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ABSTRACT

Recently, the use of antibody-drug conjugates (ADCs) in the research and management of solid tumors
has increased, making them a key focus in the field of oncology. In this study, we performed
a comprehensive literature review of ADCs use in solid tumor treatment. We retrieved data from the
Web of Science Core Collection (WoSCC). Following literature retrieval, we conducted a thorough biblio-
metric and knowledge-mapping analysis of the collected articles. There was a rapid growth in the
number of annual publications in this field. The United States had the highest publication volumes and
led ADC research for solid tumors. Additionally, The Dana-Farber Cancer Institute had the highest output,
and G. Curigliano was identified as the most productive author. The journal “Cancers” led in the publish-
ing of ADC research on solid tumors. Furthermore, key clustering terms such as “breast cancer,” “targeted
therapy,” “bladder cancer,” “ovarian cancer,” “expression,” and “drug delivery” emerged in this field as the
research progressed. We identified six key themes by literature co-citation analysis, involving the research
on the application of four ADCs in breast cancer, as well as the analysis of ADCs design, mechanisms, and
strategies for reducing cytotoxicity. At the same time, based on the analysis of papers that have
experienced a citation burst recently, we explored the future development trends of this field. Overall,
our inaugural bibliometric analysis of ADCs for solid tumor research provides a systematic framework to
guide future studies in this field. Therefore, facilitating and promoting further development in this area.
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Introduction HER2 (human epidermal growth factor receptor 2)-positive
breast cancer.” Moreover, attention to ADCs in the field of
solid tumor treatment increased significantly, after achieving
this milestone. By August 2024, eight ADCs specifically target-
ing solid tumors had been approved for clinical use globally
(Table 1).8

Bibliometrics, which is a thorough and unbiased approach
to scientific data analysis, is beneficial to explore the knowl-
edge architecture, developmental trajectories, hotspots, trends,
and the contributions of various researchers, institutions, and
countries.”” " To date, there has been no bibliometric research
in the field of ADCs for solid tumors. Therefore, we conducted
a bibliometric analysis of ADCs for solid tumors and con-
structed the corresponding visualization charts to fill this gap.

Antibody-drug conjugates (ADCs) are a targeted therapeutic
approach that integrates the specificity of monoclonal antibo-
dies with the potency of cytotoxic agents connected by linkers.
This approach combines the benefit of the accurate targeting
capabilities of monoclonal antibodies and the efficacy of cyto-
toxic drugs."> ADCs were incorporated into cancer research in
the 1980s. Gemtuzumab ozogamicin, an ADC that targets
CD33, became the first to be approved by the US Food and
Drug Administration (FDA) for commercial use, in 2000.%
Initially, it was approved for treating acute myeloid leukemia
that was either resistant or had relapsed. However, due to its
insignificant clinical efficacy and obvious side effects, gemtu-
zumab ozogamicin was voluntarily withdrawn by the pharma-
ceutical company.*” In 2011, the FDA approved the second-

generation ADC brentuximab vedotin, which targets CD30,
for treating Hodgkin’s and relapsed systemic anaplastic large-
cell lymphoma.® Notably, research on ADCs for solid tumors
began relatively late, compared with hematological tumors. In
2013, after the withdrawal of gemtuzumab ozogamicin, the
FDA approved the first ADC drug for solid tumors, trastuzu-
mab emtansine. This agent specifically targeted patients with

Materials and methods
Data collection and search strategies

We extracted research data from the Web of Science Core
Collection (WoSCC) database on August 2, 2024, following
the retrieval and screening methods detailed in Appendix 1
and Figure 1. We used terms related to “ADC” and “solid
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Table 1. Summary of antibody-drug conjugates approved for clinical use of solid tumors as of August 2024.

Drugs Product  Target Linker Payload  DAR Indications Approved Date
Trastuzumab emtansine  Kadcyla HER2  SMCC DM1 3.5 HER2-positive breast cancer 2013/02 FDA/
EMA/PMDA/
NMPA
Enfortumab vedotin Padcev Nectin-4 Val-Cit dipeptide MMAE 3.8 Uroepithelial tumor 2019/12 FDA
Trastuzumab deruxtecan  Enhertu HER2  GGFG tetrapeptide DXd 8 HER2-positive breast cancer, gastric or 2019/12 FDA/
gastresophageal junction adenocarcinoma EMA/PMDA
Sacituzumab govitecan ~ Trodelvy ~ Trop-2 CL2A SN38 7.6 Triple-negative breast cancer 2020/04 FDA
Cetuximab sarotalocan Akalux EGFR  NA IRDye700DX NA Head and neck tumors 2020/09 PMDA
Disitamab Vedotin Aidixi HER2  Val-Cit dipeptide MMAE 4 HER2 overexpression in locally advanced or 2021/06 NMPA
metastatic gastric cancer
Tisotumab vedotin Tivdak TF Val-Cit dipeptide MMAE 4 Recurrent or metastatic cervical cancer during  2021/09 FDA
or after chemotherapy
Mirvetuximab Elahere FRa  Sulfo-SPDB DM4 3.4 FRa-positive,drug-resistant epithelial ovarian or 2022/11 FDA
soravtansine fallopian tube or primary peritoneal cancer

HER2, human epidermal growth factor receptor 2; Nectin-4, nectin cell adhesion molecule-4; Trop-2, tumor-associated calcium signal transducer 2; EGFR, epidermal
growth factor receptor; TF, tissue factor; FRa, folate receptor alpha; DM1, emtansine; MMAE, monomethyl auristatin E; Dxd, deruxtecan; SN38, 7-ethyl-10-
hydroxycamptothecin; FDA, Food and Drug Administration; PMDA, Pharmaceuticals and Medical Devices Agency; NMPA, National Medical Products
Administration; EMA, European Medicines Agency.
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Figure 1. The flow diagram of literature enrollment and data screening.




tumor” and their synonyms as search terms, connecting them
with the Boolean operators “OR” and “AND” to conduct
a literature search (Appendix 1). Researchers Wenjun Fang
and Xueqing Ma screened the retrieved literature and excluded
irrelevant ones (such as those related to hematological ADCs).
In case of any disagreements during the screening process, the
two resolved them through thorough discussions. Finally,
a total of 2,749 papers were retrieved.

Data analysis

We used tools such as R package Bibliometrix, CiteSpace (version
6.3.R3), VOSviewer (version 1.6.19), Scimago Graphica (version
1.0.44), and Microsoft Office Excel 2019 to manage, analyze, and
visualize the data. Bibliometrix, a comprehensive bibliometric
research tool developed in R, facilitated the entire process, from
gathering data to generating visual representations.'?
Additionally, we used CiteSpace and VOSviewer, which are Java-
based software for bibliometric analysis and visualization, each
with their unique strengths. CiteSpace helps uncover and examine
latent information within the literature, whereas VOSviewer has
robust visualization features.'> Notably, Scimago Graphica is
a data visualization tool that does not require coding.
Furthermore, a more diverse range of visualization effects can
be achieved by importing the data generated by VOSviewer."

HUMAN VACCINES & IMMUNOTHERAPEUTICS e 3

Results
Analysis of publication trends

The number of publications and citations increased between
2004 and 2023, with 2023 marking the peak year. In 2023, 559
papers were published, with a total number of citations exceed-
ing 20,000 (Figure 2). Notably, as of August 2, 2024 (the data
download date), 369 related papers had been published in
2024. Based on this publication trajectory, the expected total
number of publications for the entirety of 2024 is expected to
sustain an upward trend.

Analysis of countries/regions and institutions

We analyzed the publications from 77 nations and 3,865 insti-
tutions. The analysis revealed that the United States (US) led
with 1,341 (48.78%), followed by China (501, 18.22%), Italy
(253, 9.20%), Japan (216, 7.86%), and Germany (184, 6.69%)
(Table 2). Figure 3 shows the close collaboration among var-
ious countries. The US (total link strength of 1,056), positioned
at the center, had the connections, highlighting its outstanding
contributions to the field. Moreover, the diagram reveals that
cooperation between European and American countries is
particularly frequent.
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Figure 2. Annual output and citation counts of publications on antibody-drug con

Table 2. Ranking of the top 10 countries/regions that

jugates for solid tumors from 2004 to 2023.

have published the most articles from 2004 to 2023.

Rank Country Count Proportion (%) Total link strength
1 USA 1341 48.78 1056
2 China 501 18.22 260
3 Italy 253 9.20 504
4 Japan 216 7.86 261
5 Germany 184 6.69 404
6 Spain 154 5.60 435
7 France 151 5.49 390
8 UK 149 5.42 380
9 Canada 123 447 186
10 South Korea 106 3.86 211
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Figure 3. Cooperation network among countries on antibody-drug conjugates for solid tumors from 2004 to 2023.
Table 3. Ranking of the top 10 institutions that have published the most articles from 2004 to 2023.
Rank Institution Count Proportion (%) Country Total link strength

1 Dana-Farber Cancer Institute 112 4.07 USA 935
2 Memorial Sloan-Kettering Cancer Center 99 3.60 USA 805
3 Harvard Medical School 97 3.53 USA 527
4 UT MD Anderson Cancer Center 85 3.09 USA 614
5 Genentech Inc. 74 2.69 USA 357
6 University of Milan 66 2.40 Italy 416
7 National Cancer Center 57 2.07 South Korea 386
8 National Cancer Institute 54 1.96 USA 303
9 Massachusetts General Hospital 52 1.89 USA 443
10 University Of California San Francisco 51 1.86 USA 382

Globally, 3,865 research institutions have significantly con- by institutions in this research field by visually analyzing the
tributed to advancing the understanding of ADCs in solid relevant data (Appendix 2).
tumor research by publishing articles. Notably, the Dana-
Farber Cancer Institute had the highest contributions with
112 publications, with a total link strength of 935. It was
followed closely by the Memorial Sloan-Kettering Cancer In total 17,629 authors have contributed to this research field.
Center, with 99 publications (total link strength of 805), and  Curigliano G from the University of Milan and Bardia A from
Harvard Medical School, with 97 publications (total link the Massachusetts General Hospital made the most contribu-
strength of 527) (Table 3). Of the 10 institutions with the tions, publishing 39 and 32 papers respectively (Table 4).
highest contributions, eight are located in the US. We clearly = Overall, Krop IE, from the Dana - Farber Cancer Institute,
observed the collaborative networks and contributions formed amassed 7,717 citations. Followed by Goldenberg DM, who

Analysis of authors

Table 4. Ranking of the top 10 most productive authors and most co-cited authors from 2004 to 2023.

Total link Total link
Rank Author Count Citations strength Co-cited Author Citations strength
1 Curigliano G 39 1495 77 Modi S 808 32055
2 Bardia A 32 2913 90 Bardia A 673 28517
3 Goldenberg DM 28 3789 78 Krop IE 577 23585
4 Tolaney SM 28 2714 87 Slamon DJ 548 20166
5 Cortes J 26 3194 102 Verma S 483 17763
6 Rugo HS 25 2724 82 Ogitani Y 387 15739
7 Tarantino P 23 663 54 Baselga J 385 16567
8 Krop IE 22 7717 64 Phillips GD 357 11976
9 Girish SR 18 2441 60 Powles T 354 12681
10 Govindan SV 18 1922 50 Schmid P 333 16077




was affiliated with the Center for Molecular Medicine and
Immunology in Mendham, New Jersey, USA, with 3,789 cita-
tions. Furthermore, Modi S from Memorial Sloan Kettering
Cancer Center had the most co-citations (808), highlighting
their influence on ADCs research in solid tumors.
Appendix 3A shows the growth of key academic teams, with
notable collaborations by Bardia A, Goldenberg DM, and
Cortes J. Moreover, Appendix 3B clearly shows how the
authors’ publication output and citation frequency evolved
over time. Goldenberg and Govindan have authored scholarly
articles on the utilization of ADCs for solid tumor therapy
since 2009. Notably, Curigliano only began publishing
research articles in this field within the last 5 years; however,
he had the highest number of publications in the domain.
Additionally, the publication volume by Curigliano G peaked
between 2022 and 2023, including the highest number of
citations for these papers.

Analysis of journals

Academic journals play a crucial role in disseminating scien-
tific research findings. Of the 2,749 publications analyzed, 610
academic journals were identified. The top 10 journals mainly
focused on the fields of Clinical Oncology and Molecular
Pharmacology (Table 5). The cumulative number of papers
published in the field of solid-tumor ADCs by these ten jour-
nals was 591, accounting for 21.50% of the total number of
papers. Cancers led with 117 articles, followed by Molecular
Cancer Therapeutics with 112, and Clinical Cancer Research
with 80. The most cited articles were Clinical Cancer Research
(5,980), Journal of Clinical Oncology (5,505), and Molecular
Cancer Therapeutics (4,524). Additionally, among the top 10
leading journals, 6 are based in the US, and by analyzing the

Table 5. Ranking of the top 10 most productive journals from 2004 to 2023.
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Journal Citation Reports (JCR) quartiles, we can evaluate their
quality, with Table 5 showing that 90% of these top 10 journals
are in JCR quartile 1 (Q1). Regarding the impact factor, four
journals exceeded a score of 10 points. Notably, Bradford’s law
reveals that, in any given field of study, academic journals can
be categorized into three areas based on their significance and
relevance: core, secondary, and peripheral areas. The number
of journals in the core area was relatively small. These journals
concentrated mainly on the key literature in the field. The
shaded area in Appendix 4A indicates the main journals in
the field of ADCs for solid tumors, highlighting their central
position in this discipline. Furthermore, Appendix 4B presents
the publication trends in the top five journals over the past two
decades. In this field, Molecular Cancer Therapeutics main-
tained a leading position in the number of publications since
2015. However, it was surpassed by Cancers after the year 2022.

Analysis of keywords

The keywords reveal the core themes and focal points of
academic articles. Overall, 4,243 keywords were identified,
with the five most frequently occurring keywords including
“ADCs (762),” “breast cancer (380),” “target therapy (220),”
“human epidermal growth factor receptor 2 (HER2) (208),”
and “immunotherapy (186)” (Table 6). In addition, regarding
solid tumors, “breast cancer (n = 380)” had the highest occur-
rence, with a significant co-occurrence frequency. “Triple-
negative breast cancer (TNBC) (96)” also had a relatively
high frequency of occurrence, ranking second. This was fol-
lowed by, “ovarian cancer (1 =69)” and “non-small cell lung
cancer (n=60) occupying the third and fourth positions,
respectively. Additionally, keywords that appeared at least
15 times were selected and utilized to create a density map

Journal Citation Impact
Article Country/ Reports Factor Total number of Total link
Rank Journal count Region (2023) (2023) citations strength
1 Cancers 117 Switzerland Q1 4.5 2145 1122
2 Molecular Cancer Therapeutics 112 USA Q1 53 4524 1302
3 Clinical Cancer Research 80 USA Q1 10.0 5980 1299
4 Frontiers in Oncology 50 Switzerland Q2 35 675 350
5 International Journal of Molecular Sciences 47 USA Q1 4.9 827 408
6 Cancer Research 40 USA Q1 125 3975 609
7 Molecular Pharmaceutics 39 USA Q1 4.5 1567 144
8 Journal of Controlled Release 38 Netherlands Q1 10.5 2874 135
9 Journal of Clinical Oncology 35 USA Q1 421 5505 1221
10 Scientific Reports 33 England Q1 3.8 682 142
Table 6. Top 20 keywords about this research field from 2004 to 2023.
Rank Keywords Count Rank Keywords Count
1 ADCs (antibody-drug conjugates) 762 1 drug delivery 74
2 breast cancer 380 12 EGFR (epidermal growth factor receptor) 71
3 target therapy 220 13 HER2-low 70
4 HER-2 (human epidermalgrowth factor receptor-2) 208 14 trastuzumab deruxtecan 70
5 immunotherapy 186 15 ovarian cancer 69
6 T-DM1 (trastuzumab emtansine) 142 16 antibodies 68
7 trastuzumab 105 17 checkpoint inhibitors 63
8 TNBC (triple negative breast cancer) 96 18 sacituzumab govitecan 63
9 monoclonal antibodies 93 19 NSCLC (non-small-cell lung cancer) 60
10 cancer 90 20 Trop-2 (trophoblast surface antigen 2) 60
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(Appendix 5), offering a more graphical depiction.
Subsequently, a keyword co-occurrence analysis was per-
formed, which clustered the keywords and showed the pro-
gression of research trends and focal points (Appendix 6). The
identified clusters were labeled as follows: #0, drug delivery; #1,
breast cancer; #2, ovarian cancer; #3, targeted therapy; #4,
expression; and #5, bladder cancer.

Analysis of references

Appendix 7 presents the 10 leading papers with the most co-
citations in this research field. Notably, the co-citation fre-
quencies of these papers exceeded 100. Of these papers,
“Trastuzumab deruxtecan in previously treated HER2-
positive breast cancer (298)”'° and “Trastuzumab deruxtecan
in previously treated HER2-low advanced breast cancer
(196)”'¢ were first and second in terms of co-citation fre-
quency. Additionally, these papers were authored by Modi
S and published in the New England Journal of Medicine in
2020 and 2022, respectively.

In academic research, citation bursts refer to a situation
where some literature receives a large number of citations far
exceeding the average level of its peers within a short period.
This often indicates the formation of current academic hot-
spots. After all, only those works that touch upon the academic
forefront and present innovative concepts or methods can be
widely cited in a short time. Conducting in-depth analysis of
these works helps to understand the direction of academic
research, gain insights into future trends, and provide strong
guidance for subsequent research.'” In Appendix 8, we identi-
fied 261 documents that had this citation trend. Of these, 60
(22.99%) showed a continuous citation burst with no signs of
decline, indicating that these papers have been widely noticed
and frequently cited by the academic community in recent
years. Additionally, the publication years of these papers ran-
ged from 2017-2021, with 20 published in or after 2020. These
publications included 18 articles, one correspondence, and one
session abstract. Based on the citation burst intensity of these
papers, we conducted a detailed classification, summarization,
and in-depth analysis of 18 noteworthy papers (Appendix 9).

Discussion
General information

Since the approval of the first ADC (trastuzumab emtansine)
targeting solid tumors in 2013, the number of research studies
in this field has witnessed a substantial increase, suggesting an
increasing interest in leveraging ADCs as a therapeutic
approach for solid tumors. In addition, significant progress is
expected regarding the use of these drugs for treating solid
tumors as ongoing studies explore the intricacies of ADCs and
address the obstacles they face. These advancements can
potentially benefit individuals with these cancers.

Our findings suggest that the US has contributed signifi-
cantly to ADC research and development (Table 2), and the
trend of increasing collaboration between different countries
and institutions in recent years has positively contributed to
the development of this field. The FDA is a government agency

specifically responsible for regulating food, drugs, cosmetics,
and medical devices, and it plays a leading role in the timely
approval of drugs.'® Although the FDA is only an agency
within the United States, many regulatory authorities in
other countries and regions often refer to the FDA’s decisions
during the drug approval decision-making process, and in
some cases, even follow them directly.'”*® As shown in
Table 1, six of the eight ADC drugs approved globally for the
treatment of solid tumors are approved by the FDA.*'

Compared with Goldenberg DM and Govindan SV, who
are regarded as leading researchers in the field, Curigliano
G emerged as a prominent researcher in this field, with pub-
lication output increasing significantly over the past 5 years,
eventually surpassing the aforementioned researchers. Co-
citation analysis reveals that the top two most-cited articles
are both authored by Modi S, highlighting the pivotal role of
their research in the field. Both of these articles focus on the
application of trastuzumab deruxtecan in the treatment of
breast cancer.

Furthermore, Cancers, Molecular Cancer Therapeutics, and
Clinical Cancer Research have significantly focused on ADC
research, which is confirmed by the extensive publication of
related articles. Our research uncovered a notable phenom-
enon: beginning in 2004, Molecular Cancer Therapeutics and
Clinical Cancer Research focused on the use of ADCs for solid
tumor therapy, and over time, the publication count in this
field in both journals increased year-by-year. However, there
was a significant surge in publication count regarding ADC
research in Cancers. This increase allowed Cancers to even-
tually surpass Molecular Cancer Therapeutics to become the
journal with the most publications in this area. This trend
reflected the growing emphasis on ADCs research in the aca-
demic community and highlights the significant role of
Cancers in promoting the development of related research.

Knowledge frameworks and hotspot evolution

Cluster analysis of author keywords related to ADCs for
solid tumors (Appendix 6) showed that the current knowl-
edge structure in this field (sorted by time) can be divided
into six sub-areas: “breast cancer,” “targeted therapy,” “blad-
der cancer,” expression,” and “drug deliv-
ery.” Furthermore, the timeline visualization of keywords
effectively illustrates the progression of keywords and asso-
ciated research themes over time. Within this domain,
a significant volume of keywords surfaced at different inter-
vals between 2004 and 2023. The keywords were primarily
focused on “antibody therapy,” “clinical trials,” and “safety”
prior to 2013. However, the focus changed when the first-
generation ADC was introduced for solid tumors, which was
trastuzumab emtansine, in 2013. Evidence revealed that it
can be used to treat HER2-positive breast cancer.?
Subsequently, scientists focused on studying the mechanisms
of resistance to ADCs between 2013 and 2019, exploring
new targets and combination therapies. Moreover, the field
of solid tumor treatment experienced the introduction of
various ADCs, significantly increasing the range of available
treatments for solid tumors. Therefore, the focus since
2019 has shifted to the emergence of novel ADCs. This

» «

ovarian cancer,



progression in terminology aligns with the historical trajec-
tory of ADC development and reflects the shifts in areas of
interest within the field.*

We found that seven of the top-10 most co-cited papers
(three on HER2-positive breast cancer,'>**** two on HER2-
low breast cancer,'®*® two on TNBC,?”?® one on solid
tumors,” and two review articles’>*" focused on the treat-
ment of breast cancer with ADCs (Appendix 7).
Furthermore, among the top 10 most co-cited papers,
a variety of ADCs were covered. Specifically, three papers
were focused on the study of trastuzumab deruxtecan, two
papers explored sacituzumab govitecan, and another two
were centered on the analysis of trastuzumab emtansine.
Additionally, one study examined the efficacy of trastuzu-
mab duocarmazine.

We comprehensively analyzed the top-10 most co-cited
studies and summarized the current key topics in the ADC
domain for solid tumors as follows:

(1) The antitumor activity and safety of trastuzumab der-
uxtecan in various HER2-expressing breast cancers.

(2) Evaluation of efficacy, safety, and prognostic impact of
sacituzumab govitecan in patients with triple-negative
breast cancer (TNBC).

(3) Efficacy and prognosis of trastuzumab emtansine in
advanced invasive HER2-positive breast cancer.

(4) Strategies for selecting the best target antigen and
appropriate cytotoxic drugs for ADCs, as well as the
design optimization of linkers.

(5) Mechanisms of action, resistance mechanisms, and
strategies for mitigating ADC cytotoxicity

(6) Clinical research on trastuzumab duocarmazine for the
treatment of locally advanced and metastatic solid
tumors and HER2-expressing breast cancer.

The aforementioned topics are important in this field. ADCs
are expected to become increasingly instrumental in the man-
agement of solid tumors following research in this field.**

Future trends

Burst analysis of reference citations reveals future trends in this
field. In our analysis of the 18 most frequently cited studies on
burst strength (Appendix 9),>>"*° we identified several promi-
nent solid tumor types that are currently in focus, including
breast, urothelial, cervical, and gastric cancers. Additionally,
we have identified a set of ADCs that are receiving significant
attention. These agents include sacituzumab
govitecan,**>**** enfortumab vedotin,”>*’ trastuzumab
deruxtecan, and tisotumab vedotin.*® The particularly
prominent targets in the field are HER2, anti-trophoblast cell-
surface antigen 2 (Trop-2), nectin cell adhesion molecule-4
(Nectin-4), and tissue factor (TF). Finally, the cytotoxic agents
highlighted were 7-Ethyl-10-hydroxycamptothecin (SN38),
monomethyl auristatin E (MMAE), and deruxtecan (DXd).
Through an in-depth analysis of these documents, we discov-
ered that the mechanisms of action of ADCs, the types of solid
tumors they target, the selection of targets and payloads, and
their efficacy, safety, and prognosis are prominent topics in the

37,38,47
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research field. Hence, exploring and optimizing new possibi-
lities for the efficacy of ADCs, improving the understanding of
adverse reactions, and managing and mitigating related toxi-
cities are required future development trends in this field of
research.”>*!

Since 2013, a variety of new ADCs targeting solid tumors
have been developed and approved for clinical use (Table 1).
This is because of the strategic interchange or modification of
the antibody, target, linker, and payload in ADCs. Typically,
small-scale drug screens are carried out in vitro or in xenograft
models to optimize each element of the ADC construct based
on a given tumor subtype. These approaches usually focus on
comparing a single monoclonal antibody (mAb) modified by
a limited selection of linker - payload combinations. Although
this strategy is rational, it might overlook opportunities to
enhance antibody pharmacodynamics. This is because mAbs
directed against the same antigen can have diverse binding
characteristics and may influence receptor dimerization or
target internalization in distinct ways, potentially leading to
considerable differences in their biological effects within the
body.”>" Although ADCs hold great promise in targeted cancer
therapy, they still face challenges in terms of off-target toxicity
control, and resistance management.’' Bispecific ADCs offer
a new treatment strategy for cancer treatment, because they
can bind to different molecular targets and are connected to
cytotoxic drugs via cleavable or non-cleavable linkers, thereby
enhancing tumor specificity and promoting antigen internali-
zation, and reducing off-target toxicity.”> Compared with
monospecific antibodies, bispecific antibodies have several
advantages, including the ability to circumvent drug resis-
tance, as well as enhanced internalization and specificity.
These characteristics contribute to improving the efficacy
and safety of ADCs.>>** For example, BL-BOIDI1 is
a conjugate of a tetravalent bispecific antibody targeting
HER3 and epidermal growth factor receptor, a cleavable linker,
and a topoisomerase I inhibitor. BL-BO1D1 exerts its action
through two key processes. First, via endocytosis, it penetrates
cells, unleashes DNA-damaging agents, and eliminates tumor
cells. Second, it impedes the formation of EGFR-HER3 hetero-
dimers, thus curbing downstream cell-growth signals. In
a Phase I clinical trial involving 195 patients with locally
advanced or metastatic solid tumors, researchers found that
BL-B01D1 demonstrated preliminary anti-tumor activity in
heavily pretreated advanced solid tumors, and its safety profile
was acceptable.”® Unfortunately, no bispecific ADCs have been
approved to date, and a large number of clinical trials are still
needed to prove their efficacy and safety.”

There is an abundance of innovative potential for selecting
effective payloads for ADCs. This encompasses the transition
from conventional cytotoxic medications to specifically
selected targeted treatments or immunotherapies that are cho-
sen for their capacity to suppress tumor cell activity. For
example, mirzotamab clezutoclax is an ADC that targets
B7-H3 (CD276) and has a proapoptotic BCL-XL inhibitor as
its payload. It is currently under investigation in the initial
phases of clinical trials.”” Moreover, cutting-edge ADCs inte-
grate immunostimulatory substances, such as Toll-like recep-
tor activators, stimulators of interferon gene (STING) agonists,
or chemokines. Their purpose is to attract and/or energize
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immune cells to focus on tumor-related antigens, thereby
boosting the anti-cancer response.’’ In addition to single-
payload ADC drugs, recently, researchers have developed
a novel dual-payload ADC that targets CD276. This drug was
proven to be effective against TNBC and showed low toxicity
in various mouse models. Currently, this dual-payload ADC is
still undergoing evaluation for its therapeutic effects.”® The
research on effective payloads has provided new directions
for the development of ADCs, providing more effective treat-
ment options for cancer therapy.

Newer generations of ADCs exhibit reduced cytotoxicity
compared with their earlier counterparts; however, the adverse
reactions associated with ADCs pose a significant challenge.
Therefore, beyond drug design and preclinical studies, it falls
upon clinical and translational researchers to investigate the
clinical potential of ADCs through well-considered clinical
trial designs. This work has two aspects. First, it involves
improving predictive biomarkers to clarify the indications for
ADC use. This can help patients without indications avoid
unnecessary toxicity.” Furthermore, biomarkers are used to
identify patients suitable for targeted therapies during clinical
trials. Immunohistochemistry (IHC) is the main technique for
assessing the presence of specific proteins. However, IHC can
provide semi-quantitative analysis results. Hence, currently,
there is no unified clear basis for determining the criteria for
positive judgment, with different studies possibly adopting
different cutoff values. This means that IHC is a useful tool;
however, its limitations in quantification need to be supple-
mented by other methods or more precise techniques to ensure
the accuracy and reliability of clinical trials.®” Second, explore
potential synergistic treatments with ADCs to enhance their
clinical efficacy. Notably, various studies have focused on
ADCs with other therapeutic approaches and different
mechanisms of action with the aim of reducing the occurrence
of drug resistance, delaying the development of resistance, and
enhancing the overall therapeutic benefit.°” For example, the
simultaneous use of the pan-HER inhibitor neratinib with
ADC:s that target HER2 can lead to the internalization of the
antigen, thereby enhancing the endocytosis and efficacy of
ADCs.” Therefore, enhancing our understanding and appli-
cation of the intricate interactions between ADCs and tumors
could reveal the full potential of this therapeutic approach,
potentially transforming solid tumor treatment for patients.®*

Conclusion

In recent years, there have been significant advancements in
the field of ADCs for solid tumors. In this study, we used
bibliometric methods to comprehensively organize and ana-
lyze the literature in this area. We systematically examined key
indicators such as the number of related papers, countries and
institutions of the authors, journals in which they were pub-
lished, citation patterns, and frequently cited documents. In
this study, detailed statistical data were provided, including an
in-depth analytical discussion. Furthermore, we identified six
areas of interest in the field and predicted future development
trends. These findings provide a significant reference value for
scholars focusing on the study of ADCs in solid tumors.
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