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Abstract

Background: This paper aims to show the scientific research and technological development trends
of antineoplastics targeting PD-1/PD-L1 based on scientometrics and patentometrics.
Methodology/Principal Findings: Publications and patents related to antineoplastics targeting PD-
1/PD-L1were searched and collected from the Web of Science (WoS) and the Derwent Innovation
Index (DII) respectively. Totally, 11244 publications and 5501 patents were obtained. The
publications were analyzed from the annual number, the top countries/regions and organizations to
describe the scientific research trends in this field. The patents were analyzed from the annual
number, the top priority countries and patent assignees to reveal the characteristics and status of
technological development. As well as the identification of scientific research focus and
technological development focus was based on the title and abstract of the publications and patents,
using the freely available computer program VOSviewer for clustering and visualization analysis.
The number of scientific publications and patent applications showed obvious increase of 29.84%
and 33.46% in recent ten years (2009-2018), respectively. Results suggested that the most
productive countries/regions publishing on antineoplastics targeting PD-1/PD-L1 were USA and
China, and the top three productive organizations were all from USA, including Harvard University,
VA Boston Healthcare System (VA BHS) and University Of California System. There were four
scientific research focus: (1) immune escape mechanism, (2) biomarkers related to efficacy and
prognosis, (3) immune-related adverse event, and (4) drug design and preparation, and five
technological development focus: (1) testing methods and apparatus, (2) indications related to
carcinoma, (3) biomarkers related to diagnosis and prognosis, (4) small molecule inhibitors, and (5)
indications other than carcinoma.

Conclusions/Significance: The results of this study presents an overview of the characteristics of
research status and trends of antineoplastics targeting PD-1/PD-L1, which could help readers
broaden innovative ideas and discover new technological opportunities, and also serve as important
indicators for government policymaking.
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Introduction

Cancer is one of the causes of death around the world, which threatens human health and quality
of life seriously. The International Agency for Research on Cancer (IARC) released the latest report
“Global cancer statistics 2018 11 which showed that, there were an estimated 18.1 million new
cancer cases worldwide, with a death toll of 9.6 million in 2018, which had risen sharply comparing
to 14.1 million new cases and 8.2 million deaths in 2012. The global cancer burden has further
increased. The Report showed that 1 in 5 men and 1 in 6 women worldwide would suffer from
cancer, and 1 in 8 men and 1 in 11 women would die. The data showed that [231, almost half of the
world's new cancer cases and more than half of cancer deaths occurred in Asia in 2018. Among
them, China, as a populous country, was a large part of the cancer incidence and death in Asia. The
incidence of cancer in China was increasing year by year and tending to be younger. In recent years,
the World Health Organization (WHO) has proposed that, 40% of malignant tumors can be
prevented, 40% of malignant tumors can be cured, and 20% of malignant tumors can be palliative,
which could help cancer patients to live more comfortable. Early diagnosis and treatment can
prolong survival time and improve quality of life. Antineoplastics have always been a hot spot in
drug discovery, especially tumor immunotherapy drugs have received globally widespread attention.
In recent years, immunological checkpoint inhibitors targeting the programmed death receptor-1
(PD-1)/programmed death receptor-1 ligand (PD-L1) pathway have become a research focus in the
field of cancer treatment, which could be the most promising tumor immunotherapy strategy, due
to its long-lasting effect and wide applicability. PD-1 is an important immunosuppressive molecule
that is closely related to cancer treatment. In 2012, Suzanne LT and Julie R found that PD-1 related
antibodies had a good effect in non-small cell lung cancer (NSCLC), melanoma and kidney cancer
451 which was the first time to be confirmed that PD-1 related antibodies had been shown to be
effective in cancer. PD-1 is a negative costimulatory signaling molecule, and PD-L1 is its ligand.
The PD-1/PD-L1 signaling pathway is one of a group of immunostimulatory molecules that plays a
key role in immune activation and tolerance. A series of subsequent evidences suggest that PD-1
targeted immunomodulation plays an important role in anti-tumor therapy [©19. In 2013, Science
magazine ranked tumor immunotherapy as the top of the top ten breakthroughs 1121 which once
again made immunotherapy the focus of cancer treatment, and the research on PD-1/PD-L1

provided new strategies for anti-tumor treatment. PD-1/PD-L1 monoclonal antibody has become
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the standard treatment for a variety of malignant tumors, such as malignant melanoma, non-small
cell lung cancer (NSCLC), Hodgkin's lymphoma, renal cell carcinoma, etc. Since 2014, the US
Food and Drug Administration (FDA) has approved five immunological checkpoint inhibitors
targeting the PD-1/PD-L1 pathway, including two PD-1 monoclonal antibodies (Pembrolizumab
and Nivolumab) and three PD-L1 monoclonal antibodies (Atezolizumab, Avelumab and
Durvalumab), which have made breakthroughs in the clinical treatment of various tumors. These
drugs have significantly prolonged the survival of many cancer patients, and some patients have
completely resolved their condition. Merck's Keytruda (Pembrolizumab) is the first PD-1 inhibitor
approved by the FDA for the treatment of metastatic melanoma ['>4]. A number of PD-1/PD-L1
monoclonal antibodies have been in clinical research all over the world, and antibody-based
immunotherapy has become an important research area. PD-1/PD-L1 is a co-inhibitory molecule
expressed on the surface of various tumors, which participates in the immune escape of tumor cells
by down-regulating the anti-tumor activity of T cells. Blocking the PD-1/PD-L1 pathway has
become the focus of tumor immunotherapy. These drugs show a broad spectrum of cancer treatment,
and they are expected to achieve a huge breakthrough in cancer treatment in the future. The
treatment of PD-1/PD-L1 pathway has become a cancer immunotherapy. Antineoplastics targeting
PD-1/PD-L1 develop rapidly, bringing hope to the majority of cancer patients. However, while
focusing on their therapeutic effects, the limitations and side effects should also be clearly
recognized. Exploring new ideas and directions will become a research focus in the future. The
research on the antineoplastics targeting PD-1/PD-L1 is the future development trends, which has
good application value and practical significance. With the accelerating pace of technology updates,
the uncertainty of technological innovation is also increasing. It is helpful for technology forecasting
by extracting effective information from massive data, and mining hidden inter-technology
relationships.

As the most effective carrier of technical information, patents cover more than 90% of the latest
technological information in the world, and the content is detailed and accurate. Patent analysis is
the theory and method of obtaining intelligence from patent information, and it is the main method
for analyzing the key technologies in information science. Through the patent analysis in a certain
field, it can objectively reflect the overall situation and development trend of technology [13-181,

which could effectively and accurately give the information about the relevant technological
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innovation and development. Antineoplastics targeting PD-1/PD-L1 are developing rapidly and are
the focus of international competition. The patent analysis of antineoplastics targeting PD-1/PD-L1
could help us grasp the technological innovation trend and clarify the direction of technological
innovation. This study could provide information support for the research of cancer drug therapy in

China, and also provide a new research perspective for technological development.

Ethics Statement

This study is about the scientometrics and patentometrics of antineoplastics targeting PD-1/PD-
L1, and the subject investigated are the academic publications and patents. It does not involve
human subject research and animal research, and no patient records/information and clinical records
are included. Therefore, no ethics issue is involved in this research.

Materials and Methods

Materials

The publications and the patents were both from the database of Thomson Reuters, with two-way
connection, which could organically link the basic research results and technological application
ones. Then it made it possible to understand the relationship between basic research results and
market application prospects, analyze the competitive situation globally, and accelerate the mutual
promotion and transformation of knowledge innovation and technology.

The publications related to “PD-1" and “PD-L1” were searched and collected from the Web of
Science (WoS) Database of Thomson Reuters, using search strategy based on topic in May, 2019.
There were two subject terms of “PD-1” and “PD-L1”, which were retrieved in title and abstract.
The search strategy was as follows: Topic “PD-1” OR Topic “PD-L1”, and then refined by
document types as “articles” and languages as “English”, and then 11244 ones were obtained.

The patents were collected from the Derwent Innovation Index (DII) Database of Thomson
Reuters using search strategy based on subject terms of “PD-1” and “PD-L1”, which were also
retrieved in title and abstract. Then, 5495 patents were obtained.

The publication and patent data were imported into Thomson Data Analyzer 3.0 (TDA, Thomson
Reuters Co., New York, NY, USA) for authority control, and imported into the freely available
computer program VOSviewer (version 1.6.3; www.vosviewer.com) for clustering and

visualization analysis.
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Methods

Publications and patents are important outputs, which could reflect the situation of basic research,
applied research and other aspects in one field, and also reveal the level of science and technology
and international competitiveness of one country to a certain extent.

Scientometrics and patentometrics were employed to investigate the research activity and to
reveal the current characteristics and status in the field of antineoplastics targeting PD-1/PD-L1.
The scientometrics were based on the following descriptions of publication years, countries/regions,
organizations and scientific research focus. The identification of scientific research focus were in
view of co-word analysis of the title and abstract of the publications in this field. The patentometrics
were in terms of application years, priority countries, patent assignees and technological
development focus. The identification of technological development focus were also according to
co-word analysis of the title and abstract of the patents in this field.

Scientometrics and patentometrics are primary methods in information science, which utilizes
quantitative analysis to reveal the development situation in a given field on the basis of publications
and patents, respectively. Scientometrics and patentometrics can provide a macroscopic overview
of the given field for the researchers, and have been used in many scientific fields, e.g. oncology
1151 neurosciences [ and nanotechnology 2%, etc. Through the scientometrics and patentometrics
of the field of antineoplastics targeting PD-1/PD-L1, we can generally understand the main research
direction and its development trend.

The clustering and visualization by VOSviewer

VOSviewer, a freely available computer program, is developed for constructing and viewing
bibliometric maps [!1, has been widely used in many fields, such as computer and information ethics
(221 physiology [?3], 3D bioprinting 4], etc. In our research, the VOSviewer software constructed
maps of scientific research focus and technological development focus, on account of the co-
occurrence frequencies of the words from the title and abstract of the publications (2015-2019) and
patents, respectively. The 2D maps in which the distance between any two words reflects the
relatedness of the words as closely as possible. In general, the stronger the relation between two
words, the smaller the distance between them in the map. Each word in the map also has a color.
Colors are used to indicate the grouping or clustering of the words. Those words with the same color

belong to the same cluster and tend to be more closely related than those with different colors. In
6


https://doi.org/10.1101/2020.05.01.072041
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2020.05.01.072041; this version posted May 1, 2020. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is
made available under aCC-BY 4.0 International license.

other words, words with the same color tend to co-occur with each other more frequently than those
with different colors. To obtain the visualization and the clustering of the words, the VOSviewer
software uses two techniques, namely the VOS mapping technique and the VOS clustering
technique, which share the same underlying principles, and together these techniques provide a
unified framework for mapping and clustering [2!-%]. In the identification of scientific research focus
and technological development focus, the map provide a visual representation by showing the
relations between the words of the title and abstract of the publications (2015-2019) and patents in
the field of t antineoplastics targeting PD-1/PD-L1, by means of using the VOSviewer software for
bibliometric mapping [>'1. Those maps can be used to get an overview of the field of antineoplastics
targeting PD-1/PD-L1 both in the scientific research and technological development aspects.
Results and Discussions
The scientific research trends of antineoplastics targeting PD-1/PD-L1 based on
scientometrics
General analysis

Based on the above data sources and search strategy, 11244 articles were retrieved in all. Fig. 1
shows the growth of publications in the field of antineoplastics targeting PD-1/PD-L1. The year 2019
was not included due to that it was partial of the year (from January to May in 2019). The number of
publications assigned annually increased from 1 in 1971 to 2391 in 2018, and showed an obvious
increase from 2009, with an increase of 29.84% from 2009 to 2018, indicating that more and more
attention has been paid on in recent years. An exponential regression was done based on the data
from 2009 (the year in which the publication trend began to increase continuously) through 2018.
The equation describing the data was y = 147.71e02927% with a coefficient of determination R? =
0.9507. If the publication increase continues at the same rate, the equation forecasts that 2656
documents will be published in 2019 and 7596 in 2023. Since the WOS database continues to include
new journals, the actual numbers will be higher than the predicted values in 2019 and 2023.
Countries/Regions

A total of 113 countries/regions contributed to the field of antineoplastics targeting PD-1/PD-L1.
The top ten prolific countries/regions were shown in Fig 2. USA had the greatest share of
publications, followed by China and Japan. In particular, USA (4567 articles) published more than

40% of all the publications, over twice as many as articles as the following China (2226 articles).
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Similarly, China had close to twice numbers of articles as the following Japan (1230 articles). The
total number of publications produced by these three countries was 8023 (71.35%), which constituted
more than 70% of the global productivity in the field of antineoplastics targeting PD-1/PD-L1.

In the recent five years, the number of publications has exceeded half of the total number of
publications in this field, so the recent five years have been chosen to reflect the trend of publications
in the top 10 countries/regions. Fig. 3 showed the annual changing trends of the top 10
countries/regions from 2015 to 2018. Also, the year 2019 was not included due to the incomplete
data (from January to May in 2019), which could not represent the final trend. The results indicated
that the publications of USA and China increased most rapidly in recent years. Both the total number
and the annual number of publications in recent years in China were in the second place. However,
there is still a wide gap between China and USA.

Organizations

The top 20 organizations were shown in Fig. 4, which were highly correlated with the top 10
countries/regions. More than half of them were American, with 14 ones. There were three
institutions in France entering the top 20, and one institution in China, one in Germany and one in
England entered the top 20, respectively. The top three organizations were Harvard University, VA
Boston Healthcare System (VA BHS) and University Of California System, with publications of
763, 590 and 469, respectively. The only one Chinese organization in top 20 was Chinese academy
of sciences, with 216 publications.
Scientific Research Focus

There were 11244 publications related to antineoplastics targeting PD-1/PD-L1, including 7506
ones in recent five years (2015-2019). The titles and abstracts of the 7506 ones were chosen to
identify the scientific research focus, which were imported to VOSviewer for clustering and
visualization. Fig 5 showed the clusters of co-word matrix made by VOSviewer, and there were
divided into four clusters, indicating that the scientific research focus of related to antineoplastics
targeting PD-1/PD-L1 were varied. Each cluster is one scientific research focus, the four focus were
as follows: (1) immune escape mechanism, (2) biomarkers related to efficacy and prognosis, (3)
immune-related adverse event, and (4) drug design and preparation (Fig SA). Those words associated
with each focus were listed in Table 1, and each cluster only listed the top ten high frequency words

due to the limited space. Fig 5B showed the temporal development of the scientific research focus
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related to antineoplastics targeting PD-1/PD-L1 in recent five years, which indicated that the four
focus were concentrated in 2016 and 2017, and the focus of efficacy and prognosis, and immune
related adverse event were newer than immune escape mechanism, and drug design and preparation
in recent five years, relatively, which also indicated that the focus of biomarkers related to efficacy
and prognosis, and immune-related adverse event had received more attention recently.

Biomarkers related to efficacy and prognosis. Immune checkpoint inhibitors have been shown
to be effective in many malignancies, but the efficacy of different types of tumors is very different,
and even patients with the same type of cancer respond differently 26-3%I. Therefore, finding effective
biomarkers has always been crucial, which can screen those patients who could benefit from
immunotherapy, and monitor the efficacy and prognosis of immunotherapy. At present, the
commonly used biomarkers in clinical include programmed cell death 1 ligand 1(PD-L1) 3132, tumor
mutation burden (TMB) 333341, microsatellite instability-high (MSI-H) and mismatch repair deficiency
(dAMMR) B53¢1. However, most of these biomarkers need to be detected in tumor tissues, with the
problems difficult acquisition and the low prediction efficiency. A recent clinical study identified the
dMMR / MSI-H as a biomarker for the clinical response of PD-1 inhibitors, and FDA has accelerated
approval of pembrolizumab for adults and pediatric patients with unresectable or metastatic dAMMR
or MEI-H solid tumors based on it 7). That was the first FDA-approved treatment option based on
biomarkers rather than tumor types. It is an urgent problem to find the convenient and reliable
biomarkers related to efficacy and prognosis in the field of immunotherapy. By exploring the
biomarkers related to efficacy and prognosis of immunotherapy, it is possible to gain a deeper
understanding of the interaction between the tumor and the immune system, and further determine
the correct individualized treatment plan to make patients get more effective treatment. Identifying
patients who could benefit from treatment, developing reliable biomarkers, and minimizing side
effects from treatment will remain the research priorities.

Immune-related adverse events. Immune checkpoint inhibitors offer new hope for tumor patients,
but also accompanying by new toxicity and disease. Inmune-related adverse events (irAEs) refers to
the imbalance of autoimmune tolerance caused by the enhancement of T cell tumor immunity,
showing inflammatory response when normal tissues are involved B8, The commonly affected are
the gastrointestinal tract, the skin, and the endocrine system 3%, and the skin toxicity is the most

common immune-related adverse event in the treatment of immune checkpoint inhibitors among
9
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them 101, In addition, there are pulmonary toxicity, renal toxicity, neurotoxicity, ocular toxicity, and
rheumatic toxicity, which are relatively rare [31. Although pulmonary toxicity is uncommon, its
toxicity occurs rapidly and can even cause death [#1-43]. Also, neurotoxicity is rare, but can be very
serious and life-threatening 44431, The toxic and side effects of immune checkpoint inhibitors are
directly related to the excessive activation of the immune system, which are obviously different from
those of chemotherapy and small molecule inhibitors. The side effects associated with chemotherapy
and small molecule inhibitors are usually relieved by themselves after drug withdrawal, while
immune-related adverse events are unique, and their toxicity may delay the onset and continue for
months after drug withdrawal. It is usually impossible to solve immune-related adverse events simply
by stopping medication or measuring adjustments, and it often requires the intervention of hormones
or other drugs to inhibit the immune response 39401, Early identification and intervention of the side
effects of immune checkpoint inhibitor therapy are necessary conditions to reduce the incidence of
adverse reactions and mortality, and also are essential to prevent long-term morbidity.

Fig 5C and Fig 5D showed the different scientific research focus between China and USA. It seems
that China's focus are more concerned on biomarkers related to efficacy and prognosis, immune
escape mechanism, and drug design and preparation than immune-related adverse event. However,
American focus are more concerned on immune-related adverse event, and immune escape
mechanism than biomarkers related to efficacy and prognosis, and drug design and preparation. The
scientific research focus of the two countries is a little different, and China has one more focus of
drug design and preparation. However, in terms of the values of the two same focus in the two
countries, the two focus of USA (near 0.6) is more concerned than those of China (near 0.4).

The technological development trends of antineoplastics targeting PD-1/PD-L1 based on
patentometrics
General analysis

Patents of antineoplastics targeting PD-1/PD-L1were collected from the Derwent Innovation
Index (DII) Database of Thomson Reuters, and 5501 patents were obtained. The first patent
application in this field was in 1990, with three ones. Then, the number of patents increased year by
year, especially in recent years, showing an obvious increase from 2009. Fig. 6 showed the growth
of patent applications in the field of antineoplastics targeting PD-1/PD-L1. The year 2019 was not

included due to the lag period from patent application to publication, which could not reflect the
10
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real trends. The number of patent applications assigned annually increased from 3 in 1990 to 1988
in 2018, and showed an obvious increase from 2014, with an increase of 50.74% from 2014 to
2018, indicating that more and more attention had been paid on in recent years. A polynomial
regression was done based on the data from 2010 (the year in which patent application began to
increase continuously) through 2018. The equation describing the data was y = 42.463x> - 179.63x
+ 306.38 with a coefficient of determination R? = 0.976. If the patent application increase continues
at the same rate, the equation forecasts that there will be 2855 patent applications in 2019 and 6553
in 2023.

Priority Countries

The top 10 priority countries were shown in Fig 7. The priority country with the largest number of
patents was the United States (US, 2803), followed by China (CN, 1257) and Canada (CA, 1081).
The United States’ patent applications were more than half of the worldwide, much than twice of the
following China and Canada. The patent applications of Japan was 826, and the other priority
countries was less than 500.

Fig. 8 showed the annual number of patent applications related to antineoplastics targeting PD-
1/PD-L1 by priority countries, from 2009 to 2018. It depicted the rising trend of global patent
applications on antineoplastics targeting PD-1/PD-L1, mainly in the United States, China and
Canada. The annual number of patent applications in the United States ranked first in the world each
year in recent ten years. Although the total number of patent applications in Canada was less than
in China, the number per year was above China. Until 2018, the number of applications in China
exceeded that of Canada, ranking second in the world.

Patent Assignees

The top 15 patent assignees were shown in Fig 9. More than half are American patent assignees,
with 8 ones, including three companies, two research institutes, two universities, one hospital and
one government department. Genentech was an American biotechnology company, and became a
subsidiary of Roche in 2009. Others were three Japanese companies, two Swiss companies, one
Korean company and one French institute. The top three patent assignees were Bristol-Myers
Squibb (USA), Dana-Farber Cancer Institute (USA), and Novartis (Switzerland). China ranked
second place in the number of patent applications in priority countries, but no Chinese patent

assignees ranked among the top 15 in the world.
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Technological Development Focus

There were 5501 patents in the field of antineoplastics targeting PD-1/PD-L1, the titles and
abstracts of which were chosen to identify the technological development focus, with the same
method and procedure of identifying the scientific research focus, which were also imported to
VOSviewer for clustering and visualization. Fig 10 showed the clusters of co-word matrix made by
VOSviewer, and there were divided into five clusters, one more focus than the scientific research
ones, indicating that the technological development focus of related to antineoplastics targeting PD-
1/PD-L1 were more diverse. The five technological development focus were as follows: (1) testing
methods and apparatus, (2) indications related to carcinoma, (3) biomarkers related to diagnosis and
prognosis, (4) small molecule inhibitors, and (5) indications other than carcinoma (Fig 10A). Those
words associated with each focus were listed in Table 2, and each cluster only listed the top ten high
frequency words due to the limited space. Fig 10B showed the technological development focus
related to antineoplastics targeting PD-1/PD-L1, which indicated that the five focus were distributed
from 2008 and 2016, and three focus of indications related to carcinoma, biomarkers related to
diagnosis and prognosis, and small molecule inhibitors were newer, the average application years of
which were all almost in 2016. And the focus of indications other than carcinoma was a little older
than the above three ones, with the average application year of 2014 nearly. Then, the focus of testing
methods and apparatus was the oldest, with the average application year close to 2008. So, as could
be seen from the Fig 10B, the technological development focus related to antineoplastics targeting
PD-1/PD-L1 was on testing methods and apparatus initially, and then had changed over time. The
three focus of indications related to carcinoma, biomarkers related to diagnosis and prognosis, and
design and synthesis of derivatives had received more attention in recent years.

Indications related to carcinoma. This is the way to expand the indications. The earliest PD-1 /
PD-L1 inhibitors used in clinical trials were pembrolizumab and nivolumab, both of which were
initially approved for the treatment of melanoma [#748], Subsequently, pembrolizumab was approved
for the treatment of non-small cell lung cancer [*°], and nivolumab was approved for the treatment of
renal cell carcinoma 3%, non-small cell lung cancer [, and squamous-cell carcinoma of the head
and neck 321, Tt is a fast and effective way to find antineoplastics by the way of constantly exploring
the therapeutic efficacy of existing tumor immunotherapy drugs in other tumors. The discovery of

new uses is an important direction for new drug discovery, and this is drug repositioning 331, The
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new drugs discovery through new uses of existing drugs has significantly reduced the cost of research
and development, expanded the indications and clinical treatment scope of the original drugs, and
the clinical application has tended to be safe, reasonable and effective, with reducing the risk of
discovering new drugs in the traditional way at the same time [, Drug repositioning strategy is one
of the best risk-benefit ratio strategies in the currently known drug discovery strategies, and it is also
one of the effective methods to solve the dilemma of high investment and low success rate in new
drug discovery 53571, The rapid development of tumor immunotherapy and the promising clinical
research results have prompted the continuous development of immune checkpoint inhibitors, which
are actively researched and expanded to many other types of malignant tumors, and they need clinical
trials to be approved for marketing. Although most of these results of are in further clinical trials, this
kind of new drugs are rapidly changing the landscape of cancer treatment.

Biomarkers related to diagnosis and prognosis. This technological development focus is similar
to the scientific research focus of biomarkers related to efficacy and prognosis. With no doubt,
advances in scientific research have also contributed to the technological development on biomarkers.
More and more research institutions and enterprises have accelerated the protection of biomarker
products in the field of intellectual property. These patents are mainly the methods of tumor diagnosis
or prognosis by biomarkers, including the new biomarkers discovery, new or improved diagnostic
methods, etc [58-62], The research results of biomarkers for diagnosis and treatment can directly guide
the development of diagnostic tools and the selection of therapeutic drugs, which have great market
prospects. Developing reliable biomarkers for predicting efficacy and prognosis is one of the major
challenges in the field of tumor immunotherapy, and it will remain the focus of scientific research
and technological development [©3]. Scientific research is the foundation and source of technological
development, and also technological development will promote scientific research in turn. The
interactive relationship between science and technology can promote the development of biomarkers
better and faster in the future.

Small molecule inhibitors. Although antibody-based tumor immunotherapy has significant
clinical efficacy and has made many breakthroughs, there are still some unavoidable problems. The
monoclonal antibodies can cause serious immune-related adverse events (irAEs), due to the long
half-life and the binding to targets for too long [¢+65], In addition, the production process of

monoclonal antibodies is complicated, expensive and not easy to store and transport. Compared with
13
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monoclonal antibodies, small molecule drugs have many significant advantages, such as low price,
oral administration, easy transportation and storage, and non-immunogenicity %71, Therefore,
searching for small molecule inhibitors of PD-1 / PD-L1 has become a hot spot for new drug
discovery. At present, the reported small molecule inhibitors include the following types: peptides
168,691 ' sulfonamides [7%, biphenyls 71721, oxadiazoles [7%], etc. The first small molecule inhibitor of
PD-1 was a class of sulfonamides discovered by Harvard University in 2011, and such sulfonamide
derivatives were expected as lead compounds to be further modified and optimized to design
compounds with druggability 7.  Comparing with antibody drugs, the binding activity of small
molecule inhibitors to targets is lower. However, small molecule inhibitors have controllable
pharmacokinetic properties and mature research system, which makes it possible to overcome the
problems of antibody drugs. Therefore, it is very important to design and synthesize small molecule
inhibitors that block the binding of PD-1 / PD-L1.

Fig 10C and Fig 10D showed the different technological development focus between China and
USA. It could be seen from the Fig 10C that the focus of biomarkers related to diagnosis and prognosi
(between 0.5 and 0.6) was most concerned in China. The three focus of indications other than
carcinoma, small molecule inhibitors, and indications related to carcinoma were less concerned. It
seemed that the focus of testing methods and apparatus received the least attention in China,
comparatively. The American focus were a little different, and there were three most concerned focus
(between 0.7 and 0.9), such as indications other than carcinoma, small molecule inhibitors, and
indications related to carcinoma. The focus of biomarkers related to diagnosis and prognosis was less
concerned in USA (between 0.6 and 0.7), while it received most attention in China. As was the same
in China, the focus of testing methods and apparatus received the least attention in USA.
Conclusion

This study uses scientometrics and patentometrics to explore the research activity and reveal the
current characteristics in the field of antineoplastics targeting PD-1/PD-L1. This field has received
widespread attention, growing rapidly in recent years. It is predicted that the document publications
and the patent applications will reach 7596 and 6553 in 2023, severally. USA is the most productive
country, not only with the greatest share of publications, but also the largest number of patents.
Also, the top one publishing organization and top one patent assignee are also from USA, and they

are Harvard University and Bristol-Myers Squibb, respectively. China ranks second in the world,
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but there is a large gap in both the number of document publications and the number of patent

applications compared with USA.

Acknowledgments
This study is supported by the Fundamental Research Funds for the Central Universities (NO.
2017PT63006) and the National Key Research and Development Program of China (NO.

2016YFC0104805).

Author Contributions
TZ conceived and designed the experiments. TZ performed the experiments. TZ, JC and YL
analyzed the data. TZ contributed materials and analysis tools. TZ wrote the paper. TZ, ZLOY

obtained the funding. TZ has primary responsibility for the final content.

Declaration of interest
All authors read and approved the final manuscript. The authors have declared that no competing

interests exist.

Figure Legends
Fig 1. Annual changes in the numbers of the publications in the field of antineoplastics

targeting PD-1/PD-L1.

Fig 2. The top ten prolific countries/regions in the field of antineoplastics targeting PD-1/PD-
L1.

Fig 3. The annual changing trends of the top 10 countries/regions in the field of antineoplastics

targeting PD-1/PD-L1 from 2015 to 2018.

Fig 4. The top 20 organizations in the field of antineoplastics targeting PD-1/PD-L1 from 2015
to 2018.

Fig 5. The scientific research focus related to antineoplastics targeting PD-1/PD-L1.

(A) The visualization of the scientific research focus related to antineoplastics targeting PD-1/PD-L1
based on the VOSviewer.

(B) The temporal development of the scientific research focus related to antineoplastics targeting PD-

1/PD-L1 in recent five years. The color is from purple to yellow, the closer to purple, the focus is

15


https://doi.org/10.1101/2020.05.01.072041
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2020.05.01.072041; this version posted May 1, 2020. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is
made available under aCC-BY 4.0 International license.

older, and the closer to yellow, the focus is newer.

(C) The scientific research focus of China related to antineoplastics targeting PD-1/PD-L1. Colors
from purple to yellow indicate that the concern of focus is low to high, with the value from 0.1 to
0.4. The closer to the purple (0.1), the focus is lower concerned, and the closer to the yellow (0.4),
the focus is more concerned.

(D) The scientific research focus of USA related to antineoplastics targeting PD-1/PD-L1. Colors
from purple to yellow indicate that the concern of focus is low to high, with the value from 0.2 to
0.6. The closer to the purple (0.2), the focus is lower concerned, and the closer to the yellow (0.6),

the focus is more concerned.

Fig 6. Annual changes in the numbers of the patent applications in the field of antineoplastics

targeting PD-1/PD-L1.
Fig 7. The top 10 priority countries in the field of antineoplastics targeting PD-1/PD-L1.

Fig 8. The annual changing trends of the top 10 priority countries in the field of antineoplastics
targeting PD-1/PD-L1 from 2009 to 2018.

Fig 9. The top 15 patent assignees in the field of antineoplastics targeting PD-1/PD-L1.

Fig 10. The technological development focus related to antineoplastics targeting PD-1/PD-L1.
(A) The visualization of the technological development focus related to antineoplastics targeting PD-
1/PD-L1 based on the VOSviewer.

(B) The temporal development of the technological development focus related to antineoplastics
targeting PD-1/PD-L1in recent five years. The color is from purple to yellow. The closer to purple
(the year 2008), the focus is older, and the closer to yellow (the year 2016), the focus is newer.

(C) The technological development focus of China related to antineoplastics targeting PD-1/PD-L1.
Colors from purple to yellow indicate that the concern of focus is low (0.2) to high (0.6). The color
is from purple to yellow. The closer to the purple (0.2), the focus is lower concerned, and the closer
to the yellow (0.6), the focus is higher concerned.

(D) The technological development focus of USA related to antineoplastics targeting PD-1/PD-L1.
Colors from purple to yellow indicate that the concern of focus is low to high. The color is from
purple to yellow. The closer to the purple (0.4), the focus is lower concerned, and the closer to the

yellow (0.9), the focus is higher concerned.

Reference

1. Bray F, Ferlay J, Soerjomataram I, et al. Global cancer statistics 2018: GLOBOCAN estimates of
incidence and mortality worldwide for 36 cancers in 185 countries[J]. Ca-Cancer J Clin, 2018,
68(6): 394-424.

2. XuC,WangY, Yang H, et al. Association Between Cancer Incidence and Mortality in Web-Based

Data in China: Infodemiology Study[J]. ] Med Internet Res, 2019, 21(e106771).
16


https://doi.org/10.1101/2020.05.01.072041
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2020.05.01.072041; this version posted May 1, 2020. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is
made available under aCC-BY 4.0 International license.

3. GuX, Zheng R, Xia C, et al. Interactions between life expectancy and the incidence and mortality
rates of cancer in China: a population-based cluster analysis[J]. Cancer Communications, 2018,
38(UNSP 44).

4. Brahmer JR, Tykodi SS, Chow LQ, et al. Safety and activity of anti-PD-L1 antibody in patients
with advanced cancer[J]. N Engl J Med, 2012, 366(26): 2455-2465.

5. Topalian SL, Hodi FS, Brahmer JR, et al. Safety, Activity, and Immune Correlates of Anti-PD-1
Antibody in Cancer[J]. N Engl J Med, 2012, 366(26): 2443-2454.

6. Abdin SM, Zaher DM, Arafa EA, et al. Tackling Cancer Resistance by Immunotherapy: Updated
Clinical Impact and Safety of PD-1/PD-L1 Inhibitors[J]. Cancers, 2018, 10(322).

7. Chamoto K. Energy metabolism improves the PD-1 blockade cancer immunotherapy[J]. Cancer Sci,
2018, 1091: 68.

8. Ludin A, Zon LI. CANCER IMMUNOTHERAPY The dark side of PD-1 receptor inhibition[J].
Nature, 2017, 552(7683): 41-42.

9. Zahm CD, McNeel DG. Optimizing prostate cancer immunotherapy by reducing vaccine induced
PD-1 expression[J]. Cancer Res, 2016, 7614.

10. Dolan DE, Gupta S. PD-1 Pathway Inhibitors: Changing the Landscape of Cancer
Immunotherapy[J]. Cancer Control, 2014, 21(3): 231-237.

11. Couzin-Frankel J. Cancer Immunotherapy[J]. Science, 2013, 342(6165): 1432-1433.

12. Berndt JD, Gough NR. 2013: Signaling Breakthroughs of the Year[J]. Sci Signal, 2014, 7(eg1307).

13. Kyi C, Postow MA. Checkpoint blocking antibodies in cancer immunotherapy[J]. Febs Lett, 2014,
588(2): 368-376.

14. Hamid O, Robert C, Daud A, et al. Safety and tumor responses with lambrolizumab (anti-PD-1) in
melanomal[J]. N Engl J Med, 2013, 369(2): 134-144.

15. Zhang T, Chen J, Jia X. Identification of the Key Fields and Their Key Technical Points of
Oncology by Patent Analysis[J]. Plos One, 2015, 10(¢014357311).

16. Milanez DH, Lopes De Faria LI, Do Amaral RM, et al. Patents in nanotechnology: an analysis using
macro-indicators and forecasting curves[J]. Scientometrics, 2014, 101(2): 1097-1112.

17. Chen DZ, Chang HW, Huang MH, et al. Core technologies and key industries in Taiwan from 1978
to 2002: A perspective from patent analysis[J]. Scientometrics, 2005, 64(1): 31-53.

18. Qu J, Lu J, Hu Y. Research and development of anti-Parkinson's drugs: an analysis from the
perspective of technology flows measured by patent citations[J]. Expert Opin Ther Pat, 2019, 29(2):
127-135.

19. Hoppen NHF, Vanz SADS. Neurosciences in Brazil: a bibliometric study of main characteristics,
collaboration and citations[J]. Scientometrics, 2016, 109(1): 121-141.

20. Terekhov Al.Bibliometric spectroscopy of Russia’s nanotechnology: 2000-2014[J]. Scientometrics,
2017, 110(3): 1217-1242.

21. van Eck NJ, Waltman L.Software survey: VOSviewer, a computer program for bibliometric
mapping[J]. Scientometrics, 2010, 84(2): 523-538.

22. Heersmink R, van den Hoven J, van Eck NJ, et al. Bibliometric mapping of computer and
information ethics[J]. Ethics Inf Technol, 2011, 13(3): 241.

23. Pecha O, VanéCek J. Analysis of the Czech and Hungarian physiology publications 1994-2011[J].
Scientometrics, 2015, 105(2): 991-1003.

24. Rodriguez-Salvador M, Maria Rio-Belver R, Garechana-Anacabe G. Scientometric and

patentometric analyses to determine the knowledge landscape in innovative technologies: The case

17


https://doi.org/10.1101/2020.05.01.072041
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2020.05.01.072041; this version posted May 1, 2020. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is
made available under aCC-BY 4.0 International license.

of 3D bioprinting[J]. Plos One, 2017, 12(¢01803756).

25. Waltman L, van Eck NJ, Noyons ECM. A unified approach to mapping and clustering of
bibliometric networks[J]. J Informetr, 2010(4).

26. Robert C, Long GV, Brady B, et al. Nivolumab in previously untreated melanoma without BRAF
mutation[J]. N Engl J Med, 2015, 372(4): 320-330.

27. Herbst RS, Baas P, Kim DW, et al. Pembrolizumab versus docetaxel for previously treated, PD-L1-
positive, advanced non-small-cell lung cancer (KEYNOTE-010): a randomised controlled trial[J].
Lancet, 2016, 387(10027): 1540-1550.

28. El-Khoueiry AB, Sangro B, Yau T, et al. Nivolumab in patients with advanced hepatocellular
carcinoma (CheckMate 040): an  open-label, non-comparative, phase 1/2 dose escalation and
expansion trial[J]. Lancet, 2017, 389(10088): 2492-2502.

29. Saleh R, Elkord E. Acquired resistance to cancer immunotherapy: Role of tumor-mediated
immunosuppression[J]. Semin Cancer Biol, 2019.

30. Jelinek T, Paiva B, Hajek R. Update on PD-1/PD-L1 Inhibitors in Multiple Myeloma[J]. Front
Immunol, 2018, 9: 2431.

31. Patel SP, Kurzrock R. PD-L1 Expression as a Predictive Biomarker in Cancer Immunotherapy[J].
Mol Cancer Ther, 2015, 14(4): 847-856.

32. Fabrizio FP, Trombetta D, Rossi A, et al. Gene code CD274/PD-L1: from molecular basis toward
cancer immunotherapy[J]. Ther Adv Med Oncol, 2018, 10: 433536658.

33. Rizvi NA, Hellmann MD, Snyder A, et al. Cancer immunology. Mutational landscape determines
sensitivity to PD-1 blockade in non-small cell lung cancer[J]. Science, 2015, 348(6230): 124-128.

34. Yarchoan M, Hopkins A, Jaffee EM. Tumor Mutational Burden and Response Rate to PD-1
Inhibition[J]. N Engl J Med, 2017, 377(25): 2500-2501.

35. Le DT, Uram JN, Wang H, et al. PD-1 Blockade in Tumors with Mismatch-Repair Deficiency[J].
N Engl J Med, 2015, 372(26): 2509-2520.

36. Le DT, Durham JN, Smith KN, et al. Mismatch repair deficiency predicts response of solid tumors
to PD-1 blockade[J]. Science, 2017, 357(6349): 409-413.

37. Lee JM, Cimino-Mathews A, Peer CJ, et al. Safety and Clinical Activity of the Programmed Death-
Ligand 1 Inhibitor Durvalumab in Combination With Poly (ADP-Ribose) Polymerase Inhibitor
Olaparib or Vascular Endothelial Growth Factor Receptor 1-3 Inhibitor Cediranib in Women's
Cancers: A Dose-Escalation, Phase I Study[J]. J Clin Oncol, 2017, 35(19): 2193-2202.

38. Michot JM, Bigenwald C, Champiat S, et al. Immune-related adverse events with immune
checkpoint blockade: a comprehensive review[J]. Eur J Cancer, 2016, 54: 139-148.

39. Dong H, Markovic SN. The Basics of Cancer Immunotherapy [M]. New York, NY: Springer, 2018.

40. Hodi FS, Mihm MC, Soiffer RJ, et al. Biologic activity of cytotoxic T lymphocyte-associated
antigen 4 antibody blockade in previously vaccinated metastatic melanoma and ovarian carcinoma
patients[J]. Proc Natl Acad Sci U S A, 2003, 100(8): 4712-4717.

41. Postow MA, Chesney J, Pavlick AC, et al. Nivolumab and ipilimumab versus ipilimumab in
untreated melanoma[J]. N Engl J Med, 2015, 372(21): 2006-2017.

42. Larkin J, Hodi FS, Wolchok JD. Combined Nivolumab and Ipilimumab or Monotherapy in
Untreated Melanoma[J]. N Engl J Med, 2015, 373(13): 1270-1271.

43. Wolchok JD, Kluger H, Callahan MK, et al. Nivolumab plus ipilimumab in advanced melanoma[J].
N Engl J Med, 2013, 369(2): 122-133.

44. Sznol M, Ferrucci PF, Hogg D, et al. Pooled Analysis Safety Profile of Nivolumab and Ipilimumab

18


https://doi.org/10.1101/2020.05.01.072041
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2020.05.01.072041; this version posted May 1, 2020. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is
made available under aCC-BY 4.0 International license.

Combination Therapy in Patients With Advanced Melanoma[J]. J Clin Oncol, 2017, 35(34): 3815-
3822.

45. Johnson DB, Wallender EK, Cohen DN, et al. Severe cutaneous and neurologic toxicity in
melanoma patients during vemurafenib administration following anti-PD-1 therapy[J]. Cancer
Immunol Res, 2013, 1(6): 373-377.

46. Heppt MV, Steeb T, Schlager JG, et al. Immune checkpoint blockade for unresectable or metastatic
uveal melanoma: A systematic review[J]. Cancer Treat Rev, 2017, 60: 44-52.

47. Robert C, Long GV, Brady B, et al. Nivolumab in previously untreated melanoma without BRAF
mutation[J]. N Engl J Med, 2015, 372(4): 320-330.

48. Robert C, Schachter J, Long GV, et al. Pembrolizumab versus Ipilimumab in Advanced
Melanoma[J]. N Engl J Med, 2015, 372(26): 2521-2532.

49. Garon EB, Rizvi NA, Hui R, et al. Pembrolizumab for the treatment of non-small-cell lung cancer[J].
N Engl J Med, 2015, 372(21): 2018-2028.

50. Cella D, Grunwald V, Nathan P, et al. Quality of life in patients with advanced renal cell carcinoma
given nivolumab versus everolimus in CheckMate 025: a randomised, open-label, phase 3 trial[J].
Lancet Oncol, 2016, 17(7): 994-1003.

51. Gettinger SN, Horn L, Gandhi L, et al. Overall Survival and Long-Term Safety of Nivolumab (Anti-
Programmed Death 1 Antibody, BMS-936558, ONO-4538) in Patients With Previously Treated
Advanced Non-Small-Cell Lung Cancer[J]. J Clin Oncol, 2015, 33(18): 2004-2012.

52. Ferris RL, Blumenschein GJ, Fayette J, et al. Nivolumab for Recurrent Squamous-Cell Carcinoma
of the Head and Neck[J]. N Engl J Med, 2016, 375(19): 1856-1867.

53. Arakelyan A, Nersisyan L, Nikoghosyan M, et al. Transcriptome-Guided Drug Repositioning[J].
Pharmaceutics, 2019, 11(12).

54. Lagarde N, Rey J, Gyulkhandanyan A, et al. Online structure-based screening of purchasable
approved drugs and natural compounds: retrospective examples of drug repositioning on cancer
targets[J]. Oncotarget, 2018, 9(64): 32346-32361.

55. lIvliev AE, T HP, Borisevich D, et al. Drug Repositioning through Systematic Mining of Gene
Coexpression Networks in Cancer[J]. Plos One, 2016, 11(11): e165059.

56. Lee H, Kang S, Kim W. Drug Repositioning for Cancer Therapy Based on Large-Scale Drug-
Induced Transcriptional Signatures[J]. Plos One, 2016, 11(3): e150460.

57. Mullen J, Cockell SJ, Woollard P, et al. An Integrated Data Driven Approach to Drug Repositioning
Using Gene-Disease Associations[J]. Plos One, 2016, 11(5): e155811.

58. Perez-Santos M, Anaya-Ruiz M, Herrera-Camacho I, et al. Cancer combinatorial immunotherapy
using etigilimab and nivolumab: a patent evaluation of WO2018102536[J]. Expert Opin Ther Pat,
2020, 30(2): 83-86.

59. Perez-Santos M, Anaya-Ruiz M, Cebada J, et al. Treatment of cancer with a combination of LAG-
3Ig and anti-PD-1/anti-PD-L1 antibodies: a patent evaluation of US2018271940 A1[J]. Expert Opin
Ther Pat, 2019, 29(5): 311-314.

60. Kopalli SR, Kang TB, Lee KH, et al. Novel Small Molecule Inhibitors of Programmed Cell Death
(PD)-1, and its Ligand, PD-L1 in Cancer Immunotherapy: A Review Update of Patent
Literature[J]. Recent Pat Anticancer Drug Discov, 2019, 14(2): 100-112.

61. Shaabani S, Huizinga H, Butera R, et al. A patent review on PD-1/PD-L1 antagonists: small
molecules, peptides, and macrocycles (2015-2018)[J]. Expert Opin Ther Pat, 2018, 28(9): 665-678.

62. Kong X, Zhang Q, Lai Y, et al. Global patent landscape of programmed cell death 1: implications

19


https://doi.org/10.1101/2020.05.01.072041
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2020.05.01.072041; this version posted May 1, 2020. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is
made available under aCC-BY 4.0 International license.

of the rapid expansion[J]. Expert Opin Ther Pat, 2018, 28(1): 69-80.

63. JavidJ, Mir R, Julka PK, et al. Extracellular cytochrome ¢ as a biomarker for monitoring therapeutic
efficacy and prognosis of non-small cell lung cancer patients[J]. Tumour Biol, 2015, 36(6): 4253-
4260.

64. Hwang SJ, Carlos G, Chou S, et al. Bullous pemphigoid, an autoantibody-mediated disease, is a
novel immune-related adverse event in patients treated with anti-programmed cell death 1
antibodies[J]. Melanoma Res, 2016, 26(4): 413-416.

65. Naidoo J, Page DB, Li BT, et al. Toxicities of the anti-PD-1 and anti-PD-L1 immune checkpoint
antibodies[J]. Ann Oncol, 2016, 27(7): 1362.

66. Guzik K, Zak KM, Grudnik P, et al. Small-Molecule Inhibitors of the Programmed Cell Death-
1/Programmed Death-Ligand 1 (PD-1/PD-L1) Interaction via Transiently Induced Protein States
and Dimerization of PD-L1[J]. J Med Chem, 2017, 60(13): 5857-5867.

67. Skalniak L, Zak KM, Guzik K, et al. Small-molecule inhibitors of PD-1/PD-L1 immune checkpoint
alleviate the PD-L1-induced exhaustion of T-cells[J]. Oncotarget, 2017, 8(42): 72167-72181.

68. Sasikumar PGN. Immunomodulating cyclic compounds: US, 9422339[P].

69. Ramachandra M. Abstract 2850: Demonstration of anti-tumor efficacy in multiple preclinical
cancer models using a novel peptide inhibitor (Aurigene-012) of the PD1 signaling pathway[J].
Cancer Res, 2012, 72(8 Supplement): 2850.

70. Sharpe AH, Butte MJ, Oyama S. Modulators of immunoinhibitory receptor PD-1, and methods of
use thereof: WO, 2011082400[P].

71. Yeung KS, Katharine AGY, Zhu JL, et al. Compounds useful as immunomodulators: WO,
2018044963 A1[P].

72. Feng Z, Chen X, Yang Y. Benzyl phenyl ether derivative preparation method therefor, and
pharmaceutic[P].

73. De Velasco G. Analysis of response rate with ANTI PD1/PD-L1 monoclonal antibodies in

advanced solid tumors: a meta-analysis of randomized clinical trials[J]. Oncotarget,2018, 9(9).

20


https://doi.org/10.1101/2020.05.01.072041
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2020.05.01.072041; this version posted May 1, 2020. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is
made available under aCC-BY 4.0 International license.

Table 1. The scientific research focus related to antineoplastics targeting PD-1/PD-L1.

Scientific Research Focus Keywords Records

teell 2460

cd4 954

function 916

activation 853

. phenotype 620

1 Immune escape mechanism infection 586
vitro 564

line 547

flow cytometry 534

antigen 523

immunohistochemistry 851

overall survival 828

prognosis 675

correlation 639

2 Biomarkers related to efficacy and prognosis ilsfa%iocn iég
TILs 355

specimen 342

value 302

squamous cell carcinoma 301

trial 940

nivolumab 548

chemotherapy 535

pembrolizumab 489

3 Immune-related adverse event ?;(S{cci ty ;g;
progression free survival 379

adverse event 336

range 336

safety 325

reaction 426

reduction 334

process 312

property 291

4 Drug design and preparation (S::)rﬁgiggl g;g
surface 233

catalyst 232

state 230

formation 229

Table 2. The technological development focus related to antineoplastics targeting PD-1/PD-L1.

Technological Development Focus Keywords Records
drawing 836
pdl 760
system 590
device 521
1 Testing methods and apparatus ;lfr??(in jgg
surface 381
time 369
unit 361
circuit 342
carcinoma 884
skin cancer 369
hodgkin 310
bone cancer 269
2 Indication related to carcinoma ;eosrt:(}:ll;lg;]fﬁlncer ;g;
acute myeloid leukemia 262
chronic lymphocytic leukemia 246
uterine cancer 241
adenocarcinoma 234
region 794
specification 717
seq id 703
acid sequence 579
3 Biomarkers related to diagnosis and prognosis host cell 423
amino acid sequence 422
expression vector 288
heavy chain 271
t lymphocyte 250
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light chain 231
reaction 426
reduction 334
process 312

property 291
s condition 275
4 Small molecule inhibitors structure 252
surface 233
catalyst 232
state 230
formation 229
rheumatoid arthritis 262
multiple sclerosis 232
psoriasis 194
crohn 166
L . ulcerative colitis 137
5 Indication other than carcinoma inflammatory bowel disease 130
asthma 126
alzheimer 116

scleroderma 92

graft versus host disease 91
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Harvard University/USA 763

VA Boston Healthcare System (VA BHS)/USA

University Of Califormia System/USA 423
Dana Farber Cancer Institute/USA 420
University Of Texas System/USA 398
Institut Mational De La Sante Et De La Recherche Medicale (INSERM ) France 373

Johns Hopkins University/USA 37
UTMD Anderson Cancer Center/USA 301
Mational Institutes Of Health (NTH)/LUSA 288
UNICANCER/France 272
Memorial Sloan Kettering Cancer Center/USA 232
Yale University/USA 228

227
216
209

Massachusetts General Hospital/USA
Chinese Academy Of Sciences/China
Pennsylvania Commonwealth System Of Higher Education (PCSHE)USA

Helmholtz Association/Germany 189

Johns Hopkins Medicine/USA 183
University Of London/England 189
Assistance Publique Hopitaux Paris (APHP)/France 187
University Of Pennsylvania/USA 183
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