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Introduction
Ovarian cancer (OC), known as the deadliest gyneco-
logic malignancy, remains a formidable threat to women’s 
health worldwide, constituting a significant proportion of 
cancer-related fatalities [1, 2]. Often asymptomatic in its 
early stages, ovarian cancer tends to be diagnosed at an 
advanced phase, contributing to its alarming fatality rates 
among gynecological cancers [3]. In the United States, 
it stands as a major contributor to cancer-related deaths 
in women, underscoring the critical need for improved 
screening, early detection methods, and advancements in 
treatment modalities [4]. In addition, the Global Cancer 
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Abstract
Ovarian cancer stands as the deadliest gynecologic malignancy, responsible for nearly 65% of all gynecologic 
cancer-related deaths. The challenges in early detection and diagnosis, coupled with the widespread intraperitoneal 
spread of cancer cells and resistance to chemotherapy, contribute significantly to the high mortality rate of this 
disease. Due to the absence of specific symptoms and the lack of effective screening methods, most ovarian 
cancer cases are diagnosed at advanced stages. While chemotherapy is a common treatment, it often leads to 
tumor recurrence, necessitating further interventions. In recent years, antibody-drug conjugates (ADCs) have 
emerged as a valuable tool in targeted cancer therapy. These complex biotherapeutics combine an antibody that 
specifically targets tumor specific/associated antigen(s) with a high potency anti-cancer drug through a linker, 
offering a promising approach for ovarian cancer treatment. The identification of molecular targets in various 
human tumors has paved the way for the development of targeted therapies, with ADCs being at the forefront of 
this innovation. By delivering cytotoxic agents directly to tumors and metastatic lesions, ADCs show potential in 
managing chemo-resistant ovarian cancers. Mucins such as MUC16, MUC13, and MUC1 have shown significantly 
higher expression in ovarian tumors as compared to normal and/or benign samples, thus have become promising 
targets for ADC generation. While traditional markers are limited by their elevated levels in non-cancerous 
conditions, mucins offer a new possibility for targeted treatment in ovarian cancer. This review comprehensively 
described the potential of mucins for the generation of ADC therapy, highlighting their importance in the quest to 
improve the outcome of ovarian cancer patients.
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Observatory forecasts that by the year 2040, the number 
of ovarian cancer cases that are diagnosed will increase 
by 30%, reaching 428,966, highlighting the urgency to 
enhance therapeutic options and personalized treatment 
approaches to effectively combat this complex disease 
[1].

Platinum-based chemotherapy and surgical interven-
tions have been the cornerstone of ovarian cancer treat-
ment [5]. Additionally, the combination of chemotherapy 
with platinum and taxane-based drugs is currently con-
sidered the gold standard for treating ovarian cancer [6]. 
Although most patients initially react to chemotherapy 
based on platinum, about 85% of them acquire resistance 
to the treatment and experience recurrent disease [7–9]. 
Ovarian cancer patients diagnosed at stages III or IV 
have a dismal prognosis, with a 5-year survival rate rang-
ing from 3 to 19%. Patients with a 5-year survival rate of 
40–90% are those who are recognized early; as a result, 
attempts are being made to develop more effective ther-
apy approaches to cure those identified by early detection 
[10]. Due to the development of resistance to chemo-
therapy and the occurrence of harmful side effects, new 
therapeutic options must be considered for ovarian can-
cer treatment [11]. The identification of molecular targets 
in many human tumors has made significant strides in 
recent times, laying a solid foundation for the develop-
ment of targeted therapies.

The development of targeted therapies, including anti-
body-drug conjugates (ADCs), is crucial in overcom-
ing chemoresistance in ovarian cancer and improving 
survival rates for patients battling this aggressive dis-
ease [12]. The evolving landscape of molecular target-
ing in cancer research has opened doors to precision 
medicine, offering promising prospects for the develop-
ment of tailored therapies that can address the molecu-
lar diversity of ovarian cancer subtypes. Strategies such 
as utilizing ADCs to target specific tumor antigens like 
MUC1, MUC13 and MUC16 may show potential in 
delivering potent treatment directly to cancer cells while 
minimizing harm to healthy tissues, paving the path for 
more effective, personalized, and targeted treatment 
approaches in the relentless fight against ovarian cancer 
[13, 14].

Chemoresistance in ovarian cancer: a major 
challenge
Chemoresistance in ovarian cancer represents a signifi-
cant challenge in the treatment of this aggressive disease 
[11]. While chemotherapy is often the primary treatment 
option for ovarian cancer, the development of resistance 
to these drugs can lead to treatment failure and disease 
progression [7–9]. This resistance can be intrinsic, mean-
ing the cancer cells are inherently resistant to the drugs, 
or acquired, where the cancer cells develop resistance 

over time. The mechanisms underlying chemoresistance 
in ovarian cancer are complex and multifaceted, involv-
ing changes in drug transport, metabolism, DNA repair 
mechanisms, and cell survival pathways [15]. Overcom-
ing chemoresistance in ovarian cancer is crucial for 
improving treatment outcomes and patient survival [11]. 
Researchers are focusing on identifying new therapeutic 
strategies, such as targeted therapies and immunothera-
pies, to overcome resistance and improve the effective-
ness of chemotherapy in patients with ovarian cancer.

Heterogeneous nature of ovarian cancer: 
implications for chemotherapeutic strategies
Ovarian cancer is a complex and challenging disease 
characterized by its heterogeneous nature [16]. This vari-
ability stems from the fact that ovarian cancer can arise 
from different cell types within the ovary, leading to a 
diverse range of tumor subtypes with distinct biological 
behaviors and responses to treatment. Additionally, ovar-
ian cancer can present at different stages, with varying 
degrees of aggressiveness and metastatic potential [17]. 
The heterogeneity of ovarian cancer poses a significant 
clinical challenge, as it impacts the effectiveness of treat-
ment strategies and the overall prognosis for patients. 
The treatment of ovarian cancer using intraperitoneal 
radioimmunotherapy (IRIT) targeting specific antigens 
has been only partially successful, mainly due to the het-
erogeneous expression of the targeted tumor-associated 
antigens by ovarian cancer cells [18]. The low response of 
single-antigen IRIT in ovarian tumors may be primarily 
caused by focal and heterogeneous expression of target 
antigens on individual cells, leaving many cancer cells 
untargeted and allowing for early disease recurrence. 
Designing a multi-antigen targeting strategy with anti-
bodies against numerous tumor antigens will be a vital 
choice to overcome the heterogenic formation of tumor 
associated antigens (TAAs) by ovarian cancer cells. We 
have previously reported the simultaneous immunola-
beling of TAG-72, MUC1, and CA125 in ovarian cancer 
samples [19]. Double and triple immunolabeling makes it 
very visible that CA125, MUC1, and TAG-72 are labeled 
irregularly and heterogeneously (Fig.  1). When double-
staining, MUC1, +TAG-72 and MUC1 + CA125 together 
labeled notably greater proportion of cells than when 
using a single antigen (Fig.  1A and B). Furthermore, in 
98% of epithelial ovarian cancer samples, triple staining 
achieved > 95% labeling of ovarian cancer cells (Fig. 1C–
E). Multi-antigen labeling undoubtedly labeled a larger 
number of ovarian cancer cells, and these findings unam-
biguously indicate that multi-antigen targeting strategies 
are necessary in order to efficiently target and eradicate 
the majority of cells inside a malignant tumor [19]. The 
categorization of ovarian cancer into two groups, type I 
and type II, as proposed by Kurman et al., in 2008 [20]., 
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serves as a valuable framework for understanding the 
disease’s varied characteristics. Type I tumors, encom-
passing low-grade serous, endometrioid, clear cell, and 
mucinous carcinomas, typically manifest at early stages, 
allowing for potential detection and intervention. Among 
the types of ovarian cancer, serous carcinoma is gener-
ally considered to have the worst prognosis. Serous car-
cinoma is often more aggressive non-mucinous ovarian 
cancer tends to spread more quickly than endometrioid 
and clear cell carcinomas [21]. In contrast, type II tumors 
exhibit high aggressiveness and typically present at 
advanced stages, posing significant challenges in terms of 
treatment and prognosis [22]. The heterogeneity of cellu-
lar composition within the peritoneum, coupled with the 
diverse pathological profiles of ovarian cancer subtypes, 

underscores the urgent need for the development of pre-
cise therapeutic strategies. These approaches should aim 
to optimize the bioactivity of treatment payloads, ensure 
targeted drug delivery to affected sites, and minimize off-
target cytotoxic effects, ultimately improving outcomes 
for ovarian cancer patients [23]. Understanding and 
addressing the diverse molecular and genetic characteris-
tics of ovarian cancer subtypes is essential for developing 
tailored therapies that can improve outcomes for individ-
uals affected by this insidious disease.

Fig. 1  Multi-antigen labeling of ovarian cancer samples. (A, B) Microarray slides of ovarian cancer tissue were prepared for double labeling with antibod-
ies against MUC1 (Vulcan Fast Red; red) and CA125 (DAB; brown). (C–E) Samples of ovarian cancer were triple stained with TAG-72 (brown), MUC1 (red), 
and CA125 (purple); A portion of the content adopted with permission from ref [19]

 



Page 4 of 12Malik et al. Journal of Ovarian Research          (2024) 17:161 

Antibody-drug conjugates: a beacon of hope in 
ovarian cancer therapy
In recent years, antibody-drug conjugates have become 
valuable assets in the field of molecularly targeted medi-
cine. Antibody-drug conjugates are complex biological 
entities that combine a surface receptor-targeting anti-
body with a cytotoxic chemical [24]. This reduces the 
adverse effects on healthy cells/tissue that expresses min-
imal or no levels of the targeted antigen and enables the 
targeted distribution and internalization of a toxic pay-
load by tumor cells that express the antigens targeted by 
the ADC (Fig.  2) [25]. Additionally, the chemical struc-
ture of the linker imparts distinct qualities to the various 
ADCs [24, 25]. Antigen-depleting drugs featuring non-
cleavable thioether linkers necessitate internalization 
and degradation by lysosomes to exhibit their antitumor 
properties without causing harm to adjacent antigen-
negative cells [25]. In contrast, ADCs including cleavable 
linkers have the potential to discharge a portion of their 
lethal payload into the tumor microenvironment, result-
ing in the death of antigen-positive target cells as well 
as adjacent antigen-negative cells through the bystander 
effect. A multitude of tumor-antigens that are differently 
expressed in ovarian cancers are amenable to this innova-
tive approach [26]. ADCs consist of three constituent ele-
ments: a synthetic chemical linker, a cytotoxic payload, 
and an antibody. Each component of an ADC contrib-
utes to a distinct characteristic, namely tumor selectivity, 
cytotoxicity, and biodistribution. The selection and for-
mulation of individual components are critical in deter-
mining the therapeutic efficacy of an ADC.

Antibody
Selecting and designing the antibody for an ADC is vital 
as it acts as the carrier for delivering the cytotoxic pay-
load to the tumor cell [27]. The antigen targeted by the 
ADC must be abundantly expressed on the tumor cell, 
minimally present in normal tissues, and located on 
the cell surface for specific binding. Immunoglobulins 
require antigen-specific design for effective binding in 
the Fab region. Most ADCs use IgG antibodies with vari-
ations in amino acid sequences and effector functions to 
enhance efficacy. Modifications like changing the elec-
tric charge or mutating cysteines can improve antibody 
performance, with options to create “Fc-silent” antibod-
ies for reduced toxicity or increase effector functions for 
enhanced anti-tumor effects [28, 29].

Payload
Payloads in ADCs are small molecules (300–1000 Da) 
with IC50 values in the nanoscale to picomolar range, 
capable of being linked through chemical modifications. 
Hydrophobic payloads can cause ADC aggregation, 
immunogenicity, and rapid clearance [30]. Auristatins 
and maytansinoids are common payload classes, inhib-
iting tubulin assembly and exerting bystander effects. 
The drug antibody ratio (DAR) denotes the mean quan-
tity of payload molecules that are securely bound to 
an antibody. Typically, a lowered DAR signifies a less 
potent ADC, whereas an increased DAR corresponds to 
a greater potency. A large DAR may ultimately diminish 
the efficacy of an antidiuretic receptor by interfering with 
biodistribution (e.g., accumulating in non-target organs), 

Fig. 2  Schematic illustration of antibody-drug conjugates in ovarian cancer treatment (created with BioRender.com)
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increasing drug clearance, and negatively altering antigen 
binding, depending on the payload molecule’s properties 
[31].

Linkers
Linkers are crucial determinants of the pharmacokinet-
ics, pharmacodynamics, and toxicity of the entire ADC. 
For maximum clinical efficacy, they should be chosen 
in conjunction with the payload and antibody [32]. The 
point at which the payload is offloaded is determined by 
the linker design (deconjugated). The selection of cou-
pling chemistry and linker has an impact on the DAR 
of an ADC. Cleavable linkers comprise motifs that are 
susceptible to enzymatic cleavage by proteases, hydroly-
sis at acidic pH, or redox processes taking place in lyso-
somes or early or late endosomes. Lysosomal proteolytic 
degradation of the antibody backbone is required for 
non-cleavable linkers to liberate the payload, as is the 
case with succinimidyl 4-N-maleimidocaproyl, which 
is utilized in T-DM1 (ado-trastuzumab emtansine). The 
electric charge and hydrophobicity/hydrophilicity of the 
payload may thus be influenced by linkers [33]. This has 
two consequences, one of which is to impair the capac-
ity of the payload to diffuse across membranes, thereby 
avoiding or inducing a bystander effect on adjacent cells 
that do not express the antigen. As a result, intracel-
lular concentrations of the payload may be altered, and 
primary or acquired drug resistance may develop. While 
existing linkers in clinical trials are specifically engi-
neered to facilitate the internalization of ADCs, efforts 
are underway to develop new linkers that are designed to 
target ADCs that do not require internalization [34].

Key targets for ADCs in ovarian cancer and their 
significance
In ovarian cancer, the choice of payload in antibody-drug 
conjugates is crucial for targeting key biomarkers and 
pathways that play a significant role in the progression 
of the disease. Some of the key targets in ovarian can-
cer include the human epidermal growth factor receptor 
2 (HER2), folate receptor alpha (FRα), and mesothelin 
[35–37]. HER2 is overexpressed in a subset of ovarian 
cancers and has been associated with more aggressive 
tumor behavior and poorer outcomes [38]. FRα is highly 
expressed in many ovarian cancer subtypes, making it an 
attractive target for therapy [39]. Mesothelin is another 
biomarker overexpressed in ovarian cancer, particularly 
in more aggressive subtypes like mesothelioma. Target-
ing these biomarkers with ADCs can potentially improve 
treatment outcomes by delivering cytotoxic drugs 
directly to tumor cells, inhibiting their growth and sur-
vival. Understanding the significance of these key targets 
and their role in ovarian cancer progression is essential 
for developing effective ADCs that can selectively kill 

cancer cells while sparing normal tissues. We are discuss-
ing here some of the important key targets for ovarian 
cancer (Table 1).

Folate receptor alpha (FRα)
Folate binding protein, alternatively referred to as gly-
cophosphatidylinositol (GPI)-anchored transmembrane 
glycoprotein, is located on the cell surface. Its primary 
function is to enable the unidirectional transportation of 
folate into cells (Fig. 3). Folate is minimally expressed in 
healthy cells and facilitates folate uptake into cells, which 
is essential for DNA synthesis, cellular metabolism, and 
proliferation [36, 52, 53]. The up-regulation of this activ-
ity is associated with an increased demand for the enzy-
matic activities that take place during the one-carbon 
metabolism, which is a crucial aspect of the carcinogen-
esis process [54]. There is a minimal expression of FRα 
in normal adult tissues that contain polarized epithelia. 
These tissues include the choroid plexus, the proximal 
tubules of the kidney, the epithelium of the fallopian 
tubes, the ovaries, the uterus, and the cervix, acinar cells 
of the breast, and type I and type II pneumocytes of the 
lung [52] Ovarian, endometrial, breast, and non-small 
cell lung cancers are all malignancies that have abnormal 
or elevated expression of FRα [55, 56]. Folate is a crucial 
co-factor for one-carbon transfer reactions, which are 
necessary for the synthesis of DNA and RNA, as well as 
for cell growth and proliferation [55, 56]. On the other 
hand, it is seen to be overexpressed in as many as 90–95% 
of epithelial ovarian carcinomas, primarily in serous and 
endometrioid subtypes [39]. The expression of FRα in 
OC is observed to be significantly different in high-grade 
serous histotype, which accounts for 76% of the cases 
[57]. There exists a correlation between the serum levels 
of FRα and the levels of ovarian tissue [58]. This marker 
appears to increase resistance to chemotherapy and is 
associated with reduced progression-free survival (PFS) 
in localized and advanced ovarian cancer [58]. In addi-
tion to its diagnostic value [58–60], this marker also has a 
significant impact on the monitoring of therapy [58].

Mirvetuximab soravtansine, (ImmunoGen Inc., 
Waltham, MA, USA), is a cleavable linker-based anti-
FRα antibody ADC conjugated with tubulin-targeting 
DM4 [61, 62]. It has shown potential activity in the treat-
ment of epithelial ovarian cancer. The overall response 
rate (ORR) in a phase 1 escalation cohort of platinum-
resistant ovarian cancer (n = 44) was 26%, and the median 
progression-free survival (mPFS) was 4.8 months. The 
cohort was treated with platinum radiation therapy. In 
order to lessen the risk of ocular toxicity, the recom-
mended dose for phase 2 (RP2D) was determined to 
be 6  mg/kg administered intravenously and adjusted 
to the optimal body weight [61, 62]. In phase 3 of the 
study, Mirvetuximab sorvatansine-gynx (MIRV), was 
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approved for the treatment of ovarian cancer patients 
with FRα-positive ovarian cancer. MIRV showed sig-
nificantly longer progression-free survival (5.62 vs. 3.98 
months, p < 0.001), higher objective response rate (42.3% 
vs. 15.9%, p < 0.001), and longer overall survival (median 
16.46 vs. 12.75 months, p = 0.005) compared to traditional 
chemotherapy. MIRV also had fewer adverse events of 
grade 3 or higher (41.7% vs. 54.1%), fewer serious adverse 
events of any grade (23.9% vs. 32.9%), and fewer events 
leading to discontinuation (9.2% vs. 15.9%) than chemo-
therapy (paclitaxel, pegylated liposomal doxorubicin, or 
topotecan) [63, 64].

Type II sodium-dependent phosphate transporter (NaPi2B)
NaPi2B is a member of the SLC34 family of phosphate 
transporters, which is a multi-transmembrane type II 
sodium-dependent phosphate transporter [65]. Cell-sur-
face transporter NaPi2B is a sodium-dependent protein 
that is routinely expressed in epithelial cells of the lungs 

and the small intestine [66] (Fig. 3). Serous ovarian tumor 
cells have been shown to exhibit a higher level of expres-
sion of this protein in comparison to non-malignant ovar-
ian cells [67]. It is involved in the process of transporting 
inorganic phosphate across the cell membrane and also 
contributes to the maintenance of phosphate homeosta-
sis. Under normal circumstances, it is expressed on the 
apical surfaces of epithelial cells, such as type II pneumo-
cytes in the lungs, intestinal epithelium, and the epithe-
lial lining of the uterus and fallopian tubes [68]. Eighty 
to ninety% of ovarian malignancies, non-squamous non-
small cell lung tumors, and papillary thyroid cancers have 
abnormally high levels of its expression [66]. The expres-
sion of NaPi2b is found to be altered in ovarian carci-
nomas compared to normal tissues [69], particularly in 
serous and clear cell adenocarcinomas [70]. A reason for 
early testing in clinical trials was provided by the exami-
nation of the efficacy of anti-NaPi2b ADC utilizing tumor 
xenograft models when applied to ovarian and non-small 

Table 1  Ongoing preclinical and clinical trials utilizing ADC that target different antigens in the treatment of ovarian cancer
Sr. 
No.

Stage Antigen Types of linker Payload ADC Clinical trial no. Ref.

1 Preclinical TROP-2 Cleavable 6.78 SN-38 Sacituzumab govitecan [40, 
41]

TIM1 Cleavable 4.5 Monomethyl auristatin 
E (MMAE)

CDX-014 [42]

PTK7 Cleavable NR Microtubule/Tubulin 
inhibitor, PF-0664178 
(Aur0101)

Cofetuzumab pelidotin [43]

2 Phase 1 NOTCH-3 Cleavable NR Monomethyl PF-06650808
Praluzatamab

NCT02129205 [44]

CD166 Cleavable 3.5 Analogue of 
maytansine (DM4)

Ravtansine, CX-2009 NCT03149549 [45]

MUC16 Cleavable 3.5 MMAE Sofituzumab vedotin NCT01335958 [46]
NaPi2B Cleavable ester linker Auristatin F-hydroxy-

propylamide (AF-HPA)
Upifitamab rilsodotin UPGRADE-A

NCT04907968
[47]

UPLIFT (NCT03319628) 
I-II

[47]

UP-NEXT 
(NCT05329545) III

[47]

Folate receptor α Cathepsin cleavable linker Eribulin Farletuzumab ecteribulin NCT04300556 [47]
Folate receptor α Protease-labile Val-Cit-

PABA linker
Hemiasterlin Luveltamab tazevibulin NCT05200364 [47]

3 Phase 2 Tissue factor Cleavable 3.2 MMAE Tisotumab vedotin NCT03438396 [22]
Mesothelin Cleavable 3.2 DM4 Anetumab ravtansine NCT03587311 [48]
NaPi2B Cleavable 3–4 MMAE Lifastuzumab vedotin DNIB0600A [49]
Mesothelin Sulfo-PDB DM4 Anetumab ravtansine NCT03587311 [47, 

50]
Folate receptor α Cathepsin cleavable linker Eribulin Farletuzumab 

ecteribbulin
NCT04300556 [47]

Folate receptor α Sulfo-PDB cleavable linker DM4 Mirvetuximab 
soravtansine

NCT04274426 
NCT05041257

[47]

4 Phase 3 Folate receptor α Sulfo-PDB cleavable linker DM4 Mirvetuximab 
soravtansine

NCT04209855 [51]

Folate receptor α Sulfo-PDB cleavable linker DM4 Mirvetuximab 
soravtansine

NCT05445778 [47]
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cell lung malignancies [71]. It has been demonstrated 
that this ADC takes some time to deposit in the micro 
metastases of the peritoneal cavity, which indicates that it 
has the ability to target residual disease [68].

Lifastuzumab vedotin, also known as LIFA, is an 
antiNAPi2B ADC conjugated with MMAE and a prote-
ase-cleavable linker (Genetech Inc., San Francisco, Ca, 
USA) [47]. This study compared the efficacy of LIFA 
with that of the standard pegylated liposomal doxorubi-
cin (PLD) in a phase 2 clinical trial that was conducted 
on 99 patients with platinum-resistant ovarian cancer 
who were not selected for treatment. With no variations 
in terms of NaPi2B expression, the median progression-
free survival (PFS) was 5.3 months as opposed to 3.1 
months (HR 0.71), favoring ADC. In patients who were 
treated with LIFA, the overall response rate (ORR) was 
also greater (34% versus 15%, p = 0.03). As opposed to the 
control group, the experimental group had a significantly 
higher incidence of neuropathy (11% versus 4%) [49].

Another antiNAPi2B ADC, XMT1536 (Mersana Ther-
apeutics, Cambridge, Massachusetts, USA), possesses an 
auristatin payload that is conjugated through a cleavable 
linker. Due to the fleximer polymer linker that is pres-
ent in the chemical structure, it is possible to get a larger 
DAR (10–12), which could be interpreted as a higher 
level of effectiveness. The preliminary findings from the 
phase 1 trial that were presented at the American Society 
of Clinical Oncology Congress (ASCO 2019 and ASCO 
2020) demonstrated that platinum-resistant ovarian can-
cer patients experienced 2 CR and eleven prolonged sta-
ble disease without experiencing any significant adverse 
effects [72].

Mesothelin
Mesothelin is a glycoprotein that is connected to the 
membrane and is associated with GPI (Fig. 3). Its expres-
sion is rare in non-cancerous tissues and is restricted to 
normal mesothelial cells in the pericardium, peritoneum, 
and pleura [73]. The expression of this gene is elevated 
in nearly all instances of mesothelioma, ovarian malig-
nancies, and pancreatic cancers, as well as in 50% of lung 
and gastric cancers, and in two-thirds of triple negative 
breast cancers [74]. There is a correlation between a high 
mesothelin expression and a worse prognosis in EOC 
[75]. In preclinical investigations, anetumab ravtansine 
(BAY 94-9343, Bayer AG, Leverkusen, Germany), an 
ADC containing DM4 and including a cleavable linker, 
shows remarkable efficacy when combined with PLD. In 
platinum-resistant illness, a phase 1b trial including PLD 
and the drug demonstrated sustained responses, with a 
disease control rate (DCR) of 83%, 52% PR (11/21), and 
33% stable disease (7/21) [76].

Tissue factor (TF)
Tissue factor is a widely recognized extrinsic coagulation 
factor that exhibits abnormal expression in numerous 
solid tumors, such as epithelial ovarian cancer. Tiso-
tumab vedotin (30), manufactured by Seattle Genetics 
Inc. in Bothell, WA, USA, and Genmab in Copenhagen, 
Denmark, conjugates MMAE via a protease cleavable 
valine-citrulline linker. The results of the phase 1 Inno-
vaTV201 trial in patients with ovarian cancer indicate 
only moderate activity (ORR 13.9%) [75]. An ongo-
ing phase 2 experiment (NCT03657043; InnovaTV208; 

Fig. 3  Molecular strategies and different targets for ADC in the treatment of ovarian cancer. Abbreviations: ADC: antibody drug conjugate; MUC16: Mucin 
16; TROP2: trophoblast cell surface antigen 2; NaPi2B: type 2 sodium-dependent phosphate transporter (created with BioRender.com)
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ClinicalTrials.gov) is examining platinum-resistant ovar-
ian cancer [75].

Mucins as therapeutic targets: harnessing 
antibody-drug conjugates for ovarian cancer 
treatment
Ovarian cancer is a challenging and often fatal gyne-
cological malignancy that presents a pressing need for 
innovative therapeutic approaches. Mucins are a family 
of glycoproteins that play important roles in maintaining 
the protective barrier of epithelial cells and are involved 
in various cellular processes, including cell signaling, 
adhesion, and differentiation. In ovarian tumors, aber-
rant expression of mucins has been observed, which can 
impact tumor growth, progression, and response to ther-
apy [4]. Antibody drug conjugates targeting specific cell 
surface antigens have emerged as a promising strategy for 
the treatment of ovarian cancer.

ADCs directed against mucin family members MUC16 
and MUC1 have shown significant potential in the man-
agement of ovarian cancer. Targeting mucins with ADCs 
allows for specific delivery of cytotoxic agents to tumor 
cells with minimal toxicity to normal tissues. The com-
bination of monoclonal antibodies that selectively bind 
to mucin antigens conjugated to potent cytotoxic drugs 
forms the basis of these ADCs. MUC16, also known as 
CA-125, is a well-known biomarker for ovarian cancer 
and is frequently overexpressed in ovarian tumors. ADCs 
targeting MUC16 can deliver cytotoxic agents directly to 
tumor cells, leading to specific tumor cell killing. MUC13 
and MUC1 are also overexpressed in ovarian cancer and 
have been implicated in tumor progression and therapy 
resistance. ADCs targeting these mucins offer a targeted 
approach to attacking cancer cells while minimizing 
damage to normal cells. Preclinical studies investigating 
ADCs targeting MUC16 and MUC1 in ovarian cancer 
have demonstrated promising results. These studies have 
shown selective killing of tumor cells, inhibition of tumor 
growth, and improved survival outcomes in preclini-
cal models. Combination therapy using ADCs targeting 
multiple mucin antigens has shown synergistic effects, 
suggesting potential benefits for ovarian cancer patients. 
Early-phase clinical trials evaluating the safety and effi-
cacy of ADCs targeting MUC16 and MUC1 in ovarian 
cancer are ongoing. Initial results have shown encour-
aging antitumor activity and tolerable toxicity profiles, 
indicating the feasibility and potential efficacy of these 
targeted therapies in ovarian cancer patients. Further 
clinical studies are needed to optimize dosing regimens, 
evaluate long-term outcomes, and determine the poten-
tial for combining ADCs with other treatment modali-
ties. The following paragraph discusses the importance 
of mucins at the preclinical and clinical levels in ADC 
development to treat the deadliest ovarian cancer.

Pre-clinical studies
Different studies on the expression of mucins in ovar-
ian tumors have also shown overexpression of MUC1, 
MUC2, MUC3, MUC4, MUC5AC and MUC13 [77–82]. 
In northern blot analysis a higher expression of MUC3 
and MUC4 was reported in early-stage ovarian tumor 
samples compared to the late-stage ovarian tumor sam-
ples, and it was proposed that they provided a protec-
tive function in ovarian cancer [78]. The overexpression 
of MUC1 in various types and stages of ovarian tumor 
samples is reported in several studies [78, 79, 83]. Our 
laboratory has also found abnormal expression of a newly 
identified membrane-anchored mucin, MUC13, in ovar-
ian cancer, which aligns with these studies [84]. Differen-
tial expression of MUC13 in ovarian cancer presents an 
intriguing avenue for exploring the role of this biomarker 
in the pathogenesis and progression of the disease. Our 
laboratory used immunohistochemistry to analyze the 
MUC13 expression pattern in tissue samples from both 
benign and malignant ovarian cancers [84]. Normal and 
benign ovarian samples did not exhibit any MUC13 
expression, while samples with ovarian cancer displayed 
a markedly elevated MUC13 expression (Fig. 4Aa-d). In 
most cases, MUC13 primarily resided on the apical mem-
brane (Fig. 4Ac), however in certain instances, it was also 
found in the cytoplasm (Fig. 4Ad). Further, we augmented 
MUC13 expression study with 10 benign/normal ovarian 
samples and 56 clinically confirmed cases of epithelial 
ovarian carcinoma (EOC). In our analysis, MUC13 over-
expression was detected in 66.0% of the EOC samples 
(Fig.  4B). The oncogenic potential of MUC13 has been 
established because of the high expression of MUC13 in 
cancer cells as well as recent laboratory studies that imply 
a malignant phenotype of cell lines that have been trans-
fected with MUC13. The up regulation of HER2, PAK1, 
p38, JNK signaling pathways and tumor growth in xeno-
graft models in response to MUC13 expression further 
supports its role in promoting cellular growth and inva-
sive characteristics in ovarian cancer cells [84]. Serum 
levels of MUC13 were found to be higher in malignant 
ovarian cancer compared to benign cases. Both MUC13 
and CA125 were shown to have similar diagnostic per-
formance with AUC values of 0.74 and 0.76 respectively. 
This further suggests that MUC13 can serve as a sup-
plementary biomarker in detection of certain types of 
ovarian cancer [85]. By elucidating the molecular mecha-
nisms underlying the dysregulation of MUC13 in ovar-
ian cancer, researchers can uncover novel therapeutic 
strategies, including the development of ADCs targeting 
MUC13-positive tumor cells. Further exploration of the 
differential expression of MUC13 in ovarian cancer holds 
promise for advancing our understanding of the disease 
and identifying new opportunities for precision medicine 
approaches to improve patient outcomes.
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Another mucin, MUC1 has also been studied in rela-
tion to its aberrant expression and pathological functions 
in ovarian carcinoma. MUC1 is a transmembrane mucin 
that is overexpressed in ovarian cancer and has been 
shown to influence the metastatic ability of ovarian carci-
noma [86]. Currently, it is also being explored as a target 
for antibody-mediated tumor therapy [87, 88]. Preclinical 
and clinical studies have tested mucin-based immuno-
conjugates for ovarian cancer treatment. Antibody-cyto-
toxin conjugates, such as humanized CTM01 antibody 
against MUC1 conjugated with calicheamicin, exhibited 
remarkable therapeutic efficacy, even against cisplatin-
resistant ovarian tumor xenografts. Similarly, an antibody 
against MUC16 (3A5) conjugated with a cytotoxic drug 
demonstrated potential toxicity against tumor cells both 
in vitro and in xenograft models. These findings highlight 
the potential of mucin-targeting strategies for improving 
ovarian cancer treatment outcomes [89].

Clinical studies
It has been shown that malignant ovarian tumors often 
express more mucins than benign and borderline ovar-
ian tumors. One of the surface mucin-like glycoprotein 
antigens is known as mucin 16 or MUC16. According 
to Bast et al., 1983 [90] research, CA-125 is expressed in 
more than 95% of all non-mucinous epithelial OC that 
is in the Stage III/IV stage. According to Suh et al., 2010 
[91] the serum level of CA-125 is the biomarker that is 
utilized the most commonly for the identification of OC. 
The MUC16 gene is responsible for encoding the large 
transmembrane glycoprotein known as MUC16, which 
is sometimes referred to as CA125 [92]. MUC16 is a 
transmembrane mucin that, when cleaved extracellularly, 

results in the release of soluble CA125 extracellularly 
[93]. Low level expression of this protein is seen on epi-
thelial surfaces, where it ordinarily performs its function 
as a component of a protective mucus layer [94]. These 
cancers pancreatic, lung, ovarian, and endometrial are 
characterized by an overexpression of MUC16. In addi-
tion to promoting tumor cell invasion, adhesion, and 
metastasis by binding of mesothelin [95, 96], it is also 
involved in reducing the rate of apoptosis in tumor cells 
[97], protecting tumor cells from immune attack [98], 
and preventing tumor cells from dying.

Robert C. Bast and his colleagues made the initial 
discovery of MUC16 to be present in epithelial ovarian 
cancer in the year 1981 [99]. In a wide variety of solid 
tumors, notably OC, this membrane-spanning mucin 
with a high molecular weight is overexpressed. It plays 
an important function in the development of tumors 
and in the spread of cancer [100, 101]. Early identifica-
tion, monitoring therapeutic response and recurrence, 
and predicting survival outcomes are all areas in which 
MUC16/CA125 has been developed and is widely uti-
lized in oncology [102, 103].

Another MUC16-targeting ADC explored in an early 
phase I trial for patients with PROC is DMUC4064A, 
which was manufactured by Genentech and bears the 
NCT02146313 designation. This cutting-edge ADC 
makes use of THIOMABTM technology to deliver a 
more consistent ratio of medication to antibody, with 
anti-microtubule monomethyl auristatin E serving as 
the payload [104]. Within the expansion cohort of this 
dose escalation trial, twenty patients diagnosed with 
PROC were administered 5.2  mg/kg of intravenous 
DMUC4064A every three days [76]. There were several 

Fig. 4  MUC13 expression in ovarian cancer was evaluated by immunohistochemistry. A, TMA. For immunohistochemical analysis, TMA slides containing 
ovarian carcinoma were processed. Analysis of stromal tissue and OSE from a healthy ovary revealed no detectable MUC13 expression (a, b). MUC13 (ar-
rows) was detected in ovarian cancer samples via membrane-bound (c) and cytoplasmic (d) staining. B, Clinical tissues. In a variety of EOC samples, the 
expression of MUC13 was observed. Membrane-bound (a, b) and cytoplasmic (c, d) immunostaining for MUC13 in EOC samples are depicted in the four 
representative panels. Magnification at the outset was 200x. (Adopted with permission from ref [84])
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side effects that were documented, the most prevalent 
of which were blurred vision (65%), fatigue (40%), nau-
sea (40%), peripheral neuropathy (35%), keratitis (30%), 
diarrhea (25%), and dry eyes (25%). It is important to 
note that 75% of the patients experienced grade 2 and 3 
ocular problems, which necessitated the use of rewet-
ting drops, dose reductions, and the administration of 
steroids. Additionally, grade 2 peripheral neuropathy 
was observed in a few patients, which necessitated the 
cessation of treatment. On the basis of RECIST criteria, 
the overall response rate (ORR) was 45% at a dosage of 
5.2  mg/kg, and the median progression-free survival 
(PFS) was 5.8 months [76]. According to the information 
that we have, there are no phase II studies that are cur-
rently being conducted with these ADCs, and it appears 
that their development has been halted (AdisInsight, 
accessed on November 27th, 2020).

DMUC5754A, also known as sofituzumab vedotin, is 
an anti-MUC16 ADC utilizing a humanized IgG1 conju-
gated to an MMAE payload via a cleavable maleimidocap-
royl-valine-citrulline-p-amino-benzyloxycarbonyl linker 
[46]. Patients were pre-screened for MUC16 IHC expres-
sion on archival tumors or met the surrogate criteria of 
an elevated serum CA125 that was at least two times the 
upper limit of normal in a phase I trial of DMUC5754A 
in platinum-resistant EOC or unresectable pancreatic 
cancer [46]. This was done to determine whether patient 
candidates met the criteria. In the beginning, patients 
were given DMUC5754A on a dose escalation plan that 
was administered every three weeks. Subsequently, they 
were placed in a separate escalation cohort that received 
weekly dosing. Platinum-resistant EOC was present in 66 
of the 77 patients who were treated, and 11 of them had 
pancreatic cancer. 44 of the EOC patients were treated 
on a regimen that occurred every three weeks, and the 
median number of previous lines of therapy that they 
had received was four. Twenty-two of the patients with 
EOC were treated in the subsequent cohort that received 
weekly dosage. These patients had received a median 
of five lines of medication prior to receiving treatment. 
The RP2D was calculated to be 2.4  mg/kg per three 
weeks, which is equivalent to 1.4  mg/kg every week. It 
was well tolerated, with common adverse effects of all 
grades including fatigue, peripheral neuropathy, nausea, 
vomiting, decreased appetite, and alopecia. 16% of EOC 
patients with evaluable tumor samples showed MUC16 
IHC 2 + expression, whereas 64% had IHC 3 + expres-
sion; this is in consideration of the fact that the EOC dose 
expansion group was enriched for IHC 2+/3 + expres-
sion. There was one verified CR, six confirmed PRs, 
two unconfirmed PRs, and six with SD lasting over six 
months among the EOC responders [46]. According to 
IHC, all EOC responders showed MUC16 expression 
of 2 + or 3+. When assessing serologic response, a more 

rigorous criterion of at least 70% reduction in CA125 was 
applied to the CA125 response, given that DMUC5754A 
binds CA125. By applying this criterion, a response rate 
of 25% was observed, or 7 out of 29 patients. HE4 was 
also investigated as a potential surrogate marker for 
treatment response in this experiment. By establishing a 
response threshold of at least 40% reduction in HE4, HE4 
was found to relate to radiographic response, with a HE4 
response rate of 22% (5 of 23 patients) [46].

Future directions: advancements in mucins and 
ADC research for ovarian cancer treatment
Through continued innovation and collaboration, 
researchers are poised to drive forward the develop-
ment of next-generation therapies that may transform 
the landscape of ovarian cancer care, offering new hope 
for patients battling this devastating disease. The poten-
tial for combining ADCs with other targeted therapies 
or immunotherapies further expands the possibilities for 
improving patient outcomes and overcoming treatment 
resistance. In recent years, there has been a growing 
interest in exploring the potential of mucins and anti-
body-drug conjugates (ADCs) in the treatment of ovar-
ian cancer. Mucins, a family of glycoproteins that play a 
key role in cell signaling and adhesion, have been iden-
tified as promising targets for therapeutic interventions 
in cancer. As researchers continue to uncover the intri-
cate mechanisms that explain the role of mucins in the 
progression of ovarian cancer, a clearer understanding of 
how these glycoproteins contribute to tumor growth and 
spread is becoming apparent. Advancements in mucin 
and ADC research have opened new avenues for person-
alized medicine approaches in ovarian cancer treatment. 
In conclusion, the future of mucins and ADC research for 
ovarian cancer treatment holds great promise for advanc-
ing the field of oncology.
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