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Objective: To present the global research features and hotspots, and forecast

the emerging trends by conducting a bibliometric analysis based on literature

related to autophagy of pancreatic cancer from 2011 to 2022.

Methods: The literature data regarding autophagy of pancreatic cancer were

retrieved and downloaded from the Web of Science Core Collection (WOSCC)

from Clarivate Analytics on June 10th, 2022. VOSviewer (version 1.6.18) was

used to perform the bibliometric analysis.

Results: A total of 616 studies written by 3993 authors, covered 45 countries

and 871 organizations, published in 263 journals and co-cited 28152 references

from 2719 journals. China (n=260, 42.2%) and the United States (n=211, 34.3%)

were the most frequent publishers and collaborated closely. However,

publications from China had a low average number of citations (25.35 times

per paper). The output of University of Texas MD Anderson Cancer Center

ranked the first with 26 papers (accounting for 4.2% of the total publications).

Cancers (n=23, 3.7%; Impact Factor = 6.639) published most papers in this field

and was very pleasure to accept related researches. Daolin Tang and Rui Kang

published the most papers (n=18, respectively). The research hotspots mainly

focused on the mechanisms of autophagy in tumor onset and progression, the

role of autophagy in tumor apoptosis, and autophagy-related drugs in treating

pancreatic cancer (especially combined therapy). The emerging topics were

chemotherapy resistance mediated by autophagy, tumor microenvironment
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related to autophagy, autophagy-depended epithelial-mesenchymal transition

(EMT), mitophagy, and the role of autophagy in tumor invasion.

Conclusion: Attention has been increasing in autophagy of pancreatic cancer

over the past 12 years. Our results undoubtedly provide scholars with new clues

and ideas in this field.
KEYWORDS

pancreatic cancer, autophagy, bibliometric study, apoptosis, gemcitabine,
chemotherapy resistance
Introduction

Pancreatic cancer remains the most aggressive and fatal

among all malignancies, with a dismal 5-year relative survival

rates of only 11%. Approximately 62,210 new pancreatic cancer

cases are expected in the US in 2022 (1). Pancreatic ductal

adenocarcinoma (PDAC) is the majority (90%) of pancreatic

cancers. Most patients with pancreatic cancer are not suitable for

curative surgery because of an advanced or metastatic stage at

the time of diagnosis (2). Over the past decade, even the most

advanced diagnostic tools, perioperative management, and

systemic anti-tumor therapy for advanced disease have been

developed but only modest improvements in patient outcomes

(3). Therefore, early diagnosis, mechanisms of tumorigenesis,

and anti-tumor strategies of pancreatic cancer have always been

research hotspots.

Autophagy is an evolutionarily conserved catabolic

mechanism that damaged organelles, aggregated proteins,

cytoplasmic macromolecules, or pathogen are delivered to

lysosomes for degradation, providing macromolecular

precursors and energy, and ultimately recycled back into the

cytosol for reuse (4–12). Based on diverse cellular functions,

autophagy broadly encompasses three types: macroautophagy,

microautophagy, and chaperone-mediated autophagy (13).

Macroautophagy is the main autophagy process (hereafter

autophagy) in which the autophagosome is newly formed by a

double-membrane vesicle to sequester a variety of cellular cargo

and transport this autophagic material to lysosomes for

subsequent degradation (14, 15). Autophagy can be selective

and non-selective depending on the way of sequestration of

degradation targets. Non-selective autophagy is responsible for

randomly engulfing cytoplasmic components into phagophores

(the precursors to autophagosomes), whereas selective autophagy

identifies and removes specific components. Selective autophagic

degradation processes include mitophagy for damaged and/or

superfluous mitochondria, aggrephagy for protein aggregates,
02
ferritinophagy for the iron-sequestering protein ferritin,

xenophagy for intracellular pathogens and the like (16–19). By

contrast, microautophagy is responsible for directly engulfing

cellular cargo by lysosomes (20). Finally, chaperone-mediated

autophagy involves the direct translocation of specific cytosolic

proteins (and possibly DNA and RNA) across the lysosomal

membrane with the assistance of HSC70 and other co-

chaperones (21, 22). In virtually all eukaryotic cells, autophagy

occurs at a low basal level in physiological condition to maintain

cellular homeostasis or regulate cellular functions (23, 24). Given

the catabolic degradation function of autophagy, it is not

surprising that dysregulation of autophagy has been associated

with numerous human diseases, including cancers,

neurodegenerative diseases, autoimmune disorders, and

inflammatory diseases (25, 26). A total of 18,881 autophagy-

related articles were published before 2019 and relevant research

has dramatically risen in the past decade (27). Among which, the

relationship between autophagy and cancer is one of the research

hotspots. In 2011, Yang et al. reported that pancreatic cancers

have a distinct dependence on autophagy (28). Then, hundreds of

research articles have been published on autophagy of pancreatic

cancer. Thus, it is urgently needed to collect and analyze the vast

quantities of literatures on this topic.

Bibliometrics is a quantitative science based on large

volumes of literatures. It can use of mathematical and

statistical methods to comprehensively analyze the authors,

keywords, journals, countries, institutions, citations, and their

associations of selected publications, thus providing an objective

evaluation of the dynamics and emerging trends in a research

field or discipline (29). The visualization of bibliometric analysis

can demonstrate the results in different forms and contribute to

data interpretation, which make the results more intuitive and

comprehensive (29, 30). This method has been widely used to

assess various research domains, including medicine (31–33).

Previous bibliometric studies has focused on the research of

autophagy (27), mitophagy (34), pancreatic cancer (35), tumor
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microenvironment of pancreatic cancer (36), and pancreatic

neuroendocrine tumors (37). As a novel perspective, we

conducted a bibliometric analysis based on literature related to

autophagy of pancreatic cancer from 2011 to 2022. This study aims

to present the global research features and hotspots, and forecast the

emerging trends in that field, which may provide researchers with

new clues and ideas in the field of autophagy and pancreatic cancer.
Materials and methods

Data screening and collection

Web of Science Core Collection (WOSCC) is the most

frequently used database in bibliometric analysis (31). We

retrieved and downloaded literature data in the WOSCC from

Clarivate Analytics on June 10th, 2022. Primary search terms

were “pancreatic cancer”, “pancreatic carcinoma”, “pancreatic

ductal adenocarcinoma” and “autophagy” and detailed search

strategy is provided in Supplemental File S1. The retrieval time

was set from January 1st, 2011 to June 9th, 2022. The language

was limited to English and the literature type we searched for

was restricted to article or review article. Two authors (MY S and

Q L) independently screened the search results and removed the

paper that did not related to autophagy of pancreatic cancer by

reading the title, abstract, and if necessary, the whole article.

Different viewpoints would be resolved by negotiation or

reviewed by an experienced corresponding author (XL O). The

literature data was finally exported with the record content of

“Full Record and Cited References” and downloaded in plain

text format.
Frontiers in Oncology 03
Data analysis and visualization

We used VOSviewer (version 1.6.18) to perform the

bibliometric analysis based on the literature data. The annual

output of publications related to autophagy of pancreatic cancer

was plotted using GraphPad Prism (version 6.0.4).

VOSviewer is a free JAVA-based computer program

developed by Van Eck and Waltman, which is used for

constructing and generating bibliometric maps visually. It

provides a variety of easy-to-interpret visualization maps,

including network visualization, overlay visualization, and

density visualization (38). In VOSviewer, the co-authorship

network map of countries/organizations/authors, the overlay

visualization map of the citation analysis of sources, the

density map of the co-citation analysis of cited authors and

the co-occurrence analysis of all keywords were built. The data

analyzing flow chart can be seen from Figure 1.
Results

Publication outputs and trend

According to our search strategy, a total of 616 publications

on autophagy of pancreatic cancer were remained for

bibliometric analysis, including 479 articles (77.8%) and 137

reviews (22.2%). The annual number of publications on the

autophagy of pancreatic cancer from 2011 to 2022 (June 9th,

2022) is presented in Figure 2. Generally, the number of

publications increased year by year and it dramatically raised

from 11 in 2011 to 101 (including 66 articles and 35 reviews) in
FIGURE 1

Flow chart of the data collection and analysis for research on autophagy of pancreatic cancer.
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2021, suggesting a gradually increased attention to autophagy of

pancreatic cancer over the past 12 years. Moreover, as of June

9th, 2022, a total of 34 papers (including 31 articles and 3

reviews) have been published.
Countries and organizations

All included publications in the field covered 45 countries

and 871 organizations. The output of China ranked the first with

260 (accounting for 42.2% of the total publications), followed by

the United States (n=211, 34.3%), Italy (n=40, 6.5%), Germany

(n=37, 6.0%) and Japan (n=37, 6.0%) (Table 1). However,

among the top 10 countries, publications from China had a

low average number of citations (25.35 times per paper), while

the United States (63.9 times) was in first place by the average

number of citations, followed by Italy (62.4 times), Germany
Frontiers in Oncology 04
(49.08 times), England (39.95 times) and France (39.18 times).

Besides, a co-authorship network map of countries was built

(Figure 3A) as the cooperation between different countries can

be considered as a measure of international cooperation. Only

the countries with a minimum of five publications were included

and 25 countries were subsequently identified. China

collaborated closely with the United States. The United States

cooperated with 23 countries, ranked first, followed by Germany

(n=12), Spain (n=11), China (n=10), Italy (n=10), and

England (n=10).

The top 11 active organizations based on publication number

were listed in Table 2. The production from these organizations

ranged 12 to 26 publications, accounting for 28.7% (177/616) of the

total publications. Organizations from China and the United States

account for 6 and 5 respectively. University of Texas MD Anderson

Cancer Center contributed the most publications (n=26, 4.2%) with

2657 citations, followed by Fudan University (n=18, 2.9%) with 645
TABLE 1 The top 10 productive countries in the field of autophagy and pancreatic cancer.

Rank Country Publications Percentage Total citations Average citation

1 China 260 42.2% 6592 25.35

2 United States 211 34.3% 13482 63.9

3 Italy 40 6.5% 2456 62.4

4 Germany 37 6.0% 1816 49.08

5 Japan 37 6.0% 1069 28.89

6 France 28 4.5% 1097 39.18

7 South Korea 22 3.6% 526 23.91

8 England 19 3.1% 759 39.95

9 Spain 18 2.9% 452 25.11

10 Canada 13 2.1% 340 26.15
FIGURE 2

The annual output of autophagy and pancreatic cancer from 2011 to 2022.
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TABLE 2 The top 11 productive organizations published literature related to autophagy of pancreatic cancer.

Rank Organization Country Publications Total citations Average citation

1 University of Texas MD Anderson Cancer Center United States 26 2657 102.19

2 Fudan University China 18 645 35.83

3 China Medical University China 18 310 17.22

4 Guangzhou Medical University China 17 1183 69.59

5 University of Pittsburgh United States 17 1316 77.41

6 Zhejiang University China 16 214 13.38

7 Shanghai Jiao Tong University China 16 218 13.63

8 University of Michigan United States 13 1683 129.46

9 New York University United States 12 1621 135.08

10 Dana-Farber Cancer Institute United States 12 2035 169.58

10 Huazhong University of Science and Technology China 12 268 22.33
Frontiers in O
ncology
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FIGURE 3

A visual map for VOSviewer network of countries and organizations related to autophagy of pancreatic cancer. (A) Country cooperation analysis.
The total link strength was 241; the layout parameters: Attraction: 2, Repulsion: 1; (B) Organization cooperation analysis. The total link strength
was 266; the layout parameters: Attraction: 4, Repulsion: -1. The circle size means the number of publications; the thickness of the line means
the strength of the connection.
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citations and China Medical University (n=18, 2.9%) with 310

citations. Publications from China organizations had also a low

average number of citations. Notably, among the top 11

organizations, Dana-Farber Cancer Institute published a relatively

low number of 12 papers related to autophagy of pancreatic cancer

from 2011 to 2022. But it had the highest average number of

citations (169.58 times). Five documents were set as a minimum for

each organization to be analyzed; therefore, 58 of 871 organizations

were included for network analysis (Figure 3B). The cooperation

between organizations was a little stronger than that between

countries based on the total link strength.
Analysis of journals and co-cited journals

A total of 263 academic journals published the 616

publications on autophagy of pancreatic cancer between 2011

to 2022. As is displayed in Table 3, the top 12 most frequent

journals were distributed 153 papers, accounting 24.8% for all

the obtained publications. The most productive journal has been

Cancers with 23 papers (3.7% of the total), followed by

Oncotarget (19, 3.0%), Frontiers in Oncology (15, 2.4%),

Autophagy (13, 2.1%), and International Journal of Molecular

Sciences (13, 2.1%). The top 3 journals with the highest total

number of citations were Autophagy (982 citations), Oncotarget

(841 citations), and Gastroenterology (713 citations). Among the

top 12 journals, 66.7% (8/12) had an Impact Factor (IF) of more

than five, and 66.7% (8/12) were at the Q1 JCR division. Besides,

the journals (n=31) published a minimum of five publications

were included in the overlay visualization map (Figure 4). The

yellow nodes represented the emerging journals in recent 3

years. Cancers (IF=6.639, Q1), Frontiers in Cell and

Developmental Biology (IF=6.684, Q2), Biomedicine &

Pharmacotherapy (IF=6.53, Q1), and Cells (IF=6.6, Q2) were

emerging journals publishing papers in the field of autophagy

and pancreatic cancer.
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Among 2719 co-cited journals, 14 journals had citations

more than 500. As is shown in Table 4, Nature had the most co-

citations up to 1415 times, followed by Cancer Research (1267

times), Autophagy (1238 times), and Cell (1116 times). Among

the top 10 co-cited journals, 80% (8/10) had an IF of more than

ten, 90% (9/10) were at the Q1 JCR division, and 80% (8/10)

were from the United States.
Analysis of authors and co-cited authors

A total of 3,993 authors contributed the 616 included

publications. The top author is defined as one who has

published at least 5 papers and received over 600 citations.

Finally, ten top authors were identified (Table 5). By the number

of papers, Daolin Tang and Rui Kang published the most papers

(n=18, respectively), followed by Alec C Kimmelman (n=16),

Michael T Lotze (n=9), and Haoqiang Ying (n=7). Papers

published by Alec C Kimmelman who comes from New York

University had the highest total number of citations (3288

times). Notably, top authors all come from the United States.

The authors (n=142) who had published with a minimum of

three publications were entered into co-authorship network

analysis of authors (Figure 5A). There were strong

collaborations among authors who were in the same cluster/

color, such as Daolin Tang, Rui Kang, and Michael T Lotze.

However, sparse connection was observed among different

clusters, indicating little cooperation between research groups.

A total of 20,319 authors were co-cited at least once. There

were 50 authors who had been co-cited with a minimum of 40

times. They were included to make the density visualization

which can intuitively display the most co-cited authors

(Figure 5B). Specifically, SH Yang (n=227) was the most

frequent co-cited authors, followed by N Mizushima (n=222)

and RL Siegel (n=176). The remaining seven top authors were

co-cited from 104 to 140 (Table 5).
TABLE 3 The top 12 productive journals associated with autophagy of pancreatic cancer.

Rank Journal Count Percentage Total citations IF (2020) JCR division (2020) Country

1 Cancers 23 3.7% 300 6.639 Q1 Switzerland

2 Oncotarget 19 3.0% 841 None None United States

3 Frontiers in Oncology 15 2.4% 211 6.244 Q2 Switzerland

4 Autophagy 13 2.1% 982 16.016 Q1 United States

5 International Journal of Molecular Sciences 13 2.1% 197 5.924 Q1 United States

6 Journal of Experimental & Clinical Cancer Research 12 1.9% 365 11.161 Q1 Italy

7 Oncology Reports 11 1.8% 282 3.906 Q3 Greece

8 Cell Death & Disease 10 1.6% 430 8.469 Q1 England

9 Scientific Reports 10 1.6% 370 4.38 Q1 England

10 Gastroenterology 9 1.5% 713 22.682 Q1 United States

10 Cancer Letters 9 1.5% 223 8.679 Q1 Netherlands

10 Plos One 9 1.5% 271 3.24 Q2 United States
fro
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Analysis of papers and co-cited
references

Among the 616 papers in our study, 100 papers were citedmore

than 50 times. The most cited papers were summarized in Table 6.

Four original articles by Shenghong Yang et al. (28), Andrea Viale

et al. (39), Wen Hou et al. (40), and Cristovão M Sousa (41), with

957, 699, 594, and 531 citations, respectively, were ranked first,

second, third and fourth. The remaining six studies [Mathias T

Rosenfeldt 2013 (42); RushikaM Perera 2015 (43); Kirsten L Bryant

2014 (44), Jennifer A Kashatus 2015 (45), Annan Yang 2014 (46),
Frontiers in Oncology 07
and Conan G Kinsey 2019 (47)] were cited between 266 to 485

times. Also, four top cited articles were published in Nature.

The results showed a total of 28,152 references were co-cited

from 1 to 197. As is shown in Table 7, the most co-cited paper in

the field of autophagy and pancreatic cancer by Shenghong Yang

et al. (28), Mathias T Rosenfeldt et al. (42), and Annan Yang

et al. (46), with 197, 96, and 86 citations, respectively, were

ranked first, second, and third. The remaining eight top papers

were co-cited from 54 to 73. Notably, the top 1 cited and co-cited

paper was the same article published in Genes & Development by

Shenghong Yang et al. in 2011 (28), entitled “Pancreatic cancers
TABLE 4 The most co-cited journals associated with autophagy of pancreatic cancer.

Rank Journal Total citations IF (2020) JCR division (2020) Country

1 Nature 1415 49.962 Q1 England

2 Cancer Research 1267 12.701 Q1 United
States

3 Autophagy 1238 16.016 Q1 United
States

4 Cell 1116 41.584 Q1 United
States

5 Journal of Biological Chemistry 865 5.157 Q2 United
States

6 Proceedings of the National Academy of Sciences of the United States of
America

825 11.205 Q1 United
States

7 Clinical Cancer Research 723 12.531 Q1 United
States

8 Genes & Development 708 11.361 Q1 United
States

9 Oncogene 695 9.867 Q1 England

10 Cancer Cell 665 31.743 Q1 United
States
fro
FIGURE 4

The overlay visualization map of journals associated with research on autophagy of pancreatic cancer. The layout parameters: Attraction: 4,
Repulsion: -1. The circle size means the number of publications; the circle colors mean the average published year.
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TABLE 5 The top 10 authors and most co-cited authors in the field of autophagy and pancreatic cancer.

Rank Author Count Total
citations

Institution Location Rank Co-cited
author

Total
citations

1 Daolin Tang 18 1326 UT Southwestern Medical Center United
States

1 SH Yang 227

1 Rui Kang 18 1326 UT Southwestern Medical Center United
States

2 N Mizushima 222

3 Alec C
Kimmelman

16 3288 New York University United
States

3 RL Siegel 176

4 Michael T Lotze 9 923 University of Pittsburgh United
States

4 JY Guo 140

5 Haoqiang Ying 7 1799 University of Texas MD Anderson
Cancer Center

United
States

5 R Kang 128

6 Herbert J Zeh 6 778 University of Pittsburgh United
States

6 E White 125

7 Xiaoxu Wang 6 2244 Dana-Farber Cancer Institute United
States

7 DJ Klionsky 125

8 Anirban Maitra 6 687 Johns Hopkins University United
States

8 B Levine 122

9 Yangchun Xie 5 796 University of Pittsburgh United
States

9 MT Rosenfeldt 112

10 Joseph D
Mancias

5 827 Dana-Farber Cancer Institute United
States

10 A Yang 104
Frontier
s in Oncology
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FIGURE 5

Authors and co-cited authors in the field of autophagy and pancreatic cancer. (A) The co-authorship network analysis of authors. The layout
parameters: Attraction: 3, Repulsion: -1. The circle size means the number of publications; the thickness of the line means the strength of the
connection; the circle colors mean different clusters; (B) The density map of co-cited authors. The layout parameters: Attraction: 2, Repulsion:
1. The color brightness means the frequency of occurrence.
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TABLE 6 The most cited papers in the field of autophagy and pancreatic cancer.

Rank Title First
author

Source Type Publication
year

Total
citations

1 pancreatic cancers require autophagy for tumor growth Shenghong
Yang

Genes &
Development

Article 2011 957

2 Oncogene ablation-resistant pancreatic cancer cells depend on mitochondrial
function

Andrea Viale Nature Article 2014 699

3 Autophagy promotes ferroptosis by degradation of ferritin Wen Hou Autophagy Article 2016 594

4 Pancreatic stellate cells support tumour metabolism through autophagic
alanine secretion

Cristovão M
Sousa

Nature Article 2016 531

5 p53 status determines the role of autophagy in pancreatic tumour
development

Mathias T
Rosenfeldt

Nature Article 2013 485

6 Transcriptional control of autophagy-lysosome function drives pancreatic
cancer metabolism

Rushika M
Perera

Nature Article 2015 453

7 KRAS: feeding pancreatic cancer proliferation Kirsten L
Bryant

Trends in
Biochemical Sciences

Review 2014 413

8 Erk2 phosphorylation of Drp1 promotes mitochondrial fission and MAPK-
driven tumor growth

Jennifer A
Kashatus

Molecular Cell Article 2015 347

9 Autophagy is critical for pancreatic tumor growth and progression in tumors
with p53 alterations

Annan Yang Cancer Discovery Article 2014 305

10 Protective autophagy elicited by RAF!MEK!ERK inhibition suggests a
treatment strategy for RAS-driven cancers

Conan G
Kinsey

Nature Medicine Article 2019 266
Frontier
s in Oncology 09
 fro
TABLE 7 The most co-cited papers in the field of autophagy and pancreatic cancer.

Rank Title First
author

Source Type Publication
year

Total
citations

1 Pancreatic cancers require autophagy for tumor growth Shenghong
Yang

Genes &
Development

Article 2011 197

2 p53 status determines the role of autophagy in pancreatic tumour development Mathias T
Rosenfeldt

Nature Article 2013 96

3 Autophagy is critical for pancreatic tumor growth and progression in tumors with
p53 alterations

Annan
Yang

Cancer Discovery Article 2014 86

4 Activated Ras requires autophagy to maintain oxidative metabolism and
tumorigenesis

Jessie
Yanxiang
Guo

Genes &
Development

Article 2011 73

5 Autophagy is activated in pancreatic cancer cells and correlates with poor patient
outcome

Satoshi Fujii Cancer Science Article 2008 70

6 Pancreatic stellate cells support tumour metabolism through autophagic alanine
secretion

Cristovão
M Sousa

Nature Article 2016 66

7 Transcriptional control of autophagy-lysosome function drives pancreatic cancer
metabolism

Rushika M
Perera

Nature Article 2015 66

8 Projecting cancer incidence and deaths to 2030: the unexpected burden of thyroid,
liver, and pancreas cancers in the United States

Lola Rahib Cancer Research Article 2014 61

9 Cancer statistics, 2019 Rebecca L
Siegel

CA-A Cancer
Journal for
Clinicians

Article 2019 56

10 Autophagy Sustains Pancreatic Cancer Growth through Both Cell-Autonomous
and Nonautonomous Mechanisms

Annan
Yang

Cancer Discovery Article 2018 54

10 Phase II and pharmacodynamic study of autophagy inhibition using
hydroxychloroquine in patients with metastatic pancreatic adenocarcinoma

Brian M
Wolpin

Oncologist Article 2014 54
n
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require autophagy for tumor growth”, indicating a wide

influence and a highly proven peer recognition in the field.
Analysis of keyword co-occurrence

The co-occurrence analysis of all keywords showed a total of

2668 keywords were extracted. The keywords with the same

meaning were merged (Supplemental File S2), such as pancreatic

cancer, cancer cells, beclin 1, etc. Table 8 listed the top 20 high-

frequency co-occurrence keywords. These keywords may reveal

the hotspots in the field of autophagy and pancreatic cancer. The

most co-occurrence keyword was autophagy (n=419 co-

occurrences), followed by pancreatic cancer (n=360), apoptosis

(n=146), cancer (n=146), expression (n=111), growth (n=102),

gemcitabine (n=101), inhibition (n=97), activation (n=80), cells

(n=75), etc. According to Price’s Law, the keywords appeared

over 15 times were used to build a network map to visualize

keyword clusters (Figure 6A) and 69 keywords were finally

identified. The network was divided into five clusters with

different colors and it is highly homogeneous between the

items in the same color. There were 24 items in cluster 1

(red), including activation, cancer, cells, growth, inhibition,

metabolism, pathway, progression, degradation, inflammation,

mechanisms, tumorigenesis, AMPK, beclin 1, mice, KRAS, p53,

p62, phosphorylation, stress, etc. There were 13 items in cluster 2

(green), including tumor microenvironment, epithelial-

mesenchymal transition, down-regulation, NF-kappa-B, stem-

cells, tumor-suppressor, etc. There were 12 items in cluster 3

(blue), including apoptosis, cell death, death, endoplasmic-

reticulum stress, in-vitro, induction, mitophagy, mTOR,

oxidative stress, etc. There were 11 items in cluster 4 (yellow),

including gemcitabine, survival, resistance, chemoresistance,

chemotherapy, chloroquine, combination, hydroxychloroquine,

hypoxia, therapy, etc. There were 9 items in cluster 5 (purple),

including expression, proli ferat ion, tumor-growth,

identification, prognosis, invasion, metastasis, migration,

and promotes.
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The overlay visualization map of the 69 keywords is showed

in Figure 6B. The research focus can be intuitively observed by

the evolution of high-frequency keywords over time. The yellow

nodes represented the emerging keywords near 2019. Among

which, the most co-occurrence keywords were resistance (n=49

co-occurrences), followed by tumor microenvironment (n=23),

epithelial-mesenchymal transition (EMT) (n=22), mitophagy

(n=21), and invasion (n=21). These keywords may become the

future research hotspots in the field of autophagy and

pancreatic cancer.
Discussion

In this study, we used VOSviewer software to perform a

bibliometric analysis based on the literature related to autophagy

of pancreatic cancer in WoSCC database from 2011 to 2022

(June 9th, 2022). A total of 616 studies were written by 3993

authors, covered 45 countries and 871 organizations, published

in 263 journals and co-cited 28152 references from 2719

journals. Most of which are original articles (77.8%). An

average of 45.70 references each publication were noted. The

primary aim of the current study was to explore the global

research features and hotspots and forecast the emerging trends

which may be helpful to researchers in autophagy of pancreatic

cancer field.

Overall, the annual publication output has dramatically

increased from 11 in 2011 up to 101 in 2021 which reveals

that attention has been increasing in autophagy of pancreatic

cancer field over the past 12 years. Autophagy plays an

important role in tumor pathogenesis and contributes to

tumor growth (48, 49). The article published in Genes &

Development (IF=11.361) by Shenghong Yang et al, in 2011

which confirmed that pancreatic cancers actually require

autophagy for tumorgenic growth has been cited and co-cited

the most frequently (28), indicating Shenghong Yang is an

accomplished scholar in this field and his study is considered

as the most fundamental and important study. Besides, it
TABLE 8 The top 20 keywords related to autophagy of pancreatic cancer.

Rank keyword Count Rank keyword Count

1 autophagy 419 11 cancer cells 64

2 pancreatic cancer 360 12 progression 61

3 apoptosis 146 13 survival 55

3 cancer 146 13 metabolism 55

5 expression 111 15 proliferation 51

6 growth 102 15 therapy 51

7 gemcitabine 101 15 pathway 51

8 inhibition 97 15 ductal adenocarcinoma 51

9 activation 80 19 resistance 49

10 cells 75 20 death 48
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pointed chloroquine and its derivatives are powerful inhibitors

of autophagy which could be used to treat pancreatic cancer

patients (28). Therefore, more attention on the research of

autophagy and pancreatic cancer field will be triggered (50).

As far as countries for publication of papers are considered, a

bibliometric analysis of autophagy showed that China and the

United States were the most productive countries (27). Again,

one bibliometric study on mitophagy (34) and the other

bibliometric study on pancreatic cancer research (35) arrived

the same conclusion. Our results also showed that China and the

United States were the most frequent publishers in the field of

autophagy and pancreatic cancer. 76.5% of the total publications

was contributed by China and the United States, far more than

any other country. This phenomenon could be called “Matthew

effect”. In the network visualization map, extensive cooperation

was observed between countries with a minimum of five

publications, indicating a widespread trans-national

communication in the research of autophagy and pancreatic
Frontiers in Oncology 11
cancer. Specifically, China and the United States collaborated

closely. The United States can play as the central role in the

cooperation network map with its cooperation with 23 countries.

Despite the United States, Germany, Spain, China, Italy, and

England can also be suggested as minor cores as they cooperated

with 12, 11, 10, 10, and 10 countries, respectively. However,

China had a lower average number of citations than United

States, Italy, Germany, England, France and Japan, and none of

the top 10 cited and top 11 co-cited papers were written by

Chinese scholars, implying the quality of studies written by

Chinese scholars needs further improvement. In terms of

organizations, China and the United States contributed six and

five of the top 11 organizations, respectively. The number of

average citations per papers of top 11 organizations was

generally consistent with that of countries. Among which,

Dana-Farber Cancer Institute had the highest average number

of citations (169.58 times) among the top 11 organizations, and

two high-frequency cited authors (Xiaoxu Wang and Joseph D
A

B

FIGURE 6

Keywords related to autophagy of pancreatic cancer. (A) Network visualization of keywords drawn by VOSviewer. The layout parameters:
Attraction: 2, Repulsion: 1. The circle size means the frequency of occurrence; the circle colors mean different clusters; (B) Overlay visualization
of keywords drawn by VOSviewer. The layout parameters: Attraction: 2, Repulsion: 1. The circle size means the frequency of occurrence; the
circle colors mean the average published year.
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Mancias) were from this institution, showing the high influence

of its published articles. Besides, cooperation between countries

were found to be a little sparser than those between agencies,

indicating that international cooperation should be strengthened

in this field. Notably, University of Texas MD Anderson Cancer

Center, the most productive organization, collaborated most

closely with many United States universities and research

institutions, and also with Universities from China, such as

China Medical University, Fudan University, Sun Yat-Sen

University, Xi’an Jiaotong University, and Tongji University,

showing that the United States and China collaborated closely

between organizations.

When it comes to journals and co-cited journals, our results

showed the journals published the most papers related to

autophagy of pancreatic cancer were Cancers (n=23),

Oncotarget (n=19), Frontiers in Oncology (n=15), Autophagy

(n=13), and International Journal of Molecular Sciences (n=13).

Among the top 12 journals, 66.7% had an IF of more than five,

and 66.7% were at the Q1 JCR division. Nature (n=1415 times),

Cancer Research (n=1267 times), Autophagy (n=1238 times),

and Cell (n=1116 times) were the most high-frequency co-cited

journals. Among the top 10 co-cited journals, 80% had an IF of

more than ten, 90% were at the Q1 JCR division. These data

indicated many high-quality and high-impact journals were

particularly interested in and play a significant role in the field

of autophagy and pancreatic cancer. Besides, it is worth noting

that Cancers, the most productive journal, was also an emerging

journal in recent 3 years, implying this journal was very pleasure

to accept the researches in this field. Despite the most productive

journals, Frontiers in Cell and Developmental Biology (IF=6.684,

Q2), Biomedicine & Pharmacotherapy (IF=6.53, Q1), and Cells

(IF=6.6, Q2) were the emerging journals that accepted related

papers in recent 3 years. These results will also assist future

scholars in selecting journals when submitting manuscripts

associated to autophagy of pancreatic cancer.

A high citation frequency indicating a wide influence and a

highly proven peer recognition in the field. In this bibliometric

analysis, the top 10 most-cited papers were as follows (Table 6):

Shenghong Yang et al. published “pancreatic cancers require

autophagy for tumor growth (28)” in Genes & Development in

2011, which was the most cited paper (957 citations). This study

reported that pancreatic cancers have a distinct dependence on

autophagy. The second cited paper, “Oncogene ablation-resistant

pancreatic cancer cells depend on mitochondrial function”, was

published by Andrea Viale et al. (39) in Nature in 2014. This study

illuminated a therapeutic strategy of combined targeting of the KRAS

pathway and mitochondrial respiration to treat pancreatic cancer.

The third cited paper, “Autophagy promotes ferroptosis by

degradation of ferritin” was published by Wen Hou et al. (40) in

Autophagy in 2016. This study found autophagy promotes ferroptosis

by degradation of ferritin which provide novel insight into the

interplay between autophagy and regulated cell death. The fourth

cited paper was published by Cristovão M Sousa et al. (41) in Nature
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in 2016. It reported pancreatic stellate cells (PSCs)-derived alanine is

an alternative fuel source that can sustain the growth of cancer cells in

the tumor microenvironment. And alanine release in PSC is

dependent on PSC autophagy which is mediated by cancer cells.

The fifth cited paper was published by Mathias T Rosenfeldt et al.

(42) inNature in 2013. It showed the progression of pancreatic cancer

is intrinsically associated with the status of p53 (a tumor suppressor

gene). Inhibition of autophagy promotes cancer onset instead of

blocking cancer progression in mouse model with oncogenic KRAS

but without p53. The sixth cited paper was published by Rushika M

Perera et al. (43) in Nature in 2015. This article reported MiT/TFE-

dependent autophagy-lysosome activation is essential for pancreatic

cancer growth, which is a novel hallmark of malignant tumor. The

seventh cited paper was published by Turtle et al. (44) Kirsten L

Bryant in Trends in Biochemical Sciences in 2014. This is a review

presented oncogenic KRAS plays a critical role in controlling tumor

metabolism by increasing autophagy and orchestrating othermultiple

metabolic changes. The eighth cited paper was published by Jennifer

A Kashatus et al. (45) in Molecular Cell in 2015. This article

illuminated the activation of Ras or MAPK pathway (the

downstream biological process) leads to Mek-dependent

phosphorylation of the GTPase Drp1 and subsequent

mitochondrial fission. Inhibition of Drp1 or its phosphorylation

blocks pancreatic cancer growth. The ninth cited paper was

published by Annan Yang et al. (46) in Cancer Discovery in 2014.

This article reported autophagy plays a central role in pancreatic

cancer and showed that autophagy inhibition may have therapeutical

effect on pancreatic cancer, independent of p53 status. The tenth cited

paper was published by Conan G Kinsey et al. (47) in Nature

Medicine in 2019. This article represented trametinib combined

with hydroxychloroquine may be a new strategy to treat RAS-

driven cancers. Besides, the most co-cited papers were listed in

Table 7. These most co-cited studies have a major impact on

autophagy of pancreatic cancer field. The first, second, third, sixth

and seventh co-cited papers are the same as the first, fifth, ninth,

fourth and sixth cited paper listed in Table 6. The eighth and ninth

co-cited papers are about the epidemiology of cancers. The remaining

4 top co-cited articles are mainly about the role of autophagy in

pancreatic cancer. Keywords represent the major topic of papers. To

explore the global research features and hotspots, we constructed a

co-occurrence analysis of all keywords in the field of autophagy and

pancreatic cancer by VOSviewer. As autophagy broadly consists of

macroautophagy, microautophagy, and chaperone-mediated

autophagy, we individually searched for publications concerning

the three types. The publication numbers were 18, 0, and 7,

respectively. The content of the remaining publications was

indistinguishable. Macroautophagy has been studied the most. The

keywords appeared over 15 times were clustered into five main

categories in the network visualization map (Figure 6A) which can

intuitively show the direction and scope in this field. After reviewing

and summarizing relevant researches, we found the keywords in

cluster 1 (red) and cluster 5 (purple) mainly focused on the regulation

mechanisms of autophagy in pancreatic cancer onset and
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progression. Among which, expression, growth, and inhibition could

represent the research hotspots. In the top cite and co-cited papers,

Shenghong Yang et al. reported pancreatic cancers required

autophagy for tumor growth in 2011 (28), which is considered as

the most fundamental and important study in this field. The other

article published in Genes & Development by Jessie Yanxiang Guo

et al. in 2011, reported activated oncogene HRAS or KRAS could

increase basal autophagy which was essential to maintain human

cancer cell survival in starvation and in oncogenesis (51). As KRAS

mutation was found in 70~95% of PDAC patients (52), researches on

the regulation of autophagy in Ras-expressing pancreatic cancer cells

were rapidly increasing. Notably, Mathias T Rosenfeldt et al. showed

Inhibition of autophagy promotes cancer onset instead of blocking

cancer progression in mouse model with oncogenic KRAS but

without p53 (42), suggesting a dual role of autophagy in pancreatic

cancer progression (53, 54). In the transcriptional program, Rushika

M Perera et al. presented MiT/TFE-dependent autophagy-lysosome

activation is essential for pancreatic cancer growth, which is a novel

hallmark of malignant tumor (43). Besides, Di Malta, C. et al. found

transcriptional activation of Rag guanosine triphosphatases could

control the mechanistic target of rapamycin complex 1 and regulate

anabolic pathways related to nutrient metabolism, leading to

excessive cell proliferation and tumor growth (55). Researches have

also shown that autophagy supports the growth of pancreatic cancer

through both cell-autonomous and nonautonomous pathways (56).

These studies provide us insights into the role of autophagy in

pancreatic cancer, which may be used to treat this malignant

cancer in future. The keywords in cluster 2 (green) were mainly

associated with the relationship between autophagy and tumor

microenvironment as well as that between autophagy and EMT in

pancreatic cancer. Notably, tumormicroenvironment and EMTwere

the emerging keywords in recent years, indicating they may become

the future hotspots in the field of autophagy and pancreatic cancer.

Hypoxic tumor microenvironment is characterized as a hallmark of

pancreatic cancer (57). Increased autophagy flux may mediate the

survival of pancreatic cancer stem cells (CSCs) under a hypoxic

tumor microenvironment. The inhibition of autophagy converts

survival signaling to suicide and finally suppresses cancer

development in mouse models (58). Besides, a top cited and co-

cited paper published in Nature by Cristovão M Sousa et al. in 2016,

reported PSCs-derived alanine is an alternative fuel source that can

sustain the growth of cancer cells in the tumor microenvironment.

And alanine release in PSC is dependent on PSC autophagy which is

mediated by cancer cells (41). Despite of CSC and PSC, immune cells,

endothelial cells, and fibroblasts may also promote tumor progression

through the metabolic crosstalk with malignant cells in the tumor

microenvironment (59), the role of autophagy in tumor

microenvironment needs further study. In terms of EMT, it is a

trans-differentiation process in which epithelial cells acquire

mesenchymal features that promote the invasion and metastasis of

cancers (60). Enhanced autophagy induced by HIF-1 alpha was

reported to promote EMT and the metastatic ability of pancreatic

CSCs (61). In RAS-mutated pancreatic cancer cells, the inhibition of
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autophagy activated the SQSTM1/p62-mediated NF-kappa-B

pathway, subsequently enhancing EMT which finally promoted

cancer invasion (62). This broadens the horizon for the research of

the dual role of autophagy in pancreatic cancer. The keywords in

cluster 3 (blue) were mainly related to the role of autophagy in the

apoptosis of pancreatic cancer cells. Apoptosis represents a type of

programmed cell death that can remove the damaged cells orderly

and efficiently (63). Targeting apoptosis is a common therapy strategy

for PDAC. However, the cancer cells can establish various

mechanisms to reduce apoptosis, including autophagy (64). For

example, mitochondrial uncoupling protein 2 (UCP2) plays an

essential role in tumorigenesis and development. UCP2 induces

autophagy through enhancing Beclin 1 and inhibiting the AKT-

MTOR pathway, leading to anti-apoptosis effects or inhibiting other

types of cell death in a reactive oxygen species (ROS)-dependent

mechanism (65), implying an anti-apoptosis role of autophagy.

Eicosapentaenoic acid, a common omega-3 fatty acid, can not only

induce autophagy but impair its anti-apoptosis ability in pancreatic

cancer cells (66). Ubiquitin specific peptidase 22 (USP22) is an

epigenetic regulator, it was reported USP22 induced autophagy by

activating MAPK1, thereby promoting cell proliferation and

gemcitabine resistance in pancreatic cancer cell lines (67). As

discussed above, CSCs and PSCs sustain tumor growth depend on

autophagy. Studies have reported inhibiting autophagy also triggers

apoptosis in CSCs and PSCs (58, 68). These studies indicate that

chemotherapy combined the regulation of autophagy could be a

potential future direction in treating pancreatic cancers. Besides,

mitophagy is an emerging keyword in this cluster. It is reported

mitophagy involved the cell death and modulation of metabolism in

pancreatic cancer. Again, mitophagy plays a double-edged action in

the regulation of the antitumor efficacy of certain cytotoxic agents

(69). The keywords in cluster 4 (yellow) were mainly about the

autophagy regulation in the treatment of pancreatic cancer.

Autophagy is an essential catabolic mechanism in pancreatic cancer

onset and progression. The inhibitions of autolysosome formation, a

lysosomotropic agent named chloroquine (CQ) and a V-ATPase

inhibitor named bafilomycin A1, were reported to suppress

tumorigenic growth of pancreatic cancers alone (28). However, a

phase II and pharmacodynamic study showed hydroxychloroquine

(HCQ, an inhibitor of autophagy) monotherapy did not result in a

consistent autophagy inhibition as evaluated by peripheral

lymphocytes LC3-II levels and achieved negligible benefits in

previously treated patients with metastatic pancreatic cancer (70).

The dual role of autophagy in pancreatic cancer makes it difficult to

be a therapeutic target alone (54). Therefore, most studies focused on

combination therapy for treating pancreatic cancer by inhibiting [e.g.,

CQ or bafilomycinA1 (28), DQ661 (71)] or inducing [Quercetin (72),

Demethylzeylasteral (73)] autophagy to increase therapeutic efficacy

of gemcitabine or other antitumor drugs. As mentioned above,

activation of autophagy has led to gemcitabine resistance by

inhibiting apoptosis in the treatment of PDAC patients. A recent

randomized phase II preoperative study reported resectable

pancreatic adenocarcinoma patients treated by gemcitabine and
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nab-paclitaxel with HCQ resulted in an evidence of autophagy

inhibition and immune activity and achieved greater pathologic

tumor response and lower CA199 levels than patients treated by

gemcitabine and nab-paclitaxel alone (74). Alternatively, autophagy

induction may result in an antitumor efficacy through autophagy-

mediated metabolic stress or injury. For instance, combined therapy

with Demethylzeylasteral and gemcitabine induces autophagic cell

death and demethylzeylasteral could increases the chemosensitivity to

gemcitabine in treating pancreatic cancer (73). These results suggest

autophagy-related drugs play a complex role in pancreatic cancer

chemotherapy. As discussed above, the current research related to

autophagy of pancreatic cancer mainly about basic research and

clinical application. The focus of scholars has gradually switched from

basic research to clinical application. The hot topics in current

research have always been the mechanisms of autophagy in tumor

onset and progression, the role of autophagy in tumor apoptosis, and

autophagy-related drugs in treating pancreatic cancer (especially

combined therapy). The emerging topics mainly focused on

chemotherapy resistance mediated by autophagy, tumor

microenvironment related to autophagy, autophagy-depended

EMT, mitophagy, and the role of autophagy in tumor invasion,

that may become the main future direction in the field of autophagy

and pancreatic cancer.

Our study first conducted a bibliometric analysis related to

autophagy of pancreatic cancer, providing an objective and

intuitive evaluation of the research features and hotspots and

forecasting the emerging trends in that field. Admittedly, this

study has some limitations. First, we collected the literature data

only from WOSCC database and the related papers from other

sources may be neglected. Secondly, the literature language was

limited to English, that may result in the source of bias. Thirdly,

since the total number of citations depends on various factors

(e.g., time of publication, journal, research area), the number of

citations may not accurately represent the impact of a paper, and

some recent landmark papers may have been omitted.
Conclusion

This study showed research activities were multiplying in the

field of autophagy and pancreatic cancer. China and the United

States were the most frequent publishers and collaborated closely

in this field. Cancers published most papers in this field and was

very pleasure to accept the related researches. We have also listed

the most cited and co-cited papers and authors. Importantly, the

mechanisms of autophagy in tumor onset and progression, the

role of autophagy in tumor apoptosis, and autophagy-related

drugs in treating pancreatic cancer (especially combined

therapy) were the research hotspots. The emerging topics were

chemotherapy resistance mediated by autophagy, tumor

microenvironment related to autophagy, autophagy-depended
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EMT, mitophagy, and the role of autophagy in tumor invasion.

These results undoubtedly provide scholars with new clues and

ideas in the field of autophagy and pancreatic cancer.
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