin 259 15 therapy 120
6 apoptosis 244 16 inhibition 116
7 carcinoma 220 17 activation 101
8 cells 195 18 mechanisms 101
9 chemoresistance 182 19 breast-cancer 100

10 cisplatin resistance 173 20 multidrug-resistance 100

late, it had a tendency to catch up later. Bevacizumab (Cluster 1)
and parp inhibitors (Cluster 4) have maintained high popularity in
recent years.

3.6 Analysis of references and
co-cited references

Co-cited references refer to documents commonly cited in
papers in this field and can also reflect the source of knowledge
in this field. VOSviewer was used to count the top 10 articles with
the most citations. As shown in Table 5, the article with the most
citations was “Bevacizumab combined with chemotherapy for
platinum-resistant recurrent ovarian cancer: the AURELIA open-

label randomized phase III trial” (19), which was published by
Pujade-Lauraine E in the Journal of Clinical Oncology in 2014 and
had 148 citations. It is observed that the journal sources of the top
10 most cited articles were from the Journal of Clinical Oncology,
Nature, Nature Reviews Cancer, Oncogene, Lancet, and CA-A
Cancer Journal for Clinicians, with two articles each.

Furthermore, Citespace was employed to conduct burst analysis
on the references, and the top 50 references with burst strengths are
displayed in Figure 8. It is noteworthy that the author, Siegel R (L),
contributed seven articles that mainly contained statistical cancer
data for a particular year, laying the groundwork for the study of
ovarian cancer and drug resistance.

In addition, we also used Citespace to cluster the references, as
shown in Figure 9. All references were clustered into 15 categories.

FIGURE 5

The density map of keyword co-occurrence related to ovarian cancer drug resistance. The higher the keyword frequency, the closer to red.

Minimum number of occurrences of keywords >20.
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B

Keywords Year Strength Begin End 2013 - 2022
parp inhibitor 2013 5.082019 2022
promote 2013 4.87 2019 2022
invasion 2013 4.69 2020 2022 s
maintenance therapy 2013 4.67 2020 2022 s
carcinoma cell 2013 4422013 2014
ovarian neoplasm 2013 4.322019 2022
tumor 2013 412014 2015 o m—
phase iii trial 2013 4.012013 2014 e
double blind 2013 42020 2022 e
cancer 2013 3.852013 2014 s
e cadherin 2013 3.722019 2020
phase i 2013 3.62018 2020 i
tumor cell 2013 3.592014 2015
prostate cancer 2013 3.582016 2017 e
randomized phase iii 2013 3.382016 2018 e
lung cancer 2013 3.372015 2018 e
tumor growth 2013 3.3220713 2014 s
cell death 2013 3.262019 2020
high-grade serous ovarian cancer 2013 3.252019 2020 e
topotecan 2013 3152017 2018 e
platinum 2013 3112015 2019 e
tumor suppressor gene 2013 3.092014 2015 e
gemcitabine 2013 3.042013 2014
ovarian carcinoma 2013 3.022013 2014
migration 2013 3.022020 2022

(A) The clusters of keywords related to ovarian cancer drug resistance. Through keyword clustering, keywords in the same field can be analyzed
together. (B) The top 25 keywords with burst strength related to ovarian cancer drug resistance. The order of keywords is arranged according to
burst strength. The larger the burst strength, the higher the popularity of the keyword.

This approach enabled better classification of the references and made
it easier to understand the fields and categories of the references.

4 Discussion
4.1 General information

A total of 1,511 documents were collected for this study. The
analysis of the annual publication volume reveals that research on
ovarian cancer and drug resistance has been continuously
increasing from 2013 to 2021, and the publication volume is
expected to continue to grow in 2022. This trend may be related
to the emergence of ovarian cancer drug resistance and the
increasing harm of ovarian cancer to women.

4.2 Contributions by countries, institutions,
journals, and authors

In all countries involved, the People’s Republic of China ranked
first, with all the top ten institutions from China. This demonstrates
the important position of China in the field of drug resistance in
ovarian cancer.

Relevant epidemiological surveys and studies have shown that
in the past decade, the incidence of ovarian cancer in China has
shown an upward trend. Although the annual age-standardized
incidence rate of ovarian cancer in China was lower than that of the
world, South Korea, Japan, and Singapore, it has shown a
continuous growth trend over the past 30 years, and the increase
rate exceeded that of the world, Japan, and Singapore (20). These
could be one of the reasons why China has done extensive research

23 (64 0 Basic
SR csr
i 5 it
20152022 (Sl Lomine1)
ndex 023 LRB=30, UN=10, LBY= 010
ooy 0404

—

IO DM
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FIGURE 7

#6 microarray

= . #7 advanced ovarian...

o R s e

Timeline analysis of the keywords related to ovarian cancer drug resistance. Each keyword cluster has its own timeline. Each node represents a
keyword, and the keywords are marked under the node. The order of appearance of the nodes indicates the development and evolution process of

the keywords under the cluster.
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TABLE 5 The top 10 articles with the most citations related to ovarian cancer drug resistance.

Rank Title Author  Year Journal Citation
1 Bevacizumab combined with chemotherapy for platinum-resistant recurrent ovarian cancer: the Pujade- 2014 Journal of Clinical 148
AURELIA open-label randomized phase III trial lauraine E Oncology
2 Integrated genomic analyses of ovarian carcinoma Bell D 2011 Nature 130
. . . . Nature Reviews
3 Ovarian cancer: strategies for overcoming resistance to chemotherapy Agarwal R 2003 Cancer 120
4 Molecular mechanisms of cisplatin resistance Galluzzi L 2012 Oncogene 112
5 Ovarian cancer Jayson GC 2014 Lancet 98
CA-A Cancer
6 Cancer statistics, 2014 Siegel RL 2015 Journal for 93
Clinicians
7 Whole-genome characterization of chemoresistant ovarian cancer Patch AM 2015 Nature 87
s . . . . Nature Reviews
8 Rethinking ovarian cancer: recommendations for improving outcomes Vaughan S 2011 c 79
ancer
Randomized Phase III Trial of itabi d with Pegylated Li 1 D 1 of Clinical
5 andomized Phase rla' o Ge@a ablr‘le Compére wi e':gy ated Liposomal Doxorubicin in Mutch DG 2007 Journal of Clinica 75
Patients with Platinum-Resistant Ovarian Cancer Oncology
CA-AC
Global cancer statistics 2018: GLOBOCAN estimates of incidence and mortality worldwide for ancer
10 K K Bray F 2018 Journal for 69
36 cancers in 185 countries L
Clinicians

in this field. China recently did a lot of work in the discovery of
multiple drug resistance mechanisms, including overexpression of
the USP11-BIP axis leading to drug resistance (21), significantly
upregulated TTK expression in high-grade serous ovarian
carcinoma (HGSOC), and cisplatin-resistant ovarian cancer cells
(22). These have enabled China to become a powerful nation in
this field.

However, the betweenness centrality of the People’s Republic of
China and Chinese institutions was slightly lower than others.
While the betweenness centrality of England and the USA both
exceeded 0.1, which played an important role as a bridge in this
field. In the ranking of institutional contributions, China Medical
University ranked first.

Among the top ten journals with article sources, four were from
the USA, three were from England, and two were from Greece.
These countries have played a certain role in promoting this field.
Further observation of the number of published articles and the
cooperation network of the authors showed that the cooperation
between the authors was mainly concentrated among the Chinese,
but the cooperation among other authors with many published
articles was not very intensive.

It is worth mentioning that Siegel RL is a cancer epidemiologist
and Senior Scientific Director of Surveillance Research at the
American Cancer Society and updates cancer statistics every year.
Although she topped the list with 346 citations, it may not have
much to do with ovarian cancer and drug resistance since her
research covers all types of cancer, not just ovarian cancer.

Continuing to observe the top ten authors in terms of the
number of publications, we can find that they belong to two teams.
The first group is from the Tumor Hospital of Guangxi Medical
University, including Li Li, Yin Fuqiang, Zhang Wei, and Liu Xia.

Frontiers in Oncology

Their collaboration started in 2013 and continued into 2021. Their
articles primarily investigated the impact of genes on ovarian cancer
development and drug resistance by employing bioinformatics
methods and utilizing relevant databases (23, 24). Their work is
significant in guiding the direction of experimental research in
ovarian cancer (25). The second group includes Januchowski
Radoslaw, Nowicki Michal, Sterzynska Karolina, Swierczewska
Monika, and Zabel Macie. Their articles are primarily focused on
cellular experiments to explore the role of genes or proteins in the
mechanism of drug resistance in ovarian cancer (26, 27). In
addition, they also found that piperine may treat PAC- and TOP-
resistant ovarian cancer (28). Generally speaking, both teams have
contributed to investigating the relationship between genes and
drug resistance in ovarian cancer.

4.3 Correlation analysis of keyword

Through keyword co-occurrence, clustering, and burst
detection, we can find that the current research hotspots, and
frontiers of ovarian cancer and drug resistance mainly focus on
the following aspects.

4.3.1 The impact of some specific genes or
substances on the drug resistance of
ovarian cancer

With the widespread use of chemotherapy drugs, drug
resistance in ovarian cancer is becoming more common. Over
50% of patients with serous ovarian cancer who receive effective
anticancer drug treatments relapse within five years and develop
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The top 50 references with burst strength related to ovarian cancer drug resistance. The higher the burst strength, the higher the heat.

drug resistance (29). Many genes may improve the development of
ovarian cancer, and their expression disorder will cause drug
resistance in ovarian cancer cells (30). For instance, the p-
glycoprotein (abc transporter ABCB1) encoded by the mdrl gene
in cells will lead to the formation of paclitaxel resistance (7).
Multidrug resistance develops when ovarian cancer cells actively
pump therapeutic drugs out of the cell through transporters (31).

4.3.2 PARP inhibitors

PARP inhibitors are used to treat homologous recombination
(HR) DNA repair-deficient tumors (e.g., BRCA1/2-mutated) (32),
which was once used to treat breast cancer. In high-grade serous
ovarian carcinoma (HGSOC), PARP inhibitors are particularly
sensitive to HGSOC with mutations in BRCA1 or BRCA2
(BRCA1/2) (33). Therefore, it has also been used in the treatment

CiteSpace, v. 6.1R3 (64-biy Basic.
November 10, 2022 at 4:47:02 Pl CST
WoS: EXALEN IR 5411 data
Timespan: 2013-2022 (3!

limespan: 2022 (Slice jth=1) ° G
o i e (330 LRR=3.0, LN=10, LBY=5, =10 .
N=714, E=3120 (Density=0.0123) P ..
B o1 SRS
Iy ° @ °
Harmonic Mean(@. 5107845 #Breat! o aors)
. #14 autophagic degra... Oy °
B 2 N 3 Lheureux S (2019)
¥ Lheum’s (2049)
#.9 icromatig e ° 4
micro ) %
. 6‘“ ° -5p§ I cancer stem cell... #4 immunotherapy
\ LS iegel RL (201 v
PN «5 , Gonzalez-martin A (2019)

FIGURE 9

loore )(2018)

hibitor
. Bray £(2018)

The clusters of references related to ovarian cancer drug resistance. Documents of the same field or type are clustered together. The color of the
clusters ranged from purple to orange to yellow, indicating changes in references over time.

Frontiers in Oncology

10

frontiersin.org


https://doi.org/10.3389/fonc.2023.1173863
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Liu et al.

of HGSOC in recent years. Studies also indicated that the use of
PARP inhibitors (Olaparib) as first-line drugs can lower the risk of
disease progression or death by up to 70% compared to their
administration as third- or fourth-line treatments (34). Finally,
the US Food and Drug Administration as well as the European
Medicines Agency approved the use of niraparib (PARP inhibitors)
for epithelial ovarian cancer, regardless of whether the BRCA gene
was mutated, which greatly relaxed the indications (35, 36).

However, with the application of PARP inhibitors, secondary
mutations in BRCA1/2 lead to the restoration of HR function (33).
HR can repair double-strand DNA breaks (DSBs) and reduce cell
death, and the problem of newly acquired drug resistance appears
(37). The issue significantly impacts HGSOC treatment. A recent
study has shown that combining PARP inhibitors with other drugs
can improve the therapeutic effect of PARP inhibitors, and
especially the combination with anti-angiogenic therapy may be
evaluated most (38), which helped to address the problem of
resistance to PARP inhibitors, but more study on other treatment
methods is still necessary.

In the burst detection of keywords in our study, PARP
inhibitors ranked first with a burst strength of 5.08. It appeared
from 2019 to 2022, and it is likely to continue in the future. In
general, PARP inhibitors are the current research hotspots for
ovarian cancer and drug resistance.

4.3.3 Bevacizumab

Bevacizumab is a fully humanized monoclonal antibody that
can inhibit the activity of vascular endothelial growth factor and
tumor angiogenesis to treat tumors (39, 40). Bevacizumab also has
significant advantages in treating elderly patients with platinum-
resistant recurrent ovarian cancer (41). A randomized phase III
AURELIA trial was performed, which showed that adding
bevacizumab to chemotherapy significantly improved
progression-free survival and the overall response rate. Therefore,
European and US regulatory authorities have approved
bevacizumab for platinum-resistant OC (19), and the
combination of bevacizumab and chemotherapy has solved the
issue of drug resistance in ovarian cancer to a certain extent.

4.4 Correlation analysis of
co-cited references

By analyzing the co-cited references with high citations, we can
roughly identify the main knowledge sources in this field. In this
study, we focused on the top four cited references to gain a general
understanding of the topic. These four documents are considered
highly representative, with more than 100 times cited.

The first title is “Bevacizumab combined with chemotherapy for
platinum-resistant recurrent ovarian cancer: The AURELIA open-
label randomized phase IIT trial” (19). This study introduces a novel
method for treating platinum-resistant ovarian cancer by
combining single-agent chemotherapy with biologic therapies,
specifically the monoclonal antibody bevacizumab. It was finally
concluded that this combination could significantly improve
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progression-free survival (PFS) through a rigorous randomized
phase III trial.

The second title is “Integrated genomic analyses of ovarian
carcinoma” (42). After analyzing the messenger RNA expression,
microRNA expression, promoter methylation, and DNA copy
number in the genome of 489 cases of high-grade serous ovarian
cancer, the article obtained the characteristics of related genes in
ovarian cancer and provided a direction for the selection of
therapeutic targets for ovarian cancer.

The third title is “Ovarian cancer: strategies for overcoming
resistance to chemotherapy” (43), which was published in 2003.
This article mainly reviewed the treatment methods for ovarian
cancer, in which paclitaxel and platinum chemotherapy are the
basic treatments. The mechanisms of drug resistance and possible
treatment methods were also proposed.

The last title is “Molecular mechanisms of cisplatin resistance”
(44). This article systematically expounded the resistance mechanism
of cisplatin in the treatment of ovarian cancer and divided it into four
types, including the steps preceding the binding of cisplatin to DNA
(pre-target resistance), directly related to DNA-cisplatin adducts (on-
target resistance), the lethal signaling pathways elicited by cisplatin-
mediated DNA damage (post-target resistance), and molecular
circuits that do not present obvious links with cisplatin-elicited
signals (off-target resistance). Finally, the article proposed
combined strategies that can be used to reverse tumor cisplatin
resistance. Although cisplatin has certain side effects, it’s still an
important means of treating solid tumors. This article pointed the
way to overcoming cisplatin resistance for many researchers.

5 Limitations

Despite our comprehensive analysis of articles on ovarian
cancer and drug resistance over the decade from 2013 to 2022,
there are still some limitations. Firstly, articles were collected on 8
November 2022, but since the year was not yet over, there is a
possibility that articles were not included in the statistics after this
time point. Secondly, we only collected articles from the Web of
Science, which may cause the omission of articles from other
repositories. Thirdly, we only screen articles and reviews in the
English language, which may exclude articles with high
academic impact.

6 Conclusion

In summary, the research on ovarian cancer and drug resistance
has generally shown an increasing trend from 2013 to 2022. The
People’s Republic of China and Chinese institutions have done
more research in this field. In the future study, the relationship and
cooperation between countries and authors should be continually
strengthened. The research hotspots in this field mainly focus on the
in-depth exploration of the drug resistance mechanism in ovarian
cancer and the progress of PARP inhibitors and bevacizumab in

ovarian cancer.
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