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Objective: The purpose of this study was to analyze the trends by year, country,

institution, journal, reference and keyword in publications on the autophagy of

pancreatic cancer (PC) and to predict future research hotspots.

Methods: The Web of Science Core Collection was used to search for

publications. The contributions of various countries/regions, institutes, authors,

identified research hotspots, and promising future trends were analyzed using

the VOSviewer1.6.16 and CiteSpace6.6.R2 programs. We also summarized

autophagy relevant clinical trials of PC.

Results: A total of 1293 papers on the autophagy of PC published between 2013

and 2023 were included in the study. The average number of citations per article

was 33.76. The China had the most publications, followed by USA, and a total of

50 influential articles were identified through co-citation analysis. Clustering

analysis revealed clusters of keywords: metabolic reprogramming and ER stress,

mTOR-mediated apoptosis, extracellular trap as the most concerned clusters.

The co-occurrence cluster analysis showed pancreatic stellate cell, autophagy-

dependent ferroptosis, autophagy-related pathway, metabolic rewiring, on-

coding RNA as the highly concerned research topics in recently.

Conclusion: The number of publications and research interest have generally

increased over the past few years. The China and USA have made prominent

contributions to the study of the autophagy of PC. The current research hotspots

mainly focus not only on the related modulation, metabolic reprogramming,

ferroptosis of tumor cells themselves, but also on tumor microenvironments

such as autophagy associated pancreatic stellate cells and new treatments

targeting autophagy.

KEYWORDS

autophagy, pancreatic cancer, tumor microenvironment, bibliometric study, pancreatic
stellate cells, ferroptosis
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Introduction

Pancreatic cancer (PC) is a common digestive system tumor

and has become the fourth cause of tumor-related death in

worldwide (1). By 2030, pancreatic cancer could be one of the top

three causes of cancer related deaths in the United States (2). PC is

difficult to diagnose at the early stage, more than 80% of PCs are

already in the advanced stage when detected, and the opportunity

for surgical resection is often missed due to local infiltration and

metastasis (3). As a result, there is an increasing interest in

pancreatic cancer of the pathogenesis and treatment strategies as

a research target due to its high incidence and poor prognosis. In

recent years, researchers have found that as a cancer progresses, the

body can produce a variety of responses to tumors, such as

apoptosis,pyroptosis, ferroptosis, cuprotosis,disulfidptosis. and

autophagy (4–9). Autophagy is a process of engulfing cytoplasmic

proteins or organelles and encapsulating them into vesicles, then

fusing them with lysosomes to form autolysosomes and degrade

their encapsulated contents, thereby fulfilling the metabolic needs of

the cell itself and the renewal of certain organelles (9). Autophagy

can be seen in the physiological and pathological processes of the

body and a myriad of studies demonstrate important protective

roles for autophagy against disease (10). However, For a long time,

humans understood autophagy has not been fully elucidated and

now believe that the recycling capacity of autophagy arguably

makes it a growth pathway and provides an internal source of

nutrients for growing cancer cells (11). Under harsh conditions with

disturbed vasculature and hypoxic tumor microenvironment

(TME), this internal nutrient source can play a key role in tumor

cell survival (12, 13), the role of autophagy in PC is complex and

affect the occurrence, development, invasion, and metastasis of

PC (14).

Institutions and researchers aiming to target the relationship

between pancreatic tumor cells and the autophagy and provide new

ideas for the clinical treatment of PC. One such strategy is

hydroxychloroquine, which prevent autophagy. Autophagy may

prevent normal cells from developing into tumor cells, but in

cancer it may also protect tumor cells by destroying anticancer

drugs or substances taken up by them (15–18). For this reason,

Anti-autophagy therapy treatment has been studied as a new

methods of cancer treatment, Given the complexity and

heterogeneity of pancreatic cancer in humans, the specific effect

needs to be confirmed by further clinical studies. Recently, due to

increasing interest in the autophagy of PC, hundreds of academic

articles have been published on this topic. Therefore, the

publication trends of this research area urgently need to be

summarized to serve as a reference for future studies.

At present, we have entered the era of big data in scientific

research. In the face of a large number of scientific research data,

how to effectively identify and rank important research results in

order to study the background and trend of the development of a

problem has become a trend that attracts the attention of

researchers. And because published and ongoing research has a

considerable impact on the clinical outcomes of pancreatic cancer

patients, it is crucial to comprehend the messages that come from
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this pool of accumulated literature. In this context, the bibliometric

method may be a way to solve these problems. Bibliometric is a

commonly used method to summarize trends in publications and

analyze the literature in a certain field. This approach relies on

research methods such as statistics to visually summarize research

progress in a field, predict research hotspots, and furthermore, it

can assess the progress made thus far in both qualitative and

quantitative terms, resulting in a better understanding and

description of the dynamics of scientific findings in each research

area (19). In recent years, bibliometric has also been applied in

multiple diseases (20–22). Although some studies have analyzed the

developmental trend of targeted therapies,immunotherapy,

Neoadjuvant therapy,tumor Microenvironment for PC by means

of bibliometric (23–26), nobibliometric studies or visualization

analyses of the autophagy of PC have as yet been reported. The

WOSCC database contains over 15,000 influential high-quality

journals from all over the world and is regarded as one of the

most comprehensive, systematic, and authoritative databases.

According to previous studies, papers in the Web of Science Core

Collection (WOSCC) can represent the status of medical science

(27). In the present study, we used bibliometric statistics to

comprehensively analyze the literature related to the autophagy of

PC by searching the Web of Science Core Collection (WOSCC). We

performed a visualization analysis on the number of publications,

citations, and research trends by country, author, institution and

keywords using VOSviewer,CiteSpace (28) and other software to

predict future research hotspots in this field (Figure 1).
Materials and methods

Data sources and search strategies

Utilizing the WOSCC database, we conducted a comprehensive

search of the literature on the autophagy of PC between 2013 and

March 2023. To prevent errors caused by database updates, all

literature searches were completed on March 28, 2023.

Inclusion Criteria was as followed:
(1) Articles published in the last decade, between 2013-2023.

(2) English literature included in the Web of Science core

anthology.

(3) The article type is article or review

(4) Literature related to pancreatic cancer or pancreatic

adenocarcinoma and autophagy.
Exclusion Criteria was as followed:
(1) Articles published before January 1, 2013

(2) Literature not included in the core anthology

(3) Literature published in non-English language

(4) Conference literature and other non-monographs and

review literature

(5) Literature not related to pancreatic cancer or autophagy
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All information was exported in.txt format. The raw data can be

found in the Supplemental File (Supplemental File 1).
Bibliometric analysis

The WOSCC is commonly used in research on publications in

the field of bio-medicine. We used the WOSCC to describe the

characteristics of the literature and analyzed the distribution of

publications across various countries/regions, regions, institutions,

authors, and journals. The RRI, H index, were extracted from

WOSCC. Relative research interest (RRI) is based on the number

of publications in a field in a given year among the number of

publications in all fields in that year. The H-index is a bibliometric

measure that combines quantity (publications) and impact

(citations). It allows us to objectively characterize the scientific

output of a researcher. The H-index may be superior to other

commonly used bibliometric measures, such as the total number of

papers published (NP) and the total number of citations garnered

(NC), as a representative measure of individual scientific

achievement. CiteSpace software (from 6.2. R2 64-bit, Chaomei

Chen, Drexel University, USA) was used to analyze the screened

literature, and a cocitation analysis was performed on authors,

countries/regions, and institutions. Cluster and co-occurrence

analyses were conducted on keywords, and from which the

strongest citation bursts of the keywords and references were

derived. The literature was then subjected to analysis by dual-map

overlays. VOSviewer (a program operated by the Center for Science

and Technology Studies at Leiden University that is used to create

data maps) was used for the co-occurrence analysis of countries,

organization and keyword clusters.

We searched ClinicalTrials.gov (https://clinicaltrials.gov/) and

International Clinical Trials Registry Platform(ICTRP,https://

www.who.int/clinical-trials-platform)to summarize clinical studies

on the autophagy of PC. The search strategy included the following:

Condition or disease = Pancreatic Cancer; Other terms =
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autophagy; Study type = Interventional Study (Clinical Trials). A

total offive studies regarding the autophagy of PC were identified by

manual screening.
Results

Annual publication number and trend

The flow chart shows the process of data processing (Figure 2).

According to the inclusion criteria, a total of 1293 papers in the

WOSCC database were included (the original data can be found in

Supplement File 2). The annual publication number increased over

time. A total of 43646 citations and an average of 33.76 citations per

paper were noted. The H-index was 95. The number of publications

on the autophagy of PC was highest in 2022 (Figure 3A).
Contribution by country

A total of 65 countries/regions published studies of the

autophagy of PC. China has the greatest number of publications
FIGURE 1

We searched the Web of Science Core Collection (WOSCC) on autophagy of PC and performed a visualization analysis from the retrospectives of
countries, institutions, authors, journals, citations and keywords to predict future research hotspots in this field.
FIGURE 2

Flow chart of the screening process for research on autophagy in
pancreatic carcinoma.
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(556 publications, accounting for 43% of all publications worldwide;

a total of 14849 citations, with an average of 26.71 citations per

paper and an H-index of 58, followed by the USA (384 publications,

accounting for 29.7%, a total of 21509 citations, with an average of

56.01 citations per paper and an H-index of 76) and Japan (78

publications, accounting for 6.03%; a total of 2355 citations, with an

average of 30.19 citations per paper and an H-index of 25)

(Figure 3B). Although the total publication number of China

were much higher than the USA,the total number of citations of

papers and the H-index from the USA were much higher than those

of papers from other countries/regions. The number of publications

of Japan is much less than China, however, the average number of

citations of each paper was 30.19, ranking second. Although Italy

had fewer publications than Japan, it had a higher total number of

citations, ranking third. The USA and China cooperated closely

with other countries/regions (Figures 3C, D).
Contribution by institution

A total of 1597 institutions worldwide participated in research

in this field. VOSviewer was applied to analyze the institutional

citation network. Active institutions were defined as those with no
Frontiers in Oncology 04
fewer than 10 publications and no fewer than 100 citations. A total

of 46 such institutions were identified (Figures 4A, B). Among

them, the University of Texas M.D. Anderson Cancer Center had

the most publications and highest total number of citations

(Figure 4C). Of the 20 institutions with the most publications,

most were in the USA (eleven institutions), followed by China (four

institutions) and Germany (two institutions) (Table 1).
Author contributions

A total of 8073 authors were listed for the 1293 included papers,

and the average number of authors per paper was 6.24. Among the

10 authors with the most publications, seven were from the USA,

and the other three were from France, China and ITLAY

respectively (Table 2). The most published authors from the USA

were from University of Texas Southwestern Medical Center Dallas.

We used VOS viewer to analyze the citation network of the authors,

and those with more than 50 citations were defined as key

researchers. A connection represents cooperation between

authors, and the circle size represents the number of citations of

an author. Donadelli Massimo had the most citations at 1134 and

an average of 87.2 citations per paper (Figure 4D)
D

A

B

C

FIGURE 3

Articles related to the autophagy of pancreatic cancer published worldwide and by country/region. (A) The total publication number and RRI. (B) The
total publication number, total citations, and H-index of the 20 most productive countries/regions. (C) Collaboration between countries/regions
based on https://bibliometric.com. (D) The publication density map.
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TABLE 1 The 20 institutes with the most publications on autophagy of pancreatic cancer.

Organization Countries No.of Publications No.of Citations

univ texas md anderson canc ctr USA 39 3990

univ pittsburgh USA 26 2223

harvard med sch USA 25 2199

guangzhou med univ PEOPLES R CHINA 24 2099

univ michigan USA 24 2525

chinese acad sci PEOPLES R CHINA 19 766

dana farber canc inst USA 18 2766

ut southwestern med ctr USA 17 910

cent south univ PEOPLES R CHINA 15 425

jilin univ PEOPLES R CHINA 15 804

nyu USA 15 2268

harvard univ USA 12 1925

univ calif san francisco USA 12 736

george mason univ USA 10 777

canc res uk beatson inst UK 9 802

hop europeen georges pompidou France 8 681

univ glasgow UK 8 694

karolinska univ hosp Sweden 7 604

brigham & womens hosp USA 5 707

univ paris France 5 397
F
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FIGURE 4

Contributions of institutions and authors to publications on the autophagy of pancreatic cancer. (A) The publication number network of institutions
drawn by VOSviewer. (B) Overlay visualization of publication number of institutions drawn by VOSviewer. (C) Network of institutions drawn by
CiteSpace. (D) Co-authorship cited authors (circle size represents the number of citations). Drawn by VOSviewer.
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Journals publishing research on the
autophagy of PC

A total of 383 journals published papers related to the autophagy

of PC between 2013 and March,2023. The data were analyzed using

VOSviewer. A total of 21 journals had more than five relevant
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publications. Among the top 20 journals in terms of the number of

publications, CANCERS had the highest number of publications at 45

(Table 3). Six of these 20 journals were published in the Switzerland,

followed by USA and United Kingdom (five journals). Autophagy

had the highest average number of citations for each paper at 86.74,

followed by Gastroenterology and Nature Communications.
TABLE 3 The 20 journals that have published the most articles regarding the autophagy of pancreatic cancer.

Journal No.of publication No.of citations Country

CANCERS 45 570 Switzerland

FRONTIERS IN ONCOLOGY 34 459 Switzerland

INTERNATIONAL JOURNAL OF MOLECULAR SCIENCES 30 806 Switzerland

CELL DEATH DISEASE 29 1110 United Kingdom

AUTOPHAGY 27 2342 USA

ONCOTARGET 26 1219 USA

SCIENTIFIC REPORTS 26 887 United Kingdom

PLOS ONE 23 792 USA

ONCOLOGY REPORTS 20 459 Greece

CANCER LETTERS 18 415 Ireland

FRONTIERS IN PHARMACOLOGY 18 249 Switzerland

BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 17 448 USA

JOURNAL OF EXPERIMENTAL CLINICAL CANCER RESEARCH 17 690 United Kingdom

FRONTIERS IN CELL AND DEVELOPMENTAL BIOLOGY 16 114 Switzerland

ONCOLOGY LETTERS 15 286 Greece

BIOMEDICINE PHARMACOTHERAPY 14 228 France

JOURNAL OF CELLULAR PHYSIOLOGY 13 316 USA

NATURE COMMUNICATIONS 13 704 United Kingdom

CELLS 12 183 Switzerland

GASTROENTEROLOGY 12 958 United Kingdom
TABLE 2 The top 10 authors who have contributed the most publications on autophagy of pancreatic cancer.

Author Publications Citations Affiliation Country

tang, daolin 25 268 UT Southwestern Med Ctr USA

kang, rui 24 439 UTMD Anderson Cancer Center USA

kimmelman, alecc. 16 95 NYU USA

lotze, michael t. 15 213 Univ Pittsburgh USA

donadelli, massimo 13 1134 Univ Verona ITLAY

zeh, herbert j. 12 115 Univ Pittsburgh USA

liu, jiao 11 60 Texas A&M Hlth Sci Ctr USA

boone, brian a. 10 126 West Virginia Univ USA

chen, xin 9 306 Guangzhou Med Univ PEOPLES R CHINA

kroemer, guido 9 153 Univ Paris FRANCE
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Publication situation

For the study of the autophagy of PC, among the top 10 most

cited publications, five papers were in Autophagy (Table 4). Co-

citations were first proposed as a measure of the relationship

between publications by the American information scientist Small

in 1973, which shows papers with a major impact on a particular

field. The included papers cited a total of 64238 publications. The

top N was set as 50 and the g-index factor k was set as 15 in

CiteSpace software, and a co-citation analysis of the publications

was conducted and showed with abstract terms as labels

(Figure 5A). Then the all in one clustering of co-citation of
Frontiers in Oncology 07
publications network was in progress and layed out in optimizing

style (Figure 5B). The co-citation of publications network in time

lines with the greatest impact were further analyzed (Figure 5C).

Subsequently, the 20 references with the strongest citation bursts

(Figure 5D) were obtained, which showed that the number of

citations per period of a given paper increased rapidly, indicating

that the contribution of each paper was relatively significant. In

addition, the hot spot of quoting literature has gradually shifted

from the study of autophagy-related pathways to ferroptosis, stellate

cells, tumor microenvironment and the clinical transformation of

the anti-tumor effect of inhibiting autophagy, which has received

more attention in recent years.
TABLE 4 The 10 most cited articles regarding the autophagy of pancreatic cancer.

Title Corresponding
authors

Journal Publication
Year

Total
Citations

Autophagy promotes ferroptosis by degradation of ferritin Tang, Daolin AUTOPHAGY 2016 848

Modulation of inflammation by autophagy: Consequences for human
disease

Netea, Mihai G. AUTOPHAGY 2016 237

MicroRNAs in apoptosis, autophagy and necroptosis Yu, Qiang ONCOTARGET 2015 268

Circular RNA IARS (circ-IARS) secreted by pancreatic cancer cells and
located within exosomes regulates endothelial monolayer permeability to
promote tumor metastasis

Li, Xiaowu JOURNAL OF
EXPERIMENTAL &
CLINICAL CANCER
RESEARCH

2018 219

Posttranslational modification of autophagy-related proteins in
macroautophagy

Tang, Daolin AUTOPHAGY 2015 211

Autophagy-dependent ferroptosis drives tumor-associated macrophage
polarization via release and uptake of oncogenic KRAS protein

Tang, Daolin AUTOPHAGY 2020 199

Inflammation, Autophagy, and Obesity: Common Features in the
Pathogenesis of Pancreatitis and Pancreatic Cancer

Karin, Michael GASTROENTEROLOGY 2013 198

MicroRNA 23b Regulates Autophagy Associated With Radioresistance of
Pancreatic Cancer Cells

Meng, Zhiqiang GASTROENTEROLOGY 2013 194

Cancer Development, Progression, and Therapy: An Epigenetic Overview
Tang, Daolin INTERNATIONAL JOURNAL

OF MOLECULAR SCIENCES
2013 176

Mitochondrial DNA stress triggers autophagy-dependent ferroptotic death Jiang, Xuejun AUTOPHAGY 2021 172
fr
A B D

C

FIGURE 5

References related to the autophagy of pancreatic cancer. (A) Clustering analysis of the autophagy of the pancreatic cancer cocitation network drawn by
CiteSpace. (B) Cluster view of co-citation references related to pancreatic cancer autophagy visualized by CiteSpace. (C) Timeline view of co-citation
references related to pancreatic cancer autophagy visualized by CiteSpace. (D) The 20 references with the strongest citation bursts based on analysis in
CiteSpace.
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Keyword analysis

The keyword co-occurrence analysis by VOSviewer visually

displayed keywords, which were clustered into three main

categories. We summarize these three clusters as mechanisms of

basic research (cluster 1, red), metabolic pathways (cluster 2, green),

clinical application (cluster 3, blue) (Figures 6A, B). In cluster 1, the

most recent three hot topics were oxidative stress (avg. pub. per year

as of 2018.378, 85 occurrences), endoplasmic-reticulum stress (avg.

pub. per year as of 2021.75,59 occurrences), epithelial-mesenchymal

transition (avg. pub. per year as of 2018.386, 56 occurrences). The

most recent three hot topics in cluster 2 were activation (avg. pub.

per year as of 2018.2671, 147occurrences),metabolism(avg. pub. per

year as of 2019.3229, 103 occurrences) and progression(avg. pub.

per year as of 2019.2688, 91 occurrences).The most recent three

hot topics in cluster 3 were apoptosis (avg. pub. per year as

of 2018.3602, 352occurrences),gemcitabine(avg. pub. per year as of

2018.3289, 152 occurrences) and resistance(avg. pub. per year as of

2018.9158, 95 occurrences) (Supplemental File 2: Table S1)
Frontiers in Oncology 08
Dual-mapping overlay of the
autophagy of PC

The dual-mapping overlay reveals the overall scientific

contribution. The left side shows the citing journals; the right side

represents the cited journals. The labels indicate the fields covered

by the journal, the colored lines depict different citation paths, and

the path width is proportional to the z-score scale. This connection

illustrates the flow of knowledge and the relationship between

different areas of research. We noted one main citation paths, the

orange path, which indicated that articles from molecular, biology,

and genetics journals were frequently cited by articles from

molecular, biology, immunology (Figure 7).
Clinical trials

Five clinical trials investigated the autophagy of PC between

2013 and 2023 (Table 5), with all from the USA. The three clinical
D

A B EC

FIGURE 6

Keywords related to the autophagy of pancreatic cancer. (A) Network visualization of keywords drawn by VOSviewer. (B) Overlay visualization of
keywords drawn by VOSviewer. (C) The autophagy effect study clusters according to the top 30 of weight <Occurrences> and score <Avg. pub.
year>. (D) Changes in keywords over the years. (E) The 20 keywordss with the strongest citation bursts based on analysis in CiteSpace.
FIGURE 7

Dual-map overlay with publications on the autophagy of pancreatic cancer.
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TABLE 5 Clinical studies related to the autophagy of pancreatic cancer between 2013 and 2023.

untry Design No. of
patients

Conditions Intervention Phase Primary
purpose

Treatment
group

Comparison
group

ited
tes

Interventional 52 Pancreatic Cancer
Advanced
Cancer

Drug:
Hydroxychloroquine
Sulfate
Drug: LY3214996

LY3214996 Phase 2 Treatment

ited
tes

Interventional 39 Metastatic Pancreatic
AdenocarcinomaStage
IV Pancreatic Cancer
AJCC v8

Drug: Binimetinib
Drug:
Hydroxychloroquine

binimetinib Phase 1 Treatment

ited
tes

Interventional 21 Advanced Pancreatic
Adenocarcinoma
Metastatic Pancreatic
Adenocarcinoma
Stage IV Pancreatic
Cancer AJCC v8

Drug: Gemcitabine
Drug:
Hydroxychloroquine
Drug: Nab-paclitaxel

Drug: Nab-
paclitaxel
Drug:
Paricalcitol

Phase 2 Treatment

ited
tes

Interventional 104 Pancreatic Cancer Drug: gemcitabine
Drug: abraxane
Drug:
hydroxychloroquine

Gemcitabine Phase 2 Treatment

ited
tes

Interventional 119 Advanced
Adenocarcinoma
Metastatic
Adenocarcinoma

Drug:
Hydroxychloroquine
(HCQ)
Drug: Gemcitabine
Drug: Abraxane

Drug:
Gemcitabine
Drug: Abraxane

Phase1
Phase 2

Treatment

Fan
e
t
al.

10
.3
3
8
9
/fo

n
c.2

0
2
3
.12

2
0
4
3
5

Fro
n
tie

rs
in

O
n
co

lo
g
y

fro
n
tie

rsin
.o
rg

0
9

Study ClinicalTrials.gov
Identifier

Official title Time Co

1 NCT04386057 LY3214996 +/- HCQ in Pancreatic
Cancer

2020.12.13-
2023.12. 19

Un
Sta

2 NCT04132505 Binimetinib and Hydroxychloroquine in
Treating Patients With KRAS Mutant
metastatic Pancreatic Cancer

2019.10. 22
-2023.12.31

Un
Sta

3 NCT04524702 Paricalcitol and Hydroxychloroquine in
Combination With Gemcitabine and Nab-
Paclitaxel for Advanced Pancreatic
Cancer

2020.9.14
-2024.8.14

Un
Sta

4 NCT01978184 Randomized Phase II Trial of Pre-
Operative Gemcitabine and Nab Paclitacel
With or With Out Hydroxychloroquine

2013.11-
2018.02.28

Un
Sta

5 NCTNCT01506973 A Phase I/II/Pharmacodynamic Study of
Hydroxychloroquine in Combination
With Gemcitabine/Abraxane to inhibit
Autophagy in Pancreatic Cancer

2011.12-
2022.03

Un
Sta
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trials mainly evaluated the efficacy and safety of drug

hydroxychloroquine, which prevent autophagy, combinations

with gemcitabine or binimetinib or Paricalcitol. Four clinical trials

included more than 30 samples, which were in phase 2, the others

were in phase 1.
Discussion

In this study, we used VOSviewer and CiteSpace software to

conduct a visualization analysis of 1293 papers related to the

autophagy of PC published between 2013 and March 28th 2023

to help researchers understand the current situation of global

publications and predict research hotspots in future. From this

study, the publication number and RRI for the autophagy of PC

increased significantly, revealing that the popularity of research in

this field has gradually increased (Figure 3A).

Over the past decade, there has been a yearly increase in

publications related to autophagy research. Developed countries

account for the majority of the top 20 countries/regions in terms of

publications and collaborations with other countries/regions. The

United States has the highest H-index (29), and a similar trend has

been observed in autophagy-related research for other cancers (11,

27, 30, 31). There are 12 institutions in the United States that rank

among the top 20 (Table 1), indicating a strong correlation between

the country’s economic power and its scientific research

(Figure 3D). As a developing country, China has experienced a

rapid increase in the number of publications in this field, with only

13 in 2013. Since 2017, China’s annual publication count and total

number of publications have surpassed those of the United States,

making it the country with the most publications. In the field of

cancer research, there has been a significant increase in the number

of papers published by China in recent years (23, 24), which may be

due to the fact that since 2010, cancer has become the leading cause

of death in China, and the country has increased its investment in

scientific research in public health and other fields in recent years

(32, 33). Among the top 10 most cited papers, four are authored by

American scholar Daolin Tang, who has achieved remarkable

results in research on the regulation of autophagy and the effect

of autophagy (Table 4), suggesting that this author wrote articles

with greater academic impact. It is worth noting that although

Chinese scholars have published the largest number of papers, their

total citation count and average citation count are 17,298 and 28.77,

respectively, with an H-index of 61. These citation numbers are

relatively low, with only one of the top 10 most cited papers

authored by a Chinese scholar, indicating that the quality of

papers published by Chinese scholars needs further improvement.

The CiteSpace literature citation map and clusters demonstrate

that the paper by YANG SH (34) has had a significant impact in the

field (Figures 5A–C),when the prevailing view is environmental

stress stimuli induced autophagy (35, 36). In this article, the authors

proved that the development of pancreatic cancer exhibits a marked

dependency on autophagy, with elevated levels of autophagy

observed in primary pancreatic tumors and cell lines under basal

conditions. Autophagy inhibition leads to metabolic defects in

pancreatic cancer cells, ultimately resulting in significant growth
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suppression in vitro. More importantly, autophagy inhibition causes

tumor regression and prolonged survival in pancreatic cancer

xenografts and genetic mouse models. These findings suggest that

autophagy is indeed essential for promoting tumorigenesis and

growth of pancreatic cancer, and drugs that inactivate this process

may have unique clinical utility in treating pancreatic cancer and

other malignancies with similar autophagy dependency. Given that

chloroquine and its derivatives are effective autophagy inhibitors

and have been safely used in human patients for various purposes

over decades, these results have been rapidly translated into relevant

studies for pancreatic cancer treatment and have subsequently

advanced to clinical trials (34).In the article by Mathias T.

Rosenfeldt (37) and GUO JY (38)indicated Autophagy plays a

crucial role in the metabolic reprogramming of tumors, including

glucose uptake, synthetic metabolic pathways, the tricarboxylic acid

(TCA) cycle, and energy expenditure during starvation. autophagy

is required to sustain the functional mitochondrial pool necessary

for tumor growth. These study makes targeting autophagy and

mitochondrial metabolism valuable new approaches for treating

aggressive pancreatic cancer (38).

These findings have provided considerable insights into the role

of autophagy in cancer and established the significance of

autophagy inhibition for cancer treatment. Currently, the

lysosomal inhibitor hydroxychloroquine (HCQ) has been

employed in numerous clinical trials, yielding mixed results (39).

However, these findings have guided the development of more

effective and specific autophagy inhibitors for use in clinical trials.

We also performed a timeline analysis of co-cited references to

reveal the changes in research hotspots over time. The vertical axis

represents the clustering label, with a total of 11 clusters, and the

horizontal axis shows the timing of the occurrence of important

reference nodes. The most recent research hotspots were

“#5metabolic rewiring”and “#6 autophagy-related pathway”

suggesting that concerns are not limited autophagy related genes

of tumor, the breadth of research has been extended. (Figure 5D)

Keywords represent the main topic of publications. Through the

co-citation analysis of VOSviewer, it is found that the whole study can

be divided into three clusters: the regulation of autophagy cluster, the

effect of autophagy cluster, and clinical study cluster (Figures 6A, B).

In the regulation of autophagy cluster, the latest keywords focus on

“LncRNA”, “circular RNA” and “miRNA” and other non-coding

RNA.In recent years a number of studies have proved the role of non-

coding RNA in the regulation of autophagy, the disorder between

autophagy and non-coding RNA play a major role in the progress,

treatment resistance of pancreatic cancer (PC), and the non-coding

RNA as PC therapeutic target was explored (40–43).

The autophagy effect study clusters were intersection according to

the top 30 of weight <Occurrences> and score <Avg. pub. year>,The

six key words “autophagy inhibition”,”ferroptosis”,”pancreatic

stellate cells”, “tumor microenvironment”, pancreatic ductal

adenocarcinoma”, “lysosome “have received more attention in

recent years and are the hot topics of this study (Figure 6C).

Review and summary of relevant studies of the 6 keywords are

shown that the autophagy not only help orchestrate the crosstalk of

diverse vesicular trafficking pathways to remodel metabolism but also

interface with multiple other cellular pathways, including (but not
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limited to)cell-death pathways, and innate immune signaling of

tumor microenvironment (10). Ferroptosis is a novel form of cell

death regulation, which Dr Stockwell BR found in a 2012 (44). It is

characterized by metabolic abnormalities, leading to the

accumulation of iron and related lipid signals, and lipid

peroxidation produces reactive oxygen species, which induces cell

death. The study of Daolin Tang et al. demonstrated that autophagy

causes ferroptosis by degrading ferritin in cancer cells and fibroblasts

in the microenvironment, clarifying the relationship between

autophagy and ferroptosis at the gene level (45). Knockdown or

knockout of Atg5 and Atg7 limited ferroptosis induced by erastin and

reduced intracellular ferrous iron levels and lipid peroxidation.

Consistently, inhibition of NCOA4 (nuclear receptor coactivator 4),

a selective cargo receptor for selective autophagy turnover of ferritin

(i. e., ferritin phagtosis) in ferroptosis. inhibits ferritin degradation

and ferroptosis. In contrast, overexpression of NCOA4 increases

ferritin degradation and promotes ferroptosis. These findings provide

new insights into the interplay between autophagy and regulated cell

death. Two other different studies show that MEKi in PDAC cells

upregulates ferritin phagocytosis, which selectively degrades ferric

protein from iron stores in the lysosomes to release iron in the

cytosol. This increase in iron promotes mitochondrial iron-sulfur

cluster in synthesis used to enhance mitochondrial oxidative

phosphorylation in PDAC cells (46, 47). Targeted ferritin

phagocytosis may be an interesting novel approach to inhibit

autophagy, but more studies are needed.

The changes in malignant metabolism and malignant behavior of

pancreatic cancer cells provide a suitable microenvironment for the

survival of pancreatic cancer cells (25). pancreatic (PSCs) are an

important component of the tumor microenvironment (48). PSCs

are thought to play an important role in maintaining the balance

between matrix formation and degradation and maintaining the

normal tissue architecture, they can transfer into highly proliferative

myofibroblasts in the presence of tissue injury (49). The confirmation

of the presence of activated PSC in the stroma surrounding cancer cells

has prompted investigation of possible interactions between these two

cell types, and bidirectional interactions between PSC and cancer cells

are now well reported [6]. PSCS can be activated in response to cancer

cells (as demonstrated by increased proliferation, migration, and ECM

synthesis); in turn, PSC induces cancer cell proliferation while reducing

cancer cell apoptosis, thereby promoting cancer cell survival (50). PSC

would also move cancer cells forward by affecting epithelial-

mesenchymal transition (EMT) (51). Pancreatic ductal

adenocarcinoma (PDAC) is characterized by a highly desmoplastic

tumor microenvironment (TME) composed of a large number of

activated PSCs, which play a key role in the refractory response of

PDAC to immunotherapy and chemotherapy. In addition, several

reports have shown that PSC induces resistance to radiotherapy and

chemotherapy (52–54). PSCs promote cancer stem cell (CSC) to

express stem-cell markers such as ABCG2, nestin, and Lin 28, which

enabling CSCs to regenerate entire populations of cancer cells with

varying degrees of differentiation that can serve as a source of recurrent,

and commonly come into being tumors with therapy-resistant.

Targeting tumor-stroma crosstalk in the tumor microenvironment

has emerged as a promising therapeutic strategy against pancreatic

cancer progression and metastasis. Vitamin D receptor signaling
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activation is a well-studied mechanism of PSC inactivation, and the

vitamin D analogue calcipotriol (Cal) was found to activate VDR to

induce aPSC quiescence. Synergistic autophagy blockade and VDR

signaling activation enhance stellate cell reprogramming in PDAC in

pancreatic ductal adenocarcinoma (55). Synergistic autophagy

blockade and VDR signaling activation are promising therapeutic

approaches to reprogram PSC and improve PDAC response to

immunotherapy. Synergistic autophagy blockade and VDR signaling

activation enhance stellate cell reprogramming in pancreatic ductal

adenocarcinoma. And that idea has entered clinical trials. This phase 2

trial by Olatunji B. Alese et al. investigated the addition of paricalcitol

and hydroxychloroquine to gemcitabine and nab-paclitaxel in patients

with pancreatic cancer that had spread to other sites in the body

(advanced or metastatic disease). Paricalcitol and hydroxychloroquine

combined with standard chemotherapy (gemcitabine and albumin-

bound paclitaxel) may be more effective than paricalcitol or

hydroxychloroquine alone in patients with pancreatic cancer

(NCT04524702); this trial will be completed in 2024 (56).

Another important cell type in the tumor microenvironment is

cancer-associated fibroblasts (CAF), which are considered to be one

of the most critical stromal cells that interact with pancreatic ductal

adenocarcinoma (PDAC) and promote tumor growth, metastasis

and treatment resistance. Previous studies have shown that

autophagy contributes to CAF activation during tumor

progression (53, 56).Defective autophagy in CAF has been found

to impede CAF activation by inhibiting proline biosynthesis and

collagen production. In addition, we show that autophagy promotes

proline biosynthesis through mitophagy-mediated regulation of

NADK 2 (mitochondrial NAD kinase 2), an enzyme responsible

for mitochondrial NADP (H) production, Targeting PRKN (parkin

RBR E3 ubiquitin protein ligase) in the matrix to inhibit cellular

mitophagy reduced tumor weight. Therefore, inhibition of

mitophagy in CAFs in the tumor microenvironment may be an

attractive strategy to focus with stroma for anticancer intervention.

Autophagy inhibition in TME enhances anti-tumor immune

response. Immunotherapy strategies aim to enhance anti-tumor

immunity in cancer. However, clinical outcomes were less effective

than expected. Recent findings suggest that autophagy inhibition

not only in tumor cells but also in different cells present in the TME,

such as T cells and tumor-associated macrophages (TAMs), can

enhance anti-tumor immunity and enhance immune checkpoint

inhibitor therapies, such as anti-programmed cell death protein I

(PD-1) antibody therapy (57, 58). These findings highlight that

autophagy in tumor cells and host cells supports tumor growth.

TAMs is also an important component of TME, and autophagy

inhibition in TAM promotes M1 polarization, leading to increased

secretion of proinflammatory cytokines (59). In a melanoma model,

HCQ treatment repolarized macrophages from M2 to M1

phenotype and also upregulated stimulator of interferon genes

(STING) (60). Upregulated STING leads to phosphorylation of

TBKl and release of interferon beta. Tam-induced interferon

secretion enhanced tumor-directed cytotoxic T cells, and HCQ

treatment also enhanced anti-PD-I antibody antitumor activity (59,

61). Together, these findings suggest that targeting autophagy in

TAMs may be a promising approach and may open up the

possibility of different drug delivery modalities for autophagy
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drugs, such as lipid nanoparticles that bind to macrophages (15).

Natural killer (NK) cells and autophagy in dendritic cells (DC) have

not been studied in pancreatic cancer, but PPTl deficient DC are

more effective in cross-presenting viral antigens to T cells. Show

that autophagy inhibition can strengthen the function of DC in the

TME (58), whether can be used as effective inhibit autophagy

immunotherapy targets remains to be further study.

The three most recent keywords in the clinical research cluster

are “drug repurposing” , “ immunotherapy” , and “drug

repositioning”. It is also a research hotspot in clinical application

in recent years. Patients with advanced cancer receive

chemotherapy, targeted therapy or immunotherapy, but in most

cases, these treatments are incurable (17). Autophagy promotes the

survival and resistance of cancer cells in the face of chemotherapy

and targeted therapy, and recent studies have also found its role in

impairing anti-tumor immunity. The classical drug, chloroquine

analogues, has entered several clinical trials for its new use as an

autophagy inhibitor. However, inhibition of autophagy by HCQ

alone or in combination is not curative in existing preclinical

models and clinical trials, suggesting that there are mechanisms

of tumor resistance to this approach. And precise delivery to tumor

cells or microenvironment cells, improve the efficiency of

traditional drugs and immunotherapy drugs, and reduce side

effects, has become a hot topic for researchers (58). The poor

effects of various current chemoradiotherapy and immunotherapy

are closely related to micro environmental changes such as

extensive fibrosis of PC caused by astrocytes. Combination of

targeting of autophagy and astrocytes in PC may be an effective

alternative to immune checkpoint therapy (54, 60). However, the

five current clinical trials on autophagy in PC are mostly single-

center clinical trials with small patient numbers, low evidence levels,

and mainly phase I-II trials. These shortcomings may be related to

the heterogeneity of PC itself, the diversity of dialogue between

stromal cells such as astrocytes and tumor cells, and the complexity

of the tumor microenvironment (23, 25, 26). To date, no specific

autophagy inhibitors or inducers have received regulatory approval

in cancer or any other disease. These questions raise the need to find

better drugs to target autophagy in cancer. Therefore, it is

promising to consider therapies that target autophagy, PSCs and

tumor microenvironment, and a combination of classical

antineoplastic agents. We expect that multidisciplinary integration

can achieve more comprehensive research, resource sharing, and

complementary advantages, so as to deepen the level of research

and improve the effectiveness of pancreatic cancer treatment.
Limitations

There are several limitations that should be considered in this

study. We only searched the WOSCC database to ensure the quality

and integrity of the collected data. The lack of a complement from

other literature databases, such as Scopus or Google Scholar, may

have led to an incomplete analysis of the data. Secondly, this study

only analyzed basic publication information and lacked in-depth

exploration of the specific content, which is somewhat subjective.

Finally, we only selected articles published in English from 2013 to
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2023. Some important and landmark studies may have

been excluded.
Conclusion

Pancreatic cancer is a severe disease with high morbidity and

mortality. Moreover, the mechanism of the autophagy has extensive

application prospects. The trend of the overall publications shows

annual increases, indicating interest in this research filed is

increasing. China has the most publications in this field, and

publications are increasing at the fastest rate. Publications

originating from the USA have the highest influence, which

enlighten that it is necessary for countries to strengthen academic

cooperation to help research progress. Ferroptosis, pancreatic

stellate cells, tumor microenvironment, immunotherapy, and drug

repositioning have been research hotspots in this field in recent

years, which indicated that the current research hotspots mainly

focus on the crosstalk between autophagy and pancreatic stellate

cells or other tumor microenvironment component.
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