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ABSTRACT

BACKGROUND: Bibliometrics has been used for assessing and predicting trends in macro-health science and medical systems, especially
in the field of cancer. Bibliometric and scientometric studies in the field of programmed cell death 1/programmed cell death 1 ligand 1 (PD-1/

PD-L1) may guide further research in this field.

OBJECTIVE: To perform bibliometric analysis of articles on PD-1 and PD-L1 published in the academic literature during 1975 to 2017.

METHOD: The bibliometric analysis was performed using the Thomson Reuters Web of Science database.

RESULTS: A total of 23813 articles were retrieved, 73.52% of which were original articles. The United States was the leading country by total
publication number (n=10897, 10.91%), followed by China (10.54%), and produced the most literature on PD-1/PD-L1 (164.65 articles).
Among the institutions identified, Harvard University (USA) contributed the most articles on PD-1/PD-L1.

CONCLUSIONS: All authors and institutions in the top 10 contributor’s lists were from the developed countries. Researchers from the devel-
oping and least-developed countries should be encouraged to perform novel studies on PD-1 and PD-L1.
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Introduction

Programmed cell death 1 (PD-1),a type I transmembrane pro-
tein, was first reported in the early 1990s.1:2 Since its discovery,
numerous studies have determined that engagement of PD-1
through its ligand, PD-1 ligand 1 (PD-L1), negatively regu-
lates T cell-mediated immune responses.? PD-L1 is com-
monly expressed on many types of hematopoietic (T, B,
macrophages, dendritic) and nonhematopoietic cells (epithe-
lial, stromal, endothelial).? In earlier studies, the monoclonal
antibodies blocking immune checkpoints, such as cytotoxic
T-lymphocyte—associated protein 4 (CTLA-4) and PD-L1/
PD-1 demonstrated promising anti-tumor activity and durable
clinical responses in a subset of patients. Based on these
encouraging results, many different PD-1/PD-L1 inhibitors
have entered clinical development.** The PD-1/PD-L1 axis is
of vital importance for restraining the anti-tumor T cell
response. The impressive clinical success of PD-1/PD-L1
blockade is a good example of the translation of basic immu-
nology into patient care.

To build on this achievement and develop efficacious com-
bination therapies, better mechanistic understanding of the
efficacy of PD-1 pathway blockade is required. Further study is
required to understand the mechanisms of response and resist-
ance and to develop biomarkers for predicting response and

immune-related adverse effects. In addition, further investiga-
tions are needed to develop effective combinations with PD-1
pathway inhibitors.3

Studies in the field of CTLA-4, PD-1, and PD-L1 have
been increasing globally.? In the present study, we reviewed all
current evidence of studies on different cancers related to
PD-1/PD-L1, and performed bibliometric and scientometric
quantitative summarization. Bibliometrics, which uses statisti-
cal and mathematical instruments to measure researchers’ con-
tributions to the literature,® is a new scientific field that enables
the statistical analysis of academic literature and describes pub-
lication patterns in a certain field.” Through statistical analysis
of the literature, bibliometrics describes, evaluates, and fore-
casts the status and development of trends in science and tech-
nology. Bibliometrics is widely used in clinical research, as it
provides reference data that can be used to understand the
dynamics of technology, determine the novelty of projects,
publicize research results, and determine which scientific topics
to study. To date, bibliometrics has been used for evaluating
and forecasting trends in macro-health science and medical
systems in cancer, Alzheimer disease and diabetes, and in
micro-fields such as tumor biomarkers.® Deeper understanding
of the anti-tumor immune response generated by basic science
studies will continue to drive the field forward, with favorable
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results for patients.® The aim of the present study was to per-
form bibliometric and scientometric analysis of articles on
PD-1/PD-L1 that had been published in the academic litera-
ture during 1975 to 2017. Such analyses are not currently avail-
able, and our study may encourage researchers to perform
further studies in this field.

Method

We collected all data of our study from the databases provided
by Web of Science (WoS, (Thomson Reuters, New York, USA).
Keywords “programmed cell death 1 receptor,” “programmed
cell death ligand 1,”“CD274,”“B7H1,”“PD-1,” and “PD-L1”
were used to retrieve data from databases. We could reach back
to 1975 in WoS databases and all documents published between
1975 and 2017 were included into the present study. All items
produced in 2018 were excluded. The “UK” was used as a unit-
ing title for all items published from England, Wales, Scotland,
and North Ireland. Articles from Federal Republic of Germany,
East Germany, and West Germany were collected under
“Germany” heading.

The analysis tools of WoS were used to analyze the time,
country, authors, research institution, language, document type,
publications, correlations, citations, meetings, and research
direction. SPSS program package (Version 22.0, SPSS Inc,
Chicago, IL, USA; licensed for Hitit University, Corum,
Turkey) was used for statistical analyses. We created info-maps
by using GunMapp 2 free online source.” Info-graphics reveal-
ing bibliometric networks were generated in VOSViewer soft-
ware.!? Current population data of the countries based on the
latest United Nations Population Division estimates were
obtained from Worldometers.!?

Results
Features of published items

A total of 23 813 published documents between 1975 and 2017
were found in our database search and 38.43% of which was
open access. The majority of documents were original articles
(n=17507, 73.52%) followed by meeting abstracts and meet-
ing reports (24.02% and 18.72%, respectively) (Table 1).

English was the primary language of the literature (7=23 464,
98.53%).

Global productivity

The United States dominated the literature on PD-1 and
PD-L1with 10897 items (45.76%) followed by China, Germany;,
and Japan (10.54, 8.67%, and 8.47%, respectively) (Figure 1).
Articles on PD-1 and PD-L1 were produced throughout the
world, except from some countries in Africa (Figure 2). We
measured a productivity score for each country by using a correc-
tion formula (publication number / population X 1000000)
previously reported in recent bibliometric reports.!> The United
States ranked first in the productivity with a score of 164.65

followed by Switzerland, Sweden, Austria, and Denmark
(s=67.6,37.03,35.49, and 34.01, respectively) (Figure 3).

Research areas, top authors, journals, meetings, and
institutions

Immunology and biochemistry were the most studied research
areas (57.34% and 54.6%, respectively, Table 1). Freeman GJ
from Harvard Medical School (USA) was noted as the most
productive author in this field with 227 articles (0.95%) (Table
2). All researchers in top 10 authors list were from the devel-
oped countries except China. Harvard University (USA) was
the most contributor institution with 1541 documents
(6.49%). All institutions were from developed countries and 9
of which were from the USA (Table 1). Journal of Immunology
was the leading journal in this field with 975 items (4.09%)
followed by Blood and Cancer Research (3.29% and 2.88%,
respectively; Table 1).

Ewolution of publications, correlations, and
citations

H-index the literature on PD-1 and PDL-1 was calculated to
be 238. Total number of citations of the literature was 318046
and average citations per item were 51.44 times. The most cited
document was a review titled “Safety, Activity, and Immune
Correlates of Anti-PD-1 Antibody in Cancer” by Topalian, SL.
et al’ published in 2012 in New England Journal of Medicine.
This article was cited 5339 times and average citations were
667.38 times per year (Table 3). The most contributing meeting
in the field of PD-1 and PDL-1 was 106th Annual Meeting of
The United States and Canadian Academy of Pathology with
297 proceedings (1.25%) (Table 4).

Bibliometric networks analyses

The most used keywords (with total link strength) in the litera-
ture were PD-1 (1861), PD-L1 (1393), immunotherapy
(1028), melanoma (607), nivolumab (679), CTLA-4 (610),
Pembrolizumab (499), Ipilimumab (269), cancer (261), lung
cancer (251), T cells (248), PD-L2 (181), Checkpoint inhibi-
tors (179), B7H1 (171), prognosis (170), NSCL (169), anti-
PD-1 (169), targeted therapy (153), vaccine (150), and
biomarker (144) (Figure 4). Global bibliometric network
revealed a tight connection between countries and 6 centers
centered the United States, the United Kingdom, Germany,
China, France, and Italy (Figure 5).

Correlations

We performed correlation analyses between demographic fea-
tures and publication features of the countries (Spearman’s
rank correlation coefficient). We found low correlation between
total publication number and population of the countries
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Table 1. Document types, and the first 10 research areas, journal Table 1. (Continued)
name, and institutions in published literature.

Johns Hopkins University (USA) 669 (2.81)

DOCUMENT TYPE RECORD COUNT
(%)a National Institutes of Health (USA) 667 (2.8)
Original article 17507 (73.52) Anderson Cancer Center (USA) 602 (2.53)
Meeting abstract 5721 (24.02) I(\ﬂ;asn;c)Jrlal Sloan Kettering Cancer Center 546 (2.18)
Meeting report 4458 (18.72) JOURNAL NAME NUMBER OF
Review 3767 (15.82) PUBLICATIONS
(%)

Editorial 967 (4.06)

Journal of Immunology 975 (4.09)
Clinical trial 316 (1.33)

Blood 784 (3.29)
Case report 283 (1.19)

Cancer Research 687 (2.88)
Letter 282 (1.18)

Journal of Clinical Oncology 635 (2.67)
News 119 (0.50)

Journal of Immunology Baltimore Md 1950 523 (2.19)
Book 82 (0.34)

Modern Pathology 412 (1.73)
Correction 79 (0.33)

Oncotarget 379 (1.59)
Retracted publication 21 (0.09)

Annals of Oncology 353 (1.48)
Biograph 5(0.02)

9 Y PLOS One 351 (1.47)

Other 8497 (35.68)

Oncoimmunology 346 (1.45)
Total 21813

aTotal number may exceed 7187 and total percentages may exceed 100%
RESEARCH AREAS NUMBER OF because certain items were included in more than one category.

PUBLICATIONS

(%)

(r=0.4, p=.03). No correlation was noted between population
and publication productivity of the countries. We detected a
Biochemistry / molecular biology 13001 (54.6) moderated correlation between gross domestic product (GDP)
and publication number (r=0.69, p <.001). We measured high

Immunology 13654 (57.34)

Oncology 12256 (51.47) ] e
correlations between total publication number and GDP per
Cell biology 8141 (34.19) capita, between productivity and GDP, and between productiv-
Pharmacology / pharmacy 7943 (33.36 ity and GDP per capita (Table 5).
Genetics / heredity 7690 (32.29)
Discussion
Hematolo: 7129 (29.94
o ( ) In the last two decades, numerous studies on immune check-
Infectious diseases 3073 (12.9) point blockade in tumor immunotherapy have been pub-
Research experimental medicine 2854 (11.98) lished.?3 An effective means, such as bibliometrics, is needed to
_ summarize and analyze these research advances® and to obtain
Science technology 2792 (11.72)

a perspective of the research status of immune checkpoint
ORGANIZATIONS DOCUMENT blockade in tumor immunotherapy worldwide.? One of the

NSRRI () most important advancements in tumor immunotherapy,
Harvard University (USA) 1545 (6.49) immune checkpoint blockade is based on our understanding of

the interactions between T cells and tumor cells. Tumor cells

Boston Healthcare System (USA) 1196 (5.02) ] . . .
can escape immunosurveillance by upregulating co-inhibitory
University of California System (USA) 920 (3.86) signals and suppressing T cell activity.m
University of Texas System (USA) 838 (3.52) CTLA-4 is the first immune checkpoint receptor to be clini-
) cally targeted, and is expressed only on T cells, where it primarily
Dana Farber Cancer Institute (USA) 780 (3.28)

determines the amplitude of the early stages of T cell activation.

Institut National De La Sante Et De La 669 (2.81) Another immune checkpoint receptor, PD-1, can induce anti-

Recherche Medicale (France . . .
( ) tumor immune responses by the pat1ent’s own immune system.
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Figure 1. Top 10 countries by publication number in PD-1 and PD-L1 literature.

Figure 2. Total publication density of world countries in PD-1 and PD-L1 literature.

PD-1 is highly expressed on tumor-infiltrating lymphocytes in
many human cancers, and PD-1 ligands are frequently upregu-
lated on the tumor cell surface in many different tumors. PD-L1
is the major PD-1 ligand expressed on solid tumor cells. In con-
trast to CTLA-4, the main role of PD-1 is limiting autoimmun-
ity and T cell activity in the peripheral tissues during an
inflammatory response to infection.!#

Over time, it has been understood that CTLA-4 and PD-1/

PD-L1 blockade may be an effective cancer immunotherapy

such as for melanoma, non—-small cell lung carcinoma and renal
clear cell carcinoma, but many tumors remain highly resistant
to immunotherapy.>>!> However, immune checkpoint inhibi-
tors targeting the PD-1/PD-L1 axis have been approved for
treating several malignancies, ranging from classic Hodgkin
lymphoma to head and neck squamous cell carcinoma.?

Phase III randomized trials in other solid cancers, which
might provide more clinical evidence, are underway.'® However,
the combination of monoclonal antibodies against CTLA-4



Bas and Senel

164,65

s

¥ USA m SWITZERLAND = SWEDEN ® AUSTRIA » DENMARK = NETHERLANDS ® AUSTRALIA ® BELGIUM m CANADA  SINGAPORE

Figure 3. Top 10 countries in productivity of PD-1 and PD-L1 literature.

26,81 25,57

Table 2. Top 10 authors producing publications in PD-1 and PD-L1 literature by record count.

AUTHOR INSTITUTION

Freeman GJ Harvard Medical School
Wang Y Tianjin Medical University
Yagita H Juntendo University

Hodi FS Dana-Farber Cancer Institute
Wang J China Medical University
Zhang Y University of Michigan

Chen LP Yale Cancer Center

Zhang J Peking University

Wolchok JD Memorial Sloan-Kettering Cancer Center
Sharpe AH Harvard Medical School

aPercentage of total documents published in the literature.

and PD-1 also results in increased toxicities in a significant
proportion of patients. Therefore, the development of less toxic
anti-PD-1-based combination therapies is an important field
of research, and recent clinical trials are researching different
combinations.” In addition, many cancer patients do not
respond successfully to PD-1/PD-L1 checkpoint blockades.

In the new era of delicate medicine, a predictive biomarker
to select patients who would actually benefit from checkpoint
blockades is crucial for preventing autoimmune adverse effects
and the high cost of such agents.1®

In light of these developments, pathologists should be able to

accommodate the rapid expansion of immunotherapies, new novel

COUNTRY RECORD COUNT %o

USA 227 0.95
China 148 0.62
Japan 148 0.62
USA 145 0.61
China 137 0.57
USA 129 0.54
USA 125 0.52
China 125 0.52
USA 115 0.48
USA 114 0.48

targets and therapeutic strategies, and must become multidiscipli-
nary. That change is fundamental to carefully selecting patients
who, based on their clinical and tumor features, would be the best
candidates for immunotherapeutic approaches and who should
undergo immunohistochemistry testing for multiple targets.

Current debates on the investigation of PD-L1 in patients
highlight the need for detailed, meticulous methods for deter-
mining PD-L1 levels. A peptide-based approach can determine
all levels of PD-L1 with high sensitivity and specificity.}”

De Velasco et al'® conducted a systematic review and meta-
analysis to investigate the safety profiles of ipilimumab,
nivolumab, pembrolizumab, and atezolizumab and to identify



Cancer Informatics

Table 3. The 10 most cited articles in the literature on PD-1 and PDL-1.

ARTICLE

AUTHOR

Safety, Activity, and Immune Correlates of
Anti-PD-1 Antibody in Cancer

Topalian, Suzanne L.
et al

Safety and Activity of Anti-PD-L1 Antibody in
Patients with Advanced Cancer

Brahmer, Julie R. et al

The blockade of immune checkpoints in Pardoll DM

cancer immunotherapy

Caspase-12 mediates endoplasmic-reticulum-
specific apoptosis and cytotoxicity by
amyloid-beta

Nakagawa T. et al

Tumor-associated B7 H1 promotes T-cell
apoptosis: A potential mechanism of immune
evasion

Dong, HD. et al

Engagement of the PD-1 immunoinhibitory
receptor by a novel B7 family member leads to
negative regulation of lymphocyte activation

Freeman, GJ. et al

Mutational landscape determines sensitivity to
PD-1 blockade in non-small cell lung cancer

Rizvi, Naiyer A;
Hellmann, Matthew D.;

Snyder, Alexandra; et al

Restoring function in exhausted CD8T cells Barber DL et al

during chronic viral infection

Combined Nivolumab and Ipilimumab or Larkin J et al

Monotherapy in Untreated Melanoma

Nivolumab versus Docetaxel in Advanced Brahmer J et al

Squamous-Cell Non-Small-Cell Lung Cancer

Table 4. The most contributing meetings in the field of PD-1 and PDL-1.

MEETING

106th Annual Meeting of the United States and Canadian Academy of Pathology

Annual Meeting of the American Society of Clinical Oncology
Annual Meeting of the American Association of Immunologists

107th Annual Meeting on Bioinformatics and Systems Biology

105th Annual Meeting of the United States and Canadian Academy of Pathology

107th Annual Meeting of the American Association for Cancer Research
57th Annual Meeting of the American Society of Hematology

106th Annual Meeting of the American Association for Cancer Research

107th Annual Meeting of the United States and Canadian Academy of Pathology

58th Annual Meeting and Exposition of the American Society of Hematology

the incidence and relative risk of 5 immune-related adverse
events of interest. Their meta-analysis draws attention to a shift
in toxicity patterns oncologists will face in the coming years.!8
Nishijima et al'” also conducted a systematic review and meta-
analysis of randomized controlled trials to compare summary
toxicity endpoints and clinically relevant immune-related

JOURNAL NAME TOTAL AVERAGE
CITATION CITATIONS PER
YEAR

New England 2012 5339 667.38

Journal of Medicine

New England 2012 3442 430.25

Journal of Medicine

Nature Reviews 2012 2975 425

Cancer

Nature 2000 2360 124.21

Nature Medicine 2002 2294 127.44

Journal of 2000 2229 111.45

Experimental

Medicine

Science 2015 2210 442.00

Nature 2006 1931 148.54

New England 2015 1863 465.75

Journal of Medicine

New England 2015 1860 465

Journal of Medicine
NUMBER OF %
PROCEEDINGS
297 1.25
247 1.04
240 1.01
211 0.89
141 0.59
119 0.50
118 0.50
116 0.49
108 0.45
102 0.43

adverse events between PD-1/PD-L1 inhibitors and chemo-
therapy. The authors reported that patients with advanced can-
cerbetter tolerate PD-1/PD-L1 inhibitors than standard-of-care
chemotherapy.!” These reports suggest that trial- and patient-
level meta-analyses reach comparable results.!® In their biblio-
metrics study, Zhao et al?® determined that immune checkpoint
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Figure 5. Scientometric network of the countries cooperating in publishing articles on PD-1 and PD-L1.

blockade has developed rapidly, with increasing influence, in the
last two decades in China but a relatively large gap remains as
compared with the United States. The authors used bibliomet-
rics to analyze the research status of immune checkpoint block-
ade, a popular tumor immunotherapy method represented by
antibodies targeting CTLA-4 and PD-1/PD-L1, in tumor
immunotherapy in China during the past two decades. However,
the present study involves bibliometric analysis of articles on

PD-1 and PD-L1 published in the academic literature during
1975 to 2017. To our knowledge, bibliometric studies on the
quantity and quality of articles published in this field have not
been previously reported.

The potential reasons for the rapid development of tumor
immunotherapy research in different countries may include the
following: first, revenue from the medical industry can main-
tain a steady growth rate, and the pharmaceutical industry can
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Table 5. Correlations between total number of publications or productivity, economic and demographic indices of the countries.

PUBLICATION POPULATION GDP PER

NUMBER CAPITA
r=0.4* r=0.69* r=0.754*
p=.03 p <.001 p <.001

GDP, gross domestic product.

PRODUCTIVITY POPULATION GDP PER
CAPITA

p=.326 r=0.874* r=0.732*
p <.001 p <.001

*Statistically significant (0.00 <r< 0.25: little if any correlation; 0.26 <r < 0.49: low correlation; 0.50 <r < 0.69: moderate correlation; 0.70 <r < 0.89: high correlation;

0.90 <r<1.00: very high correlation).

also undergo strong development. Second, the steady increase
in government investment in drug development can contribute
to the rapid growth of research on immune checkpoint block-
ade for tumor immunotherapy.?

The present study has some limitations. First, all articles
retrieved were from the WoS database; articles from other
databases were not included. Second, the immune checkpoint
blockade drugs we searched were focused on PD-1/PD-L1,
while there was a lack of drugs targeting other immune check-
point molecules.

Conclusion

We used bibliometrics to provide a comprehensive overview of
the research status of immune checkpoint blockade in tumor
immunotherapy worldwide during the past four decades. We
analyzed PD-1/PD-L1 in the literature using the WoS database.
We used statistical and mathematical tools to measure research-
ers’ contributions to the literature on PD-1 and PD-L1. The
primary language was English. The United States dominated
the literature and ranked first in productivity. The most produc-
tive author was Freeman GJ from Harvard Medical School,
USA. The United States, the United Kingdom, Germany, China,
France, and Italy were closely connected by a global bibliometric
network. The countries with the most contributions were all in
the developed classification in United Nations (UN) rankings.?!
All institutions, except Institut National de la Santé et de la
Recherche Médicale in France, are in the United States. We
found no authors from the developing and least-developed
countries in the list of top 10 authors. Therefore, we suggest that
researchers from such countries be encouraged and funded to
perform novel studies on PD-1 and PD-L1. Future efforts will
include adding fiducial knowledge for easier scanning.
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