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Abstract
Background: The programmed death-ligand 1 (PD-L1) pathway inhibits T-cell receptor-mediated
production of IL-2 and T-cell proliferation and plays an important role in the immunosuppression of
various types of cancers. An increasing number of studies have focused on the potential utilization of
anti-PD-L1 therapy in gastrointestinal cancers. In this study, we aimed to analyze developments and
emerging trends in studies of PD-L1 in gastrointestinal cancers from a bibliometric perspective.

Methods: Manuscripts were retrieved from th Web of Science Core Collection (WOSCC) Database.
CiteSpace, a bibliometric software, was used to identify landmark studies, key concepts, and various
subtopics in this research area.

Results: A total of 1325 manuscripts examining PD-L1 in gastrointestinal cancers were included.
Manuscripts published in 2017 and 2018 accounted for almost half of the publications (44.2%,
586/1325). Combined with 31,960 references, the manuscripts on this topic constituted a complex co-
citation network, and landmark papers were identi�ed by indexes including citation in the network,
betweenness centrality, and burstiness . Key concepts such as “Regulatory T cell,” “TIL,” and “Her2” were
identi�ed in the co-citation network for author keywords. Furthermore, several subtopics were identi�ed
during the process of “clustering” in colorectal, gastroesophageal, and hepatopancreatobiliary cancers,
such as “predictive biomarkers”, “advanced cancers”, and “clinical e�cacy”. 

Conclusions: Research on PD-L1 i n gastrointestinal cancers is a rapidly progressing area. More scienti�c
�ndings are expected in the near future. Analysis and summarization from a bibliometric perspective not
onlyidentify landmark manuscripts and hot-spot concepts but also indicate possible directions for future
studies.

Background
Immunotherapy plays an important role in clinical cancer therapy, and many checkpoints have been
discovered for tumor suppression. Immune checkpoint therapy, mainly anti-programmed death-1 (PD-1)
and PD ligand 1 (PD-L1) therapy, can enhance antitumor immune responses by blocking the inhibitory
signals of the immune system. PD-L1, also known as CD274, was �rst discovered by Dong et al [1] in
1999 as an immune regulatory molecule called B7-H1. Later, B7-H1 was renamed PD-L1 because it was
identi�ed as the ligand of PD-1. Moreover, blockade of B7-H1 reduced the growth of tumors in the
presence of immune cells. Importantly, Dong et al [2] published a landmark paper reporting that tumors
with PD-L1 expression had increased T-cell apoptosis. Engagement of PD-L1 with its receptor PD-1, which
is expressed on T cells, inhibits T-cell receptor (TCR)-mediated activation of IL-2 production and T-cell
proliferation. The interaction between PD-L1 and PD-1 also contributes to ligand-induced TCR
downmodulation during antigen presentation to naive T cells [3]. This signi�cant �nding promoted PD-L1
as a potential target in cancer immunotherapy. Currently, several PD-L1 antagonists (avelumab,
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durvalumab, and atezolizumab) are approved by the US Food and Drug Administration for various
indications, especially in treating non-small cell lung cancer (NSCLC) and melanoma [4–7].

Several high-quality clinical studies have examined antagonists of PD-1 in various gastrointestinal
cancers. El-Khoueiry et al [8] reported that nivolumab had a manageable pro�le and durable objective
responses in advanced hepatocellular carcinoma. Shitara et al [9] assessed combination pembrolizumab
and paclitaxel to treat gastric or gastroesophageal junction cancer. Although no signi�cant improvement
of overall survival was observed for this new strategy, pembrolizumab had a better safety pro�le than
paclitaxel. The favorable results of PD-1 blockade suggested the possibility and potential clinical
utilization of blockading PD-L1 in gastrointestinal malignancies. Through February 1, 2019, a total of 22,
23, 21, 15, and 10 clinical trials had been registered for anti-PD-L1 therapies in esophageal, gastric,
colorectal, pancreatic, and hepatocellular carcinoma, respectively [10].

Several reviews have already been published on the frontier PD-L1 research in clinical applications.
However, analysis with a bibliometric method, which relies on an arti�cial intelligence-based algorithm to
landmark manuscripts, hotspots, and emerging trends in a research area, has not been done. In this study,
we used CiteSpace [11], a bibliometric software, to summarize current research about PD-L1 in
gastrointestinal cancers and explore possible directions for future studies.

Results
1. Basic characteristics of manuscripts

A total of 1325 manuscripts in the area of PD-L1 in gastrointestinal cancers were retrieved. Among these
manuscripts, there were 899 original articles (67.8%), 232 reviews (17.5%), 156 meeting abstracts
(11.8%), 25 editorial materials (1.9%), 14 proceeding papers (1.1%), and 12 other documents (0.9%). One
thousand three hundred thirteen manuscripts (99.1%) were written in English. Based on the calculator in
WOS, each manuscript was cited 30.72 times. PD-L1 was also searched in different types of
gastrointestinal cancers. The number of publications in gastric, esophageal, colon, pancreatic,
hepatocellular, biliary, appendiceal, and small intestinal cancers were 345, 109, 560, 252, 278, 15, 0, and 0,
respectively.

Institutions in 54 countries and areas participated in publication of these manuscripts. The United States
(489), China (377), and Japan (172) published most of the manuscripts. The top 5 institutions publishing
manuscripts were Harvard University (55), the University of Texas system (51), the VA Boston Healthcare
System (50), Johns Hopkins University (42), and the Institut National de la Santé et de la Recherche
Médicale (40).

Before 2010, only a few studies were published each year. In 2010, only 12 manuscripts were published.
However, since 2011, the annual number of publications sharply increased (Figure 1). In 2018, 458
manuscripts were published. Additionally, manuscripts published in 2017 and 2018 accounted for almost
half of the retrieved publications (44.2%, 586/1325). Moreover, the percentage of publications on PD-L1
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focusing on gastrointestinal cancers increased over time. In 2010, gastrointestinal cancers accounted for
only 5.8% (12/27) of all studies on PD-L1. However, in 2018, they accounted for 14.9% (458/3081) (Figure
2).

2. Overview of landmark manuscripts

The 1325 manuscripts about PD-L1 in gastrointestinal cancers also cited each other or some other
literature in their references. Combined with their 31,960 references, a simpli�ed co-citation network
(Figure 3) of the manuscripts was constructed on the condition of the g-index as 5. In Figure 3, the 5
manuscripts according to the value of total citations were marked. They were summarized in Table 1 with
the top 5 manuscripts according to the value of betweenness centrality and burstness.

Furthermore, since almost half (44.2%) of the manuscripts were published in 2017 and 2018, a co-citation
network of all literatures during these 2 years was created. The top 5 manuscripts with the highest
citation amount in the co-citation network are summarized in Table 2.

3. Key concepts in the research area

To identify key concepts about PD-L1 in gastrointestinal malignancies, a foam tree was constructed
using the Carrot2 analytic software. The top 5 keywords with the highest frequency were circled with red
line, as “gastric cancer,” “therapies for the treatment,” “colorectal cancer,” “PD-1 for the treatment,” and
“CD8 T cells and tumor” (Figure 4).

Further, to detect novel concepts since 2014 (recent �ve years), a simpli�ed co-citation network of author
keywords (restricted with the condition of the top 50 phrases per year) was created (Figure5). In this map,
three words with highest citation were “colorectal cancer”, “immunotherapy” and “pd-l1”.. Several such
phrases with greater scienti�c importance are illustrated in Table 3, including three emerging between
2014 and 2015 (“Immunosuppression,” “IFN-gamma,” and “Regulatory t cell”), two emerging between
2015 and 2016 (“Ipilimumab” and “Mdsc”), one emerging between 2015 and 2018 (“Solid tumor”), and
four emerging between 2016 and 2018 (“TIL,” “Her2,” “Radiation,” and “Atezolizumab”).

4. Topics in various gastrointestinal cancer types

To understand different subtopics in various gastrointestinal cancer types, a unique process termed
“clustering” was utilized. Simpli�ed co-citation networks (restriction on the condition of the g-index as 5)
were constructed for colorectal, gastroesophageal, and hepatopancreatobiliary cancers, and studies in
these three cancers were divided into 32, 23, and 25 clusters, respectively (Figure 6). The three largest
clusters in each disease were summarized from the titles of manuscripts in the cluster (Table 4), which
re�ected the contents of each cluster. For example, in colorectal cancers, the terms summarizing the
largest three clusters were “predictive biomarkers,” “advanced cancer,” and “prognostic signi�cance.”

Discussion
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The clinical utilization of PD-L1 antagonists initially focused on NSCLC and melanoma. Herbst et al [49]
performed a randomized controlled trial comparing pembrolizumab and docetaxel for treating NSCLC,
which suggested that pembrolizumab prolongs overall survival in patients with previously treated PD-L1-
positive NSCLC. Buchbinder et al [50] found that a high dose of IL-2 enhanced the effect of PD-L1
inhibitor in melanoma patients. From 2000 to 2018, an increasing number of studies were conducted to
explore the mechanism and clinical utilization of PD-L1 antagonists in gastrointestinal cancers, which
possibly provided new strategies for immunotherapy in the future.

Although several reviews have already discussed the current state of PD-L1 in gastrointestinal cancers, a
systemic analysis of all literatures and correlated manuscripts in this area was lacking [51,52]. According
to our results, over 1300 manuscripts have been published on this topic, with over 30,000 combined
references. The citations between these papers constitute an extremely complex co-citation network.
Therefore, traditional reviews, which are mainly based on expert opinions, are limited in their ability to
summarize such di�cult correlations. Here, we used the bibliometric software CiteSpace, which is user-
friendly and easily mastered by researchers without a scientometric background, to summarize the
current state of this �eld. In this study, combined with data analyses from the WOSCC Database, several
important �ndings were made.

First, the topic of PD-L1 in gastrointestinal cancers was attracting increasing attention from researchers
during these years. Publications in 2017 and 2018 accounted for almost half (44.2%) of the total
publications between 2000 and 2018. Comparatively, before 2010, the total number of publications was
only 51. Furthermore, in the whole domain of PD-L1, the percentage of publications on gastrointestinal
cancers increased over time. In 2010, the percentage of PD-L1 studies in gastrointestinal cancers was
only 5.8% (12/27), but it had more than doubled by 2018 (14.9%, 458/3081).

Second, by analyzing the co-citation network for papers, several landmark manuscripts were identi�ed
(Tables 1 and 2); some directly investigated PD-L1 in gastrointestinal cancers. For example, in the clinical
study by Brahmer et al [13] administering anti–PD-L1 antibody, 8 patients with colorectal cancer, 14 with
pancreatic cancer, and 7 with gastric cancer were recruited. However, no objective responses in patients
with colorectal or pancreatic cancer were observed. In the study by Thompson et al [24], gastric or
gastroesophageal junction cancer patients who had higher PD-L1 expression had higher CD8 + T-cell
densities. These expressions were correlated with prognosis.

Furthermore, the analysis of the literature co-citation network also suggested some important studies that
were not directly related to PD-L1 or gastrointestinal cancers but indicated directions for future studies.
The studies by El-Khoueiry et al [8] and Kang et al [25] established the role of nivolumab, a PD-1 inhibitor,
in treating hepatocellular carcinoma and gastric or gastroesophageal junction cancer. Therefore, whether
PD-L1 blockade could also be bene�cial in similar clinical conditions is worth studying. Gopalakrishnan
et al [27] reported that the gut microbiome modulates response to anti-PD-1 immunotherapy in melanoma
patients, and Routy B et al [28] found that the gut microbiome can also affect the e�cacy of PD-1
antagonists in epithelial tumors. It is well-known that the gut microbiome plays an important role in the
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development of gastrointestinal cancers [53,54]. Hence, whether the gut microbiome participates in the
oncogenesis and metastasis of gastrointestinal tumors through the PD1/PD-L1 pathway is worth
studying. Additionally, the studies of Hellmann et al [30] and Mariathasan et al [31] indicate the possibility
of combining a PD-L1 antagonist with another agent (TGF-b blocking) in melanoma and urothelial
cancer; whether this therapeutic strategy could work in gastrointestinal cancers needs validation.

Third, by analyzing author keywords and “clustering,” some important phrases were identi�ed. In the co-
citation network of author keywords, “TIL,” “Her2,” and “Radiation” were identi�ed to have high burstiness.
TILs, or tumor in�ltrating lymphocytes, are considered predictive markers when combined with PD-L1
expression. In the study by Cariani et al [55], PD-L1 combined with TILs could better predict the prognosis
of hepatocellular carcinoma. Her2 is a frequently measured molecular marker in various types of cancers.
In the study by Li et al [39] on gastric cancer, the expressions of Her2 and PD-L1 were correlated,
indicating the possibility of a combined therapeutic strategy. Radiation together with chemotherapy was
of clinical e�cacy in rectal cancer. In Hecht’s study [40] on rectal cancer, PD-L1 was upregulated by
chemoradiotherapy, suggesting the possibility of using a PD-L1 antagonist with traditional radiation or
chemotherapy. During the process of clustering, some phrases were also identi�ed. For instance, the
terms “advanced cancer”, “metastatic gastric cancer” were identi�ed. Currently, most of clinical studies
focusing on immune checkpoints were done in patients with advanced cancers [8,9,49]. Whether these
medications would be useful for patients at eariler stage or after curative resection need to be validated in
future. There were mainly two limitations of this study. One was that the co-citation analyses were only
done in papers derived from the WOSCC. Results from other databases such as PubMed, Scopus were
not seperately analyzed. The other was that among all the bibilometric softwares, mainly CiteSpace was
utilized. The software of VOSviewer, CitNetExplorer and HistCite could provide similar partial function of
CiteSpace. However, the visuliaztion of science map based on CiteSpace was easiler to be understood by
researcher without background of scientometrics.

Conclusion
In conclusion, research about PD-L1 in gastrointestinal cancers is a rapidly progressing area. More
scienti�c �ndings are expected in the near future. Analysis and summarization from a bibliometric
perspective not only identify landmark manuscripts and hot-spot concepts, but also indicate possible
directions for future studies.

Methods
A query of the literature about PD-L1 in gastrointestinal cancers was conducted on the Web of Science
Core Citation (WOSCC) Database. The search was conducted for studies published from January 1, 2000,
since the �rst study on PD-L1 was published in December 1999, to December 31, 2018 [1]. To �nd
manuscripts focusing on PD-L1, several synonyms, including “pdl1,” “pd-l1,” “programmed cell death 1
ligand 1 protein,” “B7-H1,” “B7H1,” “CD274,” “cluster of differentiation 274,” and “CD 274” (search result
DA), were utilized. Several types of gastrointestinal cancers were also searched, including “gastric cancer,”
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“esophageal cancer,” “colon cancer” (“colorectal cancer”), “pancreatic cancer,” “hepatocellular carcinoma,”
“biliary cancer,” “appendiceal cancer,” and “small intestinal cancer” (search result DB). Then, DA was
searched with DB using the Boolean symbol “AND”.

The CiteSpace V 5.3.R4 (64 bits), a bibliometric application invented by Professor Chaomei Chen [11],
was utilized for most of the intellectual analyses in this study. Several functions were utilized. First, to
identify landmark papers, a co-citation network was constructed, in which each node represents a
manuscript (including the reference paper) and each link represents the relation of citing. The network
could be constructed in a completed manner to include all the manuscripts and references, or in a
simpli�ed manner that neglects studies with a minimum chance of citations (restriction with g-index [56];
the scale factor k was set as 5). In co-citation networks, the importance of each node could be measured
by its total citation amount in the network or the value of betweenness centrality [57] and burstiness [58].
In this study, a landmark manuscript was de�ned as a paper ranked top 5 according to these three
indexes.

Second, to identify key concepts evolving through time, author keywords in all manuscripts were utilized
to construct a co-citation network and simpli�ed by the condition that only phrases with a top 50 citation
amount were used per year. Then, the burstiness of each keyword was measured. High burstiness
indicated that the citation counts sharply increased over time. The keywords with high burstiness and
scienti�c signi�cance were analyzed. Additionally, we used the software Carrot2 [59] to identify important
keywords directly from the title of each manuscript. The results of the Carrot2 analysis were visualized as
a “foam tree.”

Third to understand different topics in various gastrointestinal cancers, a unique process called
“clustering” was performed in the simpli�ed co-citation networks (restriction of g-index of 5) of colorectal,
gastroesophageal, and hepatopancreatobiliary cancers. The quality of clustering was measured by two
indexes, modularity and silhouette score [60]. Finally, the label of each cluster was summarized with the
method of log-likelihood, which represents the subtopics of each disease.

Abbreviations
PD-L1: programmed death-ligand 1; PD-1: programmed cell death protein 1; TCR: T-cell receptor; WOSCC:
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Table1. Top 5 manuscripts retrieved based on simplified co-citation network, betweenness centrality, and
burstiness
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First
Author

Journal Title Bibilmetric indexes
 

 
Citation 
in WOS
(Until
Feb 16,
2019)

 
 
SummaryCitation

in the
simplified
co-
citation
network

 
Betweeness
centrality

 
Burstness

2 Topalian
SL [12]

The New
England 
Journal of
Medicine

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

307                                       0.11                        
                     5265

 
This clinical trial enrolled 19 patients
with colorectal cancer, but failed to
find objective responses produced
by anti-PD-1 antibody in them. 

2 Brahmer
JR [13]

The New
England 
Journal of
Medicine

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

298                                      0.11                          
                    3407

In this clinical trial, 18 patients with
colorectal cancer, 14 patients with
pancreatic cancer and 7 with gastric
cancer were enrolled. There have been
no objective responses in patients
with colorectal or pancreatic cancer.
 

4 Herbst
RS [14]

Nature Predictive correlates of
response to the anti-PD-
L1 antibody MPDL3280A
in cancer patients

204     1699 This research indicated that after
using MPDL3280A, theraputic
responses of  were observed in
patients with tumours expressing
high levels of PD-L1.Six colorectal, 1
pancreatic, 1 gastric  and 1
oesophageal cases were analyzed in
this study.

2 Pardoll
DM [15]

Nature
Reviews
Cancer

The blockade of immune
checkpoints in cancer
immunotherapy

193                                                                      
                     3823

 
This review discussed developments
of immune checkpoints until 2012. 

5 Le DT
[16]

The New
England 
Journal of
Medicine

PD-1 Blockade in Tumors
with Mismatch-Repair
Deficiency

179     1953 This study showed that mismatch-
repair status predicted clinical benefit
of immune checkpoint blockade with
pembrolizumab. Patients with
colorectal cancer were analyzed.

8 Keir ME
[17]

Annual
Review of
Immunology

PD-1 and its ligands in
tolerance and immunity

  0.22   2090 This review discussed understanding
of the immunoregulatory functions
of PD-L1, PD-1 and PD-L2 until 2008. 
 

3 Droeser
RA [18]

European
Journal of
Cancer

Clinical impact of
programmed cell death
ligand 1 expression in
colorectal cancer

0.14                                      
           204

By using 1,491 tissue microarray from
healthy and cancerous colon tissue,
PD-L1 expression was found to
paradoxically associate with improved
survival in mismatch repair-proficient
colorectal cancer. 
 
 

2 Dong
HD [2]

Nature
Medicine

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

  0.11   2263 This study found that PD-L1 was
abundant in colorectal cancers and
etc.This study had implications for the
design of T cell-based cancer
immunotherapy.

8 Berger
R [19]

Clinical
Cancer
Research

Phase I safety and
pharmacokinetic study of
CT-011, a humanized
antibody interacting with
PD-1, in patients with
advanced hematologic
malignancies

    3.23 427  
This clinical trial indicated a
medication modulated PD-1 was safe
and well tolerated
in patients with advanced hematologic
malignancies. 

2 Topalian
SL [20]

Current
Opinion in
Immunology

Targeting the PD-1/B7-
H1 (PD-L1) pathway to
activate anti-tumor
immunity

    3.33 587 This review encouraged early clinical
results using blocking agents against
components of the PD-L1 and etc. This
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review mentioned the clinical trail in
colorectal cancer.

4 Blank C
[21]

Cancer
Research

PD-L1/B7H-1 inhibits
the effector phase of
tumor rejection by T cell
receptor (TCR)
transgenic CD8+ T cells

    3.33 426 This study supported interfering
with PD-L1/PD-1 interactions to
augment the effector function
of tumor antigen-
specific CD8(+) T cells in
the tumor microenvironment. 

4 Konishi
J [22]

Clinical
Cancer
Research

B7-H1 Expression on
Non-Small Cell Lung
Cancer Cells and Its
Relationship with Tumor-
Infiltrating Lymphocytes
and Their PD-1
Expression

    3.34 450 This study suggestted that in non-
small cell lung cancers,
the expression of pd-
l1 on tumor cells in local areas
reciprocally correlated with the
number of tumor-infiltrating
lymphocytes.

Table 2. Summaries of Top 5 studies in 2017 and 2018 according to total citation in a completed co-
citation network 



Page 15/20

Year First Author Journal  Title Citation
in a co-
citation
network

Summary

 
2017

 
Le DT [23]

 
Science

 
Mismatch-repair deficiency predicts response of solid
tumors to PD-1 blockade.

 
52

 
This study suggestted that the large
proportion of mutant neoantigens in
mismatch repair-deficient cancers make
them sensitive to immune PD-1blockade,
regardless of the cancers' tissue of origin. 
 

2017 El-khoueiry AB
[8]

Lancet Nivolumab in patients with advanced hepatocellular
carcinoma (CheckMate 040): an open-label, non-
comparative, phase 1/2 dose escalation and expansion trial.

40 This study suggestted in advanced
hepatocellular carcinoma, Nivolumab, a PD-
1 inhibitor, had a manageable safety profile
and durable objective responses.

2017 Thompson ED
[24]

Gut Patterns of PD-L1 expression and CD8 T cell infiltration in
gastric adenocarcinomas and associated immune stroma.

33 This study suggestted that in gastric and
gastro-oesophageal junction cancers,
patients with higher CD8+ T cell densities
also had higher PD-L1 expression, and was
correlated with prognosis.
 

2017 Kang YK [25] Lancet Nivolumab in patients with advanced gastric or gastro-
oesophageal junction cancer refractory to, or intolerant of,
at least two previous chemotherapy regimens (ONO-4538-
12, ATTRACTION-2): a randomised, double-blind, placebo-
controlled, phase 3 trial.

27 This phase 3 clinical study suggestted that
in advanced gastric or gastro-oesophageal
junction cancer, Nivolumab, a PD-1
inhibitor, might be a new treatment option.

2017 Chen DS [26] Nature Elements of cancer immunity and the cancer-immune set
point.

26 This review summarized recent advanced
in immune check-points, including PD-L1,
PD-1, CTLA-4. This review did not directly
discuss pd-l1 in gastrointenstinal cancers.
 

2018 Gopalakrishnan
V [27]

Science Gut microbiome modulates response to anti-PD-1
immunotherapy in melanoma patients.

13 This study suggessted in human
cancer patients, gut microbiome modulates
tumor response to checkpoint blockade
immunotherapy. This study was done in
melanoma patients.
 

2018 Routy B [28] Science Gut microbiome influences efficacy of PD-1-based
immunotherapy against epithelial tumors.

12 This study revealed that primary resistance
to immune checkpoint inhibitors can be
attributed to abnormal gut microbiome
composition.
 

2018 Matson V [29] Science The commensal microbiome is associated with anti-PD-1
efficacy in metastatic melanoma patients.

11 This study suggestted that the microbiome
might have a mechanistic impact on
immune checkpoint therapy in human
cancer cases.
 

2018 Hellmann MD
[30]

New
England
Journal
of
Medicine

Nivolumab plus Ipilimumab in Lung Cancer with a High
Tumor Mutational Burden.

8 This phase 3 clinical trial validated the
benefit of ipilimumab (a PD-L1 inhibitor)
plus nivolumab (a PD-1 inhibitor) in non
small cell lung cancer.
 

2018 Mariathasan S
[31]

Nature TGFβ attenuates tumour response to PD-L1 blockade by
contributing to exclusion of T cells.

8 This study revealed that primary resistance
to immune checkpoint inhibitors  can be
attributed to abnormal gut microbiome
composition.

 

 

Table 3. Ten author keywords identified by the index of burstness since 2014
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Term Bursting
period

Strength Sample manuscripts

Immunosuppression 2014-2015 1.7679 Liver myeloid-derived suppressor cells expand in response to liver metastases in mice and inhibit the anti-
tumor efficacy of anti-CEA CAR-T [32].

Ifn-gamma 2014-2015 1.7679 Induction of split anergy conditions natural killer cells to promote differentiation of stem cells through
cell–cell contact and secreted factors [33].

Regulatory t cell 2014-2015 1.3251 PD-1+ immune cell infiltration inversely correlates with survival of operable breast cancer patients [34].
Ipilimumab 2015-2016 2.241

Colorectal cancer: the first neoplasia found to be under immunosurveillance and the last one to respond to

immunotherapy?[35]

Mdsc 2015-2016 1.8663
The expression profiles and regulation of PD-L1 in tumor-induced myeloid-derived suppressor cells [36].

Solid tumor 2015-2018 1.1078
Therapeutic antitumor immunity by checkpoint blockade is enhanced by ibrutinib, an inhibitor of both

BTK and ITK [37].

TIL# 2016-2018 2.1064
Immune biomarkers PD-1/PD-L1 and TLR3 in malignant pleural mesotheliomas [38].

Her2 2016-2018 1.6782 PD-L1 expression is associated with massive lymphocyte infiltration and histology in gastric cancer [39].
Radiation                                  2016-2018                  1.6782                          PD-L1 is upregulated by radiochemotherapy in rectal adenocarcinoma patients
and associated with a favourable prognosis [40].
Atezolizumab 2016-2018 1.3977                          Beyond melanoma: inhibiting the PD-1/PD-L1 pathway in solid tumors [41].

 

 

Table 4. Clustering in different types of gastrointenstinal cancers 

 

 

 

 

Figures
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Type of cancer Process for clustering Term  to summarize
the largest three
clusters

Sample paper in each cluster

Modularity Mean
silhouette
value

Number
of
clusters

Colorectal
cancer

0.6179 0.4239 32    

        Predictive biomarker Predictive biomarkers in pd-1/pd-l1 checkpoint
blockade immunotherapy [4].
 

        Advanced cancer Safety and activity of anti-pd-l1 antibody in patients
with advanced cancer [13].
 

        Prognostic significance Prognostic significance of programmed cell death 1 (pd-
1) or pd-1 ligand 1 (pd-l1) expression in 
epithelial-originated cancer a meta-analysis [42].

Gastro-
esophageal
cancer

0.22 0.7112 8    

        upper gastrointestinal
tract

T-cell-mediated tumor immune surveillance and
expression of b7 co-inhibitory molecules in cancers 
of the upper gastrointestinal tract [43].
 

        microsatellite
instability
 

The promise of pd-1 inhibitors in gastro-esophageal
cancers: microsatellite instability vs. pd-l1 [44].

        future perspective Evolution of checkpoint inhibitors for the treatment of
metastatic gastric cancers: 
current status and future perspective [45].

Hepato-
panceato-biliary
cancer

0.5812 0.4139 25    

        clinical efficacy Immune checkpoint inhibitors for cancer therapy:
clinical efficacy and safety [46].
 

        Intergrative analysis PD‐1 and PD‐L1 upregulation promotes CD8+ T‐cell
apoptosis and postoperative recurrence in 
hepatocellular carcinoma patients [47].
 

        human hepatocellular
carcinoma

Overexpression of pd-l1 significantly associates with
tumor aggressiveness and postoperative recurrence 
in human hepatocellular carcinoma [48].
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Figure 2

Annual publications about pd-l1 in gastrointestinal cancers

Figure 4

The percentage of publication on gastrointestinal cancers in the whole science domain of PD-L1
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Figure 6

A simpli�ed co-citation network of references about pd-l1 in gastrointestinal cancers

Figure 8

Key concepts about pd-l1 in gastrointestinal cancers (circled in red line)



Page 20/20

Figure 10

A simpli�ed co-citation network of author keywords since 2014

Figure 12

Clustering in colorectal, gastroesophageal, and hepatopancreatobiliary cancers


