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An increasing number of studies have shown that immunotherapy serves a significant role
in treating colorectal cancer (CRC) and has become a hotspot. However, few studies used
the bibliometric method to analyze this field comprehensively. This study collected 1,899
records of CRC immunotherapy from 2012 to October 31, 2021, and used CiteSpace to
analyze regions, institutions, journals, authors, and keywords to predict the latest trends in
CRC immunotherapy research. The United States and China, contributing more than 60%
of publications, were the main drivers in this field. Sun Yat-sen University was the most
active institution, while the National Cancer Institute had the highest frequency of citations.
Most publications were published in the Journal for Immunotherapy of Cancer. Adam E
Snook was the most prolific writer, while Dung T. Le was the most commonly co-cited
author. “T cell”, “MMI” and “PD-1blocked” were the most widely studied aspects of CRC
immunotherapy. “Immune checkpoint inhibitor”, “combination therapy”, “drug therapy”
and “liver metastases” were current research hotspots. “Tumor microenvironment”,
“neutrophils”, “tumor-associated macrophages”, and “suppressor cell” have emerged
as research hotspots in recent years. “Gut microbiota”, “nanoparticle” and “tumor
mutational burden” as recently emerged frontiers of research that should be
closely monitored.
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INTRODUCTION

CRC is one of the most common cancers in the world. According to statistics, there have 1.9 million
new cases of CRC in 2020, and it is expected to reach 2.5 million in 2035 (1). Although the
availability of screening has improved the 5-year survival rate for CRC, approximately 30% of
patients present with metastatic disease at diagnosis and approximately 50% of non-metastatic
patients eventually progress to metastatic disease (2). Over the past decade, increased understanding
of CRC pathogenesis has led to the recognising that almost all CRCs displayed activation of the
RAS/RAF/MEK signaling cascade. Targeting EGFR, HER2, KRAS, NRAS, or BRAF, which were
linked to their activation, has resulted in a reduction in the proportion of CRC patients. However,
due to the highly mutagenic and adaptable nature of tumor cells, drug-resistant clones will arise in
the vast majority of cases (3, 4).
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Ioannides and Whiteside first introduced the tumor
microenvironment (TME), which refers to the local biological
environment during tumor development, providing a scaffold
and barrier for tumor cell growth and generating immune-
exempt areas to provide a ‘breeding ground’ for tumors. TME
helps tumor cells evade immune surveillance by providing an
environment for tumor growth and suppressing local immune
responses (5, 6). A balance is established between the tumor and
the adaptive immune system, shaping each other (7).
Immunotherapy, which aims to use the immune system to
fight tumors, has shown a promising future in treating CRC.

On May 23, 2017, the FDA approved Pembrolizumab for use
in adult or pediatric patients with unresectable or metastatic, MSI-
H/dMMR solid tumors, including colorectal cancer. On July 31 of
the same year, the FDA approved Nivolumab to treat patients aged
12 years or older withMSI-H/dMMR colorectal cancer (2). on July
10, 2018, the FDA approved the combination of Ipilimumab and
Nivolumab to treat patients aged 12 years or older with MSI-H/
dMMR colorectal cancer. on June 29, 2020, the FDA again
approved Pembrolizumab for intravenous infusion for the first-
line treatment of patients with unresectable or metastatic MSI-H/
dMMR colorectal cancer and does not require concomitant use
with chemotherapy. Pembrolizumab and Nivolumab are PD-1
inhibitors, and Ipilimumab is a CTLA-4 inhibitor. T cells express
PD-1 receptors that bind to their ligands PD-L1 and PD-L2,
inhibiting T cell proliferation and cytokine production. PD-1
ligands are upregulated in some tumor cells, and signaling
through this pathway can inhibit immune surveillance of tumors
by activated T cells. PD-1 inhibitors are monoclonal antibodies
that bind to the PD-1 receptor, blocking the interaction of PD-1
with PDL1 and PD-L2 and relieving PD-1 pathway-mediated
suppression of immune responses, including antitumor immune
responses. In a homologous mouse tumor model, blockade of PD-
1 activity inhibited tumor growth (8, 9). Ipilimumab is an anti-
CTLA-4 antibody. CTLA-4 is expressed on the surface of T cells.
CTLA-4 exerts its inhibitory effect during the T cell activation
phase: early in the immune response, CTLA-4 competes with
CD28 to bind to B7 on antigen-presenting cells, and when CTLA-
4 signaling is stronger, T cells are inhibited, while when CD28
signaling is stronger, T cells are activated and continue to replicate
and produce greater killing capacity. Ipilimumab inhibits the
competitive binding of CTLA-4 to CD28, thus allowing T cells
to multiply and increasing the ability to kill tumors (10, 11).

Immune checkpoint inhibitors (ICIs), modulating the
interaction of T cells, antigens-presenting cells (APCs) and
tumor cells to help unleash suppressed immune responses,
emerged as a very effective therapy for patients with mCRC
that is mismatch-repair-deficient (dMMR) or microsatellite
instability-high (MSI-H) (termed dMMR/MSI-H mCRC). Due
to the efficacious, stable and durable responses, pembrolizumab
and nivolumab (with or without Ipilimumab) were approved by
US Food and Drug Administration (FDA) to treat these patients.
However, mCRC is characterized by insufficient mutated tumor
antigen (12), thus the main challenge is to provide the benefit of
immunotherapy for the vast majority of mCRC patients that are
mismatch-repair-proficient (pMMR) or microsatellite-stable
Frontiers in Immunology | www.frontiersin.org 2
(MSS) or low microsatellite instability (MSI-L) (termed
pMMR/MSS/MSI-L mCRC) (13).

Bibliometric analysis adopts the number of citations as a
proxy measure of research quality, which is a useful tool for
assessing the trend of research efforts statistically and
qualitatively. It provides an objective assessment of the
contributions of academic groups and individual researchers
through a comprehensive analysis of the authors, countries,
journals, citations and publication dates of selected articles,
thus providing a method for understanding trends in specific
fields and ranking academic groups and individuals (14). In
addition, keywords that appear more frequently in the included
articles and hot words that have emerged in recent years were
analyzed to provide supporting evidence for future trends (15).

There was currently no similar analysis in CRC. This paper
utilized bibliometric analysis to describe the literature related to
CRC immunotherapy over the last decade to understand its
features and forecast future research trends and hotspots.
Therefore, to better capture the current status and trends in
CRC immunotherapy research, the purposes of this study were to
reveal present study trends, explore into possible research
hotspots and guide researchers in their future work by using
bibliometric methods to visualize references.
MATERIALS AND METHOD

The Web of Science (WOS) core database from Clarivate
Analytics was deemed the best for bibliometric analysis (16,
17), so we selected it to perform the search. The WOS core
database was searched on November 1, 2021, for all articles
related to CRC immunotherapy from 2012 to October 31, 2021,
using the following search formula: TS=(Rectal Neoplasm* OR
Rectal Tumor* OR Rectal Cancer* OR Rectum Neoplasm* OR
Rectum Cancer* OR Cancer of the Rectum OR Cancer of
Rectum OR Colorectal Neoplasm* OR Colorectal Tumor* OR
Colorectal Cancer* OR Colorectal Carcinoma* OR Colonic
Neoplasm* OR Colon Neoplasm* OR Cancer of Colon OR
Colon Cancer* OR Cancer of the Colon OR Colonic Cancer*)
AND TS=(Immunotherapy OR Immunotherapies OR
immunotherapeutic). The literature inclusion criteria were as
follows: (1) The manuscript was based on the theme of
immunotherapy for CRC and the whole content was accessible;
(2) Document types included Article and Review;(3) Written in
English. The exclusion criteria were as follows:(1) The major
themes were not related to immunotherapy for CRC or could not
be evaluated. (2) Articles were meeting abstracts, news, briefings,
etc. The complete text was evaluated by two reviewers separately
against the inclusion and exclusion criteria. Any disagreements
between the two reviewers (L M and JX M) were resolved by
negotiation and the document was exported in plain text format
(Figure 1).

The annual publication was analyzed and plotted using
GraphPad prism v8.0.2. Furthermore, bibliometric methods were
used to gather the research foundation, frontier knowledge, and
trends. In this study, the acquired bases were imported into the
March 2022 | Volume 13 | Article 843106
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CiteSpace (5.6.R3) software (18), a literature Visibility App Tool
created by Prof. Chaomei Chen for analyzing indicators such as
country, journal, institution, author, reference. In addition,
CiteSpace was also used to analyze outbreak keywords and
visualize them to predict trends in the field. The centrality of a
node is a graph-theoretical property that quantifies the importance
of the node’s position in a network. A commonly used metric is
betweenness centrality (In this study, all centrality refers to
betweenness centrality).Betweenness centrality is a concept
introduced by the American sociologist Freeman (19),it measures
the percentage of shortest paths in the network to which a given
node belongs (20). Formula:

g υð Þ = o
s≠υ≠t

sst υð Þ
sst

g(v) represents the centrality value of the vertex v. sst (v)
represents the number of shortest paths passing through v
Frontiers in Immunology | www.frontiersin.org 3
between vertex s and vertex t. sst represents the number of all
shortest paths from vertex s to vertex t. Burst detection is used to
detect significant changes in the number of references at a given
time. It is used to discover the decline or rise of a certain subject
term or keyword. The algorithm invented by Kleinberg, J was
used in cite space to predict the change of keywords at a certain
stage and thus to predict the field’s future development (21). The
higher the burst strength indicates the higher the frequency of
this keyword in the observed time period.

The CiteSpace parameters were set as follows: Time-slicing
was chosen from 2012 to 2021, year per slice(1), and all options
in the term source were selected, node types were selected one at
a time, selection criteria (g-index, g2 ≤ k Si≤gci,k ∈ Z+,k = 25).
Each node in the figure indicated an observation including
country, institution, author, co-cited literature and keywords. If
the publication is issued in cooperation with several countries,
institutions and authors, then each country, institution and
FIGURE 1 | Flowchart depicting the article selection process.
March 2022 | Volume 13 | Article 843106

https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles


Ma et al. Visual Analysis of CRC Immunotherapy
author is taken into account, which is the basis for the network of
institutional, national and author cooperation.

The node size represented the frequency of occurrence; the
larger the node, the higher the frequency of occurrence.
Connections between nodes represented collaborative, co-
occurring or co-referential relationships. The different colors of
nodes represented different years; the different colors of circles
from inside to outside indicated the years from 2012 to 2021. The
outermost purple ring indicated that the node has very high
centeredness and was often regarded as a critical point in a
specific domain (22). The impact factor (IF) and the 2020 edition
of Journal Citation Reports (JCR) were both included in the
analysis as crucial indications of the research’s scientific
worth (23).
RESULTS

A total of 1899 publications on CRC immunotherapy were
published on the web of science from 2012 to October 31,
2021, including 1454 (76.57%) ARTICLES and 445 REVIEWS
(23.43%). The literature covered 66 countries or regions and
367 institutions.

The annual number of publications for immunotherapy on
CRC from 2012 to 2021 as shown in Figure 2A, and we divided it
into three periods, slow growth period (2012-2015), acceleration
period (2016-2017) and rapid growth period (2018-2021). The
number of publications increased relatively slowly before 2016
and rapidly after 2016, with more than 150 publications per year
and a second acceleration period in 2018. The number of
publications on CRC immunotherapy in 2021 was the highest
in the last decade, reaching 445 as of October 31, 2021, and the
number of publications continued to rise by a large margin.

Countries and Institutions
The annual trend publications associated with immunotherapy
for CRC by country from 2012 to 2021 were presented in
Figure 2B. The United States of America (USA) was the most
frequent publisher in this field with 601 publications (31.65 of
1899 publications), followed by China (31.17, with 592
publications), Germany (5.90, with 112 publications), Japan
(5.90%, with 112 publications) and Italy (5.69%, with 108
publications) (Table 1). The top 5 countries with the highest
centrality were: USA, UK, Spain, Canada and Germany
(Figure 3A). The United States and China contributed 62.82%
of the total publications, far more than any other country. China
initially had trailed the US in the number of annual publications,
but after 2018 its publications in this field have increased rapidly
and surpassed the US in 2020, maintaining a high-speed growth
rate in 2021. In addition, the annual increase of publications in
China was the fastest since 2012, to be followed by the United
States, while Japan and the Netherlands grew slowly.

Among the top 10 countries/regions regarding publications,
the U.S. had 19,051 citations, far more than all other countries,
while it had a high citation/publication ratio (31.65). Although
China had many citations (9285), its citation/publication rate
(15.68) was lower than other countries. It is to be noted that
Frontiers in Immunology | www.frontiersin.org 4
France had the highest citation/publication ratio (52.32) among
the ten countries, despite the relatively low number of
publications, which also indicated the high quality of its
published papers.

The analysis of the international collaboration network
(Figure 3A) showed that the United States, which had the
highest volume of output, and China worked closely together.
China mainly cooperated closely with Singapore and Greece,
while the United States largely cooperated with England, France,
South Korea, Italy and Spain. China already leads the world in
publication output, but its centrality was 0.05, compared to 0.20
in the US.

The top ten activist institutions were listed in Table 2. Sun Yat-
sen University published 41 papers with 431 citations, followed by
the University of Texas M. D. Anderson Cancer Center (33 papers,
1,437 citations) and Fudan University (30 papers, 300 citations).
The ten most prolific institutions were from China and the United
States, excluding the German Cancer Research Center. Among the
top ten productive institutions, the National Cancer Institute (NCI)
had the highest citation/publication rate (53.7). Institutional
cooperation analysis was produced to reveal the cooperation
between institutions (Figure 3B).

Analysis of Journals and Co-Cited Journals
The top ten most prolific and co-cited journals were listed in
Tables 3, 4. Journal for Immunotherapy of Cancer (66 articles,
3.48%) published the most documents in this field, followed by
Oncoimmunology (63 articles, 3.32%), Cancer (57 articles,
3.00%), Frontiers in Immunology (57 articles. 3.00%) and
Cancer Immunology Immunotherapy (53 articles, 2.79%).
Among the top ten most prolific journals, the Journal for
Immunotherapy of Cancer had the highest IF of 13.751 and
Cancer Research had the highest citation/publication rate (52.33).
Of the top 10 journals, 80% were classified as Q1 (top 25% of IF
distribution), remaining two journals were Q2 (between 25th
and 50th quartiles) and Q4 (between 50th and 100th quartiles).
The most frequently co-cited journal was the Journal of Clinical
Oncology (4270 citations), followed most frequently by Clinical
Cancer Research (3841 citations) and Cancer Research (3807
citations). Among the top 10 co-cited journals, New England
Journal of Medicine was cited 3640 times with the highest IF of
91.253. Except for Journal of Immunology, the rest of the journals
were in Q1.

The subject distribution of academic journals was depicted by
a dual-map overlay of the journals (24) (Figure 4). The citing
journal is on the left, and the cited journal is on the right, with
the citation relationship indicated by the colored path. The
mapping identifies 2 colored primary citation pathways,
meaning that researches published to journals in the field of
molecular/biology/genetics were primarily cited by researches
published in molecular/biology/immunology and medical/
medical/clinical journals.

Analysis of Authors and Co-Cited Authors
Of all authors who published literature related to colorectal
cancer immunotherapy in the last decade, the 10 most
productive authors were listed in Table 5. Adam E Snook (17
March 2022 | Volume 13 | Article 843106
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publications) has published the most papers, followed by Scott A
Waldman (14 publications) and Michael A Morse (14
publications). Further analysis revealed that six of the top ten
authors were from the United States, two were from China, and
Frontiers in Immunology | www.frontiersin.org 5
two were from Germany and France. The co-cited author
network was visualized by Figure 5A. The most prominent
nodes were linked to the most co-cited authors, which
including Le DT (567Citation), Topalian SL (314Citation),
A

B

FIGURE 2 | (A) Annual publications of immunotherapy in colorectal cancer from 2012 to 2021. (B) The country’s annual trend publications related to colorectal
cancer immunotherapy from 2012 to 2021.
TABLE 1 | The top 10 productive countries/regions related to colorectal cancer immunotherapy.

Rank Country/region Article counts Percentage (N/1899) Citation Citation per publication

1 United States 601 31.65 19051 31.70
2 China 592 31.17 9285 15.68
3 Germany 112 5.90 3478 31.05
4 Japan 112 5.90 2604 23.25
5 Italy 108 5.69 3671 33.99
6 England 89 4.69 3196 35.91
7 France 86 4.53 4500 52.32
8 South Korea 72 3.79 1168 16.22
9 Spain 56 2.95 1936 34.57
10 Netherlands 49 2.58 1737 33.45
March 2022 | Vo
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A

B

FIGURE 3 | A visual map for CiteSpace network of countries/regions and institutions associated with colorectal cancer immunotherapy. (A) Country/regional
collaboration analysis; (B) Institutional collaboration analysis. The nodes represent countries/regions or institutions, and the lines connect them. Nodes represent
countries/regions or institutions. The number of publications grows proportionally to the size of the nodes. The lines between the nodes represent the cooperation
relationship, and the thickness of the connecting lines represents the strength of their cooperation, the closer the cooperation, the thicker the connecting lines. the
nodes with the outermost purple circles have higher centrality. From 2012 to 2021, the color changes from brown to green.
Frontiers in Immunology | www.frontiersin.org March 2022 | Volume 13 | Article 8431066
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Galon J (313Citation), Overman MJ (301Citation), and Siegel RL
(278Citation) (Table 5).

Analysis of Cited References
The co-cited literature network diagram was composed of 850
nodes and 4135 links, with a time slice set to 1 year and a period
set to 2012-2021 (Figure 5B). According to the five most
frequently co-cited articles (Tables 6, 7), PD-1 Blockade in
Tumors with Mismatch-Repair Deficiency (with 343 co-
citations) published in the New England Journal of Medicine
(IF=91.253) was the most cited article by Dung T. Le. In addition,
2 of the top 5 co-cited papers were written by Dung T. Le and
published in different journals.

Moreover, we performed a temporal co-citation analysis and
mapped the timeline view of co-cited references (Figure 6). We
found that “CEA” (Cluster4) was a relatively early hotspot,
“cytokine-induced killer cells” (Cluster3) was a mid-term
Frontiers in Immunology | www.frontiersin.org 7
(2008-2016) research hotspot, and “prognosis” (Cluster0) had
the darkest color representing the most publications and was a
consistent research hotspot for CRC immunotherapy.
“Microsatellite instability” (Cluster1), “programmed cell
death protein ligand1” (Cluster2), “hormone replacement”
(Cluster5), “braf” (Cluster6) and “gut microbiota” (Cluster7)
demonstrated that the issues of these clusters are the current
new hotspots in the field.

Analysis of Keyword Co-Occurrence
Clustering and Time Zone
Based on the number of citations and centrality analysis of
keywords through CiteSpace (Table 8), we found that the most
popular keywords were Expression, T cell, Dendritic Cell, cell,
survival, activation, regulatory t cell, and chemotherapy after
removing meaningless keywords (Table 8). We also built a
network map to visualize keyword clusters (Figure 7), and we
TABLE 4 | The top 10 co-cited journals associated with colorectal cancer immunotherapy.

Rank Cited Journal Citation IF (2020) Quartile in category

1 Journal of Clinical Oncology 4270 44.544 Q1
2 Clinical Cancer Research 3841 12.531 Q1
3 Cancer Research 3807 12.701 Q1
4 New England Journal of Medicine 3640 91.253 Q1
5 Nature 2792 49.962 Q1
6 Science 2761 47.728 Q1
7 Journal Of Immunology 2445 5.422 Q2
8 Proceedings of the National Academy of Sciences of the United States of America (PNAS) 1867 11.205 Q1
9 Cell 1655 41.584 Q1
10 Nature Medicine 1583 53.44 Q1
Ma
rch 2022 | Volum
TABLE 3 | The top 10 productive journals related to colorectal cancer immunotherapy.

Rank Journal Article counts Percentage (N/1899) Citation per article IF Quartile in category

1 Journal For Immunotherapy Of Cancer 66 3.48 14.12 13.751 Q1
2 Oncoimmunology 63 3.32 18.52 8.1 Q1
3 Cancer 57 3.00 8.00 6.86 Q1
4 Frontiers In Immunology 57 3.00 13.91 7.561 Q1
5 Cancer Immunology Immunotherapy 53 2.79 17.62 6.968 Q1
6 Frontiers In Oncology 34 1.79 5.26 6.244 Q2
7 Cancer Immunology Research 31 1.63 32.97 11.151 Q1
8 Clinical Cancer Research 27 1.42 66.11 12.531 Q1
9 Oncology Letters 23 1.21 9.39 2.967 Q4
10 Cancer Research 21 1.11 52.33 12.701 Q1
TABLE 2 | Top 10 institutions published literature related to colorectal cancer immunotherapy from 2010 to 2021.

Rank Institution Country Number of studies Total citations Average citation

1 Sun Yat-sen University China 41 431 10.5
2 The University of Texas MD Anderson Cancer Center USA 33 1437 43.5
3 Fudan University China 30 424 14.1
4 Shanghai Jiao Tong University China 30 300 10
5 National Cancer Institute (NCI) USA 29 1556 53.7
6 Chinese Academy of Sciences China 29 1113 38.4
7 Harvard Medical School USA 27 1232 45.6
8 German Cancer Research Center Germany 27 584 21.6
9 Johns Hopkins University USA 26 392 15.1
10 Sichuan University China 26 278 10.7
e 1
3 | Article 843106
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found that “immune checkpoint inhibitor” (Cluster0),
“microsatellite instability” (Cluster1), “suppressor” (Cluster4),
“probiotics” (Cluster5), “nf kappa b” (Cluster6) and “cd55”
(Cluster7) were the hot spots of research since 2012.

CiteSpace designed the keyword time zone view to show high-
frequency keywords’ evolution clearly. The keywords were
situated in the years in which they first appeared together, and
colors of the links represented the years when the two keywords
first appeared together. High-frequency keywords (T > 80) were
displayed in Figure 8, as threshold was a cumulative number,
resulting in some of the most recent keywords not reaching 80
cumulatively. Therefore, the top five annual high-frequency
keywords from 2013 to 2021 were added to complement the
time zone view (Figure 8).

Keyword Burst Analysis
We use CiteSpace to detect emergent keywords to identify the
frontiers of research in this field. Among the 103 keywords with
Frontiers in Immunology | www.frontiersin.org 8
high citation outbreaks, we focused on those with bursts starting in
2020 (Figure 9), including “immune checkpoint inhibitors” (burst
intensity of 7.71), “gut microbiota” (burst intensity of 3. 92), “tumor
microenvironment” (burst intensity of 3.49) “liver metastasis” (burst
intensity of 3.35), “nanoparticles” (burst intensity of 3.31),
“combination therapy” (burst intensity of 2.87).
DISCUSSION

In this study, we obtained 1899 publications on colorectal cancer
immunotherapy from 2012 to 2021 by searching the web of science
core database and manual screening. In terms of annual
publications, publications increased rapidly after 2015. In terms of
national and regional distribution, the United States has been the
driving force behind the highest academic contribution to colorectal
cancer immunotherapy in the last decade, as reflected by the
number of publications, centrality, citation frequency and citation
FIGURE 4 | The dual-map overlay of journals related to colorectal cancer immunotherapy. Notes: On the left were the citing journals, on the right were the cited
journals, and the colored path represented the citation relationship.
TABLE 5 | Top 10 most prolific and co-cited authors in the field of colorectal cancer immunotherapy.

Rank Author Count Location Rank Co-cited author Citation

1 Adam E Snook 17 USA 1 Dung T. Le 567
2 Scott A Waldman 14 USA 2 Topalian SL 314
3 Michael A Morse 14 USA 3 Galon J 313
4 Jefferey Schlom 14 USA 4 Overman MJ 301
5 Kebin Liu 11 China 5 Siegel RL 278
6 Thierry Andre 10 France 6 Brahmer JR 223
7 Niels Halama 10 Germany 7 Pages F 221
8 Dung T Le 10 USA 8 Llosa NJ 198
9 Chunwan Lu 9 USA 9 Bray F 176
10 Yuquan Wei 9 China 10 Mlecnik B 169
M
arch 2022 | Volume 13 | Articl
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A

B

FIGURE 5 | A CiteSpace network visualization of co-cited authors and references regarding colorectal cancer immunotherapy. (A) Network visualization diagram of
the co-cited authors of the Publications. (B) Network visualization diagram of cited references. Co-cited authors or cited references are indicated by the node. The
co-citation relationship is indicated by the line connecting the nodes. The node area grows as the number of co-citations increases. The colors represent different
years, in A, the color changes from yellow to red from 2012 to 2021, and in B, the color changes from brown to green from 2012 to 2021.
Frontiers in Immunology | www.frontiersin.org March 2022 | Volume 13 | Article 8431069
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publication ratio. China’s annual publications proliferated after
2016, and since 2020 China has surpassed the United States.
Although the average citation was relatively low, the higher total
number of citations showed the high contribution of China to the
development of the field. France, Spain, Italy and South Korea have
lower publication numbers, but their publications havemultiplied in
recent years, related to the cooperation with the United States.
INSTITUTIONS AND INSTITUTIONAL
COOPERATION

90% of the 10 most productive institutions were from China and
the United States, indicating that China and the United States
played significant roles in the academic development of the field.
Interestingly, Sun Yat-sen University, the most productive
institution globally, had the lowest average citation among the
top ten institutions. The National Cancer Institute (NCI) had the
highest total citations (1556) and average citations (53.7) among
the top 10 institutions, indicating that NCI published higher
Frontiers in Immunology | www.frontiersin.org 10
quality articles in the field and played a crucial role in promoting
the development of the field.
JOURNALS AND CITED JOURNALS

Among the ten most active journals, Journal for Immunotherapy of
Cancer (66 articles), Oncoimmunology (63 articles), Cancer (57
articles), Frontiers in Immunology (57 articles) and Cancer
Immunology Immunotherapy (53 articles) published more than 50
papers. The Journal of Clinical Oncology received the highest citations.
Notably, both Clinical Cancer Research (66.11) and Cancer Research
(52.33) had more than 50 citations per article and ranked 2nd and
3rd, respectively, among co-cited journals. thus, they are recognized as
research resources for CRC immunotherapy.

Most of the top 10 productive journals were related to
immunology and clinical, while most of the 10 highly co-cited
journals were related to biology, which was consistent with the
dual-map overlay analysis. The dual-map overlay represented the
subject distribution of academic journals. Figure 4 showed that
TABLE 6 | The top five co-cited references related to colorectal cancer immunotherapy.

Rank Title Journal IF (2020) First
author

Publication
time

Total
citations

Quartile
in

category

1 PD-1 Blockade in Tumors with Mismatch-Repair Deficiency New England
Journal of
Medicine
(IF=91.253)

Dung T.
Le

May,2015 343 Q1

2 Nivolumab in patients with metastatic DNA mismatch repair-deficient or microsatellite
instability-high colorectal cancer (Check Mate 142): an open-label, multicentre, phase 2
study

Lancet Oncology
(IF=41.316)

Michael
J.
Overman

July,2017 225 Q1

3 Mismatch-repair deficiency predicts response of solid tumors to PD-1 blockade Science
(IF=47.728)

Dung T.
Le

Jun,2017 197 Q1

4 Durable Clinical Benefit with Nivolumab Plus Ipilimumab in DNA Mismatch Repair-
Deficient/Microsatellite Instability-High Metastatic Colorectal Cancer

Journal of clinical
oncology
(IF=44.544)

Michael J
Overman

Jan,2018 174 Q1

5 Global cancer statistics 2018: GLOBOCAN estimates of incidence and mortality
worldwide for 36 cancers in 185 countries

CA: A Cancer
Journal for
Clinicians
(IF=508.702)

Freddie
Bray

September,2018 173 Q1
Ma
rch 2022 | Volum
e 13 | Artic
TABLE 7 | The top five centralities of co-cited references related to colorectal cancer immunotherapy.

Rank Title Journal IF (2020) First
author

Publication
time

Centrality Quartile in
category

1 Nivolumab plus Ipilimumab in Advanced Melanoma New England
Journal Of Medicine
(IF=91.253)

Jedd D.
Wolchok

Jun,2013 0.19 Q1

2 Characterization of the immunophenotypes and antigenomes of colorectal cancers
reveals distinct tumor escape mechanisms and novel targets for immunotherapy

Genome Biology
(IF=13.583)

Mihaela
Angelova

Mar,2015 0.11 Q

3 Improved survival with ipilimumab in patients with metastatic melanoma. New England
Journal Of Medicine
(IF=91.253)

F Stephen
Hodi

Aug,2010 0.11 Q1

4 Primary, Adaptive, and Acquired Resistance to Cancer Immunotherapy Cell (IF=41.584) Padmanee
Sharma

Feb,2017 0.09 Q1

5 Durable Cancer Regression Off-treatment and Effective Re-induction Therapy with
an Anti-PD-1 Antibody

Clinical cancer
research (IF=12.531)

Evan J.
Lipson

Jan,2013 0.09 Q1
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studies from molecular/biology/genetics co-cited journals were
mainly cited by journals published in molecular/biology/
immunology and medicine/medical/clinical, which implied that
there were two broad main directions of research related to CRC
immunotherapy, one direction was focused on basic. The other
direction was focused on translational research from basic to
clinical. Meanwhile, journals with high IF in the JCR division
accounted for the vast majority of the top 10 journals (80%) and
co-cited journals (90%) in the first quarter, indicating that these
journals were interested in and played an essential role in research
related to CRC immunotherapy.
AUTHORS AND CITED AUTHORS

Dung T. Le from Johns Hopkins University was ranked first
among all co-cited authors, and his publications in the field of
Frontiers in Immunology | www.frontiersin.org 11
CRC immunotherapy were placed 8th among all authors,
indicating his outstanding contribution to the development of
the field. Two of his highly cited articles, “PD-1 Blockade in
Tumors with Mismatch-Repair Deficiency” and “Mismatch-
repair deficiency predicts response of solid tumors to PD-1
blockade”, were published in New England Journal of Medicine
(IF=91.253) and Science (IF=47.728), respectively. Researchers
first evaluated the clinical activity of PD-1 inhibitors in patients
for progressive CRC with/without mismatch repair (MMR) and
found that microsatellite instable (MSI) CRC (MSI-CRC) were
more sensitive to PD-1 blockade responses compared to
microsatellite stable (MSS) tumors (25). The researchers then
expanded the study to evaluate the effects of PD-1 inhibitors in
12 different types of advanced MMR tumors. They found that in
mismatch repair deficient(dMMR) tumors, most mutant
neoantigens made them sensitive to immune checkpoint
blockade, regardless of the origin of the cancer tissue (26).
FIGURE 6 | A timeline view for co-cited references associated with colorectal cancer immunotherapy. The node’s position on the horizontal axis represents the time
when the reference first appeared, and the node’s size is positively correlated with the number of citations of the reference. The lines between the nodes represent
co-cited relationships. The redder the color means closer to 2021, and the more yellow the color means closer to 2012.The clusters with redder colors and larger
nodes included more publications, demonstrating that the issue of this cluster was a hot topic in the field.
TABLE 8 | The top 10 most frequent and centralized keywords related to colorectal cancer immunotherapy.

Rank Keyword Counts Rank Keyword Centrality

1 Expression 334 1 Progression 0.12
2 T cell 244 2 Pd 1 blockade 0.10
3 Microsatellite instability 216 3 Mechanism 0.10
4 Dendritic cell 184 4 Combination 0.10
5 Cell 152 5 Chemotherapy 0.09
6 Blockade 139 6 Monoclonal antibody 0.09
7 Survival 135 7 Expression 0.08
8 Activation 120 89 Regulatory t cell 0.08
9 Regulatory t cell 110 9 Receptor 0.08
10 Chemotherapy 109 10 Activation 0.07
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FIGURE 7 | The cluster of keywords related to colorectal cancer immunotherapy. The different colors represented different clusters. Each point represents a
keyword, and the number on the node represents the cluster to which the keyword belongs. The lines between the points represent two keywords with co-
occurrence relationship. The color of the line segment represents the year, from 2012 to 2021, the color changes from purple to yellow. The blue blocks represent
the extent of each cluster in the network space.
FIGURE 8 | Time zone view of keywords for colorectal cancer immunotherapy. In 2012-2016, keywords with co-occurrence rate ≥80 were shown; from 2013-
2021, we manually added annual top5 keywords and their co-occurrence frequency. The position of the cross on the horizontal axis represents the year in which the
keyword first appeared. The size of the cross reflects the frequency of co-occurrence, and the larger the cross represents the higher frequency of co-occurrence.
The lines between the crosses represent the co-occurrence of two keywords. The lines are colored to indicate the different years. From 2012 to 2021, the color
changes from yellow to red.
Frontiers in Immunology | www.frontiersin.org March 2022 | Volume 13 | Article 84310612
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Therefore, these articles were considered reliable resources for
future studies on mismatch repair and PD-1.
CO-CITED REFERENCES

We found that most 5 co-cited articles with the highest frequency
and centrality were related to immune checkpoint inhibitors
(ICIs) and MSI, which indicated the importance of ICIs and MSI
in the field. Among the top five co-cited references, the article
titled “Global cancer statistics 2018: GLOBOCAN estimates of
incidence and mortality worldwide for 36 cancers in 185
countries” was focused on a global review of cancer prevalence
and treatment measures (27). Based on the top 5 cited articles by
centrality, there was 1 article analyzed the immunophenotypic
and antigenic genomic characterization of CRC, revealing
different targets of immune escape and tumor immunity (28).
It is well known that immune escape, a process by which tumor
cells escape killing by the immune system, was a critical factor
affecting the effectiveness of tumor therapy. Therefore, this
highly cited paper demonstrated that revealing the mechanism
of immune escape may help to discover potential targets for
Frontiers in Immunology | www.frontiersin.org 13
immunotherapy of colon cancer. Another article with a high
centrality revealed the mechanism of cancer immunotherapy
resistance (29), which indicated that immunotherapy resistance
had received much attention in CRC immunotherapy.

The timeline view of the co-cited literature showed that most of
the studies were published after 2007. The prognosis (Cluster0) has
the darkest color and the most published literature and has been a
consistent focus of CRC immunotherapy. Microsatellite instability
(Cluster1), programmed cell death protein ligand1 (Cluster2) have
appeared in recent years and have larger nodes and warmer colors,
indicating that the problems under these clusters were hot research
topics in recent research years. Microsatellite instability (Cluster1),
programmed cell death protein ligand1 (Cluster2) have emerged in
recent years and have larger nodes and warmer colors, indicating
that the problems under these clusters were hot spots of research in
recent years, which was consistent with the above highly co-cited
literature focusing on PD-1/PD-L1 and mismatch repair.In
addition, in recent years, cytokine-induced killer cells (Cluster3)
and t cell exhaustion (Cluster9) may be new research hotspots in
CRC immunotherapy. It has been shown that gut microbes can
promote colorectal carcinogenesis by stimulating specific immune
responses (30). Gutmicrobiota (Cluster7) may be a research hotspot
FIGURE 9 | Keywords with burst periods from 2020 onward among the top 103 burst keywords in articles related to colorectal cancer immunotherapy. A blue line
indicates the timeline, and the intervals in which bursts were found are indicated by red sections on the blue timeline, indicating the start year, the end year, and the
burst duration.
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in recent years to understand the mechanisms of colorectal
carcinogenesis and identify relevant immunotherapeutic strategies.
Moreover, hormone replacement (Cluster5) may be one of the hot
spots in reducing the risk of colon cancer in MSI type of high-aged
menopausal women.
KEYWORDS

In bibliometric analysis, keyword bursts can reflect research
hotspots in academic fields (31), and time zone maps can show
the evolution of new hotspots (32). Based on the change in the
number of publications, we divided the evolution of keywords into
three phases: slow growth period (2012-2014), acceleration period
(2015-2017) and rapid development period (2018-2021). During the
slow growth period (2012-2014) rising terms mainly covered:
“expression”, “t cell”, “dendritic cell”, “regulatory t cell”, “tumor
microenvironment”, “blockade”, “antibody”, “microsatellite
instability”, “inhibitor”, and “target”, mainly associated with
treatments and mechanisms. In the acceleration period (2015-
2017), most new terms focus on clinical and mechanistic studies
of ICIs, MSI, and drug resistance. These keywords include: “pd 1
blockade” , “ifn gamma” , “open label” , “nivolumab” ,
“microenvironment”, “checkpoint blockade”, “mismatch repair
deficiency”, “immune checkpoint inhibitor”, “resistance”, and
“pembrolizumab”. During the rapid development period (2018-
2021), emerging topics included “tumor-associated macrophages”,
“gut microbiota”, “immunogenic cell death”, “stem cells”,
“nanoparticles”, “tumor mutation burden”, “liver metastasis”,
“drug therapy”, “immune escape”, and “circulating tumor dna”.
These themes inherited the characteristics of the accelerated phase
and used novel technologies such as nanomaterials, and gave rise to
many research directions such as gut microbes, stem cells, tumor-
associated macrophages, and immune escape.

According to the citation count and keyword centrality
analysis, which mainly included keywords related to
immunotherapy mechanism of CRC included “Microsatellite
instability”, “T cell”, “PD-1blockade”. It was similar to Nicolas
J. Llosa et al. (33), who reported that in dMMR or microsatellite
instability-high (MSI-H) (dMMR/MSI-H) tumors. The major
histocompatibility presented on the surface of the tumor cell
complex (MHC) class I peptide complex induces the migration
of CD8 tumor-infiltrating lymphocytes, helper T cells 1, CD4 T
cells and macrophages into the tumor microenvironment to
induce IFN-g secretion for antitumor effects and to balance
this active microenvironment, dMMR/MSI-H tumors selected
for sustained upregulation of the T cell suppressor ligands PD-
L1, CTLA-4, fostering immune escape.

Several studies have confirmed the significant anti-tumor
effects of PD-1blockade in dMMR/MSI-H CRC immunotherapy
(25, 34), further confirming that these keywords were the current
hot topic of research in the field of CRC immunotherapy. A review
of CRC immunotherapy by Ahui Fan et al. (35) also focused on
the treatment of microsatellite unstable and microsatellite stable
CRC, mainly surrounding various therapeutic approaches with
ICIs. In addition, most CRC immunotherapies were associated
Frontiers in Immunology | www.frontiersin.org 14
with keywords such as PD-1blockade, MSI, and T cell (2),
indicating that these aspects were the hot topics in recent years.

A comprehensive analysis of keyword emergence and
timezone view can reveal the hot spots and future research
trends in the field of CRC immunotherapy. The keywords that
emerged since 2020 include “Immune checkpoint inhibitor”,
“pd-1blockade”, “nivolumab plus ipilimumab”, “combination
therapy”, and “drug therapy” with burst strength of:7.71, 3.04,
2.94 and 2.43, respectively. These keywords imply that research
in these aspects has been prevalent in this field over the past year.
Monotherapy of dMMR/MSI-H CRC showed a significant
increase in the durable response rate of the drug with a
manageable safety profile, but more than 50% of patients were
ineffective to treatment (36). Therefore, discovering new
strategies to overcome primary ICI resistance was essential to
improve its antitumor effect. Combination with other ICIs such
as the CTLA-4 inhibitor ipilimumab may enhance the durable
clinical benefit of treating dMMR/MSI-H CRC (37). Recent
studies have shown that PD-1 inhibitors combined with
CTLA-4 prolong OS in advanced refractory CRC (38), which
confirmed that combining multiple ICIs may be a hot topic for
future research in this field. Unlike dMMR/MSI-H CRC,
mismatch repair proficiency(pMMR) or microsatellite
instability-low (MSI-L) (pMMR/MSI-L) tumors, which account
for 95% of all metastatic colorectal cancer (mCRC) cases, had a
lower mutational burden and poorer immune cell recruitment,
resulting in a sub-optimal response to ICIs (13). Researchers
found that nivolumab combined with ipilimumab observed
pathologic responses in 27% of patients with early-stage
pMMR tumors (39). Furthermore, since KRAS/NRSA/BRAF
wild-type mCRC was associated with increased CTLA-4 and
PD-L1 expression for EGFR monoclonal resistance, ICIs
combined with EGFR monoclonal antibodies showed good
safety and efficacy in the treatment of MSS mCRC (40). Anti-
angiogenic drugs can enhance the anti-tumor activity of CD8 T
cells by upregulating PD-L1 expression and reducing
immunosuppressive cells such as TAM and Treg. Several
studies have shown encouraging ICIs in combination with the
anti-angiogenic agent regorafenib in pMMR-MSS (41).
Radiation-induced cell injury may increase response to
immunotherapy through in vitro effects. In a study by Aparna
Raj Parikh et al. (42), CTLA-4 and PD-1 dual blockade combined
with radiotherapy showed encouraging efficacy in treating
patients with pMMR/MSI-L mCRC. In addition, several trials
of ICIs in combination with bispecific antibody andMEK were in
progress (NCT03428126, NCT03271047, NCT04137289). These
studies suggested that combining other therapeutic modalities
such as chemotherapy, antigenic combinations, MEK, bispecific
antibody, and radiotherapy may increase the immunotherapy
response. It was similar to the results reported byWang et al. (35)
and further confirmed that ICIs in combination with other
therapeutic modalities were the most popular direction of
research in this field. Keyword burst and clustering showed
that “immune checkpoint inhibitors”, “combination therapy”,
and “drug therapy” were hot topics in this field and promised to
be studied more deeply in the future.
March 2022 | Volume 13 | Article 843106
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The liver was the most common location of distant metastases
from mCRC and the central organ of immune tolerance (43, 44).
In a preclinical model of liver metastasis from CRC, liver
metastases gathered activated CD8 T cells from the body
circulation and liver myeloid cells induced T cell apoptosis via
the Fas-FasL signaling pathway, resulting in the systemic
immune desert (45). The results of another study showed that
liver metastasis induced tumor-specific immunosuppression in
distant tumors by activating Tregs and regulating CD11b
monocytes in a preclinical model of CRC (46). Fujiyoshi et al.
found that MSS-mCRC patients were more likely to present with
liver metastases than MSI-H mCRC patients (71.0% vs 26.7%,
p=0.001) (47). Thus, liver metastases may be one of the reasons
for the ineffectiveness of ICI therapy in patients with MSS
mCRC, which was supported by a recent study by Want et al.
(48). Therefore, an in-depth investigation into the mechanisms
of drug resistance development in CRC liver metastasis models
may focus on future research.

The tumor microenvironment was the internal environment for
tumor cell growth and metastasis, mainly composed of endothelial
cells, immune cells, and fibroblasts (49). There was accumulating
evidence that many suppressor cel ls in the tumor
microenvironment hindered tumor killing by immune cells and
caused the immune escape of tumor cells. Tumor-associated
macrophages (TAM) were innate immune cells, accounting for
50% of the human tumor cell mass, and were divided into tumor
suppressorM1 and tumor promoterM2. It has been shown thatM2
was strongly associated with epithelial-mesenchymal transition and
chemoresistance in CRC (50). In addition, TAM suppressed T-cell
responses and thus diminished the effectiveness of ICIs (51).
Targeting TAM seemed to be a promising treatment modality.
Neutrophil extracellular traps (NETs) were reticulated structures
consisting of chromatin DNA, dispersed cytoplasm and granular
proteins squeezed by activated neutrophils to capture and kill
bacteria (52). Zhang et al. (53) reported that inhibition of NETs
in a mouse model increased CD8+ T cell infiltration and toxicity,
thereby overcoming PD-1 resistance. Comito et al. (54, 55) showed
that tumor cells modified the microenvironment by reducing
tumor-specific T cells and converting some killer T cells into
regulatory T cells (Tregs),which expressed high levels of inhibitory
receptors (e.g. PD-1), thus generating an immunosuppressive
microenvironment hindering immune killing. In addition,
suppressor cells in the tumor microenvironment, such as
myeloid-derived suppressor cells and tumor-associated stromal
cells, are also resistant to anti-tumor T-cell responses to sustain
tumor immune tolerance (56, 57). Therefore, it is critical to explore
the CRC tumor microenvironment and reshape the immune
microenvironment to improve tumor-infiltrating T cells in CRC
immunotherapy. Keyword clustering and bursting showed that
topics such as “tumor microenvironment”, “neutrophil”, “tumor-
associated macrophage”, “suppressor cell”, and “immune evasion”
were considered as new research hotspots.

As technology advanced, many technologies drove the
development of immunotherapy for CRC. Nanotechnology-
based antioxidants and therapeutics were considered the next
generation of cancer treatment tools (22). Duan et al. (58)
Frontiers in Immunology | www.frontiersin.org 15
synthesized OxPt/DHA nanoparticles, which significantly
enhanced the efficacy of ICIs by increasing the uptake of DHA
and OxPt precursors by CRC cells and enhancing the infiltration
of CD8+ T cells within the tumor. In addition, Xu et al. (59) used
converted nanoparticles containing the photosensitizer chlorine
e6 and Toll-like-receptor-7 agonist combined with an immune
checkpoint inhibitor that generated potent anti-tumor immunity
in CRC cells and exhibited long-term immune memory capacity.
The review by Oliveira et al. showed that nanomaterials have
emerged as a new direction for CRC immunotherapy. With the
development of sequencing technology, researchers have found
that tumor mutational burden was an independent predictor of
the treatment efficacy with ICIs. In clinical trials of CRC treated
by PD-L1 combined with CTLA-4, higher TMB was associated
with better OS (38). Therefore, researches related to
nanomaterials and tumor mutation burden were expected to
be further explored in the future.

An increasing number of studies have shown that gut microbes
play essential roles in cancer development. Tanoue et (60) showed
that anti-PD-1 treatment was significantly improved after
inoculation of a consortium of 11 bacteria in a mouse model of
MC38 colon adenocarcinoma. In addition, Marge et al. (61) used a
Bifidobacterium pseudolongum combined with an ICIs treatment
regimen in germ-free mice bearing colon cancer cells, which
increased T-cell activation and reduced tumor volume in the
animals. These studies showed a promising future of gut
microbes in CRC immunotherapy. Recently, significant leaps
have been made to study gut microbes in overcoming ICB
acquired drug resistance. Baruch et al. (62) showed that FMT
from CR donors combined with anti-PD-1 therapy-induced
clinical responses in patients with anti- PD-1 refractory
metastatic melanoma. Davar et al. (63) found that 40% of
melanoma patients could overcome acquired resistance to anti-
PD-1 therapy with FMT treatment. All of these data indicated the
critical role of gut microbes in immunotherapy. Keyword bursts
indicated that “gut microbiota” would be a new research hotspot
in the field of CRC immunotherapy, and in the future, more and
more attention would be focused on gut microbiota.

Taking our research and discussions together, we believe
there are some aspects of clinical work that should be noted.
Defective DNA mismatch repair (MMR) can be detected either
by the lack of immunohistochemical staining of the MMR
proteins MLH1, MSH2, MSH6 or PMS2 or by PCR-identified
alterations in the lengths of microsatellites between a patient’s
tumour and a sample of normal tissue or blood. The use of
immunotherapy for dMMR/MSI-H CRC may lead to better
outcomes, and the combination of multiple immune
checkpoint inhibitors may achieve satisfactory results
compared to single agents. Patients should be observed for
immune-related side effects during treatment, such as
immune-related nephritis, immune-related endocrine disorders
and toxicity. However, there are still some challenges in the
clinical treatment of this population, such as the keyword
“resistance” that appeared in Figure 8 2018, suggesting that
some colorectal cancer patients in the clinic become resistant to
immunotherapy drugs. There is still no good way to overcome
March 2022 | Volume 13 | Article 843106
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drug resistance and recover the effectiveness of immunotherapy.
For patients with pMMR-MSI-L colorectal cancer, combination
therapy with PD1 inhibitors and other immune checkpoint
molecular modulators (e.g., CTLA4) may benefit a small subset
of patients with pMMR-MSI-L tumors, but for most patients with
this CRC subtype, an alternative approach to immunomodulation is
necessary. For example, the combination of Bispecific antibody
therapy, radiation therapy, anti-angiogenic drugs. Overall, finding
ways to increase the immune cells infiltrating the tumor
environment is critical to their immunotherapy for this category
of patients. In addition, tumor mutational burden is an independent
factor in predicting the efficacy of ICI treatment. In clinical trials of
treating CRC with PD-L1 in combination with CTLA-4, higher
TMB was associated with better OS, so stratification of patients by
immune mutational load prior to treatment may help determine
patient treatment efficacy and thus contribute to the selection of
therapeutic agents.
LIMITATIONS

We should explain the limitations of the study. On the one hand,
these data are collected from a single source, the web of science
core, only, leading to the omission of articles from other sources.
In addition, the manual removal of papers unrelated to the study
by the investigator may lead to selection bias. Last, only English
articles were entered in this study, which may lead to source bias.
CONCLUSION

To our knowledge, our study was the first comprehensive
metrological and statistical analysis of CRC immunotherapy
over the past 10 years. In this study, we found that the United
States has contributed significantly to the advancement of the
field by publishing the most significant number of articles in the
field and keeping the quality of articles high. China’s publications
in this field snowballed after 2018, surpassing the U.S. since 2020,
and maintaining a rapid growth trend that may be related to
government financial support. The rapid growth of publications
also indicated that CRC immunotherapy was becoming of
increasing interest worldwide.

Our research showed a trend for cooperation between various
countries and institutions. However, there was a still lack of
intensive cooperation between different institutions/countries.
Notably, the National Cancer Institute (NCI) and Sun Yat-sen
University have made significant contributions to the progress of
the field. Therefore, institutions can strengthen their cooperation
with them to promote the future development of the field better.
Frontiers in Immunology | www.frontiersin.org 16
Journal of Clinical Oncology and Journal for Immunotherapy
of Cancer were the most cited and most published journals. In
addition, the most prolific and co-cited authors were Adam E
Snook and Dung T. Le, respectively. Thus, researchers can better
grasp the research progress in this field through articles
published in these journals or authors who will be potential
collaborators in the field.

Our research indicated that nanomaterials might be the most
advanced and popular technology in recent research. In addition,
CRC immunotherapy is associated with microsatellite status.
Research on immunotherapy for MSI-CRC has focused on PD-
1blockade, T cell and combination with other ICIs. Research on
immunotherapy for microsatellite stabilized CRC has focused on
immune checkpoint inhibitors, combination therapy, and drug
therapy. These aspects will remain significant research hotspots
in the future. Colorectal cancer liver metastasis has received
increasing attention from researchers due to its characteristics. In
addition, research on the immune microenvironment has drawn
attention to its vital role in immunotherapy, and improving the
effectiveness of immunotherapy by modulating the immune
microcircuit has become increasingly important in the
treatment of CRC. We can predict that the research on tumor
microenvironment will become more enthusiastic in the future.
The role of gut microbes in CRC immunotherapy may soon
become a research hotspot and should be closely monitored.
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