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Antibody-drug conjugates (ADCs), often referred to as “intelligent biological 
missiles,” have garnered significant attention in the rapidly evolving landscape 
of cancer therapy. ADCs represent a sophisticated approach by integrating 
monoclonal antibodies (mAbs), which are particular targeting tumor antigens, 
with cytotoxic payloads, which deliver lethal effects. Compared with the 
combination of chemotherapy and mAbs, ADCs precisely deliver highly 
potent cytotoxins directly to tumor cells while minimizing damage to healthy 
tissues. However, limitations such as significant adverse effects, suboptimal 
therapeutic efficacy, and drug resistance require carefully evaluation and further 
optimization. Further studies are necessary to explore the next-generation of 
ADCs, such as the combination of ADCs with other anti-tumor strategies, 
bispecific ADCs, dual-payload ADCs and radionuclide drug conjugates (RDCs). 
This review provides a comprehensive overview of recent developments in 
oncology treatment, focusing on the historical evolution, structural design, 
clinical advancements, and mechanisms of action of approved ADCs. Each 
structural element, including the target antigen, mAb, linker system, and 
cytotoxic payload, as well as advancements in payload conjugation technology, 
plays a critical role in the development of ADCs. Through ongoing refinement 
and innovation, it is anticipated that next-generation ADCs with enhanced 
therapeutic benefits for patient populations can be realized.
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 1 Introduction

Cancer continues to be a major disease that poses a significant threat to human 
health and life (Rebecca et al., 2025). While traditional cancer treatments, including 
surgery, chemotherapy, and radiation therapy, can partially inhibit tumor growth, 
each approach is associated with notable limitations (DeVita and Rosenberg, 2012). 
Consequently, there is an urgent demand for novel therapeutic agents to improve the 
efficacy of cancer treatment. Antibody-drug conjugates (ADCs) represent sophisticated 
constructs that combine a cytotoxic payload with a mAb, harnessing the target specificity 
with the potent cytotocixity, gaining increasing attention in the fight against cancer.
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GRAPHICAL ABSTRACT

The year 2000 marked a pivotal milestone in the development 
of ADCs. Gemtuzumab ozogamicin received approval from 
the U.S Food and Drug Administration (FDA) for treating 
CD33-positive acute myeloid leukemia (AML), establishing it 
as the first commercially available ADC (Bross et al., 2001; 
Linenberger et al., 2001). However, due to suboptimal efficacy 
and severe side effects, Gemtuzumab ozogamicin was voluntarily 
withdrawn from the market in 2010 (Petersdorf et al., 2013; 
Ricart, 2011). Despite this setback, ADC research continued to 
progress, leading the advancement of second-generation ADCs. In 
2011, brentuximab vedotin received approval for the treatment 
of Hodgkin lymphoma (HL) and systemic anaplastic large cell 
lymphoma (sALCL) (Katz et al., 2011). In 2013, trastuzumab 
emtansine became the first ADC approved in the treatment for solid 
tumors (Ballantyne and Dhillon, 2013). More recently, the approval 
of third-generation ADCs, including trastuzumab deruxtecan 
and sacituzumab govitecan achieved remarkable clinical results 

(Lambert and Chari, 2014; Syed, 2020). As of June 2025, a total of 
19 ADCs have been approved globally for the treatment of various 
hematological malignancies and solid tumors (Figure 1A; Table 1). 
However, comprehensive and up-to-date summary regarding 
globally approved ADCs and emerging ADC candidates remains 
limited. This review provides a comprehensive overview of recent 
research advances in antitumor ADCs and a critical discussion 
of current limitations and emerging future directions in ADC 
development.

2 Core components of ADCs

Generally, ADCs consist of three critical components: a mAb, a 
cytotoxic payload, and a chemical linker (Figure 1B). Each of these 
elements plays an indispensable role in determining the efficacy and 
safety profile of ADCs.
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FIGURE 1
The Development and Mechanism of ADCs in Oncology Treatment. (A) Timeline of key milestones in ADC development over the past century; (B)
Structural composition of ADCs; (C) Mechanism of action for ADC-mediated cancer cell elimination. Figure was created by Biorender.com.

2.1 Targeting module--monoclonal 
antibody (mAb)

MAbs function as the targeting component in ADCs, enabling 
the specific recognition and binding to antigens expressed on the 
surface of cancer cells. To achieve optimal performance, mAbs need 
to exhibit low immunogenicity, high specificity and affinity for the 
target antigen, an extended half-life, and stability during circulation 
in the bloodstream (Köhler and Milstein, 1975; Goldmacher and 
Kovtun, 2011). Humanized or fully human mAbs are favored due 
to the high specificity for cell targeting, extended circulation time 
in human blood, and diminished immunogenicity (Tsuchikama and 
An, 2016). Due to its sustained efficacy, adaptability for engineering, 
and well-established conjugation methods, IgG has become the 
preferred choice for ADCs. Additionally, IgG demonstrates potent 

effector functions mediated by its Fc segment (Hoffmann et al., 
2018), such as antibody-dependent cell-mediated cytotoxicity 
(ADCC) and complement-dependent cytotoxicity (CDC). Besides 
IgG antibodies, innovative antibody formats, such as single-chain 
fragment variables (scFvs) and nanobodies have gained increasing 
attention in the development of ADCs. 

2.2 Therapeutic payload--cytotoxin

In most ADCs, payloads function as the key mediators of 
cytotoxic activity. First-generation ADCs predominantly used 
traditional chemotherapeutic agents, such as methotrexate, 
vinblastine, and doxorubicin, as cytotoxic payloads. However, 
due to insufficient cytotoxicity against cancer cells and limited 
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TABLE 1  Detailed information about 19 approved ADC drugs as of June 2025.

No. Name Target Linker Payload DAR Indication first 
approved

First approval

1 Gemtuzumab 
ozogamicin

(Mylotarg® )

CD33 AcBut Calicheamicin 
derivative (ozogamicin)

2–3 CD33-positive R/R 
AML

5/2000 FDA

2 Brentuximab vedotin 
(Adcetris® )

CD30 Mc-Val-Cit-PABC MMAE 4 CD30-positive R/R HL 
and sALCL

8/2011 FDA

3 Trastuzumab emtansine 
(Kadcyla® )

HER2 Non-cleavable linker DM1 3.5 HER2-positive mBC 
patients who previously 

treated with 
trastuzumab and 

taxane-based 
chemotherapy

2/2013 FDA

4 Inotuzumab 
ozogamicin

(Besponsa® )

CD22 AcBut ozogamicin 6 adults patients with R/R 
B-ALL

5/2017 FDA

5 Moxetumomab 
pasudotox

(Lumoxiti® )

CD22 Mc-Val-Cit-PABC PE38 — adult patients with R/R 
HCL

9/2018 FDA

6 Polatuzumab vedotin 
(Polivy® )

CD79b Mc-Val-Cit-PABC MMAE 3–4 combine with 
bendamustine and 

rituximab for patients 
with R/R DLBCL who 

have undergone at least 
two prior therapies

1/2019
FDA

7 Enfortumab vedotin 
(Padcev® )

Nectin-4 Mc-Val-Cit-PABC MMAE 3.8 la/m UC 12/2019
FDA

8 Trastuzumab 
deruxtecan

(Enhertu® )

HER2 glycyl-glycyl-
phenylalanyl-glycyl 

(GGFG)

DXd 8 la/m HER2-positive BC 
who had already 

received two or more 
anti-HER2 therapies

12/2019 FDA

9 Sacituzumab govitecan 
(Trodelvy® )

TROP-2 CL2A SN38 7.6 la/m TNBC who have 
undergone at least two 

prior systemic 
treatments

4/2020 FDA

10 Belantamab mafodotin 
(Blenrep® )

BCMA Non-cleavable linkers MMAF 4 R/R MM 8/2020 FDA

11 Cetuximab Sarotalocan 
(Akalux® )

EGFR Non-cleavable linkers IRDye700 1.3–3.8 la/m HNSCC 9/2020 FDA

12 Loncastuximab tesirine 
(Zynlonta® )

CD19 Mal-PEG8-Val-Ala-
PABC

PBD dimer (SG3199) 2.3 adult patients with R/R 
LBL after receiving two 

or more systemic 
therapies

4/2021 FDA

13 Disitamab vedotin 
(Aidixi® )

HER2 Mc-Val-Cit MMAE 4 la/m GC/GEJC who 
had undergone at least 
two lines of systemic 

chemotherapy

6/2021
NMPA

(Continued on the following page)
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TABLE 1  (Continued) Detailed information about 19 approved ADC drugs as of June 2025.

No. Name Target Linker Payload DAR Indication first 
approved

First approval

14 Tisotumab vedotin 
(Tivdak® )

TF Mc-Val-Cit-PABC MMAE 4 recurrent or mCC who 
progressed after 
chemotherapy

9/2021 FDA

15 Mirvetuximab 
soravtansine (Elahere® )

FR-α sulfo-SPDB DM4 3–4 FRα-positive PROC in 
patients who had 

undergone less than 3 
lines of therapies

11/2022 FDA

16 Sacituzumab 
tirumotecan (佳泰莱® )

TROP-2 CL2A Top I inhibitors 
(KL610023)

7.4 la/m TNBC who have 
undergone at least two 

prior systemic therapies

11/2024
NMPA

17 Datopotamab 
deruxtecan

(Datroway® )

TROP-2 GGFG DXd 4 HR+HER2- la/mBC who 
have previously been 

treated with endocrine 
therapy and 

chemotherapy

12/2024
PMDA

18 Telisotuzumab vedotin 
(Emrelis® )

c-Met Mc-Val-Cit-PABC MMAE 3 la/m NSCLC with high 
overexpression of the 

c-Met after prior 
systemic treatment

5/2025 FDA

19 Trastuzumab rezetecan 
(SHRA 1811® )

HER2 Mc-Gly-Gly-Phe-Gly Top I inhibitors 
(SHR169265)

5.7 advanced HER2-mutant 
NSCLC

5/2025
NMPA

Abbreviation: FDA, U.S., food and drug administration; NMPA, china national medical products administration; PMDA, the Pharmaceuticals and Medical Devices Agency; R/R, 
relapsed/refractor; AML, acute myeloid leukemi; HL, hodgkin lymphoma; sALCL, systemic anaplastic large cell lymphoma; HER2, human epidermal growth factor receptor 2; mBC, metastatic 
breast cancer; B-ALL,B-cellacute lymphoblastic leukemia; HCL, hairy cell leukemia; DLBCL, diffuse large B-cell lymphoma; UC, urothelial carcinoma; TNBC, triple-negative breast cancer; 
MM, multiple myeloma; NSCLC, non-small cell lung cancer; LBL, lymphoblastic lymphoma; GC/GEJC, gastric cancer/gastroesophageal junction cancer; CC, cervical cancer; PROC, 
platinum-resistant ovarian cancer; Nectin-4, Nectin cell adhesion molecule 4; BCMA, B-Cell maturation antigen; EGFR, epidermal growth factor receptor; c-Met, cellular-mesenchymal 
epithelial transition factor; Trop-2, Trophoblast cell-surface antigen-2; FRα, folate receptor alpha; TF, tissue factor.

accumulation in target cells, the efficacy of these early ADCs 
was inferior even to the parent compounds, leading to clinical 
failure. Subsequently, researchers focused on the discovery of 
novel and highly potent cytotoxic compounds derived from natural 
sources, such as plants and microorganisms, which exhibit anti-
tumor activity that is 100–1000 times stronger compared to 
conventional chemotherapeutic agents. Historically, early clinical 
trials identified significant side effects due to its non-specific high 
toxicity. Subsequently, medicinal chemists synthetically modified 
the cytotoxins, resulting in the development of its derivatives for 
use as payloads in ADCs. A wide range of cytotoxins are commonly 
employed in research, such as tubulin inhibitors, DNA-damaging 
agents, and others (Conilh et al., 2023). 

2.2.1 Tubulin inhibitors
Most second-generation ADCs incorporate tubulin inhibitors as 

payloads. Microtubules function as critical cytoskeletal components, 
playing a pivotal role in intracellular transport, cell division, cellular 
motility, and the maintenance of cellular morphology (Hohmann 
and Dehghani, 2019). Specifically, the entire microtubule network 
rearranges to form the mitotic spindle during cell division, thus 
providing the structural framework for the physical segregation 
of sister chromatids. Tubulin inhibitors disrupts the dynamic 
equilibrium of microtubule assembly and disassembly, arresting 
cells in the G2/M phase of the cell cycle and ultimately triggering 

apoptosis (Janke and Magiera, 2020). Detailed mechanism and 
approved drugs are listed in Figure 2. Common payloads used 
in ADCs such as auristatin and maytansine. Among auristatin 
derivatives, monomethyl auristatin E (MMAE) and monomethyl 
auristatin F (MMAF) are the most widely adopted in ADC 
research. Unlike MMAE, MMAF is more hydrophilic, less prone to 
aggregation, and exhibits lower systemic toxicity (Markham, 2020). 
To date, seven approved ADC drugs utilize MMAE or MMAF 
as payloads, accounting for more than 50% of all ADCs under 
development. DM1 and DM4 are the two most commonly employed 
maytansine derivatives in clinical practice. Currently, approximately 
20% of ADCs in development incorporate maytansine derivatives as 
the cytotoxic payload (Xi et al., 2024).

2.2.2 DNA-damaging agents
Although tubulin inhibitors demonstrate high efficacy against 

rapidly proliferating tumor cells, their activity is significantly 
diminished in quiescent cancer cell populations. To overcome this 
limitation, third-generation ADCs primarily utilize DNA-damaging 
agents capable of targeting all phases of the cell cycle as cytotoxic 
payloads. These agents disrupt DNA structure through mechanisms 
such as double-strand breaks, alkylation, intercalation, and cross-
linking (Roos and Kaina, 2013; Brinkman et al., 2021). Notable 
examples of DNA inhibitors encompass topoisomerase I (Top1) 
inhibitors, calicheamicin, and the pyrrolobenzodiazepines (PBDs). 
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FIGURE 2
Mechanism of action of tubulin inhibitors in ADCs. DM1 and DM4 bind to β-tubulin, promoting polymerization and inhibiting depolymerization, leading 
to abnormal microtubule stabilization, mitotic spindle disruption, chromosome segregation errors, and G2/M phase arrest. This triggers apoptosis via 
the mitochondria-dependent pathway. Conversely, MMAE and MMAF bind to α/β-tubulin, suppressing polymerization and accelerating disassembly, 
reducing microtubule density, impairing spindle assembly, and causing prophase/metaphase arrest. These agents also induce apoptosis indirectly 
through oxidative stress and mitochondrial membrane potential loss. Figure was created by Biorender.com.

In recent years, 8 ADCs based on DNA-damaging agents are 
approved for anti-tumor treatment in clinical practice. Detailed 
mechanisms and approved drugs are listed in Figure 3.

2.2.2.1 Top 1 inhibitors
Topoisomerases are nuclear enzymes that play an essential 

role in resolving DNA supercoiling, thereby facilitating 
critical cellular processes such as transcription and replication 
(Goffart et al., 2019). Top1 inhibitors function by forming DNA-
topoisomerase complexes, which suppress enzyme activity and 
induce DNA double-strand breaks, disrupting DNA replication 
and transcription in tumor cells, ultimately leading to cell death 
(Akaiwa et al., 2020; Hartmann et al., 2020). By establishing 
stable complexes with Top 1, camptothecin obstructs the typical 
interaction between topoisomerases and DNA, thus suppressing 
DNA replication and transcription. SN-38 is the principal active 
metabolite of Top 1 inhibitor (irinotecan) and demonstrates 100 to 
1000 times greater anti-tumor activity. Dxd, a derivative of novel 
Top 1 inhibitor (exatecan), shows approximately 10 times greater 
potency than SN-38. Moreover, Dxd exhibits reduced bone marrow 

toxicity, offering a significant safety advantage compared to other 
agents. Numerous ADC drugs featuring Dxd as the payload are 
currently in various stages of clinical trials. 

2.2.2.2 Calicheamicin
Calicheamicin represents a class of DNA-targeting anti-tumor 

antibiotics derived from the fermentation product of Streptomyces
platensis (Lee et al., 1991). As one of the most toxic natural 
compounds, calicheamicin binds selectively to the TCCT-AGGA 
sequence located within the minor groove of the DNA double helix, 
leading to DNA strand scission and ultimately inducing apoptosis 
in tumor cells (Ben-Zvi et al., 2024). To date, FDA-approved 
ADC drugs such as Gemtuzumab ozogamicin and inotuzumab 
ozogamicin (Besponsa) utilize calicheamicin as cytotoxic agents. 

2.2.2.3 PBDs
PBD, a class of antibacterial and anti-tumor compounds 

discovered in the 1960s, initially existed as monomers that bind 
specifically to minor grooves of DNA sequences (Mantaj et al., 
2017). This interaction stabilizes the helical structure of DNA, 
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FIGURE 3
Mechanisms of action of DNA-damaging agents. (A) The mode of action of Top 1 inhibitors and the clinically approved ADCs based on Top 1 inhibitos;
(B) The working mechanism of PBDs and clinically approved ADCs based on PBDs; (C) The mechanism of calicheamicin as DNA-damaging agents. 
Figure was created by Biorender.com.

thereby inhibiting the cell division process, inducing cell cycle 
arrest at the G2/M phase, and ultimately resulting in apoptosis. 
PBD dimers show considerable promise as payloads due to the 
ability to create interstrand cross-links while causing minimal 
structural changes in DNA, therefore effectively bypassing DNA 
repair pathways (Wells et al., 2006; Rettig et al., 2009). The latest 
FDA-approved ADC drug, loncastuximab tesirine, utilizes PBD 
dimers as cytotoxic payloads. 

2.3 Conjugation bridge--linker

As a critical component in ADCs, the linker serves as the 
“bridge” by securely connecting the antibody to the cytotoxin. 
A fundamental requirement for linkers is to maintain chemical 
stability within the bloodstream while enabling rapid and efficient 
payload release at the target site following cellular internalization 
(Aoyama et al., 2024; Lucas et al., 2018). Diverse types of linkers can 
generally be classified into cleavable and non-cleavable categories 
(Tsuchikama and An, 2016; Bargh et al., 2019). 

2.3.1 Cleavable linkers
Cleavable linkers constitute a major category employed in ADC 

development. In contrast to non-cleavable linkers, cleavable linkers 
facilitate drug release within target cells under specific intracellular 
conditions, such as acidic environments, reducible conditions, 

specific enzymes and external stimuli (e.g., photons). Although 
cleavable linkers generally exhibit lower systemic stability and carry 
a higher risk of off-target toxicity, they offer greater versatility and 
can be paired with a broader range of payloads. 

2.3.2 Non-cleavable linkers
Non-cleavable linkers are composed of highly stable chemical 

bonds that resist proteolytic degradation, thereby providing superior 
stability compared to cleavable counterparts. ADCs utilizing non-
cleavable linkers depend on complete lysosomal degradation of the 
antibody for payload release, which results in concurrent linker 
breakdown. However, due to the lack of membrane permeability 
in the charged residual moiety, non-cleavable linkers are generally 
incapable of inducing bystander effects, which significantly restricts 
their application potential. To date, only two ADCs incorporating 
non-cleavable linkers have received regulatory approval. 

2.4 Drug-antibody ratio (DAR)

The DAR is a critical parameter used to quantify the average 
number of cytotoxic payloads conjugated to each antibody molecule 
in ADCs, which influences both the therapeutic efficacy and safety 
profile. Specifically, a suboptimal DAR value may diminish the anti-
tumor effects, whereas an excessively high DAR can compromise 
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antibody structure and stability, potentially leading to reduced 
pharmacological activity. 

3 Mechanism of ADCs

ADCs are a class of large molecular that undergo cellular 
internalization through membrane encapsulation, forming 
vesicular structures that facilitate transport into the cytoplasm-a 
process called endocytosis. Specifically, ADCs selectively bind to 
tumor antigen and form ADC-antigen complexes, subsequently 
internalized into the cell through clathrin- or caveolin-mediated 
endocytosis and enclosed in early endosomes, which progressively 
mature into late endosomes before fusing with lysosomes (Fu et al., 
2022). Within the lysosomal compartment, ADCs are fully degraded 
by cathepsins through a series of complex proteolytic processes. The 
released cytotoxic payloads are then transported from lysosomes 
into the cytoplasm, where they exert the therapeutic effects to 
induce cell apoptosis. Beyond the direct cytotoxic effects, certain 
ADCs possess the ability to cross cellular membranes and affect 
adjacent cells (de Bever et al., 2023). This phenomenon, known 
as the bystander effect, significantly enhances the therapeutic 
potential of ADCs and typically requires cleavable linkers to 
enable efficient payload release (Staudacher and Brown, 2017). 
Furthermore, ADCs can engage the immune system through 
multiple mechanisms, including antibody-dependent cellular 
cytotoxicity (ADCC), antibody-dependent cellular phagocytosis 
(ADCP), and complement-dependent cytotoxicity (CDC) (Khera 
and Thurber, 2018; Liu et al., 2020) (Figure 1C). In addition, 
various chemotherapeutic agents have been shown to induce 
immunogenic cell death (ICD), which is characterized by the 
release of danger-associated molecular patterns (DAMPs) and 
subsequent reactivation of anti-tumor immune responses typically 
suppressed by the TME. This insight provides a strong rationale 
for investigating combination therapies that integrate ADCs with 
additional immune-stimulatory strategies (Gardai et al., 2015). 

4 The application of approved ADC 
drugs in hematological tumors

The initial ADCs that entered the market were predominantly 
used for hematological tumors. Currently, seven ADCs have been 
approved for hematological tumors, providing a novel option for 
later-stage treatment. 

4.1 Gemtuzumab ozogamicin (Mylotarg ® , 
Pfizer)

Chemotherapy and hematopoietic stem-cell transplantation 
(HSCT) are among the limited therapeutic options available 
for AML patients (Alibhai et al., 2009; Mayer et al., 1994; 
Fernandez et al., 2009; Pulte et al., 2009). More than 90% of AML 
patients exhibit leukemia cells with high CD33 expression levels, 
thereby rendering CD33 an attractive target for ADC drugs.

Gemtuzumab ozogamicin, as the first globally approved ADC, 
consists of a humanized IgG4 mAb targeting CD33 and linked 

to ozogamicin with a cleavable linker, AcBut (Appelbaum and 
Bernstein, 2017). The cytotoxic agent ozogamicin is a semi-
synthetic derivative of calicheamicin, produced through microbial 
fermentation and subsequent chemical modification. In 2000, 
the FDA authorized gemtuzumab ozogamicin for treating CD33-
positive R/R AML (Bross et al., 2001). However, due to linker 
instability, ozogamicin was prematurely released prior to reaching 
target cells, resulting in severe toxicity. Following its initial 
launch, multiple clinical studies identified significant adverse 
effects, leading to its withdrawal from the market in 2010 
(Petersdorf et al., 2013; Ricart, 2011).

With the potential benefits of gemtuzumab ozogamicin in AML 
therapy, subsequent comprehensive clinical trials provided additional 
supporting data. The ALFA-0701 trial was a multi-center, randomized 
phase III study involving 271 newly diagnosed adult AML patients 
with CD33 expression (Lambert et al., 2019). Results demonstrated 
that the event-free survival (EFS) for the gemtuzumab ozogamicin 
combination group was 17.3 months compared to 9.5 months 
for the chemotherapy group (Lambert et al., 2019). The AML-19 
trial was another multi-center, randomized, open-label phase III 
study comparing gemtuzumab ozogamicin monotherapy with best 
supportive care (BSC). The study revealed that the median overall 
survival (OS) for patients receiving gemtuzumab ozogamicin was 4.9 
months versus 3.6 months for those receiving BSC (Amadori et al., 
2016). Consequently, in 2017, the FDA re-approved gemtuzumab 
ozogamicin combination with chemotherapy for the treatment of 
newly diagnosed AML patients. This decision was motivated by the 
unmet clinical needs for AML treatment, given the limited options 
available for this condition. Currently, gemtuzumab ozogamicin 
remains the sole approved ADC for AML treatment. 

4.2 Brentuximab vedotin (Adcetris® , 
Seagen)

Both HL and sALCL represent aggressive lymphomas 
that can potentially be cured with first-line multi-agent 
chemotherapy regimens (Stein et al., 2000). However, patients who 
experience refractory or relapsed (R/R) disease following initial 
treatment exhibit a poor prognosis. Given the high expression on 
HL and sALCL cells and its relatively low expression on normal 
cells, CD30 is considered an ideal target for anti-tumor therapy.

Brentuximab vedotin combines a chimeric IgG1 mAb targeting 
CD30, conjugated to MMAE via a protease-cleavable linker (Mc-
Val-Cit-PABC), with a DAR of 4 (Katz et al., 2011; Francisco et al., 
2003; Sanderson et al., 2005). Brentuximab vedotin remains stable in 
the bloodstream and, following its internalization by CD30-positive 
tumor cells, releases MMAE to disrupt tubulin polymerization 
and thereby inhibit cell division, ultimately leading to apoptosis 
(Francisco et al., 2003). Moreover, due to its inherent membrane 
permeability, MMAE can accumulate in the extracellular space and 
exhibit cytotoxic effects on neighboring CD30-negative bystander 
cells (Okeley et al., 2010). Additionally, brentuximab vedotin 
may potentially activate the initiation of anti-tumor immune 
response, thus achieving anti-tumor effects (Müller et al., 2014; 
Cao et al., 2017; Heiser et al., 2024).

The FDA first approved brentuximab vedotin for the treatment 
of R/R CD30-positive HL and sALCL in 2011 (Younes et al., 2012a; 
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O'Reilly and Paulson, 2009). The phase II trial demonstrated the 
overall response rates (ORR) of brentuximab vedotin were 75% 
for HL and 86% for sALCL. In 2015, the phase III AETHERA 
trial established brentuximab vedotin as a consolidative treatment 
option for adult patients with classical HL at high risk of relapse 
or progression after autologous HSCT (Moskowitz et al., 2015). 
Patients treated with brentuximab vedotin showed a median 
progression-free survival (PFS) of 43 months, compared to 24 
months in the control group (p = 0.001). Moreover, the randomized 
phase III ALCANZA trial provided significant evidence supporting 
the use of brentuximab vedotin in cutaneous T-cell lymphoma, 
demonstrating a PFS of 16.7 months versus 3.5 months in the 
single-agent chemotherapy arm (Prince et al., 2017). Compared 
with patients receiving chemotherapy alone, those undergoing 
brentuximab vedotin + chemotherapy demonstrated a 23% lower 
risk of disease progression, mortality, or the need for new treatment 
initiation (Straus et al., 2020). The ECHELON-3 phase III study 
showed the brentuximab vedotin group demonstrated a significantly 
longer median OS of 13.8 months compared to 8.5 months in the 
control group (p = 0.0085), longer median PFS (4.2 months vs. 2.6 
months) and higher ORR (64.3% vs. 41.5%) (Bartlett et al., 2025). 
Therefore, the FDA approved brentuximab vedotin in combination 
with lenalidomide and rituximab for adult patients with R/R large 
B-cell lymphoma (LBCL) who are ineligible for HSCT or CAR T-
cell therapy. With the expanding treatment indications, brentuximab 
vedotin is expected to play a critical role in oncology, offering new 
hope to patients. 

4.3 Loncastuximab tesirine (Zynlonta® , 
ADC therapeutics)

CD19 is widely expressed throughout all stages of B-cell 
development and differentiation, from pre-B cells to plasma cells, 
with particularly high levels observed in malignant B cells, making it 
an ideal therapeutic target for B-cell malignancies (Wang et al., 2012; 
Jin et al., 2022; Maddocks, 2021). Table 3 outlines the therapeutic 
application of approved ADCs in B cell malignancies, categorized 
by their target antigens.

Loncastuximab tesirine consists of a humanized IgG1κ mAb 
targeting CD19 linked to SG3199 via a cleavable linker (Mal-PEG8-
Val-Ala-PABC), with an average DAR of 2.3 (Zammarchi et al., 
2018; Mullard, 2021). SG3199 is a cytotoxic PBD dimer alkylating 
agent. In April 2021, the FDA approved loncastuximab tesirine for 
treating adult patients with R/R LBL based on the LOTIS-2 study. 
This single-arm phase II trial indicated that among patients treated 
with loncastuximab tesirine, the ORR was 48.3%, with a CR rate of 
24.1%. At a median follow-up of 7.3 months, the median duration 
of response (DOR) was 10.3 months. The most common grade 
3 or higher treatment-related adverse effects (TRAEs) included 
neutropenia (26%), thrombocytopenia (18%), and elevated gamma-
glutamyl transferase levels (17%) (Caimi et al., 2021). Recent 
studies investigating the combination of loncastuximab tesirine with 
chemotherapy for the treatment of R/R follicular lymphoma (FL) 
have also achieved promising results (Alderuccio et al., 2025). A 
confirmatory phase III clinical trial, ADCT-402–311, is currently 
underway to evaluate the efficacy and safety of loncastuximab 
tesirine in combination with rituximab versus rituximab plus 

gemcitabine and oxaliplatin for patients with R/R diffuse large B-cell 
lymphoma (DLBCL), which are expected to support loncastuximab 
tesirine combination therapy for second-line treatment of R/R 
DLBCL in the future. 

4.4 Polatuzumab vedotin (Polivy® , Roche)

Globally, approximately 150,000 new cases of DLBCL are 
diagnosed annually, representing roughly 30% of all NHL (Sehn 
and Salles, 2021). While initial standard treatment (R-CHOP) 
achieves favorable outcomes in many patients, approximately 40% 
of patients experience relapse or resistance to therapy (Sehn and 
Salles, 2021; Yuen et al., 2024). CD79b, a key regulator of B-cell 
receptor expression and trafficking, is consistently expressed on the 
surface of nearly all B cells and is detectable in over 90% of NHL 
malignancies (Pfeifer et al., 2015; Wang et al., 2023), which makes 
CD79b a critical target for B-cell malignancies (Lenk et al., 2021; 
Burger and Wiestner, 2018; Polson et al., 2007).

Polatuzumab vedotin is an ADC composed of a mAb targeting 
CD79b linked to MMAE through a cleavable linker (Mc-Val-Cit-
PABC), with an average DAR of 3.5 (Deeks, 2019; Fuh et al., 2017). 
Polatuzumab vedotin was first approved by the FDA in June 2019 for 
the treatment of adult patients with R/R DLBCL who had received 
at least two prior lines of therapy, when used in combination with 
bendamustine and rituximab (Pola-BR). This approval was based 
on the findings from an open-label, global, multicenter, phase Ib/II 
clinical trial (GO29365) (Deeks, 2019; Urquhart, 2019). After a 
median follow-up of 22.3 months, patients treated with Pola-BR 
demonstrated significantly improved outcomes compared to those 
receiving BR alone, with an ORR of 45.0% versus 17.5%, median PFS 
of 9.5 months versus 3.7 months, and median OS of 12.4 months 
versus 4.7 months (Sehn et al., 2020). In 2023, the approval of 
polatuzumab vedotin for first-line treatment of DLBCL in the US 
and China marked the first major advancement in 2 decades, which 
was primarily supported by the robust positive results from the 
phase III POLARIX study (Tilly et al., 2022). It aimed to evaluate 
the efficacy and safety of polatuzumab vedotin in combination 
with R-CHP compared to R-CHOP in previously untreated DLBCL 
patients. Data from the trial revealed that the 2-year PFS rates were 
76.7% for Pola-R-CHP versus 70.2% for R-CHOP. Furthermore, the 
relative risk of disease progression, recurrence, or death was reduced 
by 27% with Pola-R-CHP.

Nonetheless, approximately 20%–40% of patients with LBCL 
continue to experience R/R disease despite treatment with Pola-R-
CHP. Recently, a phase Ib/II clinical trial (NCT03671018) evaluated 
the efficacy and safety of Mosunetuzumab, a CD3xCD20 bispecific 
antibody, in combination with polatuzumab vedotin (mosun-pola) 
for treating R/R LBCL (Budde et al., 2024). The study demonstrated 
an ORR of 59.2%, a CR of 45.9%, a median PFS of 11.4 months, 
and a median OS of 23.3 months (Budde et al., 2024). Regarding 
safety, the adverse event profile of the combination therapy is 
consistent with those observed for the individual agents. This study 
provides preliminary evidence supporting the efficacy and safety 
of the mosun-pola regimen in LBCL, establishing a foundation 
for its potential clinical application. However, further research is 
necessary to investigate the resistance mechanisms linked to this 
regimen, optimize the treatment strategy and sequence, and conduct 
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randomized controlled trials to comprehensively evaluate its clinical 
significance. 

4.5 Belantamab mafodotin (Blenrep® , GSK)

Despite significant progress in the development of proteasome 
inhibitors, immunomodulatory drugs, and CD38-targeted 
antibodies, nearly all patients with multiple myeloma (MM) 
eventually relapse, with a 5-year OS of approximately 50% 
(Cowan et al., 2022). The need for innovative therapeutic strategies 
in this field remains unmet. B-cell maturation antigen (BCMA) 
is a transmembrane glycoprotein and a member of the TNFR 
superfamily. BCMA expression is primarily restricted to malignant 
plasma cells (Neri et al., 2024; Sellner et al., 2020).

Belantamab mafodotin comprises a humanized anti-BCMA 
mAb connected through a non-cleavable linker to MMAF, with 
an average DAR of 4 18. In August 2020, the FDA approved 
belantamab mafodotin for treating R/R MM who had progressed 
after at least three lines of therapy based on the DREAMM-2 trial 
results (Sellner et al., 2020; Lonial et al., 2020). Results demonstrated 
that belantamab mafodotin monotherapy achieved an ORR of 35%. 
However, in the phase III DREAMM-3 trial, belantamab mafodotin 
monotherapy did not demonstrate superior efficacy compared to the 
control group, leading to its withdrawal from the market.

In May 2025, the combination therapy incorporating 
belantamab mafodotin was granted approval in Japan based on the 
positive results from two key phase III clinical trials: DREAMM-7 
and DREAMM-8 (Lonial et al., 2020; Trudel and Stewart, 2024). The 
DREAMM-7 trial was designed to evaluate the efficacy and safety 
of belantamab mafodotin in combination with bortezomib and 
dexamethasone (BVd) versus daratumumab in combination with 
bortezomib and dexamethasone (DVd) in patients with R/R MM. 
The results demonstrated that the median PFS in the BVd group was 
significantly prolonged to 36.6 months, compared to 13.4 months 
in the DVd group. Furthermore, the 3-year OS rates were 74% and 
60%, respectively. The DREAMM-8 trial assessed the efficacy and 
safety of belantamab mafodotin in combination with pomalidomide 
and dexamethasone (BPd) compared to bortezomib in combination 
with pomalidomide and dexamethasone (PVd). The median PFS 
in the BPd group had not yet been reached, whereas it was 12.7 
months for the PVd group (p < 0.001). At a median follow-up of 21.8 
months, 71% of patients in the BPd group remained alive and free of 
disease progression after 1 year, compared to 51% in the PVd group. 
Regarding safety and tolerability, the findings for the belantamab 
mafodotin combination therapy were largely consistent with the 
established profiles of the individual component drugs. The regimen 
demonstrates consistent efficacy even in the most challenging 
patient populations, including those resistant to lenalidomide, while 
maintaining an exemplary safety profile through optimized dosing 
protocols (Dimopoulos et al., 2023; McCurdy et al., 2024). 

4.6 CD22-targeting ADC

CD22 is a key factor in the development, differentiation, and 
function of B cells, and is expressed in 60%–90% cases of B-ALL 
(Singh et al., 2021; Lanza et al., 2020; Shah et al., 2015) as well as in 

the majority of hairy cell leukemia (HCL) cells (Grever et al., 2014). 
CD22 exhibits rapid internalization upon binding to its cognate 
antigen, representing an attractive target for the development of 
ADCs. As of the latest updates, two CD22-ADCs have received 
global marketing approval. 

4.6.1 Inotuzumab ozogamicin (Besponsa® , 
Pfizer)

B-ALL arises from immature B lymphocyte precursor cells and 
is characterized by the clonal expansion of atypical lymphoblasts 
in the bone marrow. The standard first-line treatment for B-ALL is 
chemotherapy; however, this approach may result in drug resistance 
or significant adverse effects. Consequently, there is an urgent need 
for novel therapeutic agents or enhanced treatment strategies.

Inotuzumab ozogamicin is an ADC targeting CD22, which 
is covalently linked to calicheamicin via AcBut, and the process 
results in an average DAR of 5–7 (Short et al., 2024). The 
linker resembles that of gemtuzumab ozogamicin, which features 
a pH-sensitive design based on hydrazone and disulfide bonds. 
However, the current linker enhances stability by introducing 
increased steric hindrance near the disulfide bond, thereby 
mitigating safety concerns associated with premature payload 
release. Inotuzumab ozogamicin was approved by the FDA in 2017 
for treating adults with R/R B-ALL based on the results of a 
phase III INO-VATE ALL trial, which enrolled 326 participants 
who were randomized to receive either inotuzumab ozogamicin 
or conventional chemotherapy. The study demonstrated that 
inotuzumab ozogamicin significantly improved outcomes compared 
to chemotherapy, with a median PFS of 5.0 months versus 1.8 
months, a median OS of 7.7 months versus 6.7 months, and a 
CR of 81% versus 29% (Kantarjian et al., 2019). Furthermore, 
the phase II INITIAL-1 trial provides strong evidence supporting 
inotuzumab ozogamicin as an initial treatment option for older 
patients with B-ALL. All 45 patients achieved CR, with 53% and 
71% showing no measurable residual disease after the second and 
third inductions, respectively. After a median follow-up of 2.7 years, 
the EFS at one and 3 years were 88% and 55%, while OS were 91% 
and 73%, respectively. Common TRAEs included hematological 
abnormalities and elevated liver enzymes (Stelljes et al., 2024). 
These findings provide a rationale for incorporating inotuzumab 
ozogamicin into first-line regimens for older patients with B-ALL. 

4.6.2 Moxetumomab pasudotox (Lumoxiti® , 
AstraZeneca)

HCL represents a rare and indolent tumor affecting mature 
B lymphocytes, characterized by hair-like protrusions on the 
cell surface (Falini and Tiacci, 2024). While standard regimen 
exhibit a favorable prognosis for HCL treatment, long-term follow-
up data reveal that approximately 30%–40% of patients eventually 
relapse. For R/R HCL patients, no alternative therapeutic options 
were available for over 2 decades.

Moxetumomab pasudotox is composed of the variable fragment 
(Fv) of a recombinant anti-CD22 mAb, which is genetically fused 
to the 38 kDa cytotoxic domain of pseudomonas exotoxin A 
(PE38) via a cleavable linker (Mc-Val-Cit-PABC). Upon cellular 
internalization, PE38 catalyzes the ADP-ribosylation of the 
dipeptide residue in elongation factor-2, thereby disrupting protein 
synthesis and inducing apoptosis, leading to the eradication of 
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FIGURE 4
The mechanism of action of Moxetumomab pasudotox. It is internalized into the cell via endocytosis, forming an endosome. Within the acidic 
environment of the endosome, the immunotoxin releases the PE38 toxin, which inhibits protein synthesis by targeting EF-2, ultimately inducing 
apoptosis or necrosis in tumor cells. Figure was created by Biorender.com.

tumor cells, as shown in Figure 4 (Kreitman and Pastan, 2011). 
Moxetumomab pasudotox was approved by FDA for the treatment 
of adult patients with R/R HCL in September 2018. In a phase III 
trial (Study 1053), 80 patients with R/R HCL who had received 
at least two prior therapies were administered moxetumomab 
pasudotox (Kreitman et al., 2018). Following a median follow-up 
of 16.7 months, 41% achieved CR, 34% achieved PR, and the ORR 
was 75%, including 80% of patients achieving hematologic response. 
Overall, moxetumomab pasudotox exhibited a highly durable 
response in R/R HCL patients after multiple lines of treatment, 
with an acceptable safety profile [81].

5 The application of approved ADC 
drugs in solid tumors

With advancements in technology, ADCs have overcome their 
application limitations and are now equally effective in treating both 
solid and hematological tumors. 

5.1 HER-2-targeting ADC

Human epidermal growth factor receptor-2 (HER2) shows 
significant overexpression in approximately 15%–20% of breast cancer 
(BC) patients (Hamilton et al., 2021). To date, the THP regimen 
(trastuzumab + pertuzumab + chemotherapy) has served as the 
standard first-line treatment for HER2-positive metastatic BC for over 
a decade. Although the pathologic CR rate associated with the THP 

regimen is approximately 50% (Gianni et al., 2012; Gao et al., 2025; 
Shao et al., 2020), 22%–25% of patients with HER2-positive metastatic 
BC exhibit either primary or secondary resistance to HER2-targeted 
therapies (Lux et al., 2018; Choong et al., 2020). However, taxane-
based chemotherapy frequently causes severe side effects, such as 
neurotoxicity and bone marrow suppression, which lead to treatment 
interruptions or dose reductions, ultimately affecting therapeutic 
outcomes. Therefore, identifying alternative regimens that maintain 
efficacy while reducing toxicity and improving patient prognosis 
remains a critical priority. HER2 is one of the most competitive 
targets in the ADC field, with indications spanning major cancer types 
such as lung cancer, gastric cancer, and breast cancer. To date, four 
HER2-targeted ADCs have been approved globally. 

5.1.1 Trastuzumab emtansine (Kadcyla® , Roche)
Trastuzumab emtansine (T-DM1) is composed of the 

humanized HER2-mAb trastuzumab and DM1 conjugated via a 
non-cleavable linker, with an average DAR of 3.5 (Yao et al., 2015; 
Ogitani et al., 2016; Junttila et al., 2011). As the world’s first ADC 
targeting HER2, T-DM1 received FDA approval in February 2013 
for use in HER2-positive locally advanced or metastatic (la/m) 
BC patients who had previously received trastuzumab and taxane-
based therapy (Ballantyne and Dhillon, 2013; Chen et al., 2023; 
Amiri-Kordestani et al., 2014). Results of the phase III EMILIA trial 
(NCT00829166) demonstrated that T-DM1 significantly prolonged 
median PFS to 9.6 months compared to 6.4 months in the lapatinib 
+ capecitabine group, reducing the risk of disease progression or 
death by 35%. Additionally, T-DM1 provided a significant OS benefit 

Frontiers in Cell and Developmental Biology 11 frontiersin.org

https://doi.org/10.3389/fcell.2025.1669592
https://Biorender.com
https://www.frontiersin.org/journals/cell-and-developmental-biology
https://www.frontiersin.org


Wu et al. 10.3389/fcell.2025.1669592

(30.9 months vs. 25.1 months). The ORR was also higher in the T-
DM1 group (43.6% vs. 30.8%) (Verma et al., 2012; Diéras et al., 
2017). The KATHERINE phase III study (NCT01772472) revealed 
significantly prolonged invasive disease-free survival with adjuvant 
T-DM1 compared to trastuzumab for HER2-positive BC patients 
with residual invasive disease following neoadjuvant trastuzumab 
and taxane-based therapy (von Minckwitz et al., 2019). Based on 
these findings, T-DM1 gained additional approval for use in patients 
with HER2-positive BC who showed residual invasive disease after 
neoadjuvant therapy in May 2019. 

5.1.2 Trastuzumab deruxtecan (Enhertu® , Daiichi 
Sankyo)

Trastuzumab deruxtecan (T-DXd) consists of trastuzumab and 
delivers a highly potent Top 1 inhibitor (DXd) as its payload 
(Cortés et al., 2022), with an average DAR of eight and a 
cleavable linker (GGFG). T-DXd exhibits robust anti-tumor activity 
and demonstrates a bystander effect, enabling the elimination of 
neighboring tumor cells (Angelastro et al., 2022). Owing to its 
exceptional product design and remarkable clinical performance, 
T-DXd is anticipated to replace T-DM1 as the new ADC king.

From a later-line option to first-line treatment, each 
advancement of T-DXd has significantly transformed the landscape 
of HER2-positive BC. In the phase II DESTINY-Breast01 trial, T-
DXd monotherapy demonstrated promising efficacy, showing an 
ORR of 61.4%, a median PFS of 19.4 months, and an 18-month 
OS of 74% (Tamura et al., 2019; Modi et al., 2020). Therefore, 
the FDA approved T-DXd for later-line treatment in HER2-
positive metastatic BC in 2019 (Hatschek et al., 2021; Keam, 
2020). In the phase III DESTINY-Breast03 trial (NCT03529110), 
which compared T-DXd with T-DM1 in HER2-positive metastatic 
BC patients previously treated with one anti-HER2 regimen, T-
DXd demonstrated superior efficacy with a median PFS of 29.0 
months versus 7.2 months, a 36-month PFS rate of 45.7% versus
12.4%, and a median OS of 52.6 months versus 42.7 months, 
respectively (Cortés et al., 2022). TRAEs were consistent with 
previous analyses. Consequently, T-DXd has been approved in 
over 75 countries worldwide for second-line treatment in HER2-
positive BC patients. Recently, the phase III DESTINY-Breast09 trial 
demonstrated groundbreaking results when T-DXd was combined 
with pertuzumab (T-DXd + P), potentially reshaping the first-line 
treatment paradigm for BC.

The trial demonstrated that, compared to the current first-
line standard therapy (THP), T-DXd + P significantly achieved 
greater efficacy in HER2-positive BC patients, with a median PFS 
of 40.7 months versus 26.9 months (P < 0.00001), a 24-month 
PFS rate of 70.1% versus 52.1%, and a median DOR of 39.2 
months versus 26.4 months (Tolaney et al., 2025a). Furthermore, 
T-DXd has achieved remarkable success across multiple cancer 
types. DESTINY-PanTumor02, as the international multi-center 
investigation across seven solid tumor types, demonstrated median 
DOR of T-DXd reaching 22.1 months, equating to nearly 2 years of 
sustained effectiveness (Meric-Bernstam et al., 2024). The HERALD 
phase II trial was the first to confirm the broad-spectrum efficacy 
of T-DXd in 12 advanced HER2-positive solid tumors detected 
by plasma circulating tumor DNA (ctDNA). Over half of the 
patients experienced significant tumor shrinkage, achieving an 
ORR of 56.5% and a CR of 14.5% (Yagisawa et al., 2024). These 

results surpass traditional chemotherapy (typically <15%) and even 
outperform certain targeted therapies for specific cancers. However, 
given the inherent limitations of ctDNA analysis—including 
reduced sensitivity and its capacity to reflect only the systemic tumor 
genomic profile—discrepancies between ctDNA and the diagnostic 
gold standard (tissue-based confirmation) could introduce HER2 
status biases. In colorectal cancer specifically, the DESTINY-
CRC02 study revealed the superior performance of T-DXd with a 
37.8% ORR—significantly exceeding conventional targeted agents 
(typically <20% ORR)—accompanied by an 11.3-month median 
DOR that addresses critical unmet needs in treatment-resistant 
populations (Raghav et al., 2024). DESTINY-Lung01 set a new 
benchmark in lung cancer treatment. In Non-Small Cell Lung 
Cancer (NSCLC), the ORR of T-DXd for HER2-mutant patients 
was 55%, with a median DOR of 9.3 months, marking a new era in 
targeted therapy. Notably, T-DXd overcomes traditional therapeutic 
limitations through enhanced blood-brain barrier penetration, 
achieving a 42.9% intracranial response rate in patients with brain 
metastases (Smit et al., 2024).

Moreover, T-DXd is the only approved therapy for treating 
patients with HER2-low and HER2-ultralow expressing BC. HR-
positive, HER2-negative BC represents the most common subtype, 
accounting for approximately 70% of all BCs. Although classified 
as HER2-negative, many patients exhibit some degree of HER2 
expression. Positive results from the phase III DESTINY-Breast06 
study assessed the efficacy and safety of T-DXd versus standard 
chemotherapy (capecitabine, paclitaxel, and nab-paclitaxel) in HR-
positive, HER2-low or HER2-ultralow expressing metastatic BC 
patients who progressed after endocrine therapy. Subgroup analysis 
of the HER2-low population showed that the median PFS in 
the T-DXd group was significantly longer (13.2 vs. 8.1 months, 
p < 0.0001), with a higher proportion of patients reaching 12 
months of OS (87.0% vs. 81.1%) and a higher confirmed ORR 
(57.3% vs. 31.2%) (Bardia et al., 2024a). Based on this, T-DXd was 
approved by the FDA as a single-agent therapy for HR-positive, 
HER2-low expressing or HER2-ultralow expressing BC patients in 
January 2025. 

5.1.3 Trastuzumab rezetecan (艾维达® , Hengrui)
Trastuzumab rezetecan consists of a trastuzumab conjugated 

to Top I inhibitors (SHR169265) via a cleavable linker (MC-
Gly-Gly-Phe-Gly). Compared with DXd, SHR169265 exhibits 
superior membrane permeability and cytotoxicity with a 
reduced DAR of 6. Notably, trastuzumab rezetecan features an 
innovative chiral cyclopropyl structure between the linker and 
the toxin payload, thereby enhancing chemical stability and 
reducing side effects associated with premature toxin release 
(Zhang et al., 2023; Li Z. et al., 2024).

In May 2025, the National Medical Products Administration 
(NMPA) approved trastuzumab rezetecan as a later-line treatment 
option for adult patients with unresectable, la/m HER2-
mutant NSCLC who had demonstrated resistance to platinum-
based chemotherapy and immunotherapy. In the phase II trial 
(NCT04818333) involving 94 patients with locally advanced or 
metastatic (la/m) HER2-mutant NSCLC treated with trastuzumab 
deruxtecan, an ORR of 74.5% and a DCR of 98.9% were observed, 
along with a median DOR of 9.8 months and median PFS of 
11.5 months 128, while common TRAEs primarily included 
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hematologic abnormalities, which were largely manageable through 
dose modifications or symptomatic interventions (Li Z. et al., 
2025). In addition to its recent approval for NSCLC, trastuzumab 
rezetecan has also been approved for multiple phase III clinical 
trials targeting other tumors, including BC, gastric cancer, and 
colorectal cancer (Yao et al., 2024). As a new ADC drug, trastuzumab 
rezetecan has shown encouraging safety and effectiveness in 
different types of HER2-mutant advanced solid tumors, possibly 
providing a novel therapeutic alternative for a wider range of 
tumor patients. 

5.1.4 Disitamab vedotin (Aidixi® , RemeGen)
Disitamab vedotin comprises a mAb distinct from trastuzumab, 

a cleavable linker (Mc-Val-Cit), and a cytotoxic payload MMAE, 
with an average DAR of approximately 4 (Yaghoubi et al., 2021; 
Zhu et al., 2021; Shi et al., 2022).

As the first developed ADC in China, disitamab vedotin 
has demonstrated unparalleled clinical value through its unique 
positioning and innovative advancements in a highly competitive 
landscape. China is the country with the largest patient population 
with gastric cancer/gastroesophageal junction adenocarcinoma 
(GC/GEJC), accounting for 42.6% of the worldwide incidence 
(Chen Y. et al., 2025). HER2 plays a crucial role in the prognosis 
and survival of GC/GEJC (Li et al., 2022). In June 2021, disitamab 
vedotin received regulatory approval from NMPA for the treatment 
of patients with la/m GC/GEJC who had previously undergone at 
least two systemic chemotherapy regimens. The approval was based 
on the results of a single-arm study (NCT03556345) involving 127 
eligible GC/GEJC patients, which demonstrated an ORR of 24.4%, 
a median DOR of 4.7 months, a median PFS of 4.1 months, and an 
OS of 7.9 months (Peng et al., 2021). Furthermore, according to the 
single-arm RC48-C005 study, the FDA approved disitamab vedotin 
for treating HER2-positive la/m urothelial carcinoma (UC) who had 
progressed after at least one prior systemic chemotherapy regimen. 
The RC48-C005 study showed the ORR of disitamab vedotin was 
51.2%, the DOR was 6.9 months, the median PFS was 6.9 months, 
and the OS was 13.9 months (Sheng et al., 2021). At the 2021 ASCO 
conference, data from the phase Ib/II (RC48-C014) trial showed 
that the combination of disitamab vedotin and immunotherapy 
for HER2-expressing UC achieved an impressive ORR of 94.1%. 
The 3-year follow-up revealed a median OS of 33.1 months, which 
exceeded the previous first-line platinum-based chemotherapy OS 
of approximately 13 months by 20 months (Zhou et al., 2025). These 
figures represent the highest ORR and longest OS reported to date 
in the first-line treatment of advanced UC.

Despite the dominance of T-DM1 and the exceptional 
performance of T-DXd in BC therapy, disitamab vedotin has 
successfully established itself in a distinct niche. The liver is the 
third most frequent site of BC metastasis, impacting approximately 
45% of HER2-positive advanced BC patients (Rashid et al., 2021). 
Due to various constraints, this subfield remains challenging, with 
limited effective treatment options and significant unmet clinical 
needs. In May 2025, the NMPA approved a new indication for 
disitamab vedotin for treating HER2-positive advanced BC with 
liver metastasis. This approval was supported by a phase III trial 
(RC48-C006, NCT03500380) (Qu et al., 2024). In which disitamab 
vedotin significantly reduced the risk of disease progression or 
death by 44%, with a median PFS of 9.9 months versus 4.9 months. 

Regarding OS, although the data are not yet mature, a clear trend 
of benefit has been observed in the disitamab vedotin group, 
with median OS not yet reached versus 25.92 months in the 
control group (Qu et al., 2024). Disitamab vedotin is the first 
approved HER2-ADC to achieve positive results in a confirmatory 
phase III study for HER2-positive advanced BC with liver metastasis. 

5.2 Trop-2-targeting ADC

Trophoblast cell-surface antigen-2 (Trop-2) plays a critical 
role in Ca2+ signaling in tumor cells, exhibiting high expression 
levels across various tumor tissues and demonstrating robust 
internalization activity, making it an emerging and promising 
molecular target for targeted therapy. For example, up to 80%–90% 
of triple-negative breast cancer (TNBC) cells exhibit high levels of 
Trop-2 expression (Li et al., 2021). TROP-2 is also highly expressed 
in lung cancer cells and actively participates in multiple signaling 
pathways involved in tumor progression. Table 2 summarized the 
comparison of therapeutic efficacy across different ADCs targeting 
CD22, HER2, and TROP-2.

5.2.1 Sacituzumab govitecan (Trodelvy® , 
immnomedics)

Sacituzumab govitecan is an ADC comprising a humanized 
IgG1 mAb targeting Trop-2, linked to the Top1 inhibitor SN-38 
via a pH-sensitive linker (CL2A) (Angelastro et al., 2022). Several 
key clinical trials have highlighted the exceptional effectiveness 
of sacituzumab govitecan in managing advanced TNBC. Notably, 
the phase III ASCENT trial indicated that sacituzumab govitecan 
decreased the risk of disease progression or death by 59% compared 
to conventional chemotherapy in TNBC. Specifically, sacituzumab 
govitecan improved median PFS from 1.7 months to 4.8 months 
and median OS from 6.9 months to 11.8 months over conventional 
chemotherapy (Rugo et al., 2023; Bardia et al., 2021a). Based on 
these results, sacituzumab govitecan received FDA approval in 2022 
for treating adult patients with unresectable, la/m TNBC who have 
undergone at least two prior systemic treatments (Syed, 2020). The 
phase IIb EVER-132-001 trial further validated the efficacy and 
safety of sacituzumab govitecan in Chinese TNBC patients who 
had failed more than two prior chemotherapy regimens. Results 
showed that sacituzumab govitecan monotherapy achieved an ORR 
of 33.3%, with a median DOR lasting 7.7 months (Xu et al., 
2023). Consequently, sacituzumab govitecan has been widely 
recommended by various domestic and international guidelines, 
establishing the standard of care for second-line and subsequent 
treatments of TNBC. As research has advanced, the applications 
of sacituzumab govitecan have expanded beyond TNBC to other 
solid tumors with high Trop-2 expression, including NSCLC, UC, 
and endometrial cancer (Powles et al., 2025; Bardia et al., 2021b; 
Paz-Ares et al., 2024; Santin et al., 2024).

In the first-line treatment of la/m TNBC, the preferred 
therapeutic approach involves chemotherapy combined with PD-
L1 inhibitors (Tolaney et al., 2025b; Mittendorf et al., 2020). At 
the 2025 ASCO meeting, the randomized, phase III ASCENT-
04/KEYNOTE-D19 trial demonstrated that, in patients with PD-L1-
positive advanced TNBC (Tolaney et al., 2025b), the combination of 
sacituzumab govitecan and pembrolizumab significantly improved 
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TABLE 2  Comparison of ADC drugs targeting the same antigens in a specific tumor type.

Target Tumor Name Trial design Indication Outcomes

CD22 B-cell malignant tumors

Inotuzumab ozogamicin phase III R/R ALL mOS is 7.7 months, mPFS is 5.0 
months (Kantarjian et al., 2019)

Moxetumomab pasudotox phase III adult patients with R/R HCL ORR was 75% (Kreitman et al., 
2018)

HER2

NSCLC

Trastuzumab rezetecan phase II adult patients with la/m 
HER2-mutant NSCLC

ORR is 74.5%, DCR reached 
98.9%, mDOR is 9.8 months, 

mPFS is 11.5 months (Li et al., 
2025c)

Trastuzumab deruxtecan phase II patients with 
HER2-overexpressing or 
HER2-mut u/mNSCLC

ORR is 34.1%, mOS is 11.2 
months, mPFS is 6.7 months, 

mDOR is 6.2 months (Smit et al., 
2024)

Breast cancer

Trastuzumab emtansine

phase III
HER2+ mBC patients who had 
received one prior anti-HER2 

regimen

The mPFS was 29.0 vs. 7.2 
months, the 36-month PFS rate 

was 45.7% vs. 12.4%, and the 
mOS was 52.6 vs. 42.7 months 

for T-DXd vs. T-DM1 
(Cortés et al., 2022)

Trastuzumab deruxtecan

TROP-2

NSCLC

Sacituzumab tirumotecan phase I/II R/R la/m NSCLC ORR is 44%, the median DOR is 
9.3 months, 6-month DOR is 

77% (Fang et al., 2023)

Datopotamab deruxtecan phase III la/m NSCLC non-squamous subgroup: mPFS 
is 5.6 months, ORR is 31.2%

squamous subgroup: mPFS is 4.4 
months, ORR is 12.8% 

(Ahn et al., 2025)

Breast cancer Datopotamab deruxtecan phase III HR+/HER2–la/mBC who have 
previously been treated with 

endocrine therapy and 
chemotherapy

ORR is 36%, mPFS is 13.2 
months, mDOR is 6.7 months 

(Bardia et al., 2025a; Bardia et al., 
2024c; Bardia et al., 2025b)

TNBC

Sacituzumab govitecan

phase III

adult patients with la/m TNBC 
who have undergone at least two 

prior systemic treatments

mPFS is months, mOS was 11.8 
months (Bardia et al., 2021c)

Sacituzumab tirumotecan adult patients with la/m TNBC 
who have received at least two 

prior systemic therapies

ORR is 45.4%, mPFS is 5.7 
months, DOR is 7.1 months, The 
12-month OS rates were 57.8% 

(Xu et al., 2024)

PFS compared to chemotherapy plus pembrolizumab. This regimen 
reduced the risk of disease progression or death by 35%, with a 
median DOR of 16.5 months versus 9.2 months in the chemotherapy 
group, nearly doubling the response duration. These findings 
represents a paradigm shift toward the combination of ADCs 
and immunotherapy as a first-line strategy of TNBC, potentially 
setting a precedent for cross-tumor therapeutic approaches
in the future. 

5.2.2 Sacituzumab tirumotecan (佳泰莱® , 
Sichuan Kelun)

Sacituzumab tirumotecan incorporates an anti-Trop-2 
humanized IgG1 mAb, similar to that used in sacituzumab 
govitecan, and is conjugated via CL2A to a novel Top1 inhibitor, 
KL610023 (a derivative of belotecan). The cytotoxic potency of 

KL610023 is approximately 1.5 times greater than that of SN-
38, with an average DAR of approximately 7.4 (Yin et al., 2025). 
Moreover, KL610023 can be released via enzymatic or acid-
mediated cleavage, enabling dual activation through intracellular 
enzymatic hydrolysis and acidic TME (Li N. et al., 2025; Yin et al., 
2025). Compared with sacituzumab govitecan, sacituzumab 
tirumotecan demonstrates superior performance in terms of 
effective payload exposure, half-life, and tumor control under the 
same conditions (Cheng et al., 2022).

In the phase III OptiTROP-Breast01 study (NCT05347134), 
sacituzumab tirumotecan was compared with investigator-selected 
chemotherapy in patients with la/m TNBC who had received 
two or more prior therapies (Yin et al., 2025). The median PFS 
was significantly longer in the sacituzumab tirumotecan group 
compared to the chemotherapy group (5.7 months vs. 2.3 months, p 
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< 0.00001). The risk of disease progression or death was significantly 
reduced by 69% in the sacituzumab tirumotecan group. The 12-
month OS rates were 57.8% and 35.2%, respectively. And the ORR 
in the sacituzumab tirumotecan group and chemotherapy group 
was 45.4% and 12.0%, respectively, while the DOR was 7.1 months 
and 3.0 months, respectively (Xu et al., 2024). Based on this study, 
the NMPA approved sacituzumab tirumotecan for the treatment of 
adult patients with unresectable, la/m TNBC who have received at 
least two prior systemic therapies (Xu et al., 2024).

The KL264-01 trial (NCT04152499) demonstrated the 
promising efficacy of sacituzumab tirumotecan monotherapy in 
patients with R/R la/m NSCLC (Ye et al., 2025; Fang et al., 2023). 
After a median follow-up of 11.5 months, the ORR was 44%, the 
median DOR was 9.3 months, 6-month DOR rate was 77%. For the 
subgroup with TKI-resistant EGFR-mut NSCLC, the ORR was 60%, 
DCR was 100%, median PFS was 11.1 months, and 9-month PFS 
was 66.7%. A total of 67.4% of patients had grade 3 or higher TRAEs. 
Subsequent phase III studies in patients with advanced NSCLC are 
currently being planned (Fang et al., 2023).

In addition, sacituzumab tirumotecan has demonstrated 
promising activity across various tumor types and is currently under 
clinical investigation, including endometrial cancer, platinum-
resistant ovarian cancer (PROC), cervical cancer, gastroesophageal 
adenocarcinoma. The ongoing studies reflect the potential of 
sacituzumab tirumotecan in expanding treatment options for 
patients with difficult-to-treat cancers. 

5.2.3 Datopotamab deruxtecan (Datroway® , 
Daiichi Sankyo/AstraZeneca)

Datopotamab deruxtecan (Dato-DXd) is an ADC comprising 
another humanized anti-TROP-2 IgG1 mAb linked via a cleavable 
linker (GGFG) to DXd (Okajima et al., 2021; Bardia et al., 2024b). 
The linker in Dato-DXd releases the drug through specific enzymatic 
cleavage, ensuring high stability and enabling precise targeting of 
TROP2-positive tumor cells. Dato-DXd optimizes the DAR to 4, 
achieving a balance between efficacy and toxicity while maximizing 
the therapeutic window (Okajima et al., 2021).

The phase III, open-label, randomized TROPION-Breast01 
study demonstrated that Dato-DXd significantly improved PFS and 
exhibited a favorable safety profile compared to investigator-selected 
chemotherapy in patients with hormone receptor-positive/HER2-
negative (HR+/HER2–) BC who had progressed on endocrine 
therapy and chemotherapy. The confirmed ORR was 36% and 
23%, and the median DOR was 6.7 months and 5.7 months in 
the Dato-DXd and chemotherapy groups, respectively. Notably, 
the incidence of grade 3 or higher TRAEs was lower with Dato-
DXd than chemotherapy (20.8% vs. 44.7%) (Bardia et al., 2025a; 
Bardia et al., 2024c; Bardia et al., 2025b). Based on these results, 
Dato-DXd received its initial approval from the Pharmaceuticals and 
Medical Devices Agency (PMDA) in Japan in December 2024 and 
was subsequently approved by the FDA in January 2025.

Additionally, Dato-DXd has extended its clinical applications 
beyond BC to other solid tumors. In NSCLC, the phase III 
TROPION-Lung01 trial (NCT04656652) demonstrated that 
Dato-DXd significantly improved PFS compared to docetaxel in 
previously treated NSCLC patients (4.4 months vs. 3.7 months, 
respectively). Notably, the non-squamous subgroup achieved a 

median PFS of 5.5 months and a median OS of 14.6 months. Dato-
DXd exhibited superior safety, with only 3% of patients experiencing 
grade 3 TRAEs, compared to 42% in the docetaxel arm (Ahn et al., 
2025). Based on these findings, the FDA accepted the application of 
Dato-DXd for NSCLC in January 2025. Furthermore, the phase II 
TROPION-Lung05 trial (NCT0448414) reported an ORR of 42.7% 
and an intracranial DOR of 72% in EGFR-mutated NSCLC patients 
resistant to EGFR tyrosine kinase inhibitors (EGFR-TKIs) and 
platinum-based chemotherapy (Sands et al., 2025), leading to the 
FDA granting it breakthrough therapy designation. Furthermore, 
the phase I TROPION-PanTumor01 trial (NCT03401385) indicated 
an ORR of 25% in previously treated UC patients, with a median 
PFS of 6.9 months (Meric-Bernstam et al., 2025). Regarding 
safety, the incidence of interstitial lung disease was 3%, which 
can be effectively managed through dose adjustment and regular 
monitoring. Consequently, Dato-DXd is anticipated to become 
a cornerstone therapeutic option for multiple cancer types in 
the future. 

5.3 Enfortumab vedotin (Padcev® , Seagen)

Patients with la/m UC who were ineligible for surgical 
intervention predominantly relied on chemotherapy as the standard 
treatment. Since 2016, the introduction of PD-(L)1 inhibitors has 
ushered in a new era of immunotherapy for UC management. 
Despite this advancement, therapeutic options remained limited 
for patients experiencing disease progression following PD-(L)1 
inhibitor and platinum-based chemotherapy regimens (Nelson et al., 
2021; Nadal et al., 2024). Nectin cell adhesion molecule-4 (Nectin-
4), a member of the nectin family of cell adhesion molecules, 
exhibits high expression levels in UC and is strongly associated 
with unfavorable prognosis (Liu et al., 2021). As a consequence, 
Nectin-4 has emerged as a promising target for systemic therapy 
in UC (Challita-Eid et al., 2016). Table 3 outlines the therapeutic 
application of approved ADCs in UC, categorized by their 
target antigens.

Enfortumab vedotin combines a human antibody against 
Nectin-4 with the cytotoxic MMAE through a cleavable linker (Mc-
Val-Cit-PABC). The average DAR is roughly 3.8 (Bardia et al., 
2025a; Challita-Eid et al., 2016). Enfortumab vedotin is the first 
FDA-approved ADC targeting Nectin-4 and represents the initial 
ADC approved specifically for UC. In 2019, the FDA granted 
approval for enfortumab vedotin based on data from the EV-
201 trial for the treatment of adults with la/m UC who failed 
with a PD-(L)1 inhibitor and platinum-based chemotherapy. The 
single-arm phase II trial demonstrated an ORR of 44% and 
a DOR of 7.6 months following enfortumab vedotin treatment 
(Chang et al., 2021; Rosenberg et al., 2019). Prior to its approval, 
subsequent treatment options for these patients were severely 
constrained, with ORRs from conventional chemotherapy typically 
below 20%. The further phase III EV-301 study verified that 
enfortumab vedotin exhibited a significant survival advantage, 
with a median OS of 12.91 months versus 8.94 months in the 
chemotherapy group in la/m UC patients.

The EV-302 study evaluated the efficacy of enfortumab vedotin + 
pembrolizumab versus platinum-based chemotherapy in untreated 
patients with la/m UC. The combination of enfortumab vedotin + 
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TABLE 3  Clinical endpoints of ADCs.

Cancer Targets Name Trial design Indication Clinical outcome

B-cell malignant tumors

CD30 Brentuximab vedotin phase II R/R la/m cHLand sALCL cHL: ORR is 73%, CR is 34% 
(Younes et al., 2012b)

sALCL: ORR is 86%, CR is 57% 
(Pro et al., 2012)

CD19 Loncastuximab tesirine phase II adult patients with R/R DLBCL 
or high-grade B-cell lymphoma

ORR of is 48.3%, mDOR is 10.3 
months (Caimi et al., 2021)

urothelial carcinoma

HER2 Disitamab vedotin phase II HER2-positive la/m UC ORR is 51.2%, mPFS is 6.9 
months, DOR is 6.9 months, OS 

is 13.9 months (Sheng et al., 
2021)

TROP-2 Datopotamab deruxtecan phase I previously treated UC patients ORR is 25%, mPFS is 6.9 months 
(Meric-Bernstam et al., 2025)

Nectin-4 Enfortumab vedotin phase III la/mUC patients who have failed 
platinum-based chemotherapy 

and PD-1/PD-L1 inhibitors

ORR is 41.32%, mOS is 12.9 
months (Powles et al., 2021)

pembrolizumab extended the median PFS from 6.3 months to 12.5 
months, nearly doubled the OS from 16.1 months to 31.5 months, 
and reduced the risk of death by 53% (Brave et al., 2024; Gupta et al., 
2025). The clinical response achieved a historical peak, with an ORR 
of 68% in the combination group compared to 44% in the control 
group. Safety profiles between the two groups were comparable. 
Based on the positive outcomes of the EV-302 study, enfortumab 
vedotin in combination with pembrolizumab was approved by 
FDA in December 2023 and received endorsement from major 
international guidelines, including National Comprehensive Cancer 
Network (NCCN) and European Society for Medical Oncology 
(ESMO), as a first-line treatment option for la/m UC. The 
combination of enfortumab vedotin and pembrolizumab has 
replaced platinum-based chemotherapy as the new treatment 
paradigm, formally ushering in a new era in the chemotherapy-free 
treatment for la/m UC. 

5.4 Tisotumab vedotin (Tivdak® , 
Genmab/Seagen)

The management of recurrent and metastatic cervical cancer 
remains a significant clinical challenge. The scarcity of effective 
standard therapeutic options introduces uncertainty regarding 
patient outcomes. Tissue factor (TF) plays a pivotal role in 
promoting tumor growth, angiogenesis, and accelerating metastasis. 
Studies have shown that TF is highly expressed in cervical 
cancer tissues, while demonstrates minimal or no expression in 
adjacent normal tissues, thereby establishing TF as a promising 
therapeutic targets (Zhao et al., 2018).

Tisotumab vedotin incorporates a fully human IgG1-κ mAb 
targeting TF, connected to the cytotoxin MMAE via a cleavable 
linker (Mc-Val-Cit-PABC), with a DAR of 4 (Markham, 2021; 
De, 2022; de Goeij et al., 2015). Besides the cytotoxic function 
of MMAE, tisotumab vedotin demonstrates ADCP and ADCC 
activities in vitro. In 2024, the FDA approved tisotumab vedotin for 

treating adult patients with recurrent or metastatic cervical cancer, 
which was based on data from the phase III InnovaTV 301 trial 
(NCT04697628) (Markham, 2021; Coleman et al., 2021). Compared 
to conventional chemotherapy, tisotumab vedotin demonstrated 
superior efficacy with a median OS of 11.5 versus 9.5 months, 
a median PFS of 4.2 versus 2.9 months, and a confirmed ORR 
of 17.8% versus 5.2%, while maintaining a comparable safety 
profile with Grade ≥3 TRAEs occurring in 52.0% versus 62.3% 
of patients (Vergote et al., 2024). In March 2025, tisotumab vedotin 
was officially approved in Japan for the treatment of advanced or 
recurrent cervical cancer that progresses after chemotherapy, which 
marks the first ADC specifically developed for cervical cancer and 
the first ADC targeting TF.

Ongoing studies are exploring the potential use of tisotumab 
vedotin for other solid tumors, including head and neck cancers 
(de Bono et al., 2019; Bakema et al., 2024), as well as its combination 
with other chemotherapeutic agents for managing recurrent or 
metastatic cervical cancer (Vergote et al., 2023). 

5.5 Telisotuzumab vedotin (Emrelis® , 
AbbVie)

NSCLC continues to be the primary cause of cancer-related 
mortality worldwide (Rebecca et al., 2025; Gesthalter et al., 2022). 
c-MET is a receptor tyrosine kinase (RTK) that is frequently 
overexpressed in various solid tumors, including NSCLC. c-
MET is encoded by the MET proto-oncogene and serves as the 
cellular receptor for hepatocyte growth factor (HGF) (Organ and 
Tsao, 2011). Abnormal activation of the c-MET/HGF signaling 
pathway leads to tumor progression, angiogenesis, invasive 
growth, metastasis, and resistance to treatment (Tong et al., 2016; 
Ma et al., 2003; Lennerz et al., 2011). Approximately 25% of 
patients with advanced NSCLC harbor c-Met overexpression, 
which is strongly associated with an unfavorable prognosis 
(Motwani et al., 2021; Wang et al., 2017). Therapeutic options 
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have been limited for patients with non-squamous NSCLC who 
exhibit high c-MET protein overexpression and have undergone 
prior systemic therapy.

Telisotuzumab vedotin is a conjugate that combines an anti-
c-Met mAb (ABT-700) with the cytotoxin MMAE, connected 
via a cleavable linker (Mc-Val-Cit-PABC), with the DAR of 
3 (Fujiwara et al., 2021). In May 2025, the FDA approved 
telisotuzumab vedotin for adult patients with la/m non-squamous 
NSCLC characterized by c-MET overexpression. The phase II 
LUMINOSITY trial (NCT03539536), evaluating telisotuzumab 
vedotin in previously treated NSCLC patients with c-MET 
overexpression, demonstrated an ORR of 35% and a median 
DOR of 7.2 months 195, with a generally manageable and well-
tolerated safety profile (Camidge et al., 2024). Further validation 
of clinical endpoints, including OS, is required in phase III 
trials. A global confirmatory phase III TeliMET NSCLC-01 trial 
(NCT04928846) for telisotuzumab vedotin in previously treated 
c-MET overexpressing NSCLC patients is currently ongoing. 

5.6 Mirvetuximab soravtansine (Elahere® , 
AbbVie)

The development of resistance to platinum-based chemotherapy 
remains a significant clinical challenge in ovarian cancer (OC) 
(Indini et al., 2021; Alvarez Secord et al., 2025). OC that exhibits 
resistance to platinum-based therapies is classified as PROC, 
representing approximately one-third of all OC cases globally. 
Folate receptor alpha (FRα) facilitates the cellular uptake of 
folate, is significantly overexpressed in one-third of OC and 
fallopian tube cancer (FTC) patients, making it a promising 
therapeutic target (Scaranti et al., 2020).

Mirvetuximab soravtansine, an ADC comprising a humanized 
IgG1 mAb targeting FRα, conjugated to the cytotoxin DM4 via 
a cleavable linker (sulfo-SPDB), with a DAR of approximately 
3.5 (Nerone et al., 2022; Heo, 2023). In 2022, the FDA granted 
approval for mirvetuximab soravtansine to treat FRα-positive PROC 
in patients who had undergone 1 to 3 prior therapies (Heo, 2023).

In the phase III MIRASOL trial (NCT04209855) involving 
patients with PROC, mirvetuximab soravtansine demonstrated 
superior efficacy compared to investigator-selected chemotherapy, 
reducing the risk of death by 33% and the risk of tumor progression 
by 35%, along with a lower incidence of Grade≥3 TRAEs and 
reduced treatment discontinuation rates. Based on these promising 
results, mirvetuximab soravtansine received approval from the 
FDA in 2022 for treating FRα-positive PROC, FTC, or primary 
peritoneal cancer (Heo, 2023; Dilawari et al., 2023; Matulonis et al., 
2023). Additionally, the therapeutic potential of mirvetuximab 
soravtansine has been expanded to other FRα-positive cancers, 
including endometrial cancer and BC, further enhancing its clinical 
importance (Kong and Zheng, 2025). 

5.7 Cetuximab sarotalocan (Akalux® , 
Rakuten Medical)

Cetuximab sarotalocan, as the first photoimmunotherapy ADC 
globally, consists of EGFR-targeting cetuximab conjugated to the 

photosensitizer IRDye700. Cetuximab is a chimeric IgG1 mAb 
against EGFR and has been approved for the treatment of colorectal 
cancer and head and neck cancer. The payload, IRDye700, is a water-
soluble silicon phthalocyanine derivative that exhibits sensitivity 
to red visible light. The average DAR varied between 1.3 and 3.8. 
Cetuximab sarotalocan selectively binds to EGFR expressed on 
the tumor cell membrane, followed by irradiation of the tumor 
site with near-infrared light, which activates the phototoxic effects 
of IRDye700 to selectively eliminate tumor cells while preserving 
surrounding normal tissues (Maruoka et al., 2021; Gomes-da-
Silva et al., 2020). As illustrated in Figure 5, cetuximab sarotalocan 
can induce ICD by necrotic disruption of the plasma membrane 
and the subsequent release of intracellular components, including 
tumor antigens and DAMPs, thereby activating a robust anti-
cancer immune response capable of targeting metastases beyond 
the irradiated field and eliciting an abscopal effect, which further 
amplify the anti-tumor effects (Gomes-da-Silva et al., 2020; Gomes-
da-Silva et al., 2018; Donohoe et al., 2019; Sato et al., 2018).

In September 2020, the PMDA in Japan approved cetuximab 
sarotalocan for treating unresectable la/m head and neck squamous 
cell carcinoma (HNSCC), which was grounded on a phase II 
clinical trial (Cognetti et al., 2021). Following administration of 
cetuximab sarotalocan, the tumor area was irradiated with non-
thermal red light at 24 h post-administration. Treatment with 
cetuximab sarotalocan demonstrated an ORR of 28%, including 
a CR of 14%. The median PFS and median OS were 5.7 months 
and 9.1 months, respectively. The most frequently observed grade 
3 or higher TRAEs included skin reactions (18%), periodontal 
clefts (12%), and anaphylaxis (3.5%). Cetuximab sarotalocan has 
not received regulatory approval outside Japan and remains under 
investigation in global phase III clinical trials (NCT06699212). 
Other photoimmunotherapy ADCs currently under development 
globally include TROP-2-IRDye700, antibody C-IRDye700, 
ramucirumab-IRDye700, and MN-14-700DX, all of which are 
currently in the preclinical or drug discovery stages. 

6 Limitations and challenges

As an innovative anti-tumor therapy, ADCs have garnered 
extensive attention in recent years. Nevertheless, numerous 
challenges remain in the development and application, which can 
be categorized into the following aspects. 

6.1 Adverse effects

To achieve the ideal “intelligent missile” status, ADCs must 
demonstrate tumor-specific targeting across four critical stages: 
(1) the antigen target should be exclusively expressed on tumor 
cells; (2) the ADC should exclusively enter tumor cells through 
target-independent mechanisms; (3) the linker should be selectively 
cleaved within the TME or tumor cells; and (4) tumor cells must 
exhibit significantly higher sensitivity to the cytotoxic payload 
compared to normal cells. Non-specificity in any of these stages 
may result in off-target effects, thereby inducing undesirable toxicity 
(Mahalingaiah et al., 2019). For example, T-DXd, which releases 
DXd upon cleavage by cathepsin in non-target tissues, leading to 
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FIGURE 5
The mechanism of action of Cetuximab sarotalocan involves the direct eradication of tumor cells and immunogenic cell death driven by the release of 
DAMPs. Figure was created by Biorender.com.

an incidence rate of interstitial lung disease ranging from 12% 
to 19% (Li R. et al., 2024). Depatuxizumab mafodotin (ABT-414) 
is an ADC directed against EGFR, which utilizes a non-cleavable 
MMAF payload to reduce bystander effects. Nonetheless, ABT-
414 induced significant corneal toxicity due to on-target, off-tumor 
activity, which ultimately contributed to its termination in phase 
III trials (Promi et al., 2025).

Additionally, the antibody component of ADCs may 
induce toxicity through Fc-mediated interactions with normal 
tissue FcγR or complement activation (Nguyen et al., 2023). 
For instance, the trastuzumab moiety of T-DM1 mediates 
platelet phagocytosis via FcγRIIIa binding, thereby causing 
thrombocytopenia (19%) (Uppal et al., 2015). 

6.2 Drug resistance

Drug resistance represents one of the most significant challenges 
in the clinical use of ADC, severely compromising therapeutic 
efficacy and patient outcomes. The underlying mechanisms of ADC 
drug resistance are intricate and multifaceted. Tumor cells may 
reduce the expression of target antigens recognized by ADCs, 
thereby inhibiting effective binding to tumor cells and escaping 
drug-induced cytotoxic effects. In HER2-positive BC treated with 
HER2-targeted ADCs, some patients may experience decreased 
HER2 expression, leading to impaired drug binding and subsequent 
resistance (Khoury et al., 2023). Furthermore, ADC resistance can 
emerge through receptor-mediated endocytosis of target antigens, 
abnormal lysosomal cleavage processes, and enhanced efflux of the 

drug-antibody complex. Dysfunctions in the endocytic pathway and 
lysosomal abnormalities significantly contribute to ADC resistance. 
For example, caveolin-1-mediated endocytosis could impede ADC 
entry into lysosomes for degradation (Sung et al., 2018). Loss 
of the lysosomal transporter SLC46A3 or increased lysosomal 
pH (which reduces enzyme activity) can further hinder ADC 
degradation, such as the failure to effectively release cytotoxic 
payloads following T-DM1 internalization (Ríos-Luci et al., 2017). 
Abnormal expression of transporters may also enhance ADC 
efflux, contributing to drug resistance (Takegawa et al., 2017). 
Additionally, tumor cells may activate alternative signaling pathways 
to bypass ADC targets, sustaining cell growth and proliferation 
(Jiang et al., 2024). During HER2-targeted ADC therapy, activation 
of pathways like PI3K/AKT/mTOR can decrease cellular sensitivity 
to the drug (Endo et al., 2018). 

6.3 Pharmacokinetic complexity

Following administration, ADCs circulate systemically 
primarily in three forms: intact ADCs, naked antibodies, and 
free payloads. Their relative proportions change dynamically 
through processes such as target binding, internalization, and 
dissociation. Due to the typically longer half-lives of intact ADCs 
and naked antibodies compared with traditional small-molecule 
drugs—further complicated by interpatient variability—developing 
pharmacokinetic and pharmacodynamic models that accurately 
characterize the clinical behavior of ADCs and guide the design 
of novel agents remains challenging. Owing to their complex 
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pharmacological properties, ADCs exhibit a narrow therapeutic 
window, necessitating precise dose control. Furthermore, 
pharmacokinetic variability may lead to considerable differences 
in efficacy and toxicity among patients. Therefore, developing 
personalized treatment approaches based on individual patient 
profiles is essential to enhance therapeutic outcomes and minimize 
adverse effects (Michael et al., 2024).

7 Next-generation ADCs

The next-generation ADCs emphasizes synergistic optimization 
of four core constituent elements, including antibody engineering, 
linker chemistry, payload innovation, and conjugation technology. 
Critical advancement vectors can be conceptualized as:

Future direction focuses on developing tumor specific antigens, 
such as Claudin 18.2 as well as antigens within the TME or 
vasculature system (Zhou et al., 2024; Shin et al., 2023; Fu et al., 
2019). Moreover, bispecific ADCs represent a strategic evolution 
in ADC technology by employing dual targeting mechanisms 
(Gu et al., 2024). BL-B01D1, a first-in-class EGFR/HER3-targeting 
bispecific ADC, achieved ORR of 39.6% in refractory esophageal 
squamous cell carcinoma (Liu et al., 2025) and 69.2% in non-
classical EGFR-mutant NSCLC with median PFS reaching 10.5 
months (Yang et al., 2025), while maintaining a favorable safety 
profile characterized by manageable TRAEs. Another upgradation 
is conditionally activated ADCs (probody-drug conjugates) aimed 
at reducing on-target, off-tumor toxicity (Karen et al., 2019). By 
incorporating self-masking structures or pH-sensitive binding sites 
into the antibody, the construct remains unable to bind its target 
in the neutral pH environment of normal tissues, while becoming 
activated in the acidic TME (pH 5.3–6.7), enabling specific 
binding to tumor-associated antigens. In clinical trials, ROR2-
targeting conditionally activated ADC BA3021 of BioAtla exhibited 
promising efficacy and tolerability in patients with HPV-positive 
HNSCC (Hwai Wen et al., 2025). However, Probody technology of 
CytomX has encountered setbacks with clinical discontinuations, 
underscoring the need for further optimization and validation in 
this area (Karen et al., 2019).

The properties of linkers directly influence the therapeutic 
index, efficacy, safety, and pharmacokinetics of ADCs. Emerging 
strategies—such as dual-cleavable linkers, bioorthogonal activation 
systems, and self-assembling linkers—hold promise for achieving 
unprecedented tumor specificity, controlled release, and broader 
therapeutic applications, though their clinical safety and efficacy 
remain unproven (Bargh et al., 2021; António et al., 2021; Xue et al., 
2024; Su et al., 2021; Wei et al., 2018; Tong et al., 2024).

Future advancements in payloads will center on improving 
efficacy, reducing toxicity, and countering resistance. In addition to 
novel cytotoxic and immunomodulatory agents, current research 
emphasizes degrader antibody conjugates (DACs), which employ 
PROTAC technology to selectively degrade target proteins via 
the ubiquitin–proteasome system, enabling precise tumor cell 
elimination (Karina et al., 2023). To date, only Orum Therapeutics’ 
ORM-6151 has entered Phase I clinical trials. ORM-6151 is a novel 
DAC comprising a highly potent GSPT1 degrader (SMol006) linked 
to a CD33-directed antibody (OR000283). Upon internalization, the 
linker releases SMol006, leading to targeted GSPT1 degradation via 

the proteasome. In blasts from patients with R/R AML, ORM-6151 
exhibited picomolar cytotoxicity and outperformed gemtuzumab 
ozogamicin. Moreover, a single dose as low as 0.1 mg/kg induced 
robust and sustained antitumor responses in disseminated xenograft 
models (Palacino et al., 2023). The co-administration of payloads 
with dual mechanisms, such as microtubule inhibitors combined 
with DNA-damaging agents, offers a promising strategy to 
counter tumor heterogeneity and drug resistance, though further 
optimization of conjugation methods and toxicity profiles is 
necessary (Gu et al., 2024). Meanwhile, radionuclide-based payloads 
leverage localized radiation to enhance antitumor efficacy, but their 
clinical translation requires careful management of dosimetry and 
safety (Marco et al., 2025). As the first therapeutic radionuclide-drug 
conjugate (RDC), Lutathera [(Gesthalter et al., 2022)Lu-Dotatate] 
targets somatostatin receptors (SSTR) in patients with SSTR-positive 
gastroenteropancreatic neuroendocrine tumors (GEP-NETs). In the 
NETTER-1 trial, Lutathera achieved an ORR of 13%, compared 
to 4% in the control group, reflecting a threefold improvement 
(Jonathan et al., 2021; Jonathan et al., 2017). Treatment with 
Lutathera also resulted in a 48% reduction in the risk of death.

The conjugation site significantly influences the stability and 
pharmacokinetic properties of ADCs: formulations with a higher 
DAR often exhibit accelerated plasma clearance, while those with 
lower DAR demonstrate reduced potency. Therefore, developing 
novel conjugation strategies that enable precise control over the 
location and number of conjugated small-molecule drugs, while 
maintaining structural integrity and homogeneity, has become 
a crucial research direction in the ADC field. New-generation 
site-specific conjugation strategies comprise enzyme-mediated 
conjugation (transglutaminase-based), incorporation of non-
canonical amino acids, glycoengineering-based conjugation, etc 
(Tsuchikama and An, 2016). For instance, Strop et al. established 
a site-specific conjugation approach using a engineered microbial 
transglutaminase with selective peptide recognition, which targets 
a genetically incorporated LLQG motif. This strategy allows flexible 
placement of conjugation sites through intentional insertion of the 
short peptide into the antibody architecture (Strop et al., 2013). The 
resulting ADC achieved a uniform DAR of 1.9 while maintaining 
comparable cytotoxic potency and tolerability. Furthermore, the 
integration of artificial intelligence (AI) and systems biology 
establishes a rational drug design pipeline. Machine learning-
driven platforms, including AlphaFold-ADC and Schrödinger 
BioLuminate, enable de novo antibody paratope modeling, linker-
payload compatibility prediction, and physiologically based 
pharmacokinetic simulations, reducing preclinical development 
timelines from 24 to 14 months while increasing clinical trial success 
rates 3.2-fold (Chen L. et al., 2025; Ma et al., 2025).

In addition, the combination of ADC with other treatment 
approaches represents a pivotal advancement in cancer therapy. 
More specifically, when combined with immunotherapy, ADCs 
can promote the release of tumor antigens and boost T-cell 
activation through immune checkpoint inhibitors, leading to a 
synergistic outcome. For example, the combination of T-DXd 
and pembrolizumab achieved an ORR of 61.5% in HER2-
positive gastroesophageal cancer 264. Moreover, integrating ADCs 
with targeted therapies can successfully inhibit drug resistance 
pathways, as demonstrated using T-DXd alongside neratinib in BC 
resistant to T-DM1 265. Additionally, when used in combination 
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TABLE 4  Detailed information regarding selected ADC candidates currently in phase III clinical trials.

Name Target Linker Payload type DAR Representative 
indication

Clinicaltrial NO.

Trastuzumab 
duocarmazine

HER2 Mc-PEG2-Val-Cit-
PABA-Cyc

DNA-damaging agent 2.8 mBC NCT03262935

TQB-2102 HER2 enzyme-cleavable linker TOP1 inhibitor 5.8 BC NCT06561607

DB 1303 HER2 Mc-Gly-Gly-Phe-Gly TOP1 inhibitor 8 mBC NCT06018337

Trastuzumab vedotin HER2 Mc-Val-Cit-PABC Tubulin binder 3.8
HER2+ mBC NCT04924699

HER2+ mUC NCT05754853

Trastuzumab envedotin HER2 PEG2-Val-Cit-PABC Tubulin binder 2 HER2+ BC NCT06313086
NCT05901935

Anvatabart opadotina HER2 hydroxylamine-PEG4 Tubulin binder 1.9 HER2+ BC NCT05426486

Caxmotabart entudotin HER2 geranyl ketone 
pyrophosphate oxime 

ligation

Tubulin binder 2 BC NCT05755048

BL-M07D1 HER2 Mc-Gly-Gly-Phe-Gly TOP1 inhibitor 8 HER2- low BC NCT06957886

Trastuzumab botidotin HER2 Mc-Gly-Gly-Phe-Gly Tubulin binder 2 HER2+ mBC NCT06968585

IBI-354 HER2 Mc-Gly-Gly-Phe-Gly TOP1 inhibitor 8 OC/FTC/PPC NCT06834672

SYS-6010 EGFR Mc-Gly-Gly-Phe-Gly TOP1 inhibitor 8 EGFR+ mNSCLC NCT06927986

Becotatug vedotin EGFR Mc-Val-Cit-PABC Tubulin binder 3.8 HNSCC NCT05751512

Depatuxizumab 
mafodotin

EGFR Maleimidocaproyl Tubulin binder 3.8 GBM NCT02573324

Luveltamab tazevibulin FRα Val-Cit-PABA Tubulin binder 4 OC/FTC/PPC NCT05870748

Rinatabart sesutecan FRα Cys-11 TOP1 inhibitor 8 PROC NCT06619236

BAT8006 FRα Mc-Gly-Gly-Phe-Gly TOP1 inhibitor 8 FRα+ OC/FTC/PPC CTR20251345

Telisotuzumab 
adizutecan

MET Val-Ala TOP1 inhibitor — mCRC NCT06614192

MHB088C CD276 Mc-Gly-Gly-Phe-Gly TOP1 inhibitor 4 SCLC NCT06954246

Ifinatamab deruxtecan CD276 Mc-Gly-Gly-Phe-Gly TOP1 inhibitor 6
ESCC NCT06644781

SCLC NCT06203210

HS-20093 CD276 Mc-Gly-Gly-Phe-Gly TOP1 inhibitor 4 osteosarcoma NCT06935409

Patritumab deruxtecan HER3 mc-Gly-Gly-Phe-Gly TOP1 inhibitor 8 NSCLC NCT05338970

Tusamitamab ravtansine CEACAM5 SPDB Tubulin binder 3–4 NSCLC NCT04154956

FDA018 TROP2 PH-sensitive cleavable 
linkers

TOP1 inhibitor 7.6 TNBC NCT06519370

HS-20089 B7-H4 Mc-Gly-Gly-Phe-Gly TOP1 inhibitor 6 OC NCT06855069

(Continued on the following page)
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TABLE 4  (Continued) Detailed information regarding selected ADC candidates currently in phase III clinical trials.

Name Target Linker Payload type DAR Representative 
indication

Clinicaltrial NO.

Sonesitatug vedotin CLDN18.2 Mc-Val-Cit-PABC Tubulin binder — GC/GEJC NCT06346392

Sigvotatug vedotin ITGB6 Mc-Val-Cit-PABC Tubulin binder 4 NSCLC NCT06758401
NCT06012435

Zilovertamab vedotin ROR1 Mc-Val-Cit-PABC Tubulin binder 4 DLBCL
NCT05139017

NCT06717347

Raludotatug deruxtecan CDH6 Mc-Gly-Gly-Phe-Gly TOP1 inhibitor 8 Solid Cancer NCT06161025

Abbreviation: FTC, fallopian tube cancer; PPC, primary peritoneal carcinoma; PC, pancreatic cancer; HNSCC, head and neck squamous cell carcinoma; GBM, glioblastoma; mCRC, metastatic 
colorectal cancer; SCLC, small cell lung cancer; ESCC, esophageal squamous cell carcinoma.

with chemotherapy, ADCs are more effective due to better 
penetration and minimized toxicity. Furthermore, current studies 
are investigating the possibilities of combining ADCs with novel 
treatments like CAR-T cell therapy, which could amplify anti-tumor 
responses via multimodal synergy in the future. 

8 Discussion

As of now, over 400 ADC candidates remain under 
development. Several ADC candidates are currently in phase III 
clinical trials (Table 4), undergoing thorough scientific evaluation 
and extensive clinical testing to confirm the safety and efficacy.

ADCs represent a major advance in targeted therapy; however, 
they still face several clinical challenges. It is essential to recognize 
that an ADC is an integrated system rather than a mere assembly of 
modular components. The antibody, target antigen, linker, payload, 
and DAR are interconnected and constrained. A suboptimal design 
in any component can be amplified across the entire system. As of 
now, a total of 128 drug candidates have been discontinued from 
development. A notable example is REGN5093-M114, a bispecific 
ADC designed to target two distinct epitopes of the MET receptor 
and conjugated to the maytansinoid payload M24. However, its 
phase I/II clinical trial in patients with MET-overexpressing NSCLC 
was discontinued due to insufficient clinical efficacy (Drilon et al., 
2022). SBT6050 is an ISAC that targets HER2 with a linked TLR8 
agonist to activate myeloid cells in tumors exhibiting moderate-
to-high HER2 expression (Metz et al., 2020). Interim results from 
its phase I/Ib trial showed that among 14 evaluable patients, there 
was 1 PR, 3 cases of SD, and 10 cases of PD, yielding an ORR 
of only 7% (Klempner et al., 2021). These discouraging results 
underscore the challenges of eliciting antitumor responses through 
immune activation alone. Agonist ADCs also face inherent obstacles 
in balancing potency and toxicity, making it difficult to enhance 
efficacy within a safe therapeutic window. Furthermore, innovation 
in combination therapies must also consider the balance between 
additive efficacy and safety. In the phase I trial of rovalpituzumab 
tesirine (Rova-T), the first DLL3-targeting ADC for small cell lung 
cancer (SCLC), patients with DLL3-high expression showed an 
ORR of 31%, a median PFS of 4.6 months, and a median OS of 
5.8 months (Christine et al., 2021). However, the combination of

Rova-T with nivolumab ± ipilimumab, while achieving an ORR of 
30%, was associated with grade 3 or higher adverse events in 92% of 
patients, leading to early termination of the trial due to poor safety 
and tolerability (Jyoti et al., 2021).

Nevertheless, these failures are not endpoints but rather 
starting points for optimizing next-generation ADCs. Continuous 
improvements in antibody engineering, linker stability, and payload 
technology have led to significant enhancements in the efficacy 
and safety profiles of ADCs. With ongoing technological advances 
and accumulating clinical experience, next-generation ADCs are 
expected to play an increasingly important role in cancer therapy, 
offering renewed therapeutic potential for patients.
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