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Abstract

Background and Aims: Pancreatic cancer is one of the digestive system tumors with a high degree of
malignancy. Due to its insidious onset, early symptoms are often not typical, and it has a strong invasive
nature, therefore, the prognosis is poor. With the in-depth study of the molecular pathogenesis of
pancreatic cancer, immunotherapy has become a new focus of pancreatic cancer treatment. Bibliometrics
is a commonly used method to analyze the literature of a certain field, summarize the trend of the
literature intuitively, and predict research hotspots. This article aims to provide direction for subsequent
research by analyzing the current status, hotspots, and trends of immunotherapy for pancreatic cancer
through bibliometrics and knowledge map visualization.

Methods: The relevant publications on pancreatic cancer immunotherapy published from the inception
to May 2022 were extracted from the Web of Science Core Collection. A bibliometric visualization
analysis of countries, institutions, authors, references, and keywords in the publications in this filed was
performed using software such as CtieSpace and VOSviewer.

Results: A total of 2 230 English-language literature related to pancreatic cancer immunotherapy
published between 2009 and 2022 were included, and the number of publications has been steadily
increasing every year since 2016. These publications had 7 943 co-cited references and 7 365 authors
from 884 institutions in 75 countries/regions. The country with the most publications was the United
States (n=964), followed by China (#=552). The institution with the most publications was Johns
Hopkins University in the United States (#=67) and the MD Anderson Cancer Center at the University of
Texas (n=65). The authors with the most publications were Elizabeth M Jaffee (n=41) and Lei Zheng (n=
31), both from Johns Hopkins University in the United States. The most cited publication was "Genomic
analyses identify molecular subtypes of pancreatic cancer" (n=161), and the timeline of co-cited
references showed that clustering "tumor microenvironment" has been a hot topic since 2016. The
keyword burst detection revealed the development of the field of pancreatic cancer immunotherapy, with

"vaccine" being the initial hot topic, and the focus shifting to "ipilimumab" "checkpoint blockade"

nn nn nn

"epithelial-mesenchymal transition" "stellate cells" "macrophages" "mismatch repair deficiency" and
"tumor microenvironment" in recent years.

Conclusion: Research related to immunotherapy for pancreatic cancer is showing a sustained upward
trend and has become an important research direction for the treatment of pancreatic cancer. Currently,
the United States is in an absolute leading position in this research field. Studies have shown that the
unique tumor microenvironment may be the main reason for the high malignancy and insensitivity to
radiation and chemotherapy of pancreatic cancer, and the underlying mechanisms of the pathogenesis of
pancreatic cancer tumor microenvironment are the current focus of research. In addition, research
focusing on "epithelial-mesenchymal transition" and "immune checkpoint inhibition" is more common.
Existing research indicates that single treatment options have limited effectiveness for the treatment of
pancreatic cancer, and immune combination therapy or chemotherapy combined with immunotherapy can

further improve the clinical efficacy of pancreatic cancer, which is the trend of future clinical research.
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Figure 2 The number of publications on pancreatic cancer

immunotherapy
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Figure 3 Top 10 countries in terms of publications on

pancreatic cancer immunotherapy
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Table 1 Top S institutions in terms of publications on pancreatic cancer immunotherapy
Gk} [H% R HE Pk ISEITIRIe e SR [ R
B oLt PN ES 85 0.21 5614 66.04
TEER=HT R MD ZAEARREAE oL S 67 0.17 9574 142.9
FEA R R ESE 65 0.05 6478 99.7
BB | 50 0.01 902 18.04
JrBE VRS BRRAE L B3 49 0.01 2795 57.04
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Table 2 Top 10 authors with the highest publication output in pancreatic cancer immunotherapy

HE# =5 HR KChE Pl
1 Elizabeth M Jaffee ESE 41 A R
2 Lei Zheng B 31 LYY SR
3 Robert H Vonderheide B 26 BAH PR R
4 LA | 19 el
5 Hiroaki Nagano HA 15 =S
6 Gregory L Beatty B 15 BEA LR
7 Paola Cappello il 14 FRFER R KA
8 Anirban Maitra % 12 PTG R MID 2 B ARIEEE HR 0
9 Wei Wang | 12 LR B F B
10 Francesco Novelli R 12 FRFIERR KA
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Figure 4 Visualization map of authors in pancreatic cancer
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Table 3 Top 10 co-cited references in the field of pancreatic cancer immunotherapy

He44 w5 141 B TIE =G SRR IF

1 161 Bailey, %" Nature, 2016, 531(7592):47-52. I PRI 49.962
2 149 Siegel, 5"°I CA Cancer J Clin, 2019, 69(1):7-34. A TR 508.102
3 133 Le, 2% Science, 2017, 357(6349):409-413. (7N 47.728
4 124 von Hoff,Z#!""' N Engl J Med, 2013, 369(18):1691-1703. I PR GS: 91.245
5 118 Balachandran, 55" Nature, 2017, 551(7681):512-516. I AR5 49.962
6 115 Jiang, Z5U%) Nat Med, 2016, 22(8):851-860. 7N 53.44

7 112 Brahmer, %' N Engl J Med, 2012, 366(26):2455-2465. I R 6 91.245
8 106 Nywening, %! Lancet Oncol, 2016, 17(5):651-662. 7 N7 41316
9 105 Bray,%5??! CA Cancer J Clin, 2018, 68(6):394—424. AT 508.102
10 103 Le,%#> N Engl J Med, 2015, 372(26):2509-2520. |7 SE 91.245
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Top 30 Keywords with the Strongest Citation Bursts

Keywords Year Strength Begin End 2009 - 2022
vaccination 2009 8.232009 2015 pooo
metastatic melanoma 2009 7.32009 2017 p——e
growth factor receptor 2009 6.542009 2016 pm—.
tumor cell 2009 6.22009 2012 pmo
peripheral blood 2009 6.022009 2013y
in vivo 2009 5.772009 2070 s
tolerance 2009 4.522009 2013
natural killer cell 2009 4412010 2016 oo
vaccine 2009 8772011 2016 .
adoptive immunotherapy 2009 7.992011 2016 o
mesothelin 2009 4322011 2015 . oo
secreting tumor vaccine 2009 10.642012 2017 .
antigen 2009 6.032012 2013
colony stimulating factor 2009 10.912013 2016 .
ipilimumab 2009 8132013 2019 . c— .
inflammation 2009 6.642013 2016 o
standard adjuvant therapy 2009 582015 2016 . s
clinical significance 2009 7.532016 2018
ovarian cancer 2009 6212016 2017 . -
nf kappa b 2009 4912016 2018 o
ctla 4 blockade 2009 8.992017 2018
pd 1 blockade 2009 7362017 2018 . —
open label 2009 11112018 2022
checkpoint blockade 2009 7242018 2019 -
antitumor activity 2009 4422018 2020 -
epithelial mesenchymal transition 2009 11.032019 2022 e
stellate cell 2009 7942019 2020
macrophage 2009 7.212019 2022
mismatch repair deficiency 2009 5.952020 2022
tumor microenvironment 2009 5.012020 2022
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Figure 7 Keywords with the strongest citation burst in the
field of pancreatic cancer immunotherapy
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