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Antibody–drug conjugates in solid tumors: Efficacy, 
challenges, and opportunities
Nakul M. Shah1� and Funda Meric-Bernstam2�

Antibody–drug conjugates (ADCs) have become an increasingly important component of the therapeutic landscape of many 
solid tumors. Currently, there are eight ADCs approved for solid tumors, with hundreds being developed and in clinical trials. 
Initially being approved in the advanced or metastatic settings, ADCs are also being incorporated as neoadjuvant or adjuvant 
therapies. In this review, we discuss the important components of ADC design in the context of clinical successes and failures. 
We further evaluate mechanisms of intrinsic and acquired resistance and strategies to overcome these barriers. Finally, we 
discuss the landscape of potential combination partners to increase efficacy of ADC therapies.

Introduction
Antibody–drug conjugates (ADCs) have revolutionized the 
treatment landscape for patients with solid tumors, precipitating 
a surge in research, development, and innovation. They have 
been coined “biological missiles,” combining the precise target
ing of a monoclonal antibody with the potent cytotoxicity of the 
attached payload (Yao et al., 2026; Fu et al., 2022; Veneziani 
et al., 2024). There are currently eight Food and Drug Adminis
tration (FDA)-approved ADCs in solid tumors (Wang et al., 2025b; 
Camidge et al., 2024), and numerous ADCs are currently in de
velopment and in clinical trials (Zhou et al., 2024a). ADCs were 
initially developed more than four decades ago, and they suffered 
many setbacks until the first ADC for solid tumors was approved 
in 2013; hundreds of ADCs have been discontinued (Colombo 
et al., 2024). Important innovations in target discovery, anti
body engineering, linker design, and payloads led to the devel
opment of currently successful ADC programs. In this review, we 
highlight characteristics of approved ADCs that have led to their 
success, describe pitfalls and resistance mechanisms that limit 
their efficacy, and explore strategies to overcome these barriers. 
We first discuss important design considerations of ADCs and 
their impact on the success and failure of clinical programs. We 
further explore mechanisms of intrinsic and acquired resistance. 
Finally, in the context of these limitations, we discuss how 
combination strategies with ADCs and future innovations may 
address current limitations and continue to expand the efficacy of 
these promising agents.

Current ADC targets
Broadly, ADCs consist of an antibody to a tumor-enriched target 
that is linked to a therapeutic payload. However, each aspect of 

the ADC design—the antibody (and target), conjugation strat
egy, linker type, and payload—must be carefully considered in 
developing a successful agent. Trastuzumab emtansine was the 
first ADC to receive FDA approval for a solid tumor in February 
2013 (Verma et al., 2012), and there have been seven additional 
ADCs that have FDA approval for solid tumors targeting six cell 
surface proteins. In this section, we will briefly discuss each 
target and each approved ADC.

Human EGF receptor 2 (HER2)
HER2 is a member of the EGF receptor (EGFR) family of receptor 
tyrosine kinases. Heterodimerization with other members of the 
EGFR family leads to autophosphorylation of tyrosine residues 
and activates various pathways that lead to cell proliferation, 
survival, and tumorigenesis. When overexpressed in preclinical 
models, it leads to increases in mitogenic and cell cycle signaling 
(Zhou and Agazie, 2012). HER2 is expressed across a diverse 
range of cancer types (Uzunparmak et al., 2023) and is the only 
target that has a therapy with tumor-agnostic approval (Shah 
and Meric-Bernstam, 2025).

Trastuzumab emtansine (T-DM1)
T-DM1 is a HER2-targeting IgG1 monoclonal antibody with a 
noncleavable linker that is attached to mertansine (DM1), a 
maytansine derivative that is a potent microtubule-targeting 
compound and membrane impermeable (Lambert and Chari, 
2014; Erickson et al., 2006). Lysine conjugation is used in pro
duction, and the drug-to-antibody ratio (DAR) is ∼3.5 (Poon 
et al., 2013). T-DM1 is approved for HER2-positive (HER2 3+ or 
HER2 2+/ISH positive) metastatic breast cancer for patients 
that have previously received trastuzumab and a taxane 
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(Verma et al., 2012). Trastuzumab deruxtecan (T-DXd) showed 
superiority in this setting in a subsequent trial and is now the 
preferred agent (Cortés et al., 2022). T-DM1 is also approved in the 
adjuvant setting for patients with HER2-positive breast cancer 
with residual disease after receiving neoadjuvant trastuzumab 
and taxane-based regimens (von Minckwitz et al., 2019). Re
cently, T-DXd has also shown superiority to T-DM1 for high-risk 
residual disease (Loibl et al., 2026). Notable high-grade toxicities 
of T-DM1 seen in trials include thrombocytopenia, liver toxicity, 
and cardiac events (von Minckwitz et al., 2019).

Trastuzumab deruxtecan (T-DXd)
T-DXd is a HER2-targeting IgG1 monoclonal antibody with 
an enzyme-cleavable linker that is attached to DXd, a potent 
camptothecin derivative that is a topoisomerase 1 inhibitor that 
is membrane permeable (Ogitani et al., 2016b). Interchain cys
teine conjugation is used in production, and the DAR is ∼7.7 
(Ogitani et al., 2016a). T-DXd has the most approved indications 
of any ADC that spans across histologies and levels of HER2 
expression. T-DXd first achieved accelerated approval for 
HER2-positive (HER2 3+ or HER2 2+/ISH positive) unresectable 
or metastatic breast cancer for patients previously treated 
with T-DM1. Subsequently, in the DESTINY-Breast03 phase 3 
trial, T-DXd showed improved clinical outcomes compared 
with T-DM1 and achieved FDA approval in patients with un
resectable/metastatic breast cancer with previous treatment of 
trastuzumab and taxane or those that had recurred within 6 mo 
of neoadjuvant treatment (Cortés et al., 2022). Recently, T-DXd 
plus pertuzumab have been FDA approved as first-line therapy 
for patients with advanced or metastatic HER2+ breast cancer 
(Tolaney et al., 2026). T-DXd has also had recent approvals in the 
perioperative setting. For patients with HER2-positive breast 
cancer with high-risk residual disease, defined as nonoperable 
disease at presentation or operable disease that is axillary-node 
positive, T-DXd has been approved showing superiority to 
T-DM1 after neoadjuvant therapy with anti-HER2 therapy and 
taxane-based chemotherapy (Geyer et al., 2025). Furthermore, 
T-DXd is also approved in the neoadjuvant setting for patients 
with stage II or III HER2-positive breast cancer, followed by 
the combination of a taxane, trastuzumab, and pertuzumab 
(Harbeck et al., 2026).

In hormone-positive breast cancer, T-DXd has further been 
approved in HER2-low (HER2 2+/ISH− or HER2 1+) breast cancer 
that has received prior chemotherapy in metastatic setting or 
had recurrence within 6 mo of adjuvant chemotherapy (Modi 
et al., 2022). In addition, most recently, it has also been approved 
in the HER2 low and ultralow setting (HER2 0 with >0% and 
≤10% invasive cancer cells showing incomplete membrane 
staining) after endocrine therapy (Bardia et al., 2024a).

Outside of breast cancer, T-DXd also received accelerated 
approval in HER2-positive gastric cancer (Shitara et al., 2020) 
and non-small cell lung cancer (NSCLC) with HER2 mutations 
(Goto et al., 2023). T-DXd is also the only ADC with tumor ag
nostic approval for patients with HER2-positive (IHC 3+) solid 
tumors based on data from three trials, including the DESTINY- 
PanTumor-02 basket trial that included multiple histologies 
(Raghav et al., 2024; Smit et al., 2024; Meric-Bernstam et al., 

2024). Important high-grade toxicities recognized across clinical 
trials include cardiotoxicity, interstitial lung disease, cytopenias, 
and gastrointestinal (GI) toxicities (Pathak et al., 2025).

Trophoblast cell surface antigen-2 (TROP2)
TROP2 is a cell surface glycoprotein that activates numerous 
pathways associated with cell proliferation, invasion, and me
tastasis. Consistent with its involvement in a variety of cancer- 
associated signaling pathways, overexpression of TROP2 has 
been reported and linked to poor prognosis in many tumors of 
epithelial origin, including pancreatic, gastric, and cervical 
cancers (Zhao et al., 2015; Zeng et al., 2016; Ning et al., 2013; Liu 
et al., 2013; Fong et al., 2008). Gene expression analyses have 
shown upregulation of TROP2 in cancerous tissues compared 
with their matching normal tissues across a broad spectrum of 
solid tumors (Trerotola et al., 2013). Through these findings, 
TROP2 has become a highly attractive therapeutic target on the 
cell surface.

Sacituzumab govitecan (SG)
SG is a TROP2-targeting IgG1 monoclonal antibody with a pH- 
sensitive linker that is attached to SN-38, the active metabolite of 
irinotecan that is a potent topoisomerase 1 inhibitor that is 
membrane permeable (Cardillo et al., 2015). Interchain cysteine 
conjugation is used in production, and the DAR is ∼7.6 (Cardillo 
et al., 2015). SG first received FDA approval in patients with 
relapsed or refractory metastatic triple-negative breast cancer 
(TNBC) (Bardia et al., 2021a). Subsequently, SG was approved 
in patients with hormone receptor (HR)-positive and HER2- 
negative breast cancer that have received at least one previous 
line of endocrine therapy, a taxane, and a CDK4/6 inhibitor and 
at least two previous lines of chemotherapy (Rugo et al., 2023). 
Of note, SG initially received accelerated approval in metastatic 
urothelial cancer based on promising phase II activity (Loriot 
et al., 2024); however, lack of survival benefit and increased 
rates of treatment-related adverse events, mostly from neutro
penia, resulting in death in the confirmatory trial led to with
drawal (Powles et al., 2025). ADCs are not necessarily always less 
toxic than systemic chemotherapy, and prophylaxis of signifi
cant toxicities needs to be carefully considered. Major adverse 
events with SG include neutropenia (high-risk patients should 
have G-CSF prophylaxis), nausea, and diarrhea (Schlam et al., 
2023).

Datopotamab DXd (Dato-DXd)
Dato-DXd is a TROP2-targeting IgG1 monoclonal antibody with 
an enzyme-sensitive linker that is attached to the topoisomerase 
I inhibitor payload DXd (Okajima et al., 2021). Interchain cys
teine conjugation is used in production, and the DAR is ∼4 
(Okajima et al., 2021). For patients with HR+/HER2− inoperable/ 
metastatic breast cancer that had progressed on endocrine 
therapy and one to two lines of chemotherapy, Dato-DXd re
ceived accelerated approval based on superiority compared with 
chemotherapy in this setting (Bardia et al., 2025). For patients 
with metastatic TNBC ineligible for immunotherapy, first-line 
Dato-DXd has also recently been approved (Dent et al., 2026). 
Currently, Dato-DXd is also in neoadjuvant and adjuvant therapy 
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trials for breast cancer (Bardia et al., 2024b; Shatsky et al., 2024). 
Dato-DXd also received accelerated approval for patients with 
EGFR-mutated NSCLC that had received previous EGFR-directed 
therapy and platinum-based chemotherapy (Ahn et al., 2025; 
Sands et al., 2025). Important toxicities that require monitoring 
and prophylaxis include stomatitis and ocular surface events 
(Heist et al., 2024).

Nectin cell adhesion molecule 4 (NECTIN4)
NECTIN4 is canonically involved in cell adhesion. In normal 
conditions, expression of NECTIN4 is restricted to the embryo 
and placenta with low-level expression in most adult tissues (Li 
et al., 2024; Challita-Eid et al., 2016). NECTIN4 IHC staining 
showed positivity in numerous tumor types that include blad
der, breast, pancreatic, lung, ovarian, head and neck, and 
esophageal cancer (Challita-Eid et al., 2016). In transformation of 
epithelial cells, NECTIN4 plays an important role in allowing for 
anchorage-independent growth seen in early stages of progres
sion, and its knockdown can prevent tumor growth (Pavlova 
et al., 2013).

Enfortumab vedotin (EV)
EV is a NECTIN4-targeting IgG1 monoclonal antibody with an 
enzyme-sensitive linker that is attached to vedotin, a mono
methyl auristatin E (MMAE) microtubule-disrupting payload 
that is membrane permeable. Interchain cysteine conjugation is 
used in production, and the DAR is ∼4 (Challita-Eid et al., 2016). 
EV is approved for locally advanced or metastatic urothelial 
cancer in combination with pembrolizumab as first-line therapy 
(Thomas et al., 2024). Recently, EV plus pembrolizumab also 
received approval as perioperative treatment for patients with 
muscle invasive bladder cancer that are not eligible for cisplatin 
(Center for Drug Evaluation and Research, 2025). Important 
toxicities to monitor for include neuropathy, skin toxicities, and 
GI toxicities (Lacouture et al., 2022).

Folate receptor 1 (FOLR1)
FOLR1 is a glycosylphosphatidylinositol-anchored protein that 
is involved in folate transportation and is capable of reducing 
folates. In normal tissues, FOLR1 is expressed on the apical 
surfaces of the lung, kidney, choroid plexus, and placenta 
(Varaganti et al., 2023). It is overexpressed in multiple cancer 
types that include ovarian cancer, uterine cancer, pancreatic 
cancer, biliary tract cancer, testicular germ cell tumors, and 
glioblastoma (Nawaz and Kipreos, 2022; Liu et al., 2025b). 
Though some studies have shown association with poor prog
nosis (Liu et al., 2020), these results are not consistent (Köbel 
et al., 2014). The exact role of FOLR1 in tumorigenesis has not 
been established (Nawaz and Kipreos, 2022).

Mirvetuximab soravtansine
Mirvetuximab soravtansine is a FOLR1-targeting IgG1 mono
clonal antibody with an enzyme-sensitive linker that is attached 
to DM4, a maytansine derivative that is a potent microtubule 
targeting compound that is membrane permeable (Ab et al., 
2015; Ponte et al., 2016). Lysine conjugation is used in produc
tion, and the DAR is ∼3.5 (Tu et al., 2024). In the MIRASOL phase 

3 trial, patients with high-grade serous ovarian cancer and high 
FOLR1 expression (≥75% tumor cells with ≥2+ staining) were 
randomized to receive mirvetuximab soravtansine or chemo
therapy, and mirvetuximab soravtansine showed improved 
progression-free survival (PFS) and overall survival (OS) and 
received FDA approval for this indication (Moore et al., 2023). 
Major toxicities include ocular surface events, GI toxicities, and 
neuropathy (Lang et al., 2025).

Tissue factor (TF)
TF is an important part of the coagulation cascade and is the 
receptor and cofactor for FVIIa. After tissue injury or trauma, 
The TF–FVIIa complex can trigger the coagulation cascade 
(Grover and Mackman, 2018). In cancer, it is associated with 
angiogenesis and invasion and can lead to activation of multiple 
proliferative pathways through its binding and cleavage activi
ties (Ahmadi et al., 2023; Hassan et al., 2023). It is upregulated in 
many cancer types (de Bono et al., 2023).

Tisotumab vedotin
Tisotumab vedotin is a TF-targeting IgG1 monoclonal antibody 
with an enzyme-sensitive linker that is attached to vedotin, a 
MMAE microtubule-disrupting payload that is membrane per
meable. Interchain cysteine conjugation is used in production, 
and the DAR is ∼4 (Breij et al., 2014). In the phase 3 innovaTV- 
301 trial, tisotumab vedotin displayed improved PFS compared 
with the investigator’s choice of chemotherapy for patients with 
recurrent or metastatic cervical cancer as second- or third-line 
therapy and received FDA approval. Major toxicities of tisotu
mab vedotin include ocular surface events, anemia, and GI 
toxicities (Vergote et al., 2024).

MET
The hepatocyte growth factor receptor (MET) is a tyrosine ki
nase that is physiologically involved in wound healing and em
bryonic development (Chmielowiec et al., 2007; Zhao et al., 
2022; Latimer and Jessen, 2008). It activates many prolifera
tive pathways through activation from binding its ligand or 
ligand-independent activation of MET through interaction with 
partners such as integrins and fibronectin (Huang et al., 2025; 
Mitra et al., 2011). MET is expressed in various normal adult 
tissues and is overexpressed across various solid tumor (Li et al., 
2020b). MET amplification can also derive resistance to thera
pies targeting other receptor tyrosine kinases such as EGFR in
hibitors (Chmielecki et al., 2023).

Telisotuzumab vedotin
Telisotuzumab vedotin is a MET-targeting IgG1 monoclonal an
tibody with an enzyme-sensitive linker that is attached to vedo
tin, a MMAE microtubule–disrupting payload that is membrane 
permeable. Interchain cysteine conjugation is used in production, 
and the DAR is ∼3 (Wang et al., 2017b). In the phase 2 LUMI
NOSITY trial, patients with non-squamous, EGFR-wild type 
NSCLC with previous treatment and cMET overexpression 
(≥50% tumor cells with 3+ expressions) were treated with teli
sotuzumab vedotin and showed an objective response rate (ORR) 
of 35% and duration of response (DOR) of 9.0 mo. Based on these 
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results, telisotuzumab vedotin received accelerated FDA ap
proval for this setting. The major adverse events observed were 
neuropathy and pneumonitis (Camidge et al., 2024).

Design of ADCs
Each component of the ADC is a crucial decision that determines 
important characteristics, including its target specificity, 
off-target toxicity, stability, therapeutic window, potency, by
stander effect, and immune system activation (Fig. 1). Further
more, even with the same target antibody, ADCs can have large 
differences in efficacy and indication as seen with T-DM1 and 
T-DXd. There are many lessons that can be learned from both the 
aforementioned clinical successes but also the many setbacks. 
Here, we describe each major component of an ADC, the general 
characteristics that have defined successful agents, competing 
interests that need to be balanced, and upcoming innovations. 
It is important to emphasize, however, that ADCs are complex 

therapeutic agents, and key determinants of pharmacokinetics, 
efficacy, and toxicity, are not fully understood.

Antibody
The first decision is to choose an ideal target to then generate an 
antibody against. Though most current ADC targets are found on 
the surface of cancer cells, therapies are emerging that target 
secreted proteins (Cela et al., 2025) or proteins found in the 
tumor-microenvironment (Storey et al., 2025; Gallant et al., 
2024; Hooper et al., 2022). Ideal surface proteins are believed 
to have high expression, surface abundance, tumor-specificity, 
and turnover to promote internalization once the ADC is bound 
to its target. Though high cell surface density is desirable 
(Maecker et al., 2023), increased payload potency and bystander 
effect can allow for efficacy at lower thresholds (Akay et al., 
2025). There is not a strict cutoff for normal tissue expression; 
however, on-target/off-tumor toxicity can often correlate with 
high expression found in alternative tissues such as HER2 

Figure 1. ADC design menu. Illustration highlighting the major components of ADC design used in currently approved and investigational ADCs: (1) target, (2) 
IgG subtype, (3) conjugation method, (4) linker, and (5) payload. Copyright used with the permission of The Board of Regents of the University of Texas System 
through The University of Texas MD Anderson Cancer Center.
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expression in the heart (Pondé et al., 2016) and lungs (Liu et al., 
2022) and TROP2 expression in the oral mucosa (Stepan et al., 
2011). Multiple ADCs had to halt clinical development due to 
unexpectedly high rates of on-target/off-tumor effects such as 
severe skin toxicities with bivatuzumab mertansine, targeting 
CD44v6 (Riechelmann et al., 2008) that is expressed in the skin, 
and exudative gastritis with BR96-doxorubicin, targeting the 
Lewis Y antigen that is expressed in the GI tract (Gottlich et al., 
2023). However, expression in a normal tissue does not always 
predict toxicity (Bosi et al., 2023), and many of the common 
toxicities seen reflect payload therapeutic class toxicities rather 
than ones specific for ADCs (i.e., neuropathy with microtubule 
inhibitors) (Nguyen et al., 2023). This is most apparent in the 
difference of toxicities between Dato-DXd and SG, two TROP2- 
targeting ADCs with TOP1i payloads. TROP2 is expressed in the 
salivary glands and mucosal tissues (Stepan et al., 2011), yet Dato- 
DXd causes much higher rates of stomatitis than SG. This may be 
due to the higher potency of DXd; other investigational TROP2 
ADCs with higher potency payloads than SG also have higher 
rates of stomatitis (Meric-Bernstam et al., 2025). Furthermore, 
TROP2 is also not expressed in blood cells (Wang et al., 2025a), 
yet SG has very high rates of cytopenias. This is likely due to the 
relatively more unstable linker for SG leading to release of pay
load in circulation (Nguyen et al., 2023; Colombo et al., 2026). 
Expression of ADC targets in normal tissues clearly does not 
completely predict toxicities and is influenced by linker, payload, 
and tissue-intrinsic susceptibility to the payload. Nonetheless, 
most targets of successful ADCs have high expression in tumors 
and relatively low expression in majority of normal tissues.

Targets with important roles in tumorigenesis or survival 
may have advantages. The most clinically successful ADC, 
T-DXd, targets a well-known cancer driver in HER2 that was 
associated with a more aggressive disease with poor prognosis 
until the advent of HER2-targeting antibodies (Slamon et al., 
1987). Many ADC targets have been associated with tumori
genesis and promoting cancer cell survival. There can also be 
therapeutic effect from disrupting function and downstream 
signaling of the target; there has been experimental evidence 
with HER2 (Nagata et al., 2004), TF (Breij et al., 2014), and MET 
(Wang et al., 2016). Selection of cancer drivers can also mitigate 
against clonal selection, which leads to antigen downregulation, 
loss, or mutation in resistance (Li et al., 2025; Chang et al., 2023).

Next is to decide on antibody design and binding affinity. 
Major characteristics to account for include target specificity, 
immunogenicity, and serum stability. Though, logically, it seems 
that higher affinity would be better, too high of an affinity can 
lead to unintended off-target effects. In preclinical models, MET- 
targeting ADCs with too high an affinity led to increased toxicity 
in the liver and other normal tissues, but decreased affinity had 
less off-target toxicity while maintaining therapeutic effect on 
cancer cells (Datta-Mannan et al., 2024). High affinity can also 
lead to concentration of the antibody at the vascular-tumor in
terface and reduced tumor penetration (Adams et al., 2001). This 
is known as the binding site barrier that can limit spatial pen
etration of the ADC (Wei et al., 2024). Initial ADCs used murine 
antibodies that led to immune reaction and limited efficacy be
fore humanized constructs were made (Chari et al., 2014). There 

are also four human IgG subclasses (IgG1, IgG2, IgG3, and IgG4) 
that can be chosen to construct ADCs (Vidarsson et al., 2014; Yu 
et al., 2020). A potential determinant of immune effects of an
tibodies that include antibody-dependent cellular cytotoxicity 
(ADCC) and antibody-dependent cellular phagocytosis (ADCP) is 
the binding affinity of the crystallizable fragment (Fc) of the 
antibody to the Fcγ receptors (FcγR) on immune effector cells. 
IgG3 and IgG1 have the highest complement activation and Fc- 
binding affinity (Yu et al., 2020; Chu et al., 2021). The majority of 
ADCs are constructed with IgG1 subclass antibodies. Though Fc 
interaction can promote ADCC, it can also lead to off-target 
toxicity through internalization through the Fc receptor in im
mune and other normal cells and also promote antibody se
questration. Antibody engineering and Fc modification can 
modulate the immune activation and off-target toxicities of these 
antibodies (Hoffmann et al., 2017; Moquist et al., 2024). Suc
cessful antibody development requires finding optimal binding 
affinity balancing target selectivity and tumor penetration and 
engineering to modulate immune effects.

Conjugation
An important parameter of ADCs is the DAR, which is the 
amount of payload that is attached to each antibody. Effective 
ADC design balances low potency of a low DAR with increased 
toxicity of a high DAR (Pettinato, 2021). The conjugation method 
used to attach the linker to the antibody is an important deter
mination of the DAR and the distribution of the payload on the 
antibody molecule. The antibody–linker stability is also an im
portant determinant of the pharmacokinetics of ADCs that is 
often overlooked; many currently approved ADCs will release 
the payload–linker complex from the antibody with a half-life of 
∼7 days (Colombo et al., 2026). Interestingly, the majority of 
these payload–linker complexes end up attached to circulating 
albumin; the consequences of which have not been well studied 
(Colombo and Rich, 2022). There are two major categories of 
conjugation methods: nonspecific (or stochastic) and site spe
cific. In nonspecific conjugation, the linker attachment can be to 
multiple sites on the antibody, and thus the exact site used and 
DAR can be variable. One of the most common methods that has 
been used on commercial antibodies is random lysine conjuga
tion, where the linkers are attached to solvent-accessible lysine 
groups on the antibody. Early ADCs, such as gemtuzumab ozo
gamicin, using this conjugation technique had highly variable 
DARs that limited its therapeutic window (Joubert et al., 2020; 
Fan et al., 2025). However, with more modern manufacturing 
conditions, it has been shown that DAR can remain stable (Wu 
et al., 2019). Another example of this is using the four disulfide 
bonds found in IgG1 antibodies, one between each light and heavy 
chain pair and two between the heavy chains. The eight cysteines 
at these locations can be targeted for conjugation, but most cur
rent methods will lead to variability in which ones are conjugated 
between ADC molecules (Fu et al., 2022). However, newer ADCs 
such as T-DXd can have DARs that are almost 8, and thus, nearly 
every interchain cysteine is conjugated (Ogitani et al., 2016a). In 
site-specific conjugation, alternative methods introduce specific 
modifications to the antibody to then be able to control which site 
is being conjugated and have more precise control over the DAR. 
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Potential benefits include increasing ADC stability and homoge
neity. This includes introducing specific cysteines, noncanonical 
amino acids, and modified glycans to then react with the linker 
(Walsh et al., 2021). The full spectrum of conjugation technologies 
is reviewed elsewhere (Matsuda et al., 2025; Fan et al., 2025). 
Novel methodologies also allow development of ADCs with dual 
payloads (Zhou et al., 2024b; Wen et al., 2025). Though site- 
specific ADCs have shown better preclinical parameters and 
offer more precise tuning of DAR, clinical evidence of their ad
vantage is yet to be fully established (Fan et al., 2025).

Linker
The linker that connects the payload to the conjugation site also 
has important properties that determine stability, cleavability, 
therapeutic index, and bystander effects from the ADC. It is 
important to separate linker stability from linker cleavability. 
Linker stability refers to premature release of payload regardless 
of environment. Cleavability, on the other hand, is a feature; the 
linker being designed to release the payload based on presence of 
a trigger in the tumor microenvironment or target cancer cell. 
Initial ADCs were limited by unstable linkers that led to pre
mature release in the plasma and systemic toxicity (Chari et al., 
2014; Ducry and Stump, 2010). However, increasing stability 
does not necessarily mean universal less toxicity or more effi
cacy. A recently published insightful review discusses the bal
ance of linker stability; unstable linkers lead to premature 
payload release, but high stability can also increase certain 
toxicities; with MMAE ADCs, higher stability of the linker is 
associated with increased corneal toxicity (Colombo et al., 2026). 
Cantuzumab mertansine (Helft et al., 2004) and DCDS0780A 
(Herrera et al., 2022) are two examples of unsuccessful ADCs 
designed with more stable linkers that ultimately displayed high 
rates of corneal events. Preclinical testing of increasingly stable 
linkers has shown that intermediate stability having the optimal 
efficacy; not the most stable construct (Kellogg et al., 2011; Su 
and Zhang, 2021). This is confounded by the fact that when 
linkers are more stable, they also may be more difficult to cleave 
in the TME, lowering the concentration of payload in the tumor. 
All but one FDA-approved ADC for solid tumors have cleavable 
linkers. One example is linkers susceptible to cathepsins, a 
family of proteases that can play a role in tumor invasion 
through breakdown of the extracellular matrix (Yadati et al., 
2020). Cathepsin B and cathepsin L are highly expressed in 
multiple tumor types and are believed to contribute to ADC 
linker cleavage (Liu et al., 2024; Sudhan and Siemann, 2015; Tsao 
et al., 2025). Another example is acid-labile linkers sensitive to 
the low pH found in the tumor microenvironment (Hosonuma 
and Yoshimura, 2023) and in lysosomes (Yim and Mizushima, 
2020). Linkers can also be susceptible to redox, oftentimes 
having a disulfide bond that is susceptible to high glutathione 
concentrations intracellularly (Franco and Cidlowski, 2009). 
Non-cleavable linkers are made to be stable and can prevent 
premature release of the payload before the ADC is broken down 
internally within the lysosome of the cell. T-DM1 is an example 
of an ADC with a non-cleavable linker (Peddi and Hurvitz, 2013). 
Advantages include greater plasma stability and lower off-target 
activity. However, this also comes at a tradeoff with efficacy 

(Ogitani et al., 2016b). When T-DM1 is broken down, the payload 
and linker remain attached, and this complex is not membrane 
permeable. Thus, there is no “bystander effect,” where the pay
load can permeate to nearby cells that may not have high ex
pression of the target (Ogitani et al., 2016b). There are many 
other linker design considerations, including the addition of 
spacers to help optimize flexibility, length, and hydrophobicity 
(Matsuda et al., 2025; Lei et al., 2025; Su et al., 2021). Most suc
cessful ADCs have intermediately stable and cleavable linkers, 
and additional study of tumor-specific TME characteristics may 
help expand ADC efficacy to tumors with low target expression.

Payload
The final component of the ADC is the payload, and this is 
classically a cytotoxic agent. There are two main classes of drugs 
in currently approved ADCs for solid tumors: topoisomerase 
1 inhibitors and anti-microtubule agents. The majority of topo
isomerase I inhibitor systemic therapies and payloads are de
rivatives of camptothecin, an alkaloid found in plants. Examples 
include SN-38, exatecan, and DXd. Anti-microtubule payloads 
include DM1, DM4, MMAE, and monomethyl auristatin F. There 
are many important considerations when choosing and deciding 
on a payload. First is balancing on-target killing and off-target 
toxicity. A key advantage of precision delivery of ADCs is the 
ability to conjugate agents with high potency. Early studies with 
systemic exatecan showed promising activity but a limited 
therapeutic window due to bone marrow toxicity that prevented 
its development into systemic therapy (Ajani et al., 2005). 
However, DXd, a payload derived from exatecan, has been suc
cessfully incorporated into multiple ADCs with an improved 
therapeutic window (Modi et al., 2020, 2022; Bardia et al., 
2024a; Ahn et al., 2025). Potency also has been balanced; pyr
rolobenzodiazepine dimers are highly cytotoxic, but many 
ADCs with pyrrolobenzodiazepine (PBD) payloads have been 
discontinued due to high toxicities (Hartley, 2021). Membrane 
permeability of the payload can also determine the bystander 
effect. When DM1 is released from T-DM1, it is polar and thus 
does not diffuse into neighboring cells that limits this effect 
(Ogitani et al., 2016b). Previous treatment lines and develop
ment of cross-resistance is also an important consideration. 
Multiple studies in breast cancer have shown that PFS is gen
erally lower with a second ADC with the same payload class 
(Huppert et al., 2025; Nezirevic et al., 2025). Given the pre
dominance of topoisomerase I inhibitor and anti-microtubule 
agents in current ADC development (Colombo et al., 2024), di
versification of payloads will likely be important for ADC effi
cacy in pretreated patients (Su et al., 2021). Many novel payloads 
that include DNA-damage toxins (Calabretta et al., 2022), RNA 
toxins (Orlik et al., 2022; Pahl et al., 2018), radioisotopes (Lawal 
et al., 2025), protein degraders (Nakazawa et al., 2024), and 
immune modulators (Sega et al., 2025; Li et al., 2023) have been 
developed and are being tested in early-phase trials.

Determinants of ADC efficacy
ADCs have received FDA approval across various indications 
in solid tumors and have led to impressive improvements in 
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outcomes in various cancer types. However, the efficacy is not 
universal, and patient tumors can have inherent resistance or 
acquired resistance. Here, we discuss the current understanding 
of ADC efficacy and resistance.

Expression and histology
Given that ADC binding and internalization is thought to be 
essential for its therapeutic mechanism, expression of the target 
would presumably be an important determinant of efficacy. 
However, there is not always a clear relationship between ex
pression levels and clinical outcome. For example, in breast 
cancer, T-DXd has shown efficacy and is approved across a wide 
range of expression, from ultralow staining to IHC 3+-positive 
staining. In addition, in the phase 2 DAISY trial, responses were 
seen in patients with no detectable HER2 expression (29.7%) 
(Mosele et al., 2023). Intriguingly, recent studies indicate that 
extracellular proteases in the tumor microenvironment can lead 
to release of the DXd payload (Tsao et al., 2025). The tumor 
microenvironment is also acidic, and ADCs with acid-labile 
linkers, such as SG, could also have payload release without in
ternalization (Tolaney et al., 2025b). On the other hand, many 
approvals of ADCs do not require checking for expression that 
includes SG, Dato-DXd, EV, and tisotumab vedotin. Studies 
evaluating relationship between expression of TROP2 deter
mined by both RNA levels and IHC staining have not shown 
conclusive relationship to clinical outcomes with SG in TNBC 
(Bardia et al., 2021b) or HR+/HER2− breast cancer (Bardia et al., 
2023), though higher expression does have a positive trend with 
improved outcomes (Bardia et al., 2021b). The phase 2 ADC- 
MATCH trial is assessing if patients with solid tumor that have 
high expression of HER2, NECTIN4, or TROP2 will benefit from 
matched ADC therapies regardless of histology (NCI10397). The 
discrepancy between expression and efficacy suggests our cur
rent tools, relying mostly on IHC of a single sample, may not 
be accurately quantifying heterogeneous expression (Dernbach 
et al., 2025; Wang et al., 2024) across all tumor sites or that 
target-independent mechanisms of efficacy, such as payload 
sensitivity and extracellular payload release, may be playing an 
unappreciated role in clinical outcomes that need further study.

Mechanisms of inherent and acquired resistance
Patient tumors can harbor inherent resistance to ADCs, leading 
to limited upfront efficacy, or they can develop resistance that 
eventually can lead to progression. There are five major steps to 
the therapeutic activity of ADCs, and at each one there can be 
factors that limit efficacy: (1) antigen binding, (2) internaliza
tion, (3) lysosomal degradation, (4) payload release and trans
port, and (5) payload cytotoxic activity.

The first step in ADC activity is binding to the target on the 
surface of cancer cells. As discussed previously, expression and 
clinical activity do not always correlate, but in general, a trend 
toward improved activity with higher expression is observed. 
Lower expressing tumors or those with heterogeneity in ex
pression may harbor inherent resistance to ADCs. For example, 
in a study of neoadjuvant therapy with T-DM1 with pertuzumab, 
expression heterogeneity in tumor samples was associated with 
lower rates of response (Filho et al., 2021). During treatment, 

expression of the target can decrease or be lost. For example, a 
study of 34 patients treated with T-DXd with pre-posttreatment 
biopsies showed that 34% had HER2 loss, and 29.4% of patients 
had HER2 score decrease. An additional study showed HER2 loss 
in 52% (26/50) patients treated with T-DXd (Chen et al., 2025). 
Mutations on the binding surface of the target can also occur that 
lead to decreased binding as has been seen with HER2 (Chen 
et al., 2025). Antigen-specific mechanisms of resistance may 
be mitigated with newer ADCs that have bystander effect as well 
as bispecific ADCs that bind to multiple targets on the cell sur
face (Gu et al., 2024).

The next essential step is internalization of the ADC–antigen 
complex. This can be done through various endocytic pathways 
that include clathrin-mediated and clathrin-independent; the 
latter includes many alternative pathways, including caveolin- 
mediated endocytosis (Rennick et al., 2021). Antigens differ in 
the pathways used for internalization; for example, it is believed 
that HER2 is internalized with both clathrin-mediated and 
caveolin-mediated endocytosis (Hammood et al., 2021). Alter
ations in these pathways could lead to resistance. For example, 
endophilin A2 (also named SH3GL1), a protein that is important 
for clathrin-independent internalization (Renard et al., 2015), 
promotes internalization of HER2 (Baldassarre et al., 2017). 
Silencing its expression in cell lines leads to impaired inter
nalization and resistance to HER2 antibody-based therapies 
(Baldassarre et al., 2017). Preclinical studies have also suggested 
that increased expression of caveolin-1 is associated with de
creased sensitivity to HER2-directed therapies in gastric cancer 
(Pereira et al., 2022); however, in breast cancer cell lines, in
creased caveolin-1 expression was associated with increased 
sensitivity (Chung et al., 2015). In addition, clear evidence of 
changes in the endocytosis machinery happening in ADC- 
resistant patient tumors has yet to be reported. Overall, addi
tional research is needed to establish resistance mechanisms 
affecting ADC-target internalization and develop strategies for 
enhanced internalization.

Once internalized, ADCs are typically trafficked to the acidic 
environment of the lysosome, where they are degraded, and the 
linker is cleaved to release the payload. The acidic environment 
of the lysosome is essential for the proper function of its protease 
enzymes used to cleave enzyme-cleavable linker. The low pH is 
also important for acid-labile linkers. In breast cancer and gas
tric cancer cell lines with induced T-DM1 resistance, lysosomal 
alkalization and impaired enzyme activity has been observed 
(Rı́os-Luci et al., 2017; Wang et al., 2017a). In addition, inhibiting 
acidification of lysosomes in gastric cell lines has been shown to 
reduce T-DM1 activity in gastric cancer (Wang et al., 2017a). 
Thus, lysosomal dysfunction could be a mechanism to develop 
ADC resistance, though a therapeutic target to reverse this 
dysfunction has not been established.

A key aspect of the function of both topoisomerase-1 in
hibitors and microtubule disrupters is transport from the lyso
some to their site of activity in the nucleus and cytoplasm, 
respectively. For ADCs with payloads that are not cleavable, 
transport of the payload out of the lysosome is an essential step. 
A study found that SLC46A3 was essential for transport of 
the catabolites of T-DM1 into the cytoplasm, and its silencing 
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increased the concentration of catabolites in the lysosome 
(Hamblett et al., 2015). Further study in in vitro and in vivo 
models with acquired T-DM1 resistance showed that diminished 
SLC46A3 expression could also be a mechanism of acquired re
sistance (Kinneer et al., 2018). In addition, expression of mul
tiple efflux transporters of the ATP-binding cassette class has 
been shown to correlate with outcomes and be a mechanisms of 
resistance to ADCs. Examples include MDR1 or P-gp (encoded by 
ABCB1), MRP1 (encoded by ABCC1), MRP2 (encoded by ABCC2), 
and BCRP (encoded by ABCG2). Studies of cell lines with acquired 
T-DM1 resistance revealed increased ABCC1 expression as a 
common mechanism (Loganzo et al., 2015; Li et al., 2018). Recent 
large-scale transcriptomic efforts have also revealed trends to
ward higher expression of MDR1, MRP1, and BCRP in patients 
with acquired resistance to ADCs (Alkassis et al., 2025; Sledge 
et al., 2025). In addition, high expression of MDR1 was associated 
with shorter duration of treatment and OS with T-DXd treat
ment in breast cancer patients (Alkassis et al., 2025). Choosing 
payloads with membrane permeability, bystander effect, and 
poor substrates for efflux transporters can help mitigate this 
effect (Roth et al., 2026).

The final step is the effect of the payload, and currently, this 
consists of either a topoisomerase 1 inhibitor or an anti- 
microtubule agent, and there can be development of resistance 
to the cytotoxic effect of the payload. In multiple studies of ADCs, 
samples at progression have shown development of alterations 
in the TOP1 gene that may confer resistance to the TOP1i payload 
(Shitara et al., 2024; Abelman et al., 2025; Coates et al., 2021). In a 
study of breast cancer patients treated with TOP1i ADCs and 
with pre- and post-progression ctDNA analysis, 12.9% of patients 
were found to have TOP1 mutations and had poor outcomes with 
subsequent ADCs with TOP1i payloads (Abelman et al., 2025). 
Though alterations in expression of tubulin proteins and mu
tations have been explored as mechanisms of resistance to sys
temic anti-microtubule agents such as taxanes (Mozzetti et al., 
2005; Uba et al., 2023; Maloney et al., 2020), their exact role in 
conferring resistance to ADC payloads has not been established. 
However, resistant cells have been shown to avoid cell death in 
preclinical breast cancer models treated with T-DM1 by having 
defective cyclin B1 that plays an important role in mitotic ca
tastrophe (Sabbaghi et al., 2017). Multiple resistance mecha
nisms can also develop in tumors from the same patient (Coates 
et al., 2021). New strategies conjugating multiple payloads on the 
same ADC are being developed to help overcome resistance 
(Khosravifarsani et al., 2025).

Combination therapies with ADCs
Though ADCs have shown potent activity as single agents, vir
tually all patients with widely metastatic solid tumors will 
eventually progress. ADCs often have a favorable therapeutic 
window and toxicity profile that could make them favorable for 
combination therapies. Rational combinations that synergize 
with ADCs could improve clinical outcomes. Currently, EV plus 
pembrolizumab is the only approved ADC combination for solid 
tumors; however, there are many promising ADC combination 
therapies with strong preclinical and clinical data that are being 

developed. We categorize them based on their role in the path
way of ADC efficacy (Fig. 2).

Regulation of surface target
Many therapeutic agents modulate the expression of ADC tar
gets. In breast cancer, our group has shown that treatment with 
decitabine, a DNA methyltransferase inhibitor, can lead to up
regulation and increased expression of TROP2 (Zhao et al., 
2023). SG and decitabine show in vitro synergy (Zhao et al., 
2023). In addition, we also observed that decitabine increases 
the expression of SLFN11. SLFN11 is a DNA/RNA helicase, and its 
expression is often correlated with sensitivity to therapies such 
as TOP1i (Murai et al., 2019; Metzner et al., 2022). Valemetostat, 
an EZH1/EZH2 inhibitor, has also been shown to increase the 
expression of HER2 and SLFN11 and enhance the antitumor ac
tivities of T-DXd and Dato-DXd (Honma et al., 2025). There is an 
ongoing trial assessing these combinations (NCT06244485). 
There has also been evidence that statin therapy can increase 
HER2 density on the cancer cell surface (Rao et al., 2023).

Target internalization
Therapies can also enhance the internalization of the ADC target. 
This has been most consistently seen with the irreversible 
pan-HER2 inhibitor neratinib. Preclinical studies showed that 
neratinib treatment led to increased ubiquitination and inter
nalization of HER2, and this also led to increased T-DM1 inter
nalization and efficacy in lung cancer cell lines and PDX models 
(Li et al., 2020a). This was also seen in gastric cancer models 
(Zidel et al., 2025). The phase 2 Translational Breast Cancer 
Research Consortium trial tested the combination of neratinib 
and T-DM1 in HER2+ breast cancer patients with brain metas
tasis and showed promising intracranial activity of the combi
nation even in setting of previous T-DM1 exposure (Freedman 
et al., 2024). A phase I trial testing the combination of T-DXd and 
neratinib in solid tumors with HER2 IHC 3+. HER2 amplification 
or HER2-activating mutations showed responses in pancreatic, 
gastroesophageal, and ovarian cancer during dose escalation 
(Davis et al., 2025).

DNA damage response (DDR) pathway inhibitor
For ADCs with TOP1i payloads, combination with inhibitors of 
the DDR pathway inhibitors can be synergistic and lead to syn
thetic lethality. The TOP1 enzyme recognizes supercoiled DNA 
and creates a single-strand break, unwinds the DNA, and then 
repairs the single-strand break. TOP1 inhibitors trap the TOP1 
after it creates the single-strand break, and this is known as a 
TOP1 cleavage complex (TOP1cc). This leads to accumulation of 
TOP1cc’s and single-strand breaks (Pommier, 2006). Poly (ADP- 
ribose) polymerases (PARPs) are critical components to multiple 
DNA repair processes. PARPs play an important role in recog
nition of early DNA lesions, including the TOP1cc to regulate 
repair (Chowdhuri and Das, 2021). PARP inhibitors (PARPi) 
have shown synergy with TOP1 inhibitors, including topotecan 
in preclinical models (Smith et al., 2005; Znojek et al., 2014). 
Furthermore, PARPi enhance the cytotoxicity of SN-38, the 
payload of SG (Tahara et al., 2014). Multiple trials have tested the 
combination of ADC and PARPi, which was initially limited by 
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toxicity. To overcome toxicity, Bardia et al. tested sequential 
dosing of SG and PARPi in TNBC preclinical models, and the 
combination showed synergy in enhancing the efficacy of SG. 
These data were used to rationalize a phase I trial with SG and 
talazoparib, where sequential dosing had better PFS and safety 
than concurrent administration (Bardia et al., 2024c). A subse
quent phase 2 trial of SG and talazoparib in patients with TNBC 
showed an ORR of 30.1% (Abelman et al., 2024). Furthermore, 
accumulation of TOP1cc also increases replication stress. An 
important mediator of response to replication stress is the ataxia 
telangiectasia and Rad3-related protein (ATR). ATR helps to 
coordinate repair while also leading to cell cycle arrest. Inhibi
tion of ATR in addition to TOP1i can lead to progression of the cell 
cycle in the presence of DNA damage that can lead to mitotic 
catastrophe and cell death (Cliby et al., 2002). A siRNA screen of 
nearly 7,000 genes in a breast cancer cell line for synthetic le
thality with the TOP1i camptothecin identified ATR as a top 
candidate (Jossé et al., 2014). The combination of T-DXd and the 
ATR inhibitor, ceralasertib, showed promising efficacy in the 
phase I DASH trial with ORR of 57% in HER2 3+ metastatic solid 
tumors and ORR of 27% in HER2 1+/2+ metastatic solid tumors 
(Raghav et al., 2025). In a phase I trial of SG with the ATR in
hibitor, berzosertib, in solid tumors, there were no dose-limiting 

toxicities or clinically relevant adverse events and responses 
were seen in 2/12 patients (Abel et al., 2023). Combination of 
ATRi and Dato-DXd has also been shown to resensitize gastric 
cell lines with acquired resistance to Dato-DXd (Przybyla et al., 
2023).

Cell cycle control
A key step in effective DNA-damage repair, especially after 
treatment with DNA-damaging agents, is cell cycle arrest. Wee1 
is an important cell cycle checkpoint that regulates the transition 
from G2 to mitosis. When there is DNA damage, Wee1 leads to 
cell cycle arrest that allows time for DNA repair (Thangaretnam 
et al., 2025). Inhibition of Wee1 has been shown to prematurely 
force cells into mitosis leading to abnormal mitosis and ulti
mately cell death (Aarts et al., 2012). Preclinical testing has 
shown single-agent efficacy of Wee1 inhibitors such as azeno
sertib (Ma et al., 2025; Huang et al., 2021) and adavosertib 
(Vuaroqueaux et al., 2022) across a wide range of tumor types. A 
key mediator of sensitivity to Wee1 inhibition has been shown to 
be amplification of cyclin E1 (CCNE1). CCNE1 regulates G1 to S 
transition, and amplification is associated with worse prognosis 
and increased replication stress. Adavosertib has shown prom
ising single agent activity in early-phase trials in uterine serous 

Figure 2. ADC combination therapies. Illustration highlighting seven categories of ADC combination therapies that are currently being developed. Copyright 
used with the permission of The Board of Regents of the University of Texas System through The University of Texas MD Anderson Cancer Center.
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carcinoma (Liu et al., 2025a) and CCNE1-amplified solid tumors 
(Fu et al., 2023). CCNE1 amplification can also mediate resis
tance to HER2-directed therapies, and CCNE1 and HER2 co- 
amplification is common (DiPeri et al., 2023). DiPeri et al. 
showed that CCNE1 amplification can also decrease sensitivity 
to T-DXd. Combination treatment of T-DXd plus adavosertib had 
synergy in both HER2 low (IHC 1+/2+) and HER2 high (IHC 3+) 
tumors in PDX model experiments (DiPeri et al., 2023). Cell line 
experiments have also shown synergy between both TOP1i and 
ADCs with TOP1i payloads and Wee1 inhibitors (Ma et al., 2024). 
There are ongoing trials testing ADC and Wee1 inhibitor com
binations (Doerfler et al., 2025).

Cell death control
Inhibitors of apoptosis proteins (IAPs) play an important role in 
regulating apoptosis. They can prevent programmed cell death 
and are overexpressed in many cancer types (Ye et al., 2025). 
IAPs have been shown to confer drug resistance to various 
chemotherapeutic agents (Ye et al., 2025). FL118 is a campto
thecin analog that has also been shown to inhibit expression of 
IAPs (Ling et al., 2015). It has shown efficacy in topotecan- and 
irinotecan-resistant cell lines (Ling et al., 2015). Given these 
findings, further research is warranted to assess the combina
tion of IAP inhibitors and TOP1i ADCs.

Immune cell activation
The interplay between ADCs and the immune system plays an 
important role in their efficacy, and many effective combina
tions of ADCs and checkpoint inhibitor therapies have been 
developed. Potent cytotoxic payloads of ADCs can lead to im
munogenic cell death (Schulte et al., 2025; Iwata et al., 2018; 
Müller et al., 2014). Upon ADC-mediated cytotoxicity, cancer 
cells release damage-associated molecular patterns into the 
TME, which are recognized by immature dendritic cells (DCs) 
via toll-like receptors. This interaction, along with direct stim
ulation exerted by the payload, boosts the maturation of DCs that 
migrate in lymph nodes to activate naı̈ve T cells (Fuentes-Antrás 
et al., 2023). Activated CD8 T cells can subsequently infiltrate the 
tumor and lead to increased cytotoxicity (Iwata et al., 2018). In 
addition, ADCs can activate the immune system through ADCC, 
ADCP, and complement-dependent cellular cytotoxicity (Chang 
et al., 2023). As described above, the combination of EV and 
pembrolizumab has been approved in metastatic urothelial 
cancer, and many additional ADC plus immunotherapy combi
nations have shown promising results. As first-line therapy 
for patients with metastatic TNBC, SG plus pembrolizumab 
displayed superior PFS (HR-0.65), DOR (16.5 vs. 9.2 mo), and a 
trend toward improved OS (immature) when compared with 
chemotherapy plus pembrolizumab in the phase 3 ASCENT-04 
trial (Tolaney et al., 2025a). In the cohort of metastatic TNBC 
patients treated with first-line Dato-DXd in combination with 
durvalumab in the BEGONIA trial, the confirmed ORR was 79% 
and the response was irrespective of PD-L1 expression; 87% of 
patients had tumors with low PD-L1 expression. Median PFS was 
13.8 mo (Schmid et al., 2023). There are multiple ongoing trials 
assessing ADC and immunotherapy combinations.

Antibody therapy combinations
Cancer cells can display multiple cell surface targets, and this can 
allow for ADC combination therapies with other antibody-based 
therapies and ADCs. For example, there is significant co- 
expression of TROP2 and NECTIN4 in metastatic urothelial can
cer (Fan et al., 2022). The phase I double-antibody–drug trial of 
SG plus EV showed promising results, indicating that ADCs can 
be used in combination. For patients with metastatic urothelial 
cancer, the response rate was 70% across the dose ranges in the 
trial, but there was significant toxicity with 48% of patients re
quiring dose reductions and occurrence of one grade 5 toxicity 
(McGregor et al., 2024). The recently approved combination of 
T-DXd and pertuzumab shows combining ADC with antibody 
targeting a different target domain can be successful (Tolaney 
et al., 2026). In addition, ADCs with unique payloads may have 
favorable toxicity profiles to allow for more successful ADC 
combination therapies. Finally, bispecific ADCs that target mul
tiple cell surface receptors are also in clinical development. They 
can be engineered to only have potent activity when expression of 
both antigens is high, and this significantly limit off-target effects 
(Luo et al., 2025). Overall, there are many innovations in ADC 
design that may lead to effective ADC combinations in the future.

Conclusions
With the pace of current research and innovation, ADCs are 
poised to enter the therapeutic toolkit for a wide range of tumor 
types. There are over 400 ADCs currently in development 
globally (Wang et al., 2025b), and in 2024 alone, there were over 
100 first-in-human trials of ADCs (Crescioli and Reichert, 2025). 
Though they hold great promise, there are many limitations that 
need to be considered. There are many resistance mechanisms, 
both inherent and acquired, that can limit their efficacy. Fur
thermore, lack of payload diversity and cross-resistance may 
greatly dampen the possibility of sequential ADC therapy. ADCs 
also have significant toxicities that need to be considered (Cheng 
et al., 2025). As use of ADCs spreads, it will be important to 
educate clinicians on recognizing and managing these toxicities. 
Even with these limitations, the numerous innovations in ADC 
design and potential combination partners offer hope for greater 
efficacy and improved patient outcomes in the future.
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Bosi, C., Á. Bartha, B. Galbardi, G. Notini, M.M. Naldini, L. Licata, G. Viale, M. 
Mariani, B. Pistilli, H.R. Ali, et al. 2023. Pan-cancer analysis of antibody- 
drug conjugate targets and putative predictors of treatment response. 
Eur. J. Cancer 195:113379. https://doi.org/10.1016/j.ejca.2023.113379

Breij, E.C.W., B.E.C.G. de Goeij, S. Verploegen, D.H. Schuurhuis, A. Amir
khosravi, J. Francis, V.B. Miller, M. Houtkamp, W.K. Bleeker, D. Satijn, 

Shah and Meric-Bernstam Journal of Experimental Medicine 11 of 17 
ADC design, resistance, and combinations https://doi.org/10.1084/jem.20252603 

D
o
w
n
l
o
a
d
e
d
 
f
r
o
m
 
h
t
t
p
:
/
/
r
u
p
r
e
s
s
.
o
r
g
/
j
e
m
/
a
r
t
i
c
l
e
-
p
d
f
/
2
2
3
/
8
/
e
2
0
2
5
2
6
0
3
/
2
0
3
8
5
5
1
/
j
e
m
_
2
0
2
5
2
6
0
3
.
p
d
f
 
b
y
 
g
u
e
s
t
 
o
n
 
2
5
 
J
u
l
y
 
2
0
2
6

https://doi.org/10.1158/2159-8290.CD-11-0320
https://doi.org/10.1158/2159-8290.CD-11-0320
https://doi.org/10.1158/1535-7163.MCT-14-1095
https://doi.org/10.1158/1078-0432.CCR-23-0536
https://doi.org/10.1200/JCO.2024.42.16_suppl.1102
https://doi.org/10.1158/1078-0432.CCR-24-2771
https://doi.org/10.1158/1078-0432.CCR-24-2771
https://doi.org/10.1186/s40364-023-00504-6
https://doi.org/10.1200/JCO-24-01544
https://doi.org/10.1007/s10637-005-2907-z
https://doi.org/10.3390/medicina61040719
https://doi.org/10.1200/JCO.2025.43.16_suppl.1041
https://doi.org/10.1200/JCO.2025.43.16_suppl.1041
https://doi.org/10.1186/s13058-017-0900-z
https://doi.org/10.1186/s13058-017-0900-z
https://doi.org/10.1056/NEJMoa2028485
https://doi.org/10.1016/j.annonc.2021.06.002
https://doi.org/10.1016/j.annonc.2021.06.002
https://doi.org/10.1200/JCO.2023.41.16_suppl.1082
https://doi.org/10.1056/NEJMoa2407086
https://doi.org/10.1177/17588359241248336
https://doi.org/10.1177/17588359241248336
https://doi.org/10.1158/1078-0432.CCR-24-0428
https://doi.org/10.1200/JCO.24.00920
https://doi.org/10.1200/JCO.24.00920
https://doi.org/10.1016/j.ejca.2023.113379


and P.W.H.I. Parren. 2014. An antibody–drug conjugate that targets 
tissue factor exhibits potent therapeutic activity against a broad range 
of solid tumors. Cancer Res. 74:1214–1226. https://doi.org/10.1158/0008 
-5472.CAN-13-2440

Calabretta, E., M. Hamadani, P.L. Zinzani, P. Caimi, and C. Carlo-Stella. 2022. 
The antibody-drug conjugate loncastuximab tesirine for the treatment 
of diffuse large B-cell lymphoma. Blood. 140:303–308. https://doi.org/10 
.1182/blood.2021014663

Camidge, D.R., J. Bar, H. Horinouchi, J. Goldman, F. Moiseenko, E. Filippova, I. 
Cicin, T. Ciuleanu, N. Daaboul, C. Liu, et al. 2024. Telisotuzumab vedotin 
monotherapy in patients with previously treated c-Met protein- 
overexpressing advanced nonsquamous EGFR-wildtype non-small cell 
lung cancer in the phase II LUMINOSITY trial. J. Clin. Oncol. 42: 
3000–3011. https://doi.org/10.1200/JCO.24.00720

Cardillo, T.M., S.V. Govindan, R.M. Sharkey, P. Trisal, R. Arrojo, D. Liu, E.A. 
Rossi, C.-H. Chang, and D.M. Goldenberg. 2015. Sacituzumab govitecan 
(IMMU-132), an anti-Trop-2/SN-38 antibody–drug conjugate: Charac
terization and efficacy in pancreatic, gastric, and other cancers. Bioconjug. 
Chem. 26:919–931. https://doi.org/10.1021/acs.bioconjchem.5b00223

Cela, I., E. Capone, A. Pece, G. Lovato, P. Simeone, M. Colasante, A. Lamoli
nara, A. Piro, M. Iezzi, P. Lanuti, et al. 2025. LGALS3BP antibody-drug 
conjugate enhances tumor-infiltrating lymphocytes and synergizes 
with immunotherapy to restrain neuroblastoma growth. J. Transl. Med. 
23:431. https://doi.org/10.1186/s12967-025-06434-1

Center for Drug Evaluation and Research. 2025. FDA approves pem
brolizumab with enfortumab vedotin-ejfv for muscle invasive bladder 
cancer. Food and Drug Administration. https://www.fda.gov/drugs/ 
resources-information-approved-drugs/fda-approves-pembrolizumab- 
enfortumab-vedotin-ejfv-muscle-invasive-bladder-cancer (accessed 
April 4, 2026)

Challita-Eid, P.M., D. Satpayev, P. Yang, Z. An, K. Morrison, Y. Shostak, A. 
Raitano, R. Nadell, W. Liu, D.R. Lortie, et al. 2016. Enfortumab vedotin 
antibody–drug conjugate targeting Nectin-4 Is a highly potent thera
peutic agent in multiple preclinical cancer models. Cancer Res. 76: 
3003–3013. https://doi.org/10.1158/0008-5472.CAN-15-1313

Chang, H.L., B. Schwettmann, H.L. McArthur, and I.S. Chan. 2023. Antibody- 
drug conjugates in breast cancer: Overcoming resistance and boosting 
immune response. J. Clin. Invest. 133:e172156. https://doi.org/10.1172/ 
JCI172156

Chari, R.V.J., M.L. Miller, and W.C. Widdison. 2014. Antibody-drug con
jugates: An emerging concept in cancer therapy. Angew. Chem. Int. Ed. 
Engl. 53:3796–3827. https://doi.org/10.1002/anie.201307628

Chen, W., A. Gupta, N. Mai, S. Nag, J.S. Lau, S. Singh, J.D. Chodera, B. Liu, E. de 
Stanchina, F. Pareja, et al. 2025. Trastuzumab Deruxtecan (T-DXd) re
sistance via loss of HER2 expression and binding. Cancer Discov. 16: 
235–249. https://doi.org/10.1158/2159-8290.CD-25-0647

Cheng, Y., J. Lu, C. Zhang, W. Yan, P. Zhu, Q. Qin, and L. Gong. 2025. Over
view of antibody-drug conjugates nonclinical and clinical toxicities and 
related contributing factors. Antib. Ther. 8:124–144. https://doi.org/10 
.1093/abt/tbaf004

Chmielecki, J., J.E. Gray, Y. Cheng, Y. Ohe, F. Imamura, B.C. Cho, M.-C. Lin, M. 
Majem, R. Shah, Y. Rukazenkov, et al. 2023. Candidate mechanisms of 
acquired resistance to first-line osimertinib in EGFR-mutated advanced 
non-small cell lung cancer. Nat. Commun. 14:1070. https://doi.org/10 
.1038/s41467-023-35961-y

Chmielowiec, J., M. Borowiak, M. Morkel, T. Stradal, B. Munz, S. Werner, J. 
Wehland, C. Birchmeier, and W. Birchmeier. 2007. c-Met is essential for 
wound healing in the skin. J. Cell Biol. 177:151–162. https://doi.org/10 
.1083/jcb.200701086

Chowdhuri, S.P., and B.B. Das. 2021. Top1-PARP1 association and beyond: 
From DNA topology to break repair. NAR Cancer. 3:zcab003. https://doi 
.org/10.1093/narcan/zcab003

Chu, T.H., E.F. Patz, and M.E. Ackerman. 2021. Coming together at the hinges: 
Therapeutic prospects of IgG3. mAbs. 13:1882028. https://doi.org/10 
.1080/19420862.2021.1882028

Chung, Y.-C., J.-F. Kuo, W.-C. Wei, K.-J. Chang, and W.-T. Chao. 2015. 
Caveolin-1 Dependent endocytosis enhances the chemosensitivity of 
HER-2 positive breast cancer cells to trastuzumab Emtansine (T-DM1). 
PLoS One. 10:e0133072. https://doi.org/10.1371/journal.pone.0133072

Cliby, W.A., K.A. Lewis, K.K. Lilly, and S.H. Kaufmann. 2002. S phase and G2 
arrests induced by topoisomerase I poisons are dependent on ATR ki
nase function. J. Biol. Chem. 277:1599–1606. https://doi.org/10.1074/jbc 
.M106287200

Coates, J.T., S. Sun, I. Leshchiner, N. Thimmiah, E.E. Martin, D. McLoughlin, 
B.P. Danysh, K. Slowik, R.A. Jacobs, K. Rhrissorrakrai, et al. 2021. 

Parallel genomic alterations of antigen and payload targets mediate 
polyclonal acquired clinical resistance to sacituzumab govitecan in 
triple-negative breast cancer. Cancer Discov. 11:2436–2445. https://doi 
.org/10.1158/2159-8290.CD-21-0702

Colombo, R., and J.R. Rich. 2022. The therapeutic window of antibody drug 
conjugates: A dogma in need of revision. Cancer Cell. 40:1255–1263. 
https://doi.org/10.1016/j.ccell.2022.09.016

Colombo, R., P. Tarantino, J.R. Rich, P.M. LoRusso, and E.G.E. de Vries. 2024. 
The Journey of antibody–drug conjugates: Lessons learned from 
40 years of development. Cancer Discov. 14:2089–2108. https://doi.org/ 
10.1158/2159-8290.CD-24-0708

Colombo, R., S.D. Seredick, S.D. Barnscher, and J.R. Rich. 2026. Re-evaluating 
antibody-drug conjugate linker stability: Assessment, interpretation, 
and clinical translation. Ann. Oncol. 0:902–919. https://doi.org/10.1016/j 
.annonc.2026.04.008

Cortés, J., S.-B. Kim, W.-P. Chung, S.-A. Im, Y.H. Park, R. Hegg, M.H. Kim, L.- 
M. Tseng, V. Petry, C.-F. Chung, et al. 2022. Trastuzumab deruxtecan 
versus trastuzumab emtansine for breast cancer. N. Engl. J. Med. 386: 
1143–1154. https://doi.org/10.1056/NEJMoa2115022

Crescioli, S., and J.M. Reichert. 2025. Innovative antibody therapeutic de
velopment in China compared with the USA and Europe. Nat. Rev. Drug 
Discov. 25:169–170. https://doi.org/10.1038/d41573-025-00185-w

Datta-Mannan, A., H. Choi, Z. Jin, L. Liu, J. Lu, D.J. Stokell, A.T. Murphy, K.W. 
Dunn, M.M. Martinez, and Y. Feng. 2024. Reducing target binding af
finity improves the therapeutic index of anti-MET antibody-drug con
jugate in tumor bearing animals. PLoS One. 19:e0293703. https://doi 
.org/10.1371/journal.pone.0293703

Davis, A.A., H. Park, E.E. Dumbrava, N.V. Uboha, A. Kalyan, F. Dayyani, M. 
Arora, M.A. Villalona-Calero, H.S. Mahdi, R.A. Patel, et al. 2025. Ab
stract CT071: Phase I trial of trastuzumab deruxtecan in combination 
with neratinib in solid tumors with HER2 alterations (NCI 10495). 
Cancer Res. 85:CT071. https://doi.org/10.1158/1538-7445.AM2025-CT071

de Bono, J.S., J.R. Harris, S.M. Burm, A. Vanderstichele, M.A. Houtkamp, 
S. Aarass, R. Riisnaes, I. Figueiredo, D. Nava Rodrigues, R. Christova, 
et al. 2023. Systematic study of tissue factor expression in solid tumors. 
Cancer Rep. 6:e1699. https://doi.org/10.1002/cnr2.1699

Dent, R., Z. Shao, P. Schmid, J. Cortes, D.W. Cescon, S. Saji, K.H. Jung, T. 
Bachelot, S. Wang, E.M. Ramı́rez, et al. 2026. Datopotamab deruxtecan 
in patients with untreated, advanced triple-negative breast cancer 
(TROPION-Breast02): A randomised, open-label, international, phase 
III trial. Ann. Oncol. https://doi.org/10.1016/j.annonc.2026.03.008

Dernbach, G., M.-L. Eich, M.P. Dragomir, P. Anders, N. Jurczok, C. Stief, P. 
Jurmeister, T. Schlomm, F. Klauschen, D. Horst, et al. 2025. Spatial 
expression of HER2, NECTIN4, and TROP-2 in muscle-invasive bladder 
cancer and metastases: Implications for pathological and clinical man
agement. Mod. Pathol. 38:100753. https://doi.org/10.1016/j.modpat.2025 
.100753

DiPeri, T.P., K.W. Evans, M.G. Raso, M. Zhao, Y.Q. Rizvi, X. Zheng, B. Wang, 
B.P. Kirby, K. Kong, M. Kahle, et al. 2023. Adavosertib enhances anti
tumor activity of trastuzumab deruxtecan in HER2-expressing cancers. 
Clin. Cancer Res. 29:4385–4398. https://doi.org/10.1158/1078-0432.CCR 
-23-0103

Doerfler, A.M., E.E. Dumbrava, Y. Yuan, C. Pickett-Gies, S. Gore, S.N. Westin, 
J.A. Ajani, A.-M. Cimo, S. Fu, C. Lee, et al. 2025. Abstract B009: Trial in 
progress: Phase 1 study of trastuzumab deruxtecan (DS-8201a) in 
combination with azenosertib (ZN-c3) in HER2-expressing/amplified 
gastric/gastroesophageal junction cancer and other solid tumors with 
HER2 expression. Mol. Cancer Ther. 24:B009. https://doi.org/10.1158/ 
1535-7163.TARG-25-B009

Ducry, L., and B. Stump. 2010. Antibody-drug conjugates: Linking cytotoxic 
payloads to monoclonal antibodies. Bioconjug. Chem. 21:5–13. https://doi 
.org/10.1021/bc9002019

Erickson, H.K., P.U. Park, W.C. Widdison, Y.V. Kovtun, L.M. Garrett, 
K. Hoffman, R.J. Lutz, V.S. Goldmacher, and W.A. Blättler. 2006. 
Antibody-maytansinoid conjugates are activated in targeted cancer 
cells by lysosomal degradation and linker-dependent intracellular 
processing. Cancer Res. 66:4426–4433. https://doi.org/10.1158/0008 
-5472.CAN-05-4489

Fan, Y., Q. Li, Q. Shen, Z. Liu, Z. Zhang, S. Hu, W. Yu, Z. He, Q. He, and Q. Zhang. 
2022. Head-to-head comparison of the expression differences of NECTIN- 
4, TROP-2, and HER2 in urothelial carcinoma and its histologic variants. 
Front. Oncol. 12:858865. https://doi.org/10.3389/fonc.2022.858865

Fan, Q., H. Chen, G. Wei, D. Wei, Z. Wang, L. Zhang, J. Wang, and M. Zhu. 
2025. A review of conjugation technologies for antibody drug con
jugates. Antib. Ther. 8:157–170. https://doi.org/10.1093/abt/tbaf010

Shah and Meric-Bernstam Journal of Experimental Medicine 12 of 17 
ADC design, resistance, and combinations https://doi.org/10.1084/jem.20252603 

D
o
w
n
l
o
a
d
e
d
 
f
r
o
m
 
h
t
t
p
:
/
/
r
u
p
r
e
s
s
.
o
r
g
/
j
e
m
/
a
r
t
i
c
l
e
-
p
d
f
/
2
2
3
/
8
/
e
2
0
2
5
2
6
0
3
/
2
0
3
8
5
5
1
/
j
e
m
_
2
0
2
5
2
6
0
3
.
p
d
f
 
b
y
 
g
u
e
s
t
 
o
n
 
2
5
 
J
u
l
y
 
2
0
2
6

https://doi.org/10.1158/0008-5472.CAN-13-2440
https://doi.org/10.1158/0008-5472.CAN-13-2440
https://doi.org/10.1182/blood.2021014663
https://doi.org/10.1182/blood.2021014663
https://doi.org/10.1200/JCO.24.00720
https://doi.org/10.1021/acs.bioconjchem.5b00223
https://doi.org/10.1186/s12967-025-06434-1
https://www.fda.gov/drugs/resources-information-approved-drugs/fda-approves-pembrolizumab-enfortumab-vedotin-ejfv-muscle-invasive-bladder-cancer
https://www.fda.gov/drugs/resources-information-approved-drugs/fda-approves-pembrolizumab-enfortumab-vedotin-ejfv-muscle-invasive-bladder-cancer
https://www.fda.gov/drugs/resources-information-approved-drugs/fda-approves-pembrolizumab-enfortumab-vedotin-ejfv-muscle-invasive-bladder-cancer
https://doi.org/10.1158/0008-5472.CAN-15-1313
https://doi.org/10.1172/JCI172156
https://doi.org/10.1172/JCI172156
https://doi.org/10.1002/anie.201307628
https://doi.org/10.1158/2159-8290.CD-25-0647
https://doi.org/10.1093/abt/tbaf004
https://doi.org/10.1093/abt/tbaf004
https://doi.org/10.1038/s41467-023-35961-y
https://doi.org/10.1038/s41467-023-35961-y
https://doi.org/10.1083/jcb.200701086
https://doi.org/10.1083/jcb.200701086
https://doi.org/10.1093/narcan/zcab003
https://doi.org/10.1093/narcan/zcab003
https://doi.org/10.1080/19420862.2021.1882028
https://doi.org/10.1080/19420862.2021.1882028
https://doi.org/10.1371/journal.pone.0133072
https://doi.org/10.1074/jbc.M106287200
https://doi.org/10.1074/jbc.M106287200
https://doi.org/10.1158/2159-8290.CD-21-0702
https://doi.org/10.1158/2159-8290.CD-21-0702
https://doi.org/10.1016/j.ccell.2022.09.016
https://doi.org/10.1158/2159-8290.CD-24-0708
https://doi.org/10.1158/2159-8290.CD-24-0708
https://doi.org/10.1016/j.annonc.2026.04.008
https://doi.org/10.1016/j.annonc.2026.04.008
https://doi.org/10.1056/NEJMoa2115022
https://doi.org/10.1038/d41573-025-00185-w
https://doi.org/10.1371/journal.pone.0293703
https://doi.org/10.1371/journal.pone.0293703
https://doi.org/10.1158/1538-7445.AM2025-CT071
https://doi.org/10.1002/cnr2.1699
https://doi.org/10.1016/j.annonc.2026.03.008
https://doi.org/10.1016/j.modpat.2025.100753
https://doi.org/10.1016/j.modpat.2025.100753
https://doi.org/10.1158/1078-0432.CCR-23-0103
https://doi.org/10.1158/1078-0432.CCR-23-0103
https://doi.org/10.1158/1535-7163.TARG-25-B009
https://doi.org/10.1158/1535-7163.TARG-25-B009
https://doi.org/10.1021/bc9002019
https://doi.org/10.1021/bc9002019
https://doi.org/10.1158/0008-5472.CAN-05-4489
https://doi.org/10.1158/0008-5472.CAN-05-4489
https://doi.org/10.3389/fonc.2022.858865
https://doi.org/10.1093/abt/tbaf010


Filho, O.M., G. Viale, S. Stein, L. Trippa, D.A. Yardley, I.A. Mayer, V.G. 
Abramson, C.L. Arteaga, L.M. Spring, A.G. Waks, et al. 2021. Impact of 
HER2 heterogeneity on treatment response of early-stage HER2- 
positive breast cancer: Phase II neoadjuvant clinical trial of T-DM1 
combined with pertuzumab. Cancer Discov. 11:2474–2487. https://doi 
.org/10.1158/2159-8290.CD-20-1557

Fong, D., G. Spizzo, J.M. Gostner, G. Gastl, P. Moser, C. Krammel, S. Gerhard, 
M. Rasse, and K. Laimer. 2008. TROP2: A novel prognostic marker in 
squamous cell carcinoma of the oral cavity. Mod. Pathol. 21:186–191. 
https://doi.org/10.1038/modpathol.3801001

Franco, R., and J.A. Cidlowski. 2009. Apoptosis and glutathione: Beyond an 
antioxidant. Cell Death Differ. 16:1303–1314. https://doi.org/10.1038/cdd 
.2009.107

Freedman, R.A., H.M. Heiling, T. Li, D. Trapani, N. Tayob, K.L. Smith, R. 
Davis, A.M. Pereslete, M.K. DeMeo, C. Cotter, et al. 2024. Neratinib and 
ado-trastuzumab emtansine for pretreated and untreated human epi
dermal growth factor receptor 2 (HER2)-positive breast cancer brain 
metastases: Translational breast cancer research consortium trial 022. 
Ann. Oncol. 35:993–1002. https://doi.org/10.1016/j.annonc.2024.07.245

Fu, Z., S. Li, S. Han, C. Shi, and Y. Zhang. 2022. Antibody drug conjugate: The 
“biological missile” for targeted cancer therapy. Signal Transduct. Target. 
Ther. 7:93. https://doi.org/10.1038/s41392-022-00947-7

Fu, S., S. Yao, Y. Yuan, R.A. Previs, A.D. Elias, R.D. Carvajal, T.J. George, Y. 
Yuan, L. Yu, S.N. Westin, et al. 2023. Multicenter Phase II trial of the 
WEE1 inhibitor adavosertib in refractory solid tumors harboring CCNE1 
amplification. J. Clin. Oncol. 41:1725–1734. https://doi.org/10.1200/JCO 
.22.00830

Fuentes-Antrás, J., S. Genta, A. Vijenthira, and L.L. Siu. 2023. Antibody-drug 
conjugates: In search of partners of choice. Trends Cancer. 9:339–354. 
https://doi.org/10.1016/j.trecan.2023.01.003

Gallant, J.P., H.M. Hintz, G.S. Gunaratne, M.T. Breneman, E.E. Recchia, J.L. 
West, K.L. Ott, E. Heninger, A.E. Jackson, N.Y. Luo, et al. 2024. Mech
anistic characterization of cancer-associated fibroblast depletion via an 
antibody-drug conjugate targeting fibroblast activation protein. Cancer 
Res. Commun. 4:1481–1494. https://doi.org/10.1158/2767-9764.CRC-24 
-0248

Geyer, C.E., Y.H. Park, Z.-M. Shao, C.-S. Huang, C.H.E Barrios, J. Abraham, A. 
Prat, N. Niikura, M. Untch, S.-A. Im, et al. 2025. LBA1 Trastuzumab 
Deruxtecan (T-DXd) vs Trastuzumab Emtansine (T-DM1) in Patients 
(Pts) with high-risk human epidermal growth factor receptor 2–positive 
(HER2+) primary Breast Cancer (BC) with residual invasive disease 
after Neoadjuvant Therapy (Tx): interim analysis of DESTINY- 
Breast05. Ann. Oncol. 36:S1556–S1557. https://doi.org/10.1016/j.annonc 
.2025.09.021

Goto, K., Y. Goto, T. Kubo, K. Ninomiya, S.-W. Kim, D. Planchard, M.-J. Ahn, 
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