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Despite significant advances in the treatment of cervical, ovarian, and uterine cancers with the approvals of
checkpoint and PARP inhibitors into standard treatment, patients with recurrent metastatic gynecologic ma-
lignancies still experience poor outcomes, and most of these patients will experience disease relapse. Once
standard preferred treatments are exhausted, options have historically been limited to treatments associated with
poor outcomes and notable toxicities. Consequently, novel therapies that are effective and well-tolerated are
needed for patients with recurrent and metastatic gynecologic malignancies. Antibody-drug conjugates (ADCs)
are a class of targeted therapies that are well established in several cancers including hematologic malignancies
and some solid tumors. Significant strides in ADC technology and design have led to improvements in efficacy
and safety with newer-generation ADCs. Consequently, ADCs are gaining traction in gynecologic cancers with the
recent US Food and Drug Administration approvals of tisotumab vedotin in cervical cancer and mirvetuximab
soravtansine in ovarian cancer. Many additional ADCs against various targets are being explored in patients with
metastatic or recurrent gynecologic malignancies.

The purpose of this review is to summarize the nuanced structural and functional properties of ADCs, while
outlining opportunities for innovation. Further, we highlight the ADCs in clinical development for gynecologic
malignancies, exploring how ADCs may be able to address the clinical care gap for patients with gynecologic

cancers.

Introduction: Unmet needs in recurrent and metastatic
gynecologic malignancies

Gynecologic malignancies, particularly ovarian, cervical, and uter-
ine cancers, represent a substantial healthcare burden in women. In the
United States alone, nearly 100,000 new cases of gynecologic malig-
nancies and 30,000 related deaths have been estimated for 2022 [1-3].
Among all cases diagnosed between 2012 and 2018, the 5-year survival
rate for patients with metastatic tumors was approximately 31% for
ovarian cancer, 17% for cervical cancer, and 18% for uterine cancer
[1-3].

Treatment of gynecologic malignancies is highly dependent on the
stage and origin of disease, with curative surgery being the primary
option when possible. For advanced or metastatic disease, platinum-
based chemotherapy remains the primary backbone for systemic treat-
ment. The identification and development of targeted therapies has been
a significant focus across treatment of gynecologic malignancies, and
several have altered the treatment landscapes of these cancers in recent

years. The vascular epithelial growth factor (VEGF) inhibitor bev-
acizumab improved progression-free survival (PFS) in combination with
platinum-based doublet chemotherapy in ovarian cancers in the front-
line, frontline maintenance, and platinum-sensitive recurrent settings
[4,5]. Bevacizumab also improved PFS in combination with platinum-
based doublet therapy in advanced cervical cancer [6]. As the first
biomarker-based treatment for a gynecologic malignancy, the PD-1 in-
hibitor pembrolizumab was approved in combination with platinum-
based doublet chemotherapy with or without bevacizumab in patients
with PD-L1-positive metastatic cervical cancer based on improved PFS,
overall survival (OS), and overall response rate (ORR) [7]; likewise,
pembrolizumab in combination with the VEGF inhibitor lenvatinib
received approval for patients with recurrent endometrial cancer based
on significantly improved OS and PFS [8]. In ovarian cancer, the recent
addition of poly (ADP-ribose) polymerase (PARP) inhibitors as frontline
maintenance options has significantly improved PFS [9-11]. VEGF in-
hibitors, immunotherapies, and PARP inhibitors have altered the treat-
ment paradigm for each of these cancers over the past decade; however,
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these important advancements raise additional questions regarding how
to treat patients who progress on these treatments.

Despite the recent improvements to care, advanced or metastatic
gynecologic cancers remain incurable, and most patients eventually
progress and exhaust these therapeutic options, leaving next line of
therapy to be single-agent chemotherapy. Although outcomes vary with
the specific type of cancer, patients treated with chemotherapy for
recurrent disease experience response rates under 20%, median PFS less
than 4 months, and median OS less than 12 months [12-16]. In
platinum-resistant ovarian cancer, non-platinum chemotherapy has
been associated with response durations of only 3-7 months [14,15,17].
Moreover, these chemotherapeutic agents are associated with toxicities,
including neutropenia, anemia, thrombocytopenia, alopecia, renal tox-
icities, and neuropathy, which can impact patient quality of life and
limit their therapeutic applicability [12,15,18-20]. Consequently, there
is a great unmet need for effective and well tolerated novel therapies for
patients with recurrent and metastatic gynecologic malignancies.

Antibody-drug conjugates (ADCs) represent one type of targeted
therapeutic modality that offers opportunities to expand biomarker-
based treatment options in patients with recurrent gynecologic malig-
nances. The purpose of this review is to discuss recent advances in ADC
technology, summarize currently approved ADCs, and introduce new
ADCs under development in gynecologic malignancies.

ADCs as targeted therapeutic approaches in oncology

ADCs are a class of targeted therapies developed to provide more
precise drug delivery by using antibody-antigen interactions to specif-
ically release cytotoxic agents directly to tumor cells and/or the tumor
microenvironment [21,22]. The fundamental role of ADCs is to control
the biodistribution of the payload to provide more precise drug delivery
to the target; thus, ADCs have the potential to improve clinical efficacy
while minimizing toxicity. Conceptually, ADCs are designed to have an
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expanded therapeutic index, however, in practice, this idea has been
challenged recently [23], as ADCs are associated with toxicities, leaving
room for continued improvement [24-27]. In addition to inducing tar-
geted cytotoxicity, some ADCs have the potential to induce immuno-
genic cell death through activation of the immune system [25,28,29].
However, despite these challenges, ADC technology has made important
advancements in recent years.

ADC mechanism of action

The main components of ADCs are the antibody, the cytotoxic
payload, and the linker technology that connects the antibody to the
payload [25,27]. The canonical mechanism of action of ADCs involves a
cascade of events (Fig. 1): (1) binding of the antibody to its tumor an-
tigen on cancer cells; (2) internalization of the ADC-antigen complex
through endocytosis; (3) trafficking through the endolysosomal
compartment and degradation of the ADC; (4) release of the payload
into the cytoplasm; and (5) payload action commonly on microtubules
or DNA, resulting in cell death [21,25]. Although this mechanism of
action may appear straightforward, each component of an ADC (the
antibody, cytotoxic payload, and linker) must be optimized in combi-
nation with one another to maximize therapeutic efficacy and limit
toxicities.

Antibody

The role of the antibody portion of the ADC is to provide targeted
delivery to the tumor by binding to an antigen that is selectively
expressed on tumor cells [25,30]. Several antibody properties should be
considered when selecting the optimal component for an ADC. First, to
ensure efficient uptake into target cells, the antibody must selectively
bind to the target antigen with high affinity, and the antigen should be
effectively internalized by receptor-mediated endocytosis [30-33]. The
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Fig. 1. Canonical mechanism of action of ADCs. (1) Antibody binds to the target antigen at the surface of the cancer cell. (2) ADC-antigen complex is internalized and
trafficked through the endolysosomal compartment. (3) Payload is released in the endolysosomal compartment. (4) Drug payload enters the cytoplasm. (5) Drug
payload acts on microtubules or DNA, resulting in cell death. Abbreviations: ADC, antibody-drug conjugate.
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tumor targeting ability of the antibody is dictated by expression of the
target antigen [21,34]. As such, the optimal target antigen should have
high expression on the surface of the tumor cells and limited or no
expression in healthy tissues [21,25,32]. A key consideration regarding
the optimal function of the ADC-antigen complex derives from the fact
that few antigens are truly tumor-specific with no expression in healthy
tissue. Rather, most are regarded as tumor-enriched and have some
expression in healthy tissue [27,34]. This antigen distribution may
result in on-target toxicity occurring on non-tumor cells (on-target/off-
tumor toxicity) [27,34].

Second, it is important to consider antibody immunogenicity, which
can lead to immune reactions and premature elimination of the antibody
from circulation [31]. First-generation ADCs used conventional
chemotherapeutic agents coupled to mouse monoclonal antibodies that
were highly immunogenic and susceptible to unwanted immune re-
actions and rapid clearance leading to low anti-tumor efficacy [32,35].
To overcome this limitation, second-generation ADCs utilized mouse/
human chimeric monoclonal antibodies, which reduced immunoge-
nicity and improved half-life [31,32]. Technology has since evolved to
develop humanized monoclonal antibodies, as well as purify fully
human monoclonal antibodies. The third generation of ADCs, which
comprises many of those with current marketing approval in the United
States, primarily utilizes human or humanized monoclonal antibodies
[31]. Such antibodies have lower immunogenicity, allowing for signif-
icantly improved half-life [31,32,36]. The evolution of the antibody
engineering field has also led to alterations in the Fc region to decrease
Fc receptor (FcR) binding in the reticuloendothelial system, which can
alter biodistribution away from the tumor [37,38]. Normal steric hin-
derance provided by fucosyl residues can be manipulated to reduce
clearance by FcRy.

Payload

In most current ADCs approved or under development the payload is
a cytotoxic agent that ultimately induces cell death [25,32]. Because
ADCs aim to deliver the cytotoxic drug to tumors in a precise manner,
and because limited tumor penetration is anticipated to prevent a
portion of ADC molecules from reaching tumor cells, most cytotoxic
payloads used for ADCs are approximately 100-1000 x more potent
than small molecule chemotherapeutic agents that are used on their own
[31]. This potency of the payload relative to traditional chemotherapy
can also enable activity with lower antigen expression on the target
cancer cell or at lower drug-to-antibody ratios (DARs) [31]. The most
common cytotoxic payloads are either microtubule inhibitors (eg,
auristatins, eribulin, hemiasterlin, maytansinoids, and tubulysin) that
cause cell cycle arrest and selectively target dividing cells, or DNA
damaging agents, (eg, calicheamicin, duocarmycin, doxorubicin, pyr-
rolobenzodiazepine, and topoisomerase inhibitors) that prevent cell
division and induce DNA damage that could target dividing or non-
dividing cells [25,32,39]. Additionally, ADCs with novel mechanisms
of action, such as small-molecule nicotinamide phosphoribosyl-
transferase (NAMPT) inhibitors and stimulator of interferon genes
(STING) agonists, are under investigation [40].

Linker

The linker portion of the ADC joins the antibody to the cytotoxic
payload. An ideal linker is highly stable in circulation, meaning it will
not release the payload before delivery to the target, but will efficiently
release it inside the tumor cell [25,41]. Linkers can be either cleavable
(eg, by enzymes or low pH) or non-cleavable (eg, by catabolism of the
ADC in the lysosome). Cleavable linkers may have increased efficiency
of payload release within the tumor cells, but also have the potential for
premature payload release, which can result in off-target toxicity
[31,42]. The most common cleavable linkers include hydrazone or
phosphoramidate-based linkers, which are sensitive to pH; disulfide
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linkers, which are sensitive to glutathione; and dipeptide linkers, which
are sensitive to intracellular enzymes [31,42,43]. Dipeptide linkers are
insensitive to pH and serum proteases, and thus may be more stable than
hydrazone and disulfide linkers [31,41]. The most common non-
cleavable linkers include maleimidocaproyl, which is often used in
conjunction with the monomethyl auristatin F (MMAF) payload, and 4-
maleimidomethyl cyclohexane-1-carboxylate [31].

Toxicities associated with ADCs

The clinical use of ADCs has been accompanied by a wide range and
incidence of adverse events (AEs), with each ADC having a unique safety
profile. Some toxicities are common among many ADCs. In a recent
meta-analysis the most frequent grade >3 AEs associated with ADCs in
clinical trials were lymphopenia, nausea, neutropenia, blurred vision/
ocular toxicity, and peripheral neuropathy. Ocular toxicity is common
among many ADCs, with 2 FDA approved ADCs (tisotumab vedotin, and
mirvetuximab soravtansine), as well as recently withdrawn belantamab
mafodotin, having black box warnings for ocular toxicity [44,45]. Pul-
monary toxicity has also been associated with multiple ADCs, though the
incidence and severity vary. Interstitial lung disease (ILD), pulmonary
toxicity, and pneumonitis have been reported with several approved
anti-human epidermal growth factor receptor 2 (HER2) ADCs, the tissue
factor (TF)-targeting ADC tisotumab vedotin, approved and investiga-
tional FRa-targeting ADCs (mirvetuximab soravtansine and farletuzu-
mab ecteribulin), and investigational NaPi2b-targeting ADCs
(lifastuzumab vedotin and upifitamab rilsodotin [UpRi]) [25,46-52].
Dose optimization studies with investigational ADCs have revealed that
ILD/pneumonitis decreases in frequency and severity with lower doses
tested in some cases [47,53]. For example, ILD/pneumonitis with UpRi
tended to be less common at lower doses investigated, suggesting a
strategy for potentially mitigating the risk of pulmonary toxicity through
dose optimization. In general, these complications require careful pa-
tient selection and monitoring.

Mechanistically, ADC-associated toxicities can arise from the target
(on-target, off-tumor toxicity), or the payload (off-tumor, off-target
toxicity). For example, ocular toxicity has been associated with ADCs
carrying the MMAF, monomethyl auristatin E (MMAE), or maytansinoid
ravtansine (DM4) payloads; myelosuppression (anemia, neutropenia,
and thrombocytopenia) and peripheral neuropathy have been associ-
ated with MMAE; and cytopenias and hepatotoxicity have been observed
with the maytansinoid DM1 [21,25,44,45,54,55]. In general, off-target/
off-tumor toxicity is more commonly dose limiting than on-target
toxicity [21,25]. Nevertheless, owing to the sophisticated structure
and functional attributes of ADCs, the toxicity profile is challenging to
accurately predict in clinical practice, underscoring the need for
improved ADC design strategies as well as studies to unravel various
mechanisms of AEs.

Innovations in ADC design

The clinical activity and therapeutic index of an ADC is influenced by
the distinct features of each of its three components (antibody, payload,
and linker). Several techniques are currently being explored to optimize
the combinations of these components to further improve the thera-
peutic index of ADCs. These methods include enhancing internalization
rates, controlling the bystander effect, and increasing DAR (defined as
the average number of drug molecules bound to each antibody) while
maintaining drug-like properties, and achieving homogeneity in ADC
preparation [21,25-27,31,56].

The rate of internalization is an important consideration for ADC
optimization. Because the delivery of the payload requires processing of
the ADC via internalization and intracellular trafficking within the
endolysosomal compartments, slow internalization rates can impact
ADC potency. Thus, rapid internalization is generally desired to increase
the antitumor activity and reduce the risk of off-target delivery [27,57].
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Bispecific antibodies are being explored as a novel method of improving
internalization and lysosomal trafficking to enhance ADC potency.
These antibodies contain non-identical paratopes in their two Fy, re-
gions, enabling binding to two different epitopes on either the same
antigen or different antigens [27,57]. For example, zanidatamab is a
humanized, bispecific, immunoglobulin G1 (IgG1)-like antibody that
targets the juxtamembrane extracellular domain and the dimerization
domain of HER2 that showed increased internalization and anti-tumor
activity compared with trastuzumab [58]. Moreover, emerging pre-
clinical data indicate that ADCs can target the tumor microenvironment
using cleavable linkers that can release the payload extracellularly,
which could eliminate the need for ADC internalization [25,33,39,59].
Examples of this technology include experimental ADCs targeting
components of the stroma, including collagen 4, tenascin-C, and
galectin-3-binding protein [60-62]. Consequently, eliminating the
internalization step could serve to streamline the mechanism of action,
potentially resulting in improved anti-tumor efficacy, particularly in
tumors in which target expression is heterogeneous.

Payload properties impacting diffusion and cell permeability also
represent an avenue for optimization. A bystander effect occurs when
the payload diffuses to and can penetrate and kill nearby cancer cells in
an antigen-independent manner. Bystander killing may be beneficial for
tumors in which antigen expression is highly heterogenous [31,63]. For
example, sacituzumab govitecan is designed with a hydrolysable linker
and a membrane-permeable payload (SN-38) in order to deliver cyto-
toxic activity to both antigen-expressing target cells and nearby antigen-
negative cells after ADC localization and extracellular release of free SN-
38 in the tumor microenvironment [64]. Potential limitations to the
bystander effect include the inefficient exit of payload from targeted
tumor cells, and the diffusion of the payload into healthy cells, resulting
in off-target toxicity [31,32]. Notably, linker stability is an important
variable in ADC toxicity; linkers with low stability may be subject to
non-specific cleavage and therefore could lead to systemic toxicities
[65].

Optimization of linker/payload conjugation as well as linker attri-
butes that increase DAR also have potential for improving ADC efficacy.
In vitro studies have shown a direct correlation between DAR and po-
tency, with low DAR associated with decreased ADC potency, presum-
ably due to the reduced number of cytotoxic payload molecules entering
the tumor [66]. In contrast, a high DAR results in increased ADC po-
tency. However, hydrophobic linker and payload moieties can cause
ADCs with higher DAR to aggregate, which can negatively impact
pharmacokinetic properties and possibly result in faster plasma clear-
ance and hepatic uptake. Consequently, most ADC platforms have been
historically limited to a DAR of 2-4 to maintain suitable drug-like
properties [21,25,31,33,39]. Several methods to increase DAR without
negatively impacting pharmacokinetic properties have been explored,
which primarily involve increasing hydrophilicity of the linker [31]. For
example, introduction of a highly hydrophilic polyethylene glycol (PEG)
group into the linker compensated for hydrophobicity of the SN-38
payload, allowing for a DAR > 7 for sacituzumab govitecan, which
translated into significant clinical activity in patients with breast tumors
[64,67]. Another successful approach to generate ADCs with increased
DAR is the use of a hydrophilic polymer scaffold linker technology, such
as the Dbiodegradable polyacetal polymer carrier poly-1-
hydroxymethylethylene hydroxymethylformal, also known as flex-
imer. Using this scaffold, ADCs could be produced that have DARs of
10-15 that maintain suitable pharmacokinetic and physicochemical
properties [68].

As each antibody can be conjugated to multiple linkers and cytotoxin
moieties, achieving homogeneity in ADC preparation, defined as con-
sistency in the number of linker-payload groups attached to an antibody,
is important for consistent payload delivery to the tumor. Although the
average DAR of a heterogenous preparation may be 2-4, the broad range
of DARs across the ADC preparation could lead to premature payload
release and/or altered biodistribution, and thus significantly impact
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anti-tumor efficacy as well as tumor penetration and clearance
[27,66,69]. The method of bioconjugation is a determinant of ADC
homogeneity, and conjugation can be either stochastic or site-specific.
Stochastic conjugation involves conjugation to cysteine and lysine res-
idues and affords less control over ADC preparation and therefore results
in a heterogeneous mix of ADCs with variable DAR. In contrast, site-
specific conjugation involves engineering reactive cysteine residues,
glycan remodeling and glycoconjugation, disulfide rebridging, or
introduction of unnatural amino acids in order to attach linker-payload
moieties to precise residues on the antibody [63]. These efforts are
intended to ensure more stable and homogenous ADCs with increased
plasma exposure and improved therapeutic index [63].

Novel ADC platforms

The optimization strategies discussed above have been applied to
several novel linker-payload platforms that are in various stages of
development. The Dolaflexin platform consists of the fleximer hydro-
philic polymer-scaffold, which can improve the solubility and pharma-
cokinetics of the ADC as well as reduce the immunogenicity, and an
auristatin F-hydroxypropylamide (AF-HPA) payload conjugated via a
cleavable linker [56]. The use of a polymer scaffold allows for a sub-
stantial increase in the DAR (to approximately 10), which can improve
drug concentration at the tumor site and result in a lower dose or less
frequent ADC administration, which could in turn minimize the risk of
toxicity [34,56]. The AF-HPA payload also allows for a controlled
bystander effect. Once released in the target cell, AF-HPA can diffuse
across cell membranes and exert bystander effect. In parallel, AF-HPA is
metabolized to auristatin F, which remains highly potent but loses the
ability to cross the cell membrane and is not a P-glycoprotein efflux
pump substrate, consequently trapping the drug inside tumor cells and
limiting the impact on adjacent healthy cells [56,70]. Data from pre-
clinical toxicology studies suggest that Dolaflexin ADCs result in mini-
mal occurrence of neutropenia, which is associated with some auristatin
ADC platforms [56]. The ADC UpRi, generated using the Dolaflexin
platform, has a DAR of approximately 10 and suitable pharmacokinetic
and drug-like properties. UpRi is under clinical investigation in several
trials in patients with ovarian cancer [47,71].

Dolasynthen is another novel, fully synthetic platform based on the
AF-HPA payload that generates homogeneous ADCs with site-specific
antibody bioconjugation and a controlled bystander effect. The plat-
form, together with site-specific bioconjugation techniques, allows for
the precise modulation of DAR to maximize the therapeutic index [72].
XMT-1660 is a novel ADC targeting the tumor antigen B7-H4 that uti-
lizes the Dolasynthen platform to achieve a site-specific DAR of 6. In
preclinical studies, XMT-1660 was shown to have superior anti-tumor
activity compared with a stochastically conjugated B7-H4-targeting
ADC [72,73].

Several novel platforms are being explored to develop ADCs with
topoisomerase I inhibitor payloads, which have recently gained interest
as ADC payloads with the approval of 2 ADCs using this payload class,
trastuzumab deruxtecan and sacituzumab govitecan. Topoisomerase I
inhibitors tend to have reduced potency compared with anti-tubulin or
DNA alkylating agents, which could theoretically improve the thera-
peutic index of resulting ADCs (reviewed in [74]). The PSARlink plat-
form uses a hydrophilic polysarcosine drug-linker with an exatecan
payload to reduce overall hydrophobicity of the conjugate with a
resulting DAR of 8. An ADC generated with PSARlink and trastuzumab
was associated with superior anti-tumor activity over trastuzumab
deruxtecan [75]. Another new linker, CL2A, has a short, non-cleavable
seven PEG segment that enables attachment of a large number of hy-
drophobic SN-38 molecules via reduced cysteines (DAR of 6.97).
Attached to a trastuzumab antibody, CLA2-SN-38 resulted in improved
toxicity over time compared with trastuzumab emtansine [76].

Additional promising technologies include site-specific conjugates
(such as transglutaminase-mediated conjugation of amino-PEG6-C2-
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monomethyl auristatin D [MMAD] that resulted in stable linkage; DAR
of 6-8; and increased anti-tumor activity compared with similarly
loaded conventional ADCs or site-specific conjugates with low loading)
[69] and cysteine-mediated conjugation of dual auristatin (MMAE/
MMAF) ADCs that enabled high levels of drug loading and activity on
cells refractory to either of the payloads, potentially allowing for com-
plementary or synergistic activity [77]. The Azymetric platform utilizes
in silico modeling to insert cysteine residues into an antibody in order to
precisely control conjugation [78]. Using this method, conjugation lo-
cations can be specifically chosen to mask hydrophobicity, thereby
improving hydrophilicity and biophysical properties of the ADC. The
platform can achieve a precisely controlled DAR of up to 6. The new ADC
zanidatamab zovodotin (ZW49) developed using the Azymetric platform
additionally utilizes the anti-HER2 biparatopic antibody zanidatamab to
enhance internalization [58,79]. The payload of zanidatamab zovodotin
is a proprietary auristatin derivative conjugated via cleavable linkers
with an average DAR of 2. Preclinical data revealed that zanidatamab
zovodotin exhibited similar pharmacokinetic properties as unconju-
gated zanidatamab antibody [79]. Recently reported dose-finding data
for zanidatamab zovodotin in patients with HER2-positive cancers
indicated an ORR of 28% and manageable safety profile, though all-
grade treatment-related keratitis was observed in 42% of patients [80].

Overall, the current and emerging ADC technologies are focused on
refining the antibody, linker, and payload together to generate fully
optimized ADCs. These important developments have ushered in a new
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ADCs in gynecologic oncology
Overview of ADCs in oncology

At the time of this publication, 11 ADC therapies are approved for
oncology use in the United States, of which 9 are also approved in the
European Union [31,34] (Table 1). In many indications, ADCs have
become mainstream therapies, and findings from randomized clinical
trials have shown considerably improved efficacy compared with stan-
dard of care. ADCs were first approved in hematologic cancers. Gem-
tuzumab ozogamicin, a CD33-targeting ADC, received accelerated
approval from the FDA in 2000 for patients with acute myeloid leuke-
mia. In the decade following its initial approval, post-marketing findings
indicated an increased risk for veno-occlusive disease, and a confirma-
tory trial failed to support an increased benefit. Gemtuzumab ozoga-
micin was withdrawn from the market in 2010 but eventually gained
reapproval in 2017 at a lower dose for patients with relapsed/refractory
CD33-positive acute myeloid leukemia (reviewed in [81]). Despite its
complicated history, gemtuzumab ozogamicin paved the way for future
ADCs. In 2011, brentuximab vedotin (targeting CD30) was approved for
patients with previously untreated stage III/IV Hodgkin lymphoma
based on the ECHELON-1 trial. In this study, addition of brentuximab
vedotin to chemotherapy significantly reduced the risk of progression or

Table 1
ADCs currently approved in oncology in the United States and the European Union.
ADC Target mAb Linker Payload Indication Approval
Antigen
Tisotumab vedotin Tissue IgG1 Val-Cit MMAE Recurrent or metastatic cervical cancer FDA: September 2021
(Tivdak®) factor
Brentuximab vedotin CD30 Chimeric Val-Cit MMAE Relapsed/refractory and previously untreated FDA: August 2011
(Adcetris®) IgG1 stage III/IV EMA: October 2012
Hodgkin lymphoma
Relapsed/refractory and untreated systemic
anaplastic
large cell lymphoma
Trastuzumab emtansine HER2 1gG1k MCC DM1 Metastatic FDA: February 2013
(Kadcyla®) HER2-positive breast cancer EMA: November 2013
Inotuzumab ozogamicin CD22 18G4 Cleavable Calicheamicin Relapsed/refractory B-cell acute lymphoblastic FDA: August 2017
(Besponsa®) acid-labile lymphoma EMA: June 2017
acetyl butyrate
Gemtuzumab ozogamicin CD33 1gG4 k Cleavable Calicheamicin CD33-positive acute FDA: September 2017
(Mylotarg®) acid-labile myeloid leukemia EMA: April 2018
acetyl butyrate
Polatuzumab vedotin CD79 IgG1 Val-Cit MMAE Diffuse large B-cell lymphoma FDA: June 2019
(Polivy®) EMA: January 2020
Enfortumab vedotin Nectin-4 1gG1 k Val-Cit MMAE Locally FDA: December 2019
(Padcev®) advanced/metastatic EMA: April 2022
urothelial cancer
Trastuzumab deruxtecan HER2 1gG1 Maleimide- DXd Unresectable/metastatic FDA: December 2019
(Enhertu®) GGFG HER2-positive and HER2-low breast EMA: January 2021
cancer; unresectable/ metastatic non-small cell
lung cancer
Sacituzumab govitecan Trop-2 1gG1 k CL2A SN-38 Unresectable/metastatic triple negative breast FDA: April 2020
(Trodelvy®) cancer EMA: November 2021
Belantamab mafodotin BCMA 1gG1 MC MMAF Relapsed or refractory multiple myeloma FDA: August 2020
(Blenrep®) then withdrawn®
EMA: August 2020
Loncastuximab tesirine CD19 1gG1 k Val-Ala SG3199/PBD Relapsed/refractory large B-cell lymphoma, FDA: April 2021
(Zynlonta®) dimer diffuse large B-cell lymphoma
Mirvetuximab FRa 1gG1 Sulfo-SPDB DM4 FRa-positive platinum-resistant epithelial ovarian, = FDA: November 2022
soravtansine cleavable linker fallopian tube, or primary peritoneal cancer
(Elahere™)

# GlaxoSmithKline initiated the withdrawal of belantamab mafoditin US marketing authorization based on a request by the FDA. Abbreviations: ADC, antibody-

drug conjugate; BCMA, B-cell maturation antigen; CD, cluster of differentiation; DM4, ravtansine; DXd, deruxtecan; EMA, European Medicines Agency; FDA, US Food
and Drug Administration; FR, folate receptor; HER2, human epidermal growth factor receptor 2; Ig, immunoglobulin; mAb, monoclonal antibody; MC, mal-
eimidocaproyl; MCC, maleimidomethyl cyclohexane-1-carboxylate; MMAE, monomethyl auristatin E; MMAF, monomethyl auristatin F; PBD, pyrrolobenzodiazepine;
Trop-2; trophoblast cell -urface antigen 2; US, United States; Val-Cit, valine-citrulline; Val-Ala, valine-alanine.
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death by 23% (P = 0.04) and is now a standard-of-care therapy for newly
diagnosed stage III/IV Hodgkin lymphoma [82].

Noteworthy improvements with ADCs over standard-of-care have
also been observed in solid tumors. The first ADC to gain approval for
treatment of a solid tumor was trastuzumab emtansine (targeting HER2)
in 2013 for metastatic HER2-positive breast cancer. Its approval was
based on the phase III EMILIA trial, which showed a significant
improvement in both PFS (9.6 versus 6.4 months) and OS (30.9 versus
25.1 months) vs lapatinib plus capecitabine in patients with HER2-
positive advanced breast cancer [83]. Since then, ADCs have led to
several important developments in the treatment of breast cancer. In the
ASCENT trial of relapsed or refractory metastatic triple negative breast
cancer, sacituzumab govitecan (targeting Trop-2, approved in 2020)
significantly reduced the risk of disease progression or death by 59% and
the risk of death by 52% (P < 0.001 for both) [64]. Recently, in patients
with HER2-positive metastatic breast cancer who had previously
received treatment with trastuzumab and a taxane, trastuzumab der-
uxtecan (targeting HER2, approved in 2019) reduced the risk of disease
progression or death by 67% (P < 0.0001) compared with trastuzumab
emtansine in the DESTINY-Breast03 trial [84]; in patients with HER2-
low breast tumors who had received 1 or 2 prior lines of chemo-
therapy enrolled in DESTINY-Breast04, trastuzumab deruxtecan signif-
icantly reduced the risk of progression or death by 50% (P < 0.001)
[51]. The results from the latter trial have shifted the treatment para-
digm for nearly half of the patients diagnosed with metastatic breast
cancer and continue to emphasize the importance of ADC development
in solid tumors alongside proper selection of patients who are most
likely to benefit from these therapies.

ADCs approved in gynecologic malignancies

There have been several important recent developments in gyneco-
logic malignancies with 2 ADCs having received accelerated approval by
the FDA in gynecologic oncology: tisotumab vedotin for adult patients
with recurrent or metastatic cervical cancer who have had disease
progression on or after chemotherapy, and mirvetuximab soravtansine
for adult patients with FRa-positive, platinum-resistant epithelial
ovarian cancer who have received 1-3 prior lines of therapy [48,49].
Tisotumab vedotin is a TF-directed ADC composed of a human anti-TF
IgG1l antibody conjugated to MMAE via a protease-cleavable valine-
citrulline linker [49]. Based on data from the phase II, single-arm
innovaTV 204/GOG-3023/ENGOT-cx6 trial in patients with previously
treated metastatic or recurrent cervical cancer, objective responses were
achieved by 24% of patients, including 7 patients (7%) with a complete
response and 17 patients (17%) with a partial response, with median
duration of response of 8.3 months [85]. Overall, 53% of patients had
treatment-related ocular AEs, predominately conjunctivitis; 2% of pa-
tients had grade 3 events (ulcerative keratitis). In patients with meta-
static cervical cancer, the ORR with tisotumab vedotin represented a
considerable improvement over chemotherapy agents, which have been
shown to elicit responses in up to 15% of patients [85-89]. It is
important to note that approval of tisotumab vedotin was accompanied
by a black box warning for ocular toxicity [49], underscoring that
eliminating these AEs is an area of improvement in ADC clinical
research. Additional warnings are included for peripheral neuropathy,
hemorrhage, pneumonitis, and embryo-fetal toxicity. The confirmatory
trial, innovaTV 301/ENGOT c¢x12/GOG-3057 (NCT04697628) is
currently ongoing.

Mirvetuximab soravtansine comprises an antibody against FRa, a
cleavable disulfide-containing hydrophilic linker N-succinimidyl 4-(2-
pyridyldithio)-2-sulfo-butanoate, and a maytansinoid DM4 tubulin-
targeting agent, with a DAR of 3-4 [90-92]. In the phase III single
arm SORAYA study, mirvetuximab soravtansine has shown clinical ac-
tivity in 106 patients with FRa-positive (as assessed by immunohisto-
chemistry proportion score 2+ >75) platinum-resistant high-grade
serous epithelial ovarian, fallopian tube, or primary peritoneal cancers
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[92,93]. Overall, 32% of patients achieved objective responses, with 5
(5%) complete responses and 29 (28%) partial responses [92,93]. Me-
dian duration of response was 6.9 months and investigator-assessed
median PFS was 4.3 months [92,93]. Ocular AEs were observed in
61% of patients, with 9% reporting grade >3 ocular toxicities including
visual impairment, keratopathy/keratitis, dry eye, photophobia, and eye
pain [48]. Based on results from SORAYA, in 2022, mirvetuximab sor-
avtansine was granted accelerated approval by the United States FDA for
patients with FRa-positive platinum-resistant ovarian cancer who have
received 1-3 prior therapies [94]. The approval of mirvetuximab sor-
avtansine was accompanied by a black-box warning for ocular toxicity,
as well as further warnings for pneumonitis and peripheral neuropathy.
At the time of this review, mirvetuximab soravtansine is still being
investigated in several clinical trials (Table 2), including the phase II
single-arm PICCOLO trial (mirvetuximab soravtansine monotherapy;
NCT05041257) and the phase III randomized GLORIOSA trial (mainte-
nance therapy with mirvetuximab soravtansine plus bevacizumab vs
bevazicumab monotherapy; NCT05445778) in patients with FRa-posi-
tive platinum-sensitive high-grade serous epithelial ovarian, fallopian
tube, or primary peritoneal cancers, as well as the phase IIl randomized
MIRASOL trial (mirvetuximab soravtansine vs chemotherapy) in pa-
tients with FRa-positive platinum-resistant high-grade serous epithelial
ovarian, fallopian tube, or primary peritoneal cancers (NCT04209855)
[95].

ADCs under investigation in gynecologic malignancies

A growing number of ADCs against various targets, including
NaPi2b, HER2/3, FRa, trophoblast cell-surface antigen 2, and meso-
thelin, which are expressed in ovarian, cervical, or uterine tumors, are
under investigation in additional ongoing trials in early phases of clin-
ical development (Table 2; also reviewed in [96]). One ADC in late-stage
development in gynecologic oncology is UpRi, a first-in-class NaPi2b-
targeting ADC [97,98]. NaPi2b is a cell surface sodium-dependent
phosphate transporter that is broadly expressed in solid tumors,
particularly ovarian and endometrial cancer, with limited expression in
healthy tissue [71,99-102]. As noted above, UpRi utilizes the novel
Dolaflexin platform with a DAR of approximately 10 and an AF-HPA
payload with a controlled bystander effect [56,71,98]. Data from a
phase Ib study of 97 patients with high-grade serous epithelial ovarian,
fallopian tube, or primary peritoneal cancers and 1-3 prior lines of
therapy in the platinum resistant setting and 4 prior lines regardless of
platinum status showed promising clinical activity with UpRi adminis-
tered at 36 mg/m? [47]. UpRi also had an encouraging safety profile,
with AEs being mostly low-grade and the most common all-grade AEs
including fatigue (79%), nausea (59%), transient aspartate amino-
transferase increase (38%), decreased appetite (34%), pyrexia (34%),
vomiting (31%), and transient thrombocytopenia (31%) at a dose of 36
mg/m?; in the reported data, no patients experienced grade >3 neu-
tropenia, peripheral neuropathy, or ocular toxicity, which are common
toxicities associated with other ADCs [47,54]. At the 36 mg/mg? dose
there were 2 cases of grade 1-2 pneumonitis, but no cases at grade >3;
there were 4 cases of grade >3 pneumonitis at a higher dose of 43 mg/
m?. Among patients with measured NaPi2b expression in the phase Ib
study, 50 (64%) had NaPi2b-positive (tumor proportion score >75)
ovarian tumors and achieved ORR of 34% in evaluable patients, with 5%
complete responses and 29% partial responses [47]. UpRi is being
investigated in three clinical trials in ovarian cancer (Table 2), including
the phase II registrational UPLIFT trial to assess UpRi monotherapy in
patients with platinum-resistant, high-grade serous ovarian cancer who
have received up to four prior lines of therapy (NCT03319628), the
phase I UPGRADE-A trial to investigate UpRi in combination with car-
boplatin in patients with metastatic or recurrent platinum-sensitive
high-grade serous ovarian cancer (NCT04907968), and the phase III
randomized UP-NEXT trial to evaluate UpRi maintenance monotherapy
vs placebo in patients with recurrent, platinum-sensitive high-grade
serous NaPi2b-positive ovarian cancer (NCT05329545).
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Table 2
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Select ADCs under clinical investigation in gynecologic malignancies.

Target ADC Study Patient Population Estimated Primary
Completion Date
B7-H4 XMT-1660 Phase I Recurrent, advanced, or metastatic tumors, including ovarian, peritoneal, Fallopian January 2025
NCT05377996 tube, and endometrial cancer
AZD8205 Phase I/1 Advanced or metastatic solid malignancies, including serous ovarian cancer and May 2025
NCT05123482 endometrial cancer
SGN-B7H4V Phase I Unresectable, locally advanced or metastatic solid tumors, including ovarian, June 2025
NCT05194072 peritoneal, fallopian tube, and endometrial cancer
FRa STRO-002 Phase I Relapsed and/or progressive high-grade serious epithelial ovarian, fallopian tube, or ~ August 2022
NCT03748186 primary peritoneal cancer
STRO-002 Phase I With bevacizumab in relapsed and/or progressive high-grade serous epithelial December 2023
NCT05200364 ovarian, fallopian tube, or primary peritoneal cancer
Mirvetuximab Phase II With pembrolizumab in patients with FRa-positive microsatellite stable recurrent or ~ October 2023
soravtansine (Mirv) NCT03835819 persistent endometrial cancer
Phase 11 With carboplatin in first-line treatment of patients receiving neoadjuvant May 2023
NCT04606914 chemotherapy with advanced-stage high-grade serious epithelial ovarian, fallopian
tube, or primary peritoneal cancer who are FRa-positive
Phase II With carboplatin in FRa-positive, recurrent platinum sensitive, high-grade epithelial ~ June 2024
NCT05456685 ovarian, primary peritoneal, or fallopian tube cancer following 1 prior line of
platinum-based chemotherapy
Phase II PICCOLO FRa-positive, platinum-sensitive, high-grade serous epithelial ovarian, primary May 2023
NCT05041257 peritoneal, or fallopian tube cancer
Phase III Vs investigator’s choice of chemotherapy in FRa-positive, platinum-resistant, high- December 2022
MIRASOL grade serous epithelial ovarian, primary peritoneal, or fallopian tube cancer
NCT04209855
Phase III GLORIOSA With bevacizumab vs bevacizumab alone as maintenance in FRa-positive, platinum-  March 2027
NCT05445778 sensitive epithelial ovarian, fallopian tube, or primary peritoneal cancer
Farletuzumab ecteribulin Phase I/I1 Platinum-resistant advanced, recurrent or metastatic endometrial cancer March 2025
(MORAb-202) NCT04300556
Platinum-resistant ovarian, fallopian tube, or primary peritoneal cancer
HER2 Trastuzumab Phase II HER2-expressing recurrent, advanced or metastatic endometrial carcinoma December 2022
duoacarmazine (SYD985) NCT04205630
Trastuzumab deruxtecan Phase I With olaparib in HER2-expressing advanced cancers or endometrial cancer January 2023
(T-DXd) NCT04585958
HER2 Trastuzumab deruxtecan Phase I/II PETRA With AZD5305 PARP inhibitor in ovarian, cervical, and endometrial cancers July 2025
Trop-2 (T-DXd) NCT04644068
Datopotamab deruxtecan
(Dato-DXd)
Mesothelin ~ Anetumab ravtansine Phase II With bevacizumab vs bevacizumab + paclitaxel in platinum-resistant or platinum October 2023
NCT03587311 refractory high-grade serous endometrioid, ovarian, fallopian tube, or primary
peritoneal cancer
NaPi2b Upifitamab rilsodotin Phase I UPGRADE With carboplatin in platinum-sensitive recurrent high-grade serous ovarian, fallopian =~ November 2024
(UpRi) NCT04907968 tube, or primary peritoneal cancer
Phase II UPLIFT Platinum-resistant metastatic or recurrent high-grade serous ovarian, fallopian tube, ~ April 2023
NCT03319628 or primary peritoneal cancer
Phase III UP-NEXT In platinum-sensitive recurrent high-grade serous ovarian, fallopian tube, or primary ~ September 2024
NCT05329545 peritoneal cancer expressing high levels of NaPi2b
Trop-2 Sacituzumab govitecan Phase I Persistent or recurrent endometrial carcinoma that progressed after prior platinum-  February 2024
(IMMU-132) NCT04251416 based chemotherapy or is platinum-refractory with elevated Trop-2 expression
SKB264 Phase I/11 Locally advanced unresectable/metastatic solid tumors including epithelial ovarian =~ November 2024
NCT04152499 cancer refractory to available standard therapies

Abbreviations: B7-H4, B7 family homolog 4; FR, folate receptor; HER2, human epidermal growth factor receptor 2; NaPi2b; sodium-dependent phosphate transport
protein 2B; PARP, poly(ADP-ribose) polymerase; Trop-2, trophoblast cell surface antigen 2.

Two ADCs targeting FRa, luveltamab tazevibulin (STRO-002) and
farletuzumab ecteribulin (MORAB-202), have published results from
early studies in platinum-resistant ovarian cancer. Luveltamab tazevi-
bulin utilizes a FRa-targeting human monoclonal antibody and pro-
prietary drug-linker (SC239) with a 3-aminophenyl-hemiasterlin
payload and has a DAR of 4 [103]. In a phase I dose escalation study,
luveltamab tazevibulin was associated with an ORR of 32% [104]. The
most common grade 3/4 treatment-related AEs included neutrophil
count decreased (36%) and neutropenia (33%); 8% experienced grade 3
neuropathy and 13% had grade 3 arthralgia, but there were no reports of
ocular toxicities. Interim results from a dose expansion study of luvel-
tamab tazevibulin in patients with advanced ovarian cancer have been
publicly shared [105], and formal presentation of these results are
anticipated in the near future. Farletuzumab ecteribulin employs a hu-
manized FRo monoclonal antibody with an eribulin payload and has a
DAR of 4. Recently, a phase I dose expansion study reported an ORR of

25% at 0.9 mg/kg and 52% at 1.2 mg/kg farletuzumab ecteribulin. The
most common AEs at 0.9 and 1.2 mg/kg, respectively, were ILD/pneu-
monitis (38% and 67%) and pyrexia (33% and 43%). Of note, ILD/
pneumonitis was observed in 1 patient at grade > 3 at the 1.2 mg/kg
dose, but it led to discontinuation in 5 patients at this dose. Dose opti-
mization studies for farletuzumab ecteribulin are ongoing [53].

Sacituzumab govitecan, which gained approval in 2020 for the
treatment of metastatic breast cancer, is currently being evaluated in
endometrial cancer. In a phase I basket study, sacituzumab govitecan
was shown to have preliminary efficacy in patients with advanced
relapsed endometrial cancer, with an ORR of 22% [106]. A phase II
study (NCT04251416) is underway. Data are sparse for additional ADCs
in early clinical development, but many trials are underway with ex-
pected readouts in the next 3 years (Table 2).
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Future directions and conclusions

During the past decade, successful ADC trials have provided valuable
lessons that can lead to improved designs for future compounds and
clinical trials. Discovery and validation of appropriate target antigens
are critical to successful ADC-based strategies. Because the down-
regulation and/or mutation of the antigen can trigger therapeutic
resistance to the ADC, it is important that surface expression of the an-
tigen not be downregulated by the effects of repeated stimulation during
treatment [30,107]. There are numerous potential mechanisms of
resistance to ADCs, including increased expression of drug transporters
and decreased antibody binding (Fig. 2); the modularity of ADCs allows
for the replacement of specific components to overcome various resis-
tance mechanisms [107-109].

The implications of ADC resistance regarding treatment sequencing
with therapies acting on the same target or ADCs acting via the same
payload remain unknown, but these questions are areas of active
research. Through advanced research in protein engineering, innovative
immunostimulatory ADC platforms that use stimulator of interferon
gene agonists, toll-like receptor agonists and antibody-chemokine con-
jugates, may enable engagement of immune responses in addition to the
expected cytotoxic activity of these compounds [25]. ADCs in clinical
development also include novel constructs in which standard cytotoxic
payloads were replaced with proapoptotic proteins, such as BCL-Xp,
[110]. Further, several trials in patients with gynecologic malignancies
assess the benefits of combining ADCs with established therapies such as
PARP inhibitors, bevacizumab, or chemotherapy (Table 2).

In conclusion, metastatic gynecologic malignancies are difficult to
treat, and suitable therapies in this setting represent a significant care
gap for patients. ADCs have emerged as an encouraging class of targeted
therapies designed to deliver potent cytotoxic drugs directly to cancer
cells while sparing healthy cells, thus limiting systemic toxicity. The
evolving landscape of ADC therapies in gynecologic cancers has proven
their potential for better outcomes in patients with metastatic disease,
and current and future innovative research will provide opportunities
for optimal design and improved clinical activity.
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Fig. 2. Mechanisms of resistance to ADCs [107-109]. Resistance may occur at any stage in the ADC mechanism of action. Abbreviations: ADC, antibody-

drug conjugate.
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