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ARTICLE INFO ABSTRACT

Keywords: Background: CD20 is a membrane protein extensively expressed on the surface of B cells at various
Lymphoma stages of development and differentiation. Herein, we conducted a bibliometrics analysis of the
CD20

literature on CD20-targeting antibody therapy in lymphoma.

f;zs;ﬁﬁz:atherapy Methods: A total of 6663 articles were downloaded from the web of science core collection
Rituximab Py (WOSCC) from 1999 to July 23, 2022. Bibliometric.com was used for citation and annual pub-

lications analysis. VOSviewer was used to map countries/institutions/authors/journals nodes and
links, extract hotspot keywords, and analyze the time trend of keywords. Citespace was employed
to recognize the turning points based on the centrality value of countries, define the topic dis-
tribution of academics according to the map of dual-map overlay of journals, and characterize the
emerging topics or landmark articles in a field based on references citation bursts.

Results: All articles were cited 225,032 times, averaging 33.77. The number of articles increased
from 1999 to 2002, while the growth rate entered the platform after 2002. The USA was the most
publication country, and China was the largest emerging country. Hotspots in this field still focus
on the efficacy of rituximab in treating non-Hodgkin’s lymphoma and the pathogenesis of lym-
phoma Application of generation CD-20 antibodies or molecule inhibitors in clinical research and
cellular therapy/immunotherapy, such as CAR-T and PDL1/PD1 were the emerging research
topics.

Conclusion: This study provides essential information and the tendency of the CD20-targeting
antibody therapy in lymphoma by using bibliometric and visual methods, which would provide
helpful references for clinical experiments and basic scientific research.
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1. Introduction

Blood system-related diseases have always been a problem that plagues human beings, and lymphoma is one of the most difficult
parts [1-6]. Lymphomas can be divided into non-Hodgkin (90 %) and Hodgkin (10 %) types according to the tumor cells clinically [7].
The estimated new cases in 2022 of non-Hodgkin represent 4.2 % of all new cancer cases and 3.3 % of all cancer deaths in the US. At the
same time, the estimated new cases of Hodgkin’s represent 0.4 % of all new cancer cases and 0.2 % of all cancer deaths in the US. The
number of new cases and deaths was far lower than in non-Hodgkin [8]. Regarding cell origin, most lymphomas (90 %) originate from
B cells but can also be T cells or natural killer cells [9]. Generally, targeted therapies for b-cell lymphomas: 1. CD20-targeting anti-
bodies, such as rituximab, ofatumumab, and Obinutuzumab; 2. Chimeric antigen receptor-modified T-cell (CAR-T); 3. Inhibitors that
target the B-cell receptor signaling pathway. Of note, abnormal epigenetic signaling pathways exist in B- and T-cell lymphomas,
epigenetic inhibitors such as belinostat, vorinostat, and romidepsin are approved by the Food and Drug Administration for T-cell
lymphomas. Besides, some therapies targeting the tumor microenvironment could provide supportive care to reduce adverse reactions
[10].

CD20-targeting antibody was applied to improve outcomes for patients with B-cell malignancies [11]. Although CD20-targeting
antibody was designed for treating B-cell Lymphomas, monoclonal anti-CD20 antibodies’ applicability in CD20-positive extranodal
NK/T cell lymphoma or Hodgkin lymphoma was not well delimitated [12-14]. The information about clinical outcomes with
anti-CD20 monotherapy or combined drug therapy using a classic regimen will improve the applicability of anti-CD20 antibodies.

Rituximab, a specific monoclonal anti-CD20-antibody, is the first drug approved for clinical use and can be shown to improve
response rates and response duration [15]. Despite extensive use of rituximab in treating B cell-derived tumors, some patients fail to
respond to initial therapy or relapse earlier than expected [16]. Therefore, next-generation anti-CD20 monoclonal antibodies have
been developed, such as ofatumumab, Obinutuzumab, ublituximab, and the research status of anti-CD20 monoclonal antibodies in
lymphoma was not clear.

Bibliometric is an established scientific methodology that can use software such as VOSviewer, and Citespace to analyze and
visualize the further identifying essential issues in the research field and links between authors, institutions, and counties, which other
methods including review, meta-analysis, or experiment article cannot perform. Bibliometrics, despite its limitations including de-
pendency on specific databases and an emphasis on data quantification over quality or depth, plays a crucial role in uncovering
historical shifts and projecting future trends in academic research through the analysis of keyword and topic frequencies. This analysis
significantly contributes to the advancement of interdisciplinary research. Furthermore, by supplying objective data, bibliometrics
assist academic institutions and funding bodies in optimizing resource distribution and pinpointing nascent research domains.
Additionally, bibliometrics bolster research efficacy, fortify scientific discourse, and offer vital insights to the global scientific com-
munity. In this study, we studied this science citation index (SCI) articles from WOSCC, analyzed the global publication landscape, and
identified influential countries and journals. This study aims to analyze the literature concerning CD20-targeting antibodies in treating
lymphoma to identify its course of development and structural relationships in this research field.

2. Materials and methods
2.1. Data collection

Current documents were retrieved from the web of science core collection on May 31, 2022. The keywords “CD20” and “lymphoma
or Malignant lymphoma or lymphocytic lymphoma” were used to extract publications. Exclude the literature published in 2022. The
language was limited to English. Full records and cited references in the form of UTF-8 and ciw for use in further analysis.

2.2. Cell experiment

Cell Preparation and Culture: Human lymphoma cell lines OCI-LY8 and Raji were acquired from the Cell Bank of the Chinese
Academy of Sciences. These cells were cultured in RPMI 1640 medium supplemented with 10 % fetal bovine serum (FBS), maintained
at 37 °Cin a 5 % CO2 atmosphere. Medium renewal occurred bi-daily. Upon reaching 70-80 % confluence, cells were either passaged
for continued culture or utilized in experiments.

Drug Preparation and Treatment: Obinutuzumab was sourced from F. Hoffmann-La Roche Ltd, while the PD1 inhibitor Nivolumab
was supplied by Bristol Myers Squibb. Treatment groups were as follows: Group 1 with Obinutuzumab (200 pg/ml), Group 2 with
Nivolumab (72 pg/ml), and Group 3 with a combination of Obinutuzumab (200 pg/ml) and Nivolumab (72 pg/ml), each treated for a
duration of 24 h.

Apoptosis Detection: Post-treatment, OCI-LY8 and Raji cells were gathered in 15 mL centrifuge tubes at a density of approximately
5 x 1075 cells. Cells underwent triple washing with phosphate-buffered saline (PBS) at 179 x g for 300 s each cycle. Post-resuspension in
100 pL binding buffer and supernatant removal, a mixture of Annexin V-fluorescein isothiocyanate (FITC)/PI was added and incubated
for 15 min in a dark, room temperature environment. Following staining, 400 pL of 1 x binding buffer was incorporated, and the cells
were gently agitated. After 60 min, single-cell suspensions were analyzed.

2.3. Statistical analysis

A total of 6663 articles were retrieved from the WOSCC. Citespace (Version 5.8.2R), VOSviewer (Version 1.6.16.0), and
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bibliometric.com were used to analyze the country, institutions, authors, references, and keywords.

Citespace performed the most powerful citation bursts of reference and visualization of reference. Every node indicates a reference.
The node’s size represents its citation frequency, while the links between nodes indicate a coworker or co-citation. Analysis of
reference with citation bursts or reference with the most significant citation provides the most influential reference over a while.

Co-citation countries, institutions, journals, authors, and co-occurrence of keywords were analyzed by VOSviewer. The network
visualization showed the distribution of hotspots and the relationship between each node. Time-dependent overlay visualization
emphasizes the annual change, which might provide emerging trends in a field. Density visualization focuses on the density of
occurrence.

Bibliometric.com is an online software for bibliometric analysis. In this study, it is used for annual publication analysis. Microsoft
Excel 2016 was used to import data and calculate linear and exponential fit.

3. Results
3.1. Annual publications

Articles increased steadily over 2002 (Fig. 1A), and the publications increased gently after 2002. Besides, the growth of publica-
tions in 1999-2002 was likely to be in accord with Price’s law, the equation y = 117.91e0.22x (with a correlation coefficient of
0.9492) was obtained from its exponential curve, and another equation y = 47.6x+93.5 (with a correlation coefficient of 0.9186)
followed by a linear fit (Fig. 1B). As shown in Fig. 1C, the USA published the most significant articles, and the number of articles
published by Japan has changed little. Interesting, the growth of publications in China was increasing year by year. Besides, the
distribution of citations on CD20-targeting antibody therapy in lymphoma by year, present in Fig. 2, shows an increasing trend. We
calculate linear and exponential formulas to verify whether the citation growth conformed to Price’s Law. The equation y =
721.26x+887.26, R2 = 0.9226 was obtained from its linear fit, and y = 1042.1 e 0.1511 x, R2 = 0.6517 followed by an exponential
curve. In sum, the continuous increase in citations indicates that CD20-targeting antibody therapy in lymphoma obtains wide
attention.

3.2. Research field and type of articles

To investigate the main research field of CD20-targeting antibody therapy in lymphoma, we retrieved data about research areas
from the WOSCC database. The result shown in Fig. 3A, the current research mainly focuses on oncology research areas, followed by
hematology, pathology, and immunology. While among the 6663 articles, a large number of articles were original, accounting for
72.58 %, followed by reviews (14.813 %. and other types of articles, such as meeting abstracts, letters, and editorial materials.)
(Fig. 3B).

3.3. Contribution of countries and institutions

This research involved several 5990 institutions in 104 countries. The topmost countries were listed in Table 1, which includes
essential evaluation indices, such as the number of articles and centrality. As shown in Table 1 and Fig. 4A, the USA obtained the most
significant number of articles (1883), and the second number of publications originated from Japan (599), followed by China (410).
Although the number of articles published in Italy and England was not listed in the top three, the centrality of these countries was
more than 0.1, which means there are more important in this research field. Moreover, the USA has the most prominent publications
and centrality values, which indicated its most remarkable contributions in this research field, and high-quality articles were derived
from it. The time-dependent overlay map showed that China, Russia, Iran, the Czech Republic, and India began this research later than
other countries (Fig. 4B).

All 5990 institutions were interrelated in this research field. The top 10 productive institutions are listed in Table 2. University of
Texas MD Anderson Cancer Center (n = 151) ranked first, followed by the University of Washington (n = 140) and Mayo Clinic (138).
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Fig. 1. Number of publications of CD20-targeting antibody therapy in lymphoma A. Number of publications per year. B. The growth trend of
publications in 1999-2002. C. The top 10 relative countries in the number of publications.
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Fig. 3. Countries and institutions contributed to CD20-targeting antibody therapy in lymphoma. A. The distribution of research area on CD20-
targeting antibody therapy in lymphoma. B. The distribution of articles type of CD20-targeting antibody therapy in lymphoma.

Table 1

Top 10 most productive countries.
Rank Country Articles Centrality
1 USA 1883 0.56
2 JAPAN 599 0.08
3 CHINA 410 0.02
4 GERMANY 408 0.07
5 FRANCE 333 0.06
6 ITALY 333 0.14
7 ENGLAND 255 0.27
8 SWITZERLAND 166 0.05
9 CANADA 129 0.04
10 SPAIN 124 0.07

Among them, Fred Hutchinson Cancer Research Center, an institution engaged in research on cancer and fatal infectious diseases, has
the highest average citations (83.96078). The articles of more than 5 in 717 institutions were visualized in Fig. 4C. Cluster analysis of
institutions revealed the connection between institutions. According to the link strength of institutions’ co-occurrence, the network
was divided into three clusters. The first cluster was dominated by Stanford University and Mayo Clinic. University of Texas MD
Anderson Cancer Center mediates the second cluster, and Memorial Sloan Kettering Cancer Center dominates the third cluster.
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Fig. 4. Cooperation and citation relationship among countries and institutions. A: visualization of the top 10 countries with the highest number of
articles. B: time-dependent overlay map of countries. C: overlay visualization of institutions. D: time-dependent overlay map of institutions.

Table 2

Top 10 most productive institutions.
Rank institutions countries Documents Citations Average citation
1 Univ Texas MD Anderson Canc Ctr USA 151 5826 38.58278
2 Univ Washington USA 140 7393 52.80714
3 Mayo Clin USA 138 6596 47.7971
4 Stanford Univ USA 122 10201 83.61475
5 Univ Calif Los Angeles USA 115 9635 83.78261
6 Univ Texas USA 104 7128 68.53846
7 Fred Hutchinson Canc Res Ctr USA 102 8564 83.96078
8 Mem Sloan Kettering Canc Ctr USA 89 4666 52.42697
9 NCI USA 87 5602 64.3908
10 Harvard Univ USA 85 6029 70.92941
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3.4. Landmark authors and publications

Altogether, 30991 authors were involved in producing 6663 related articles; on average, 4.7 researchers worked as a group to
publish an article. One thousand three authors with more than five articles were visualized. The higher number of citations, the larger
size of the node, and the lines between nodes indicate the active degree of cooperation (Fig. 5A). Besides, according to the color of
nodes, several authors started this research mainly in 2010-2015 (Fig. 5B). Press Oliver W, Goldenberg David M, and Klein Christian
were the three highest ranked researchers, published more than 45 articles Table 3A. The authors with over 4000 citations are listed in
Table 4. The list includes White CA (citation = 5047), Grillo Lopez AJ (citation = 4847), Coiffier B (citation = 5117), and Gaulard P
(citation = 4565), which indicate their considerable contributions in this field.

Over time, six thousand sixty-three articles on CD20-targeting antibody therapy in lymphoma were also cited. Citespace generated
a co-citation network of articles, and the top 10 citation articles were marked on the map (Fig. 6 A) (Table 5). The most co-cited
reference was published by a clinical trial published by McLaughlin P in 1998 [17], followed by a clinical trial published by Coiff-
ier B in 2002 [18], and another clinical trial published by Czuczman M S in 1999 [19].

Citation bursts of a reference mean it is cited frequently in a period. The top 50 most robust citation bursts are shown in Fig. 6B. The
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Table 3
Pivotal authors of documents of CD20-targeting antibody therapy in lymphoma.
NO. Author Affiliation H-index Total link strength documents citations
1 Press, Oliver W Fred Hutchinson Cancer Center , USA 54 84362 55 2498
2 Goldenberg, David M Penn State Health , USA 88 83907 55 1726
3 Klein, Christian Roche Holding , Switzerland 49 90486 47 2298
4 Cairo, Mitchell s Westchester Medical Center , USA 68 29532 44 404
5 Salles, Gilles Univ Lyon , France 94 105639 43 3079
6 Morschhauser, Franck CHU Lille, France 53 83051 40 2949
7 Gopal, Ajay K Fred Hutchinson Cancer Center, 44 54845 38 2234
8 Cartron, Guillaume CHU de Montpellier, France 25 102704 37 1721
9 Pagel, John M Swedish Cancer Institute, USA 46 50631 34 1930
10 Robak, Tadeusz Med Univ Lodz, Poland 59 59530 31 1933
Table 4
The authors with total citations of over 4000.
15 White, CA Atlanta VA Medical Center, USA 22 60331 29 5047
19 Grillo-lopez, AJ POB 3797, USA 42 59197 27 4847
34 Coiffier, B CHU Lyon, France 94 60752 21 5117
114 Gaulard, P Universite Paris-Est-Creteil-Val-de-Marne (UPEC), France 63 10654 13 4565

citation burstiness of these references was evenly distributed from 1999 to 2016. The articles with the strongest burstiness (strength =
111.94) were published by McLaughlin P, in 1998, with citation bursts from 1999 to 2003. From the above analysis, the articles on
CD20-targeting antibody therapy in lymphoma mainly focus on clinical research.

3.5. Publication distribution among journals

A total of 6663 articles were published in 1026 journals and 250 journals with more than five articles. Blood was the most popular
journal, receiving 534 articles; Leukemia & Lymphoma ranked second (n = 259), followed by Journal of Clinical Oncology (n = 174).
Although the Journal of Clinical Oncology was not the journal with the highest total citations, it obtained the highest citation per paper
(n =139.2701) (Table 6). From the network visualization analysis, Blood, Leukemia & Lymphoma, and Journal of Clinical Oncology
were the most popular journals in this research field (Fig. 7A). Current research has recently been reported in journals that have never
published articles on this research field, such as Frontier in immunology, blood advances, oncoimmunology, etc. (Fig. 7B). Besides, a
dual-map overlay of journals reveals that articles on CD20-targeting antibody therapy in lymphoma published in molecular, biology,
immunology and medicine, medical, and clinical were cited by articles published in molecular, biology, immunology and health,
nursing, medicine journals (Fig. 7C).

3.6. Hotspot and emerging trends from keywords analysis

VOSviewer was used for keywords co-occurrence and cluster analysis. A total of 7154 keywords were extracted, of which 522
appeared more than five times and 257 appeared more than ten times. The overlay visualization of co-occurrence keywords can
provide high-frequency keywords, which may reveal the hotspots in the current research field. As shown in Fig. 8A, rituximab was the
highest frequency keyword with 1159 co-occurrences, followed by lymphoma and non-Hodgkin’s lymphoma. The keywords were
classified into four clusters, represented by four colors (red, green, blue, and yellow). Time-dependent overlay visualization could
reveal the emerging trend in this field. The keywords for targeted drugs include obinutuzumab, ibrutinib, idelalisib, venetoclax,
immune checkpoint inhibitors, and therapy methods including car-t, cancer immunotherapy, cellular therapy, atomic force micro-
scopy. While emerging molecules involving myc, PD-1, cd3, and cd45 (Fig. 8B).

From the above research, rituximab remained the research hotspot. It is a significant turning point in the treatment of lymphoma
and leads the progress of the whole oncology department in precision and targeted treatment. Moreover, many antibody drugs, such as
new generation CD20 antibodies (Obinutuzumab), inhibitors for BCL-2/PI3k/BTK, and therapy methods, such as immunotherapy, and
cellular therapy, have greatly enriched the treatment of tumors.

3.7. Combined therapy with obinutuzumab and PD1 inhibitor is synergistic in lymphoma cells

The co-occurrence analysis of key terms in DLBCL treatment research demonstrates a frequent simultaneous consideration of *CD20
antibodies’ and "PD1 inhibitors’. This suggests a close association between these treatment methods. Obinutuzumab, exemplifying the
new generation of CD20 antibodies, has been engineered to amplify therapeutic effectiveness and circumvent drug resistance. Simi-
larly, Nivolumab, a prototypical PD1 inhibitor, exhibits significant efficacy in DLBCL treatment [20,21]. This study combines the new
generation CD20 antibody- Obinutuzumab with PD1 inhibitor-nivolumab for lymphoma therapy. As shown in Fig. 9, Obinutuzumab
treatment could induce cell apoptosis; when combined with PD1 inhibitor, the apoptosis rate could significantly increase (Fig. 9).
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Table 5

Top 10 citation reference.
Citation counts References Article type
259 McLaughlin P, 1998, J CLIN ONCOL, 16, 2825 Clinical trial
197 Coiffier B, 2002, NEW ENGL J MED, 346, 235 Clinical trial
183 Czuczman MS, 1999, J CLIN ONCOL, 17, 268 Clinical trial
152 Coiffier B, 1998, BLOOD, 92, 1927 Clinical trial
133 Maloney DG, 1997, BLOOD, 90, 2188 Clinical trial
103 Witzig TE, 2002, J CLIN ONCOL, 20, 2453 Clinical trial
95 Colombat P, 2001, BLOOD, 97, 101 Clinical trial
89 Cartron G, 2002, BLOOD, 99, 754 Clinical trial
89 Shan D, 1998, BLOOD, 91, 1644 Article
87 Marcus R, 2005, BLOOD, 105, 1417 Clinical trial

Table 6

Top 10 journals for publications.
Rank Journal Documents Citations Average citation JCR/IF
1 Blood 535 37978 70.98692 Q1/22.113
2 Leukemia & Lymphoma 259 4702 18.15444 Q3/3.28
3 Journal of Clinical Oncology 174 24233 139.2701 Q1/44.544
4 British Journal of Hematology 145 5397 37.22069 Q1/6.998
5 Clinical Cancer Research 113 6545 57.92035 Q1/12.531
6 American Journal of Surgical Pathology 94 5444 57.91489 Q1/6.394
7 Annals of Oncology 90 3631 40.34444 Q1/32.976
8 International Journal of Hematology 87 1077 12.37931 Q3/2.49
9 American Journal of Clinical Pathology 85 2957 34.78824 Q3/2.493
10 Haematologica 77 2314 30.05195 Q1/9.941

B
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means citations relationship. (For interpretation of the references to color in this figure legend, the reader is referred to the Web version of
this article.)

4. Discussion
4.1. General information

This study retrieved 6663 CD20-targeting antibody therapy in lymphoma articles from the WOSCC database until May 31, 2022.
The current study involves 1026 journals by 30991 authors from 104 countries and 5990 institutions.

The annual number and trend of articles reflect this field’s development speed and research progress [22,23]. As shown in
Fig. 1A-B that the overall growth pattern of publications was steadily increasing, which indicated that current research might enter a
plateau. Besides, after being adjusted to be a tendency line, the growth pattern of current publications from 1999 to 2002 was inclined
to fit an exponential trend rather than a linear equation according to the correlation coefficient of 0.9492 of its exponential equation y
=117.91e0.224 x. Not every distribution of publications conforms to Price’s Law in any period. The growth patterns of publications
are impacted by many aspects [24]. However, the citation has been growing. From the annual numbers and citations analysis, the
current research may develop steadily, but it still receives considerable attention from scholars.
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Fig. 9. Obinutuzumab combined with PD1 inhibitors acts synergistically for lymphoma. A: Cell apoptosis analysis for OCI-Ly8 cells. B: Cell
apoptosis analysis for Daudi cells.

The distribution of publications across different countries has been unbalanced and restricted by several factors, such as economic
development and investment in scientific research. Centrality is an index to measure the importance of a node in the network, which is
mainly used to measure the value of the bridge function of the node in the entire network structure [25].

The USA was the most prolific country and obtained the highest centrality value, which was regarded as an essential turning point
that may lead to transformative discoveries [26,27]. Although the number of publications of Italy and the UK was not ranked in the top
3 productive countries, their node was colored purple round, indicating that they were influential countries in this field. Noticeably,
the publications in China were increasing rapidly in 2008 (Fig. 1C). It may conclude that more Chinese researchers are equipped to
engage in this field and conduct more research. Besides, there are active collaborations among the USA, France, Germany, UK, Japan,
and China, indicating that CD20-targeting antibody therapy in lymphoma research has gained interest mainly in USA, western
countries, and the USA was the main collaborating center.

Are there differences among institutions in the current study? Fig. 4C and D, Table 2 showed that the University of Texas MD
Anderson Cancer Center, University Washington, and Mayo Clinic were the top productive institutions, implying their notable con-
tributions to this research field. Importantly, all the top 10 productive institutions came from the USA, which confirmed its leading role
in current fields.

Highlighting the contributions of influential researchers can help scholars move along the road and provide further directions and
guidelines [28]. In this study, Press, Oliver W, and Goldenberg, David M published the most papers, while White, CA had the most
co-citations. Salles, Gilles, and Coiffier, B had the highest H-index value, indicating their powerful influence in this research field. The
network of authors provides information about potential collaborators and influential research groups.

Journals analysis showed that Blood was the most popular journal. Although the Journal of Clinical Oncology was not the journal
with the highest total citations, it obtained the highest citation per paper (n = 139.2701). Besides, a dual-map overlay of journals
reveals that articles on CD20-targeting antibody therapy in lymphoma published in molecular, biology, immunology and medicine,
medical, and clinical were cited by articles published in molecular, biology, immunology and health, nursing, and medical journals.
The connection between different research fields enhances the understanding of different specialties and promotes their development.
Both primary and clinical research are involved in the current research field, which means the clinical translational application of this
research had a considerable achievement.
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4.2. The hotspots and frontiers

Co-occurrence keywords/terms can reflect the hotspots of research fields. In this bibliometrics, high-frequency keywords of current
research included rituximab, non-Hodgkin’s lymphoma, diffuse large b cell lymphoma, Epstein-Barr virus, immunohistochemistry,
monoclonal antibodies, etc. Non-Hodgkin lymphoma accounts for 90 % of lymphoma, while Hodgkin’s accounts for 10 %. At the same
time, non-Hodgkin’s lymphoma is further divided into B-cell and T-cell/natural killer (NK) cell types. Most non-Hodgkin’s lymphoma
in the clinic is B-cell type [17,29]. Generally, the CD20 antigen is expressed in over 90 % of B-cell lymphoma; it is regarded as an
effective therapy for B-cell lymphoma. Diffuse large B-cell lymphoma (DLBCL), an aggressive B-cell lymphoma, accounts for 25-30 %
of non-Hodgkin’s lymphoma [9]. Although generation CD20 antibodies were applied in the clinic, rituximab is likely to maintain a
position within the therapeutic armamentarium of its successful clinical use in long history [30].

Furthermore, keywords analysis also found that Epstein-Barr virus (EBV) was related to our research. EBV was discovered more
than 50 years and is regarded to be a human tumor virus according to its tumorigenic role in a diverse range of tumors, such as
lymphoma and Nasopharyngeal carcinoma [31-33]. EBV infection led to the development of cancers may attribute to its infection of T
cells, B cells, and epithelial cells [34]. To study EBV is to explore the pathogenesis of lymphoma. In terms of lymphoma types, DLBCL
would be the hotspots of this research, while pathogenesis of lymphoma was also the research highlight according to knowledge
structure.

According to the time-dependent overlay map of keywords, emerging keywords about targeted drugs, therapy methods, molecules
including obinutuzumab, ibrutinib, idelalisib, venetoclax, immune checkpoint inhibitors, car-t, cancer immunotherapy, cellular
therapy, atomic force microscopy, combination therapy, myc, PD-1, cd3, cd45. CD20 targeting monoclonal antibody therapy changed
the treatment landscape of lymphoma, especially for b-cell-derived [35]. However, patients with double-hit lymphoma transformed
lymphomas, and early relapses will become refractory to standard therapies and have limited alternatives for cure [36].

Therefore, generating other targeting drugs as alternative therapies or combination therapies which have greatly enriched the
treatment of lymphoma. Besides, the top three citation references revealed that clinical trials of rituximab or rituximab plus CHOP for
lymphoma treatment were the hotspot research. Interesting, the most reference was also the reference with the most powerful citation
bursts, which was published by Mclaughlin P in 1998. In this research, an anti-CD20 antibody was applied in the treatment of patients
with relapsed low-grade or follicular lymphoma, and the effects after treatment and the side effects during treatment were analyzed.
Compared with chemotherapy, toxicity was mild, and the response rate was 48 %. This article provides essential information for
follow-up clinical research [17].

The success of rituximab promotes the development of other anti-CD20 monoclonal antibodies. This study examines the ad-
vancements in next-generation CD20 antibodies for B-cell lymphoma treatment, focusing on the development and clinical application
of innovative anti-CD20 monoclonal antibodies, including ublituximab, ofatumumab, and obinutuzumab. Ofatumumab and ubli-
tuximab, as newer generation CD20-targeted antibodies, offer promising options for B-cell lymphoma therapy. Ofatumumab, a fully
humanized CD20 monoclonal antibody, demonstrates high affinity for CD20 and potential efficacy in certain refractory or relapsed
conditions. Ublituximab, a third-generation antibody, exhibits enhanced antigen binding and increased immune-mediated cytotox-
icity. Among these, obinutuzumab has undergone the most extensive research and has demonstrated superior efficacy compared to
rituximab in randomized pivotal trials, particularly in chronic lymphocytic leukemia and indolent non-Hodgkin lymphoma [37,38].
The phase 3 GALLIUM trial underscored obinutuzumab-based immunochemotherapy’s significant improvement in progression-free
survival over rituximab-based therapy for follicular lymphoma [39]. Current research is exploring novel combination therapies
incorporating obinutuzumab for DLBCL. According to our analysis, the combined Obinutuzumab and PD1 inhibitor is synergistic in
lymphoma. Results showed that combining these two drugs would significantly improve the therapy of lymphoma cells, which is
consistent with the research tendency.

The current study revealed that CD20-targeting antibody therapy in lymphoma research was mainly focused on clinical research.
The most researched type of lymphoma was DLBCL, and rituximab remains the center position within therapeutic drugs. Furthermore,
the pathogenesis of lymphoma was also a popular topic in current research. Research in frontier areas concentrates on integrating
CD20 antibody therapies with other treatment modalities, including chemotherapy, radiotherapy, and immunotherapy. The inte-
gration of CD20 monoclonal antibody with chemoradiotherapy is now the established protocol for certain B-cell lymphomas,
particularly in Diffuse Large B-Cell Lymphoma (DLBCL) for stages I/II without a large mass. The recommended treatment is either 3-4
cycles of the R-CHOP regimen plus Involved Site Radiation Therapy (ISRT) or 6 cycles of the R-CHOP regimen with or without ISRT. In
frontline therapy for stages III and IV, participation in clinical trials is primarily recommended, or alternatively, 6-8 cycles of R-CHOP
chemotherapy. Additionally, the synergy of CD20 monoclonal antibody with immune checkpoint inhibitors (such as Hu5F9-G4,
Pembrolizumab, Atezolizumab, Nivolumab, and Lenalidomide) has demonstrated enhanced efficacy in treating non-Hodgkin lym-
phomas, notably DLBCL [20,40-45]. This efficacy, stemming from the augmented ability of the immune system to target cancer cells,
has led to increased treatment response rates and extended progression-free survival, especially in patients exhibiting specific bio-
markers like PD-L1. These findings highlight the growing importance and potential of immunotherapy in lymphoma treatment.

This study entailed an extensive analysis of three reviews with similar themes. The first review encapsulated a range of monoclonal
antibody therapies for large B-cell lymphoma, encompassing naked antibodies, radioimmunoconjugates, and antibody-drug conju-
gates, and evaluated their clinical efficacy and safety [46]. The second review concentrated on the evolution and utilization of
anti-CD20 monoclonal antibodies in B-cell malignancies treatment. It provided an in-depth examination of the molecular structure,
mechanism of action, and clinical outcomes of various antibodies, including rituximab and obinutuzumab [47]. The third review
delved into the advancements in monoclonal antibody therapies for DLBCL, particularly focusing on novel therapies beyond rituximab,
assessing their effectiveness and safety in treating DLBCL, notably in relapsed or refractory cases [48]. A distinctive feature of this
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study is the inaugural application of bibliometric methods to thoroughly analyze CD20-targeted antibody treatment of lymphoma. This
approach unveiled research trends and hotspots, and pinpointed pivotal studies and teams in the field. Contrary to prior research, this
paper amalgamates a comprehensive literature review with original experiments investigating the synergistic effects of CD20 anti-
bodies and PD1 inhibitors. This novel empirical evidence and deeper insight into lymphoma treatment strategies address a previously

unexplored aspect in this domain. Compared with the traditional reviews, our results provide researchers with richer objective in-
formation, knowledge, and insight.

5. Conclusions

In conclusion, the articles for CD20-targeting antibody therapy in lymphoma were entered into the plateau, but the citations were
increasing along with the time, which indicated that it had received extensive attention from several scholars. Furthermore, efforts
were applied to elucidate the mechanism and effectiveness of CD20-targeting antibodies in treating lymphoma. Future research

hotspots will focus on alternative therapy, such as CAR-T, immune checkpoint inhibitors, and combination therapy for higher ther-
apeutic effects. We hope these research results will provide helpful references and direction for further research.
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Abbreviation

CD20 membrane spanning 4-domains Al

WOSCC Web of Science Core Collection

CAR-T  Chimeric Antigen Receptor T-cell, a type of immunotherapy
PDL1/PD1 Programmed Death-Ligand 1/Programmed Cell Death Protein 1

SCI Science Citation Index
DLBCL Diffuse Large B-cell Lymphoma
EBV Epstein-Barr Virus

R-CHOP Rituximab, Cyclophosphamide, Hydroxydaunorubicin (Doxorubicin), Oncovin (Vincristine), and Prednisone
ISRT Involved-Site Radiation Therapy
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