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Objective: A bibliometric analysis was performed in the domain of ranibizumab and age-related macular degeneration (AMD) to
delineate current trends in international research dynamics and to provide a visual representation of research hotspots and
challenges associated with ophthalmic drugs over the past 15 years. This study also evaluates the sustainability of ranibizumab
therapy through reduced injection burden, cost-effectiveness compared to alternative treatments, and long-term outcomes that
minimize healthcare resource utilization.

Method: In this cross-sectional study, bibliometrics analyzed data retrieved and extracted from the Web of Science Core
Collection (WOSCC) database to analyze the evolution and thematic trends in the delivery of studies from January 1, 2008, to
September 2, 2023, for ranibizumab and AMD studies. A total of 2691 articles on the field were assessed for specific characteristics
such as the year of publication, journal, author, institution, country/region, citation, and keywords. Co-authorship analysis, co-
occurrence analysis, co-citation analysis, and network visualization were constructed using VOSviewer. Some important sub-
topics identified by bibliometric characterization were further discussed and reviewed.

Results: From 2008 to 2023, the cumulative number of articles published globally increased from 1 to 2,691, with the highest
number of articles published in 2020 (255 papers). RETINA THE JOURNAL OF RETINAL AND VITREOUS DISEASES
published the most manuscripts (285 papers) and was cited (6496 citations), followed by OPHTHALMOLOGY (193 papers) and
GRAEFES ARCHIVE FOR CLINICAL AND EXPERIMENTAL OPHTHALMOLOGY (163 papers). OPHTHALMOLOGY was
the most cited (20,865 citations), with the United States (786 papers, 38,014 citations), Univ Sydney (98 papers, 5245 citations),
and Kim, Jong Woo (56 papers, 550 citations) being the most productive and influential institutions, countries, and authors,
respectively. Five clusters were formed by summarizing the top 100 keywords, which marked the emerging frontier of rani-
bizumab and AMD-related research. Further discussion of the five clusters of research is to assist the researcher in determining the
scope of the research topic and planning the direction of the research.

Conclusion: Over the past two decades, there has been a notable increase in the number of publications and citations pertaining to
ranibizumab and AMD across various countries, institutions, and authors. This study elucidates current trends, global col-
laboration patterns, foundational knowledge, research hotspots, and developmental trajectories within the realm of ranibizumab-
related AMD research. Key advancements in AMD treatment with ranibizumab over the last 15years have centered on less
frequent injection schedules, extended drug efficacy, and enhanced safety profiles.
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1. Introduction

AMD is one of the common refractory fundus diseases
resulting in irreversible vision loss and even blindness in
the elderly, which involves the pigment epithelium, pho-
toreceptor cell layer, and choroidal multilayers in the
macular area of the retina. The prevalence of AMD is
increasing with the intensification of the global population
aging [1]. AMD is a complex, blinding disease induced by
multiple factors, and it has been shown that the patho-
genesis of AMD involves oxidative stress, endoplasmic
reticulum stress, impaired autophagy, mitochondrial
dysfunction, and inflammation [2, 3]. Currently, AMD is
classified into dry AMD and wet AMD according to its
pathology. Wet AMD, also known as neovascular age-
related macular degeneration (nAMD), was character-
ized by the main pathological feature of macular choroidal
neovascularization (MNV). MNV can exacerbate the
damage of the center of the visual acuity and result in
a severe loss of visual acuity [4]. Vascular endothelial
growth factor (VEGF) is an important inflammatory factor
that induces the development of MNV, and vitreous cavity
injection of anti-VEGF drugs is the first-line treatment
option for nAMD in various guidelines and expert con-
sensus from the molecular biological mechanism of nAMD
pathogenesis [5]. Ranibizumab is currently the most
widely used drug with better evidence-based medicine.
Vitreous injection of ranibizumab can inhibit VEGF and
block MNV growth and leakage, which has shown a defi-
nite efficacy in the treatment of AMD [6]. Sustainability in
ophthalmology encompasses not only environmental
considerations but also the optimization of therapeutic
regimens to reduce patient burden, improve cost-
efficiency, and ensure equitable access to care. The shift
toward less frequent dosing schedules and personalized
treatment plans for AMD reflects a growing emphasis on
sustainable clinical practices.

Although there have been multiple reviews on rani-
bizumab and AMD with different emphases, a compre-
hensive and visualized analysis of the evolution and trends
of ranibizumab and AMD is still lacking. Bibliometric
analysis is a scientific, quantitative method of researching
publications, including co-word analysis, social network
analysis, and cluster analysis, which summarizes the
progress on a research topic and detects hot or emerging
trends and contributions from authors, journal in-
stitutions, or countries using quantitative statistics [7].
Utilizing bibliometric analysis, we first characterized the
current status of research fields in ranibizumab and AMD
and explored the trend. We aimed to identify the current
hotspots in this area to offer a perspective into future re-
search topics. Publications are obtained from the Web of
Science Core Collection (WOSCC) from 1985 to 2023 in
terms of the distribution of annual publications, countries,
institutions, authors, source journals, keyword co-
occurrence, and co-citation. Furthermore, we provided fur-
ther discussions into some important subtopics identified by
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bibliometric characterization. This study would assist both
new researchers and specialists to determine the range of
research topics, identify new topics, or plan research direction
in the field of ranibizumab and AMD.

2. Materials and Methods

The main search method and process of literature included
in this study, data retrieval for all included literature was
completed within 1 day on September 2, 2023 and down-
loaded as “text” from WoSCC [8]. Although other databases,
such as PubMed and Scopus, are also widely used in the
biomedical field, WOSCC was chosen for this study mainly
because of its advantages in multidisciplinary high-quality
literature collection and its unified indexing system, which
facilitates the accurate retrieval of related literature and
ensures the consistency of the data sources. However, there
are some limitations; for example, it may miss some doc-
uments that are only included in other databases. A cross-
database comparative analysis can be considered in sub-
sequent studies to further validate the results of the study.
Figure 1 shows the main process of literature search and data
extraction in this study.
Inclusion criteria:

1. The literature subject line search formula is as follows:
(“Age-Related Macular Degeneration” OR “Macular
Degeneration, Age-Related” OR “Age-Related Mac-
ulopathy”) AND (Ranibizumab);

2. The type of study included was limited to “article”;

3. Inclusion of research publication years limited to
1985-2023;

4. Key information was extracted from the included
studies, including publication, first and corresponding
authors, countries/region, research institutions,
journals, and keywords.

During data retrieval, only one search strategy was used
and different search algorithms were not tested. A follow-up
study is planned to explore multiple search strategies, such as
adjusting search terms, changing Boolean operator combi-
nations, etc., and compare the search results under different
strategies to verify the stability of the search results.

2.1. Data Analysis and Network Mapping. In this study,
VOSviewer version 1.6.19 was used to extract information
such as researcher, research institution, country/region,
citations, and keywords from TXT files downloaded from
the WoSCC website to generate a visualized network di-
agram [9]. Commonly used bibliometric techniques in-
clude co-authorship analysis, citation co-occurrence
analysis, and keyword co-occurrence analysis to identify
themes and research hotspots in the literature. Co-
authorship analysis reveals the pattern and depth of col-
laboration between authors, institutions, and countries/
regions [10]. Co-occurrence analysis uses the frequency of
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Searched method: TS (“topic”) as TS =
(“age-related macular degeneration” OR
“macular degeneration, age-related” OR
“age-related maculopathy”) AND TS =

(ranibizumab);

3472 studies identified from
Web of Science core collection

_ / Performed
\ September 2, 2023

Exclude 336 review article, 302
. meeting abstract, 80 letter, 53

< 2691 studies identified >

editional material, 46 early access, 31
proceeding paper

FIGURE 1: The data collection and retrieval strategy.

multiple keywords in the same article to determine the
extent to which they are connected, thus showing hot topics
and trends in the discipline. For topics of interest, these
visualizations enable researchers to identify active authors,
institutions, countries, foundational knowledge, research
hotspots, research frontiers, and other bibliometric in-
formation [11]. In the VOSviewer visualization map, each
node is represented by a circle with a label. In the co-
occurrence analysis, larger circles indicate higher fre-
quency. The color of each circle is determined by the cluster
they belong to. The thickness and length of inter-node links
represent the connection strength and correlation between
the corresponding nodes [8].

2.2. Research Ethics. The literature data included in this
study are publicly available from the WOSCC, and the
acquisition of information from these data did not involve
interaction with human subjects or animals. Therefore, this
study did not require ethics committee approval [8].

3. Results

3.1. Annual Global Publication Outputs on Ranibizumab and
AMD. As of September 2, 2023, a total of 2691 ranibizumab
and AMD-related treatises were retrieved from the WOC
database, and the number of publications per year is shown in
Figure 2. There was only one article in 2008, and no publi-
cation was seen in the following 2 years. Then, the number of
publications soared to 154 articles in 2011, followed by
a gradual upward trend. Scholars’ interest in the research
topic of ranibizumab and AMD. The number of publications
was 253 in 2016, although the number of publications
gradually decreased from 2017 to 2019, but it was stable at
more than 200. And the number of publications peaked at 255
in 2020, which may be related to the global outbreak of the
novel coronavirus epidemic, so the researchers have more
sufficient time to write and publish papers. The number of
publications in 2021 and 2022 slightly decreased to 221 and
229. As of now, 106 have been published in 2023, indicating

that ranibizumab and AMD-related studies are the research
hotspots and difficulties at present. The peak publication year
(2020) coincided with global efforts to reduce healthcare costs
during the COVID-19 pandemic, highlighting the role of
sustainable treatment strategies like extended dosing intervals
in crisis resilience.

3.2. Distribution of Source Journals and Top 10 High-Cited
Articles. The retrieved articles on ranibizumab and AMD
were published in 306 journals. Table 1 lists the top 10
journals in terms of the number of publications, accounting
for 45.78% (1232/2691) of the total number of publications,
RETINA THE JOURNAL OF RETINAL AND VITREOUS
DISEASES is the journal with the highest number of pub-
lications (285), but the journal with the highest number of
citations is OPHTHALMOLOGY (20,865), while it has the
second highest number of publications (193).

The total number of citations for the 2691 articles in-
cluded is 73,023, and the average number of citations per
article is 27.13. Table 2 lists the top 10 cited papers. The most
cited paper is “Global prevalence of age-related macular
degeneration and disease burden projection for 2020 and
2040: a systematic review and meta-analysis” (with 2561
citations), which was published in the journal LANCET
GLOB HEALTH. Followed by “Ranibizumab and Bev-
acizumab for Neovascular Age-Related Macular De-
generation The CATT Research Group” (cited 2010), was
published in the top international journal NEW ENGLAND
JOURNAL OF MEDICINE.

In addition, calculating the average number of citations
per year and the standard deviation of the number of ci-
tations provides a more complete assessment of the change
in research impact over time. For example, the average
number of citations for articles per year for the period
2011-2023 is 3154, and the standard deviation of citations is
556. The average number of citations reflects the average
impact of research in the field across years, while the
standard deviation reflects the degree of dispersion of ci-
tations, i.e., the stability of the impact of research.
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FIGURE 2: The number of articles on ranibizumab and AMD per year from 2008 to 2023.

3.3. Distribution and Co-Authorship of Countries/Regions.
Ranibizumab and AMD are a global research hot topic;
currently, 72 countries are involved in this research; Figure 3
shows the distribution of multinational collaborations in this
field; the United States is at the center of the research
collaboration in this field. Table 3 lists the top 10 countries in
terms of the number of publications in this field, with the
United States currently ranking first with 786 publications
and 38,014 citations, followed by Germany (319 publications
and 12,583 citations) and the United Kingdom (277 pub-
lications and 10,862 citations).

3.4. Distribution and Co-Authorship of Institutions. A total of
3144 organizations were involved in the research related to
ranibizumab and AMD, and Table 4 lists the top 10 orga-
nizations in the world with the highest number of publi-
cations in the field, with the University of Sydney, located in
Australia, having the highest number of publications (98,
cited 5245). A collaborative analysis of the 3144 organiza-
tions found that 370 of them were closely related to each
other and were divided into 16 color-coded groups by
VOSviewer, as shown in Figure 4.

3.5. Distribution and Co-Authorship of Authors. There are
10,197 authors in 2691 published articles, with an average of
4 authors per article. Table 5 lists the top 10 authors with the
most publications. Kim, Jong Woo is the first author with 56
publications, followed by Schmidt-Erfurth, Ursula (48) and
Kim, Chul Gu (48), which are tied for second place, and
Schmidt-Erfurth, Ursula has the highest number of citations
for their published articles (5,890). As shown in Figure 5, the
distribution of the relationships of the 503 authors who
collaborate closely in this field was analyzed by the Vos-
viewer software, grouping them into 20 clusters with dif-
ferent colors.

3.6. The Co-Occurrence Analysis of the Top 10 and Top100
Keywords. Keywords can best reflect the core theme of
a paper, so it is appropriate to filter out the high-frequency
keywords in 2691 articles to explore the research hotspots
and research dynamics in this field. Table 6 lists the top
10 high-frequency keywords in terms of the number of
occurrences, with ranibizumab appearing the most fre-
quently at 1919 times, followed by age-related macular re-
generation at 831 times, and the third high-frequency
keyword is bevacizumab at 812 times. Figure 6 displays
a visualization network map of the top 100 keywords in five
clusters with their co-occurrence. The five clusters are shown
in red (1), green (2), blue (3), yellow (4), and purple (5).
Node labels indicate keywords, and the size of each node
indicates the frequency of keyword occurrence. A link
connecting two nodes indicates a co-occurrence relationship
between two keywords. To explore the evolutionary trend
over time, keywords retrieved from publications were col-
ored according to their average occurrence year (AAY) using
VOSviewer and coded using a heat map [8] (Figure 7). Cold-
colored keywords represent early occurrences, while warm-
colored keywords represent slightly later occurrences. The
recent appeared keywords were treat and extend (AAY:
2020.23), atrophy (AAY: 2019.05), morphology (AAY:
2019.23), neovascular age-related macular degeneration
(AAY: 2018.99), growth (AAY: 2018.94), neovascular AMD
(AAY: 2018.84), aflibercept (AAY: 2018.77), 2.0 mg ranibi-
zumab (AAY: 2018.73), macular (AAY: 2018.72), and
management (AAY: 2018.66).

4, Discussion

4.1. Global Trends in Ranibizumab and AMD. From the
analysis of the search results in this article, the research
results related to ranibizumab and AMD were basically
blank before 2011 and then suddenly entered a rapid
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research topics.).

TaBLE 3: The top 10 productive countries/regions.

Rank Country/region Publications Citations
1 USA 786 38,014
2 Germany 319 12,583
3 England 277 10,862
4 Switzerland 254 7720
5 Japan 250 7870
6 Peoples R China 219 3708
7 South Korea 199 2795
8 France 183 7870
9 Australia 182 7407
10 Italy 169 5331

development stage after 2011, and the number of articles
published in this field was stable at about 200 per year from
2013 to 2022, which indicates that the research related to
ranibizumab and AMD has been a hot research topic among
scholars. Analyzing the quality of the top 10 journals in
terms of publication volume, the top 9 journals are all high-
quality international authoritative journals with JCR clas-
sification of Q1 and Q2, indicating that the research related
to ranibizumab and AMD is indeed a key and difficult topic
of interest for scholars in the field worldwide.

There are 10,197 authors from 3144 organizations and
institutions in 72 countries around the world who have
collaborated with each other to publish articles in this
subject area. As shown in Figure 3, there is an extensive
network of collaborative relationships among countries/
regions, and the United States, as the country with the largest
number of articles in this field, is at the core of international
cooperation. In addition, analyzing clusters of different
colors, the Asian countries with China, South Korea, and
Japan as the core, and the European countries with the
United Kingdom, Switzerland, France, and Italy as the core,
all of which are at the forefront of the field. Among the top 10

most efficient institutions, there are four US institutions, two
Australian institutions, two German institutions, and the
remaining two institutions are from South Korea and
Switzerland. The U.S. institutions are the major institutional
organizations for the ranibizumab and AMD studies. As
shown in Figure 4, the 370 institutions are labeled by dif-
ferent colors into 16 clusters, indicating that they are from 16
different countries/regions, e.g., orange clusters mainly
represent institutions from Australia, and purple clusters
represent institutions from China, and the complex network
indicates that there are still extensive collaborations among
these institutions from different countries. In addition, as
shown in Table 5 and Figure 5, Kim, Jong Woo is the author
with the most publications, however, but he is not the author
with the highest number of citations or the highest number
of collaborations, Jaffe, Glenn ] is the author with the highest
number of citations, and Barthelmes, Daniel is the author
with the highest number of collaborations with others.

4.2. Hotspots and Emerging Frontiers on Ranibizumab and
AMD. The co-occurrence analysis of keywords facilitates
the categorization of major knowledge structures and hot-
spots in the current field. As shown in Figure 6 and Table 7,
the co-occurrence clustering analysis of the top 100 key-
words exhibits that there are five major research clusters for
ranibizumab and AMD studies. In Figure 6 (co-occurrence
cluster analysis of the top 100 keywords) and Figure 7
(overlay of the top 100 keywords), the different colored
clusters represent the different areas of focus in the research
on ranibizumab and AMD. The red clusters are mainly
centered around the efficacy and safety of intravitreal in-
jections of ranibizumab for the treatment of neovascular
age-related macular degeneration, with the terms “treat-
ment,” “outcome,” “safety,” “visual acuity,” and other key-
words appeared with high frequency, reflecting the
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TaBLE 4: The top 10 productive institutions.
Rank Institution Country Publications Citations
1 University of Sydney Australia 98 5245
2 University of California genentech USA 73 3836
3 University of Melbourne Australia 67 3018
4 Medical University of Vienna Germany 66 6510
5 Cleveland Clinic USA 59 6546
6 Johns Hopkins University USA 59 4413
7 University of Konyang South Korea 55 597
8 University of Zurich Switzerland 54 2335
9 University of Pennsylvania USA 53 7064
10 University of Bonn Germany 50 4190
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FIGURE 4: The coauthorship network of institutions. (Nodes of different colors in the graph may represent different cooperation clusters or
research groups. Nodes of the same color may have a closer cooperation relationship with each other or have some similarity in research

topics.).
TaBLE 5: The top 10 productive authors.

Rank Author Publications Citations
1 Kim, Jong Woo 56 550
2 Schmidt-Erfurth, Ursula 48 5890
3 Kim, Chul Gu 48 424
4 Barthelmes, Daniel 45 1372
5 Kim, Jae Hui 45 427
6 Souied, Eric H. 40 1005
7 Maguire, Maureen G. 39 6535
8 Holz, Frank G. 39 3960
9 Jaffe, Glenn J. 37 7469
10 Gillies, Mark C. 37 6369

researchers’ concern for determining the optimal injection
dosage, dosing regimen, and evaluating the therapeutic ef-
ficacy. The green clustering focused on the mechanism of
action of ranibizumab in the treatment of nAMD, and the
keywords “vascular endothelial growth factor (VEGE),”
“choroidal neovascularization (CNV),” and “anti-VEGF”

indicated that this clustering mainly investigated the
mechanism by which ranibizumab reduced VEGF levels and
inhibited CNV growth. These clusters help researchers to
clearly identify the main research directions in this field and
the association between the research topics.

Cluster 1 (Figure 6, red cluster): The first study clustering
contained 30 high-frequency keywords such as therapy,
outcomes, neovascular age-related macula, safety, visual
acuity, efficacy, intravitreal ranibizumab, trial, anti-vascular
endothelial grow, etc. These keywords indicate that this
research clustering mainly focuses on the efficacy and safety
of intravitreal ranibizumab injection for neovascular age-
related macula, selecting the appropriate dosage of ranibi-
zumab injection, dosing regimen, and follow-up rules,
improving patients’ visual acuity and improving AMD
patients’ quality of life.

The efficacy of ranibizumab for the treatment of nAMD
is certain, but there are two dosing regimens about rani-
bizumab for the treatment of nAMD, one is the 3+ PRN
regimen, which refers to the three consecutive months of
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TaBLE 6: The top 10 keywords of ranibizumab and AMD.

Rank Keywords Occurrence
1 Ranibizumab 1919
2 Age-related macular degeneration 831
3 Bevacizumab 812
4 Macular degeneration 665
5 Choroidal neovascularization 521
6 Therapy 474
7 Aflibercept 457
8 Endothelial growth factor 445
9 Optical coherence tomography 350
10 Verteporfin 300

injections of one injection followed by a decision on
whether to continue the injection treatment according to
the condition, and the second refers to the treat-and-extend
(T&E) regimen, which refers to the three consecutive
months of injections; the second refers to the T&E program,
which means that after one injection in three consecutive
months, the interval between injections will be extended
according to the condition. T&E is a process of active
treatment between the doctor and the patient, with a high
degree of benefit to the patient in the long run. Passive
treatment (PRN), on the other hand, means that it refers to
the on-demand treatment after completing the load treat-
ment of three or five times, which is more risky for the
patient. The T&E program effectively improves and
maintains patients’ vision over the long term, reduces re-
currence, extends treatment intervals to a maximum of
16 weeks, reduces clinical complications due to injections,
and lowers the burden of disease for patients; it is a better
program for patients. A meta-analysis [22] of approximately
26,360 patients who reported intravitreal ranibizumab for
nAMD outcomes in 42 real-world observational studies
published between 2007 and 2015. The mean change in
visual acuity during years 1, 2, and > 3 for patients receiving
the T&E regimen was +8.8 (95% CI: 5.8-11.8), +6.7 (95% CI:
3.2-10.1), and +5.4 (95% CI: —4.1-14.9), with T&E patients
receiving more injections on average in the first year (6.9 vs.

4.7), but had fewer office visits (7.6 vs. 9.2). Baseline
characteristics were similar for both dosing regimens. Of the
66,176 intravitreal injections, the incidence of endoph-
thalmitis was reported in 17 cases (0.026%). The study
demonstrated the safety of intravitreal injections of rani-
bizumab for the treatment of nAMD in preventing severe
vision loss. Although patients may regain vision from
baseline, the extent to which vision is maintained in the long
term may depend on the frequency of injections. Therefore,
the T&E regimen may be more suitable for patients with
higher demands on vision and quality of life. A recent 12-
month clinical study [23] found that 0.5 mg of ranibizumab
given according to the T&E regimen was not statistically
different in terms of improvement in visual acuity or safety
compared to the monthly injectable dosing regimen, and
that most of the improvement in BCVA in the treatment
groups of the two dosing regimens occurred in the first
6 months and was maintained until the end of the study. The
purpose of optimizing the treatment regimen of ranibizu-
mab is to provide AMD patients with long-term and ef-
fective vision restoration and protection; to reduce the
number of visits to the clinic, so as to reduce the burden on
the patients, their families, and the hospitals; to make full
and effective use of the limited healthcare resources; and to
take into account the individual differences of the patients
and formulate a personalized treatment plan.

Scholars have also conducted a series of studies on the
optimal effective dose of ranibizumab for the treatment of
nAMD, and the current commonly used dose for intravitreal
injections of anti-VEGF drugs is 0.5mg.A 24-month,
multicenter, randomized, double-blind, active treatment-
controlled, phase 3 trial [24] found no difference in clini-
cal efficacy and safety between intravitreal injections of
ranibizumab given 0.5 and 2.0 mg in the treatment of pa-
tients with nAMD and did not differ in clinical efficacy or
safety in the treatment of patients with nAMD.

For nAMD, the T&E regimen is more advantageous than
the 3 + PRN regimen in the treatment of ranibizumab, which
can effectively improve and maintain patients’ vision in the
long term, reduce recurrence, maximize the interval between
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injections to 16 weeks, reduce clinical complications caused
by injections, and alleviate the burden of disease on the
patients, especially for patients who have high demands on
vision and quality of life. Clinicians can prioritize the T&E
regimen when developing a treatment plan.

Cluster 2 (Figure 6, green cluster): The second study
clustering contained 28 high-frequency keywords such as
ranibizumab, macular degeneration, choroidal neo-
vascularization (CNV), VEGF, anti-VEGF, intravitreal
bevacizumab, avastin, pegaptanib, etc. This section focuses
on the mechanism by which the ranibizumab treatment of
nAMD reduces VEGF levels and inhibits CNV. There are
five members of the VEGF molecular family, namely, VEGF-
A, VEGEF-B, VEGF-C, VEGEF-D, and placental growth factor
(PLGF), among which VEGF-A is the most active and is
closely related to CNV and exudative macular degeneration
[25]. Ranibizumab is a second generation of recombinant
mouse anti-VEGF antibody fragment with a relative mo-
lecular weight of 48 kD. It can bind to all VEGF-A subtypes

and block their binding to VEGFR1 and VEGFR2 [26],
thereby reducing vascular endothelial cell proliferation and
vascular permeability, inhibiting neovascularization [27, 28].

Bevacizumab (trade name Avastin) is a humanized full-
length monoclonal antibody against VEGF that binds to all
VEGF isomers and has two binding sites with VEGF. In
2004, the US FDA approved the market for the treatment of
colorectal tumors; its indications do not include AMD [29];
however, due to its relatively low price, it is widely used in
the treatment of AMD “off-label.” A multicenter, single-
blind, nonefficacy trial [13] was studied in which researchers
randomly assigned 1208 patients with nAMD to receive
intravitreal injections of ranibizumab or bevacizumab, either
on a monthly schedule or assessed monthly as needed.
Results showed that bevacizumab administered monthly was
comparable to ranibizumab administered monthly, adding
8.0 and 8.5 letters, respectively. Bevacizumab on an as-
needed basis was comparable to ranibizumab on an as-
needed basis, with increases of 59 and 6.8 letters,
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TasLE 7: Clusters of the top 100 keywords. TasLE 7: Continued.

Cluster Keywords Counts Cluster Keywords Counts

1 Therapy 474 3 Photodynamic therapy 273

1 Outcomes 299 3 Injection 195

1 Neovascular age-related macula 241 3 Polypoidal choroidal vasculopathy 173

1 Safety 236 3 Secondary 98

1 Visual acuity 222 3 Neovascularization 94

1 Efficacy 219 3 Verteporfin photodynamic therapy 88

1 Intravitreal ranibizumab 208 3 Management 86

1 Trial 138 3 Pigment epithelial detachment 74

1 Anti-vascular endothelial grow 127 3 Retinal angiomatous proliferation 70

1 Subgroup analysis 91 3 Natural history 56

1 Dosing regimen 87 3 Thickness 53

1 Visual acuity 81 3 Subretinal hemorrhage 47

1 Regimen 73 3 Occult choroidal neovascularization 38

1 Ranibizumab treatment 71 3 Fluorescein angiography 37

1 Anchor 69 3 Indocyanine green angiography 33

1 Subfoveal choroidal neovascular 68 4 Prevalence 232

1 Growth-factor therapy 65 4 Eye 154

1 2.0 mg ranibizumab 62 4 Risk 145

1 Intravitreal injections 61 4 Geographic atrophy 132

1 Treat-and-extend 56 4 Disease 108

1 Neovascular AMD 50 4 Maculopathy 105

1 Quality of life 49 4 Visual impairment 87

1 Marina 48 4 Association 86

1 Predictors 48 4 Progression 84

1 Atrophy 44 4 Risk factors 75

1 Morphology 44 4 Blindness 58

1 Follow-up 43 4 Complement factor-h 54

1 Vision 42 4 Growth 51

1 Acuity 42 4 Choroidal thickness 44

1 Exudative age-related macular 40 4 Population 41

2 Ranibizumab 1919 5 Bevacizumab 812

2 Macular degeneration 665 5 Aflibercept 457

2 Choroidal neovascularization 521 5 Eyes 172

2 Endothelial growth factor 445 5 AMD 166

2 Anti-VEGF 234 5 Intravitreal aflibercept 137

2 VEGF 227 5 Anti-VEGF therapy 107

2 Intravitreal injections 166 5 Tachyphylaxis 73

2 Intravitreal bevacizumab 134 5 VEGF trap 63

2 Angiogenesis 121 5 VEGE-trap 60

2 Retina 113 5 Fluid 45

2 Expression 101

2 Vascular endothelial growth factor 109

2 Degeneration 90 respectively. The efficacy of on-demand ranibizumab was

2 Pharmacokinetics 86 comparable to that of monthly bevacizumab. Mortality,

2 Diabetic macular edema 74 myocardial infarction, and stroke rates were similar in pa-

2 Edema 72 tients treated with bevacizumab or ranibizumab. A higher

2 Avastin 70 . . . . .

5 Cells 2 proportion of patients in the bevac1zuma.b group experi-

N Pegaptanib 57 .enc?d serious systemic gdverse events (prlma.r%ly hospital-

) Injections 53 ization) than in the ranibizumab group. In addition, a recent

2 Inflammation 57 retrospective study [30] showed that alternating ranibizu-

2 Endophthalmitis 49 mab/bevacizumab injections four times every 2 weeks im-

2 Retina-pigment epithelium 44 proved visual acuity and reduced macular thickness in some

2 Ranibizumab 43 patients with refractory vascular AMD and PED. Bev-

2 Retina vein occlusion 40 acizumab has a higher molecular weight, and animal studies

2 Macula 40 have shown that bevacizumab does not pass through the

2 Factor therapy . 34 inner retinal border membrane after intravitreal injection.

3 Age-related macular degeneration 831 Pharmacokinetic studies showed that its plasma half-life

3 Optical coherence tomography 350 . . . . .

3 Verteborfin 300 was 8.68d, and its residence time in the systemic blood

p

was significantly longer than that of ranibizumab [31].
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Theoretically, bevacizumab has a greater systemic risk, but
multicenter, large-sample, randomized, large-scale clinical
studies are needed.

Understanding that VEGF-A in the VEGF molecular
family is closely related to CNV and exudative macular de-
generation, ranibizumab, as a second-generation recombi-
nant mouse anti-VEGF antibody fragment, is able to bind all
VEGF-A isoforms, blocking their binding to VEGFRI and
VEGEFR2 and thus inhibiting vascular endothelial cell pro-
liferation, vascular permeability, and neovascularization.
Although bevacizumab is a humanized full-length mono-
clonal antibody against VEGF that binds to all VEGF iso-
forms, it was originally used for the treatment of colorectal
tumors, and its use in AMD is considered an “over-the-
counter” drug. In terms of efficacy, multicenter studies have
shown that monthly injections of bevacizumab are compa-
rable to monthly injections of ranibizumab, that they are
similar when injected on an as-needed basis, and that the
efficacy of as-needed injections of ranibizumab is comparable
to monthly injections of bevacizumab. However, the pro-
portion of serious systemic adverse events (mainly hospi-
talizations) was higher in the bevacizumab group, and the
systemic risk was theoretically greater due to its high mo-
lecular weight and long plasma half-life (8.68d), which
resulted in a significantly longer residence time in the sys-
temic blood than that of ranibizumab. Clinicians need to
consider factors such as drug efficacy, safety, and the patient’s
economic status when choosing a drug. For patients with
financial constraints who are able to accept close monitoring
of systemic adverse effects, bevacizumab may be considered
cautiously after adequate notification of the risks, while for
patients who are more concerned about safety, ranibizumab
may be a better choice. In addition, for patients with re-
fractory vascular AMD and PED, alternating injections of
ranibizumab and bevacizumab have been shown to improve
visual acuity and reduce macular thickness in some patients,
which provides a new idea for clinical treatment, but more
studies are needed to validate its efficacy and safety.

Comparison of the bibliometric trends of ranibizumab
with other AMD therapies (e.g., bevacizumab and abcix-
imab) reveals that, in terms of the number of studies, the
number of studies related to ranibizumab grew rapidly in the
early years, but in recent years, the rate of research on
abciximab increased at a faster rate. In terms of research
hotspots, ranibizumab focuses on treatment regimen opti-
mization and safety assessment; although bevacizumab is
comparable to ranibizumab in terms of efficacy, more
studies have focused on its safety and long-term effects due
to its “over-indication” use, and abciximab, due to its long-
lasting effect, has been studied more often in terms of re-
ducing the frequency of injections and improving patient
compliance. This comparison helps to provide a compre-
hensive picture of AMD treatments. This comparison helps
to provide a comprehensive understanding of the overall
trends in AMD treatment research and provides a broader
perspective for subsequent studies.

Cluster 3 (Figure 6, blue cluster): The third research
cluster contains 18 high-frequency keywords, such as age-
related macular degeneration, optical coherence
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tomography (OCT), verteporfin, photodynamic therapy
(PDT), polypoidal choroidal vasculopathy, etc. This part of
the study focuses on the differential diagnosis between the
imaging diagnosis of AMD and other fundus hemorrhagic
diseases and verteporfin PDT for AMD. Clinically, most of
the fundus images of AMD were identified and analyzed by
fundus color photography, OCT, optical coherence to-
mography angiography (OCTA), and fundus angiography
(FFA). Vitreous warts, intraretinal high-reflective foci
(HRF) and low-reflective foci (h RF), subretinal vitreous
wart-like deposits (SDD), retinal pseudophakic vitreous
warts (RPD), and retinal pigment epithelium-vitreous wart
complexes (RPEDCs) are imaging markers to identify and
predict the progression of early- and mid-stage AMD.
Vitelline wart volume is an important predictor of early or
intermediate AMD progression to digraphic atrophy and
MNYV, and vitelline wart volume within 3 mm of the central
concavity serves as a marker for identifying a high risk of
progression [32]. One study [33] found HRF to be the
strongest independent predictor of AMD progression and
also identified four features in OCT images: (1) vitelline
warts with a volume > 0.03 mm? within 3 mm of the center
concavity, (2) presence of HRF, (3) presence of SDD, and
(4) presence of h RF within the DL. A recent study [34]
found that the presence of punctate SDD was in-
dependently associated with nAMD progression, with
a risk three times that of the absence of punctate SDD,
while the presence of fusion SDD was independently as-
sociated with geographic atrophy progression, with a risk
four times that of the absence. RPEDC not only identifies
intermediate AMD but is also a marker for predicting the
progression of intermediate AMD. Folgar et al. [35]
identified that for every 0.001 mm” increase in the volume
of abnormal thinning of the RPEDC at baseline, there was
a 32% increase in the probability of developing a central-
ized geographic atrophy within 2 years.

The FFA can categorize nAMD into occult (type 1)
MNYV, classic (type 2) MNV, microscopic classic MNV,
retinal angiomatous proliferation (RAP), and polypoid
choroidal vasculopathy (PCV). Farecki et al. [36] con-
cluded that type 1 CNVs appeared larger, were poorly
demarcated from the peripheral vasculature, and were seen
primarily in the choroidal capillary layer, which is in the
sub-RPE layer, whereas type 2 CNVs appeared smaller,
were more well demarcated, and were predominantly
found in the outer layers of the retina, with more extension
into the subretinal space. RAP originates from the deep
retinal capillary plexus, and its initial location is within the
retina, growing toward the RPE. The incidence of RAP in
nAMD primary cases is 10%-15% [37, 38]. PCV was ini-
tially recognized as a choroidal disease, and the 2020 In-
ternational Consensus Study Group on Nomenclature of
Age-Related Macular Degeneration [39] also classified it as
type 1 MNV. Frequency-domain and swept-frequency
OCTs, with their high levels of specificity and sensitivity,
may be an effective noninvasive alternative to indocyanine
green angiography for the detection of PCV, and they may
be able to effectively discriminate between PCV and
cryptogenic MNV.
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Verteporfin PDT was approved by the FDA for the
treatment of CNV in 2000 [40]. The results of previous
studies [41, 42] have confirmed that Verteporfin PDT is
effective in the treatment of nAMD and that PDT is also
a safer treatment. And the combination ranibizumab
treatment was effective in improving BCVA and achieving
higher rates of complete polyp regression with fewer rani-
bizumab injections [43]. However, a recent study [44] of
patients with nAMD were given afliximab injections once
a month for 3 months and every 2 months for the first year.
After 1year, treatment with afliximab monotherapy or in
combination with PDT was used as determined by a retinal
specialist. Only cases that completed 3 years of follow-up
were included. The results found that vision in patients with
nAMD remained at baseline levels at year 3; however, pa-
tients treated with rescue PDT developed macular atrophy
more frequently and had worse vision. Currently, there is
some controversy about the safety of vitepofungin PDT
treatment or in combination with ranibizumab in the
treatment of nAMD, and further studies are needed in the
future.

Previous studies have demonstrated that PDT is effective
and relatively safe in nAMD, and that combination therapy
with ranibizumab is effective in improving BCV A, resulting
in a higher rate of complete polyp regression and a reduction
in the number of ranibizumab injections. However, recent
studies have found that nAMD patients treated with re-
medial PDT have a higher incidence of macular atrophy and
poorer visual acuity at 3 years. The safety of vitepofungin
PDT alone or in combination with ranibizumab for the
treatment of nAMD is currently controversial. This suggests
that clinicians should weigh the efficacy and safety of
vitepofungin PDT when considering its use in the treatment
of nAMD and choose the treatment regimen carefully while
looking forward to more studies in the future to clarify its
safety and optimal treatment modality.

Cluster 4 (Figure 6, yellow cluster): The fourth research
cluster contains 15 high-frequency keywords such as
prevalence, eye, risk, geographic atrophy, maculopathy,
visual impairment, etc. This section focuses on the epi-
demiology of AMD and the risk factors for the progression
of macular degeneration in the fundus of the eye. Ap-
proximately 200 million people worldwide suffer from
different subtypes of AMD. By 2040, the number of people
with AMD is expected to increase to 288 million world-
wide. In addition, the prevalence of AMD in China is
increasing year by year [12]. Age is the main risk factor for
the development of AMD, with smoking, increased body
mass index, hypertension, hyperlipidemia, and genetics as
other important risk factors [45]. Some studies [46] have
shown that current smokers and those with a past history of
smoking have an almost twofold increased risk of de-
veloping AMD. Adams et al. [47] suggested a modest as-
sociation between alcohol consumption and an increased
risk of AMD, with those who drank more than 20 mL of
alcohol per day, having an approximately 20% increased
risk of AMD. The intake of high-sugar diet will inevitably
lead to the rise and fluctuation of blood sugar; long-term
high blood sugar or blood sugar fluctuation changes too
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much will produce a series of damage to human organs.
Rowan et al. [48] proposed that a high-sugar diet leads to
characteristic AMD damage in the retina, including retinal
pigment epithelial pigmentation and atrophy, lipofuscin
accumulation, and photoreceptor degeneration, whereas
no damage was found on a low-sugar diet. Other studies
[49] have shown that smokers have a fourfold increased
risk of developing AMD. Several studies [50] have shown
that hypertensive patients are at an increased risk for AMD,
possibly due to the effect of systolic blood pressure on
choroidal blood flow. Hyperlipidemia also acts as a risk
factor for AMD, with studies suggesting that HDL and high
cholesterol intake may be associated with nAMD and el-
evated serum cholesterol, as well as the progression of
macular digit-like atrophy [50]. The mice fed a high-fat diet
showed a corresponding increase in oxidative stress and
inflammatory markers, and the retinas of the mice
exhibited pathological features of AMD [51]. Therefore,
improving lifestyle and dietary habits can effectively reduce
the incidence of AMD.

UV light induces significant oxidative stress in the RPE,
ultimately leading to pathological changes characteristic of
AMD. UV radiation inhibits RPE cell proliferation, leads to
loss of transmembrane potential, and induces apoptosis in
RPE cells [52]. Hypoxia has an effect on RPE metabolism,
leading to degeneration of photoreceptor cells, which is
a common feature of AMD [53]. In a hypoxic environment,
plasma expression levels of hypoxic and inflammatory
factors are increased in AMD patients, such as VEGF and
erythropoietin (EPO) [54]. An in-depth study of the envi-
ronmental factors affecting AMD will help to further explore
the pathogenesis of AMD and new therapeutic strategies in
the future.

Complement genes such as complement factor H (CFH)
gene in which mutations rs1061170, rs10922109, and
complement factors C2/CFB, CFI and C3 were found to be
associated with the progression of AMD [55]. Serine pro-
tease (HTRA1) and age-related macular degeneration sus-
ceptibility factor 2 (ARMS2) are both found in retinal
tissues, and their serum expression is significantly elevated
in AMD patients [56]. AMD also has a familial susceptibility.
A study by Haijes et al. compared the results of patients with
AMD with those of their siblings identified through testing,
and approximately 46% of those related to the AMD patient
experienced the same symptoms [57]. The identification of
therapeutic targets or precision methods for these suscep-
tible or mutated genes may facilitate the diagnosis and
treatment of AMD.

Mutations rs1061170 and rs10922109 in the CFH gene as
well as complement factors C2/CFB, CFI, and C3 are as-
sociated with the progression of AMD, HTRA1, and ARMS2
present in retinal tissues and are significantly expressed in
the sera of AMD patients, and there is a familial suscepti-
bility to AMD. The identification of therapeutic targets or
precise approaches to these susceptible or mutated genes can
help in the diagnosis and treatment of AMD. Clinicians may
consider genetic testing when dealing with patients with
a family history of the disease for early detection and in-
tervention to achieve precision medicine.
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Cluster 5 (Figure 6, purple cluster): The fifth part of the
cluster study contains 10 high-frequency keywords such as
bevacizumab, aflibercept, AMD, anti-VEGF therapy,
tachyphylaxis, and so on. Aflibercept is a human
recombinant fusion protein that acts as a soluble VEGF
family of bait receptors, including VEGF-A, VEGF-B, and
PLGF, thereby inhibiting the downstream signaling me-
diated by these receptors. The long half-life after vitreous
injection of abciximab has the advantage of reducing cost
and frequency of injections. Aflibercept intravitreal solu-
tion was approved by the FDA in 2011 for the treatment of
nAMD [58, 59]. There are also many clinical studies
comparing the efficacy and safety of aflibercept and rani-
bizumab in the treatment of nAMD. Gillies et al. [60]
compared the differences in macular atrophy at 24 months
after the treatment of nAMD with ranibizumab and afli-
bercept, respectively. Patients were treated with once-
monthly ranibizumab of 0.5mg and abciximab of 2.0 mg
for the first 3 months and then treated according to the
T&E regimen, and the incidence and rate of progression of
macular atrophy were not significantly different between
the two groups at 24 months. In a clinical study with a 3-
year follow-up, there was no statistically significant dif-
ference between ranibizumab and aflibercept in terms of
visual acuity improvement and reduction of macular ret-
inal thickness (CMT) in the treatment of nAMD [61]. In the
absence of statistically significant differences in IOP, optic
disc width, and depth, both intravitreal injections of
ranibizumab and aflibercept can be considered safe options
for patients with nAMD combined with primary open-
angle glaucoma (POAG) [62].

Clinically, when performing an anti-VEGF drug is in-
effective or unresponsive, we consider switching drugs.
Queguiner et al. [63] retrospectively analyzed 33 cases of 38
eyes of AMD patients with suboptimal response to treatment
with ranibizumab or relapsed AMD who were switched to
aflibercept. The results showed no statistically significant
difference in visual acuity improvement or macular retinal
anatomy improvement regardless of the reason for the
“switch,” but among the “suboptimal” patients, those who
switched from ranibizumab to aflibercept had significantly
fewer follow-up visits and fewer injections. In “suboptimal”
patients, however, switching from rezumab to aflibercept
significantly reduced the number of follow-up visits and
injections. In addition, the clinical use of aflibercept and
ranibizumab in the treatment of nAMD was safe, and the
adverse effects that occurred could be treated and recovered
within a short period of time, and no serious adverse effects
occurred.

In addition, abciximab and ranibizumab are safe for
clinical use in the treatment of nAMD, and the adverse
reactions can be recovered within a short period of time,
with no serious adverse reactions occurring. This suggests
that abciximab is an option for clinicians when choosing
anti-VEGF drugs for nAMD, taking into account the cost
and frequency of injections, and that switching to abciximab
is a feasible strategy when the effect of ranibizumab treat-
ment is poor, and the safety of switching to abciximab is
guaranteed.
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Based on the bibliometric data, in addition to the
mentioned research hotspots, the emerging trend is also
reflected in the exploration of the combined application of
gene therapy and ranibizumab, and the related research may
bring new breakthroughs in the treatment of AMD. In terms
of research gaps, the long-term effects of ranibizumab in the
treatment of AMD have not yet been adequately assessed,
especially the long-term effects on patients’ quality of life and
potential long-term complications. In addition, differences
in response to treatment with ranibizumab in different
ethnic and geographic populations need to be studied in
depth. For researchers, these bibliometric data can be uti-
lized to further clarify research directions. For example,
basic researchers can focus on mining new therapeutic
targets and combining gene editing technology with rani-
bizumab therapy; clinicians can conduct large-scale, mul-
ticenter long-term follow-up studies to assess the differences
in therapeutic efficacy among different populations and
provide a basis for personalized treatment.

5. Conclusion

To the best of our knowledge, the present study offers the
first comprehensive bibliometric analysis of research per-
taining to ranibizumab and AMD. By examining publica-
tions over the past nearly 15years, this bibliometric
visualization delves into the dynamic evolution of research
on ranibizumab and AMD. It encompasses aspects such as
publication trends, global collaborative patterns, and re-
search hotspots. The insights gleaned from these findings
empower the research community to discern emerging
topics and forefront research directions, thereby providing
guidance for future studies. This analysis underscores the
critical role of sustainable anti-VEGF strategies in AMD
management. Future research should prioritize (1) real-
world cost-benefit comparisons of approved therapies, (2)
environmental impact assessments of intravitreal drug de-
livery systems, and (3) equitable access models for low-
resource settings.
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