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Abstract: Prostate cancer (PC), especially metastatic castration-resistant prostate cancer (mCRPC), is a significant 

cancer characterized by its poor prognosis and limited treatment options. Prostate-specific membrane antigen 

(PSMA) has emerged as a diagnostic and therapeutic target for PC due to its restricted expression in malignant 

prostate tissues. In this case, several PSMA-targeting molecules were developed for radiotherapy and 

immunotherapy. Antibody–drug conjugates (ADCs) are a novel therapeutic approach for various carcinomas, 

which could selectively target PSMA-positive tumor cells and minimize off-target toxicity. ADCs have made 

great progress in the treatment of breast and bladder cancers, and some have received FDA approval for target 

therapy. However, studies on PSMA ADCs are limited, and most clinical trials are in stage I or II. Therefore, this 

study reviewed trials about PSMA-targeting ADCs for the treatment of PC. Clinical trials have reported a 

favorable pharmacokinetic profile and antitumor activity. Toxicity studies have revealed manageable adverse 

effects, with no significant off-target toxicity in PSMA-negative tissues. This study highlights the therapeutic 

potential of PSMA ADCs for the treatment of mCRPC. However, it also emphasizes the necessity of further 

clinical investigation to optimize efficacy, safety, and patient outcomes. 

Keywords: prostate neoplasm; metastasis; target therapy; chemetherapy; systemic therapy 

 

Introduction 

Prostate cancer (PCa) is the second most common cancer in males after lung cancer, with an 

estimated 1,600,000 cases and 366,000 deaths annually. This cancer accounts for 7% of newly 

diagnosed cancers in men worldwide and is one of the leading causes of cancer-related deaths among 

men in developed regions[1]. The prognosis for an individual with PC is highly variable and 

dependent on the tumor grade and stage at primary diagnosis. Current methods for early detection, 

such as prostate-specific antigen (PSA) testing and digital rectal examination (DRE), allow for the 

diagnosis of most men when the disease is in its early stages. About 80% of men are diagnosed with 

organ-confined PC, 5% with locoregional metastases, and 5% with distant metastases. For men with 

localized PC, the potential for a long life is high, with a 10-year survival rate reaching as high as 99% 

if the cancer is detected early. However, men who are diagnosed with advanced-stage PC, 

characterized by distant metastases, have a much bleaker prognosis, with only a 30% overall survival 

(OS) rate at 5 years[2]. 

Androgen deprivation therapy, often combined with an androgen receptor pathway inhibitor, 

represents a standard initial treatment approach for males diagnosed with advanced PC. However, 

a significant majority of patients eventually experience disease progression even while undergoing 

hormonal therapies, leading to the clinical state known as metastatic castration-resistant PC 

(mCRPC)[3]. The precise mechanisms underlying the transition from androgen-dependent (referred 

to as hormone-sensitive or castration-sensitive) PC to CRPC remain largely elusive. mCRPC has a 
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poor prognosis, with an expected median survival of only 2 to 3 years[4]. For males with metastatic 

and nonmetastatic CRPC, multiple active life-prolonging therapeutic options have emerged in the 

last decade. This article is intended to review novel radiotherapy and antibody–drug conjugates 

(ADCs) for the treatment of CPRC. 

Prostate-Specific Membrane Antigens 

Prostate-specific membrane antigen (PSMA) is a type II membrane protein that functions as a 

glutamate-preferring carboxypeptidase in all forms of prostate tissue[5]. PSMA expression is also 

found in the salivary and lacrimal glands, liver, spleen, bowel, kidneys, and sympathetic ganglia. 

Studies have found that PSMA is highly overexpressed in PC around 100 to 1000 times the normal 

level, especially in advanced cancer. In Sven Perner’s study[6], the expression levels of PSMA 

exhibited statistically significant differences (p < 0.001) across benign prostatic tissue, localized PC, 

and lymph node metastases. It was observed that elevated levels of PSMA and the presence of 

metastases correlated with the time of PSA recurrence (HR, 1.4; 95% confidence interval, 1.1 – 2.8, P 

= 0.017; and hazard ratio, 5; 95% confidence interval, 2.6 – 9.7, P < 0.001, respectively). This finding 

represents the diagnostic and therapeutic value of PSMA, which is used as a targeted antigen. 

PSMA PET-CT for Imaging Prostate Cancer 

Typically, the diagnosis and risk stratification of PCa are dependent on PSA level, DRE, and 

traditional imaging techniques, such as CT, MRI, and bone scans. Although PSA level and DRE help 

increase the early detection of PC, its low specificity would lead to overdiagnosis[7]. Furthermore, in 

the detection of PCa with lymph node metastases, CT and MRI demonstrate a great limitation since 

they are unable to detect lymph nodal lesions smaller than 8 mm[8]. PSMA PET-CT is a combination 

of molecular target and image technology, which could enhance the precision of PCa detection by 

labeled with radioisotopes. 

Positron emission tomography-computed tomography (PET-CT) combines two imaging 

techniques: PET and CT. PET works by injecting a small amount of radioactive tracer into the human 

body. This tracer accumulates in tissues with high metabolic activity, such as tumors, and emits 

positrons. When these positrons encounter electrons, they produce gamma rays, which are detected 

by the PET scanner to create images showing the metabolic activity of tissues. CT uses X-rays to 

produce images of internal structures in the human body. The combination of PET-CT provides both 

functional information from PET and anatomical details from CT, which is widely used in clinical 

oncology to detect, stage, and monitor cancer. 

Realizing the therapeutic potential of radiolabeled PSMA targets, several PSMA-targeting 

agents have been developed as tracers for PET-CT in the last 20 years. The first approved radiolabeled 

compound targeting PSMA was indium-111 capromab pendetide, which received its approval from 

the FDA in 1996[9]. The most widely used agent 68Ga-PSMA-11 was developed by Matthias Eder at 

the German Cancer Research Center in 2012 and was approved by the FDA (in 2020) and EMA (in 

2022)[10]. The use of 18F-labeled ligands, such as 18F-PSMA-1007, is becoming more prevalent in 

PSMA imaging due to their superior imaging properties. 18F-PSMA-1007 has better positron energy, 

higher positron yield, and longer half-life, which enhance image quality and reduce noise[11]. 

PSMA PET-CT has proven to be highly advantageous over traditional imaging techniques in the 

diagnosis of PCa. In a meta-analysis by Satapathy et al.[12], PSMA PET-CT demonstrated a high 

sensitivity of 97% and a specificity of 66% for the primary detection of PCa. Additionally, in primary 

lymph node staging, PSMA PET-CT is prior to conventional imaging methods such as CT and MRI, 

with higher sensitivity (73.7% vs 38.5% vs 38.9%) and specificity (97.5% vs 83.6% vs 82.6%) for 

detecting lymph node metastases[13]. 

Otherwise, conventional methods need to detect metastases at much higher PSA levels. For 

instance, bone scans could only identify osseous metastases at a median PSA value around 40 ng/mL, 

and CT scans show poor lymph node detection rates below 20 ng/mL of PSA[14]. In contrast, PSMA 
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PET-CT demonstrated significantly higher sensitivity, which could detect recurrent disease at much 

lower PSA levels. In Sadeq Abuzallouf’s study[15], PSMA PET can identify 51.5% of patients with 

potential sites of recurrence at PSA < 1.0 ng/mL, and 90% at PSA >2.0 ng/mL. Moreover, PSMA PET-

CT also shows remarkable value in the evaluation of nonmetastatic castration-resistant prostate 

cancer (nmCRPC). In a study involving 200 patients with nmCRPC, PSMA PET detected 55% of 

patients presenting distant metastases (M1) despite negative results from conventional imaging[16]. 

These findings highlight the potential of PSMA PET-CT in primary staging and the detection of 

metastatic and recurrent diseases, including mCRPC, making it an essential tool for the early 

diagnosis and management of high-risk PC patients. 

177LU-PSMA Radiotherapy 

177Lu-PSMA-617 (PluvictoTM) is a radiopharmaceutical product approved by the FDA for the 

treatment of PCa. The development of 177Lu-PSMA-617 began in 2012, building on previous work 

involving the Glu-urea-Lys binding motif, which had already been characterized for its strong 

affinity to PSMA[17]. Though the early urea-based inhibitors are effective in targeting tumors, it came 

up with a challenge that it demonstrated a high uptake in non-target organs, particularly the 

kidneys[18]. Researchers at the German Cancer Research Center enhanced the compound to optimize 

its pharmacokinetic properties. This led to the creation of PSMA-617 (Vipivotide tetraxetan), which 

exhibited high tumor uptake and low retention in non-targeted tissues[19]. For several years, clinical 

trials of 177Lu-PSMA-617 began showing promising results in multicentric studies and phase III trials, 

and it received FDA approval in 2022[17]. 

The structure of 177Lu-PSMA-617 contains three components: 1) a PSMA-binding motif (Glu-

urea-Lys), 2) a chelator (DOTA), and 3) a linker (comprising 2-naphthyl-L-alanine (Nal) and 

tranexamic acid (TXA))[20]. This structure allows DOTA chelated with lutetium-177, a beta-emitting 

radionuclide with a half-life of 6.64 days. Once injected into the body, the binding motif binds 

selectively to PSMA-positive cancer cells. The radioligand is then internalized into the cancer cells, 

where the beta particles emitted by lutetium-177 cause DNA damage and then lead to cell death. The 
177Lu isotope has a maximum range of 2.2 mm and an average range of 0.67 mm, categorizing it as a 

short-range β-particle emitter[17]. This limited range allows the particle to penetrate and eliminate 

PSMA-positive cells, while its impact on adjacent healthy tissue remains minimal. Additionally, the 

low-energy gamma emissions from lutetium-177 enable post-therapy imaging, allowing doctors to 

monitor the treatment’s progress and adjust dosages as needed[21]. 
177Lu-PSMA-617 is recommended by the National Comprehensive Cancer Network’s guidelines 

for the treatment of patients with PSMA-positive M1 CRPC who were previously treated with 

androgen receptor-directed therapy and a taxane-based chemotherapy (such as docetaxel)[22]. 177Lu-

PSMA-617 has been shown to improve progression-free survival (PFS) and OS in patients with 

progressive mCRPC. As evidenced by the phase II trial ANZUP 1603[23], 177Lu-PSMA-617 

demonstrated a higher rate of a ≥50 percent PSA decline compared with the cabazitaxel group (66% 

vs. 37%) in mCRPC patients who previously received docetaxel and androgen receptor-directed 

treatment. This trial also reported fewer grade 3 or 4 adverse events and better patient-reported 

outcomes. The phase III VISION trial further validated the benefits of 177Lu-PSMA-617 by showing 

significant improvements in median radiographic PFS (8.7 vs. 3.4 months) and median OS (15.3 vs. 

11.3 months) and was associated with a higher objective response rate (30% vs. 2 percent%) compared 

with standard care[24]. These findings underline its potential as a preferred treatment over 

traditional options such as cabazitaxel, particularly in the management of advanced PC. 

Antibody–Drug Conjugates (ADCs) 

ADCs have emerged as an innovative and promising approach in targeted cancer therapy. ADCs 

combine monoclonal antibodies, which specifically target tumor antigens, with potent cytotoxic 

agents to selectively destroy cancer cells while reducing off-target toxicity[25] (Figure 1). Initially, 
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ADCs were primarily used to treat breast cancer and malignant lymphoma, such as gemtuzumab 

ozogamicin for acute myeloid leukemia and trastuzumab emtansine (T-DM1) for HER2-positive 

breast cancer[26]. More recently, ADCs such as enfortumab vedotin (approved in 2019) and 

sacituzumab govitecan (approved in 2021) have received FDA approval for UC treatment[27], 

highlighting the growing role of ADCs in the field of urology. 

 

Figure 1. The structure of an ADC is composed of three key components: an antibody, a linker, and a cytotoxic 

payload. The antibody is designed to specifically recognize and bind to tumor antigens. The linker is the bridge 

between the antibody and the cytotoxic payload. The cytotoxic payload (such as MMAE) is a potent agent that 

disrupts cellular processes, leading to cell death. This structure insures the selective delivery of the payload to 

tumor cells and minimizes the off-target effects. 

ADCs consist of three main components: an antibody, a linker, and a cytotoxic drug (payload). 

In ADC design, selecting stable, antigen-specific antibodies is critical for ensuring precise drug 

delivery to tumor cells while avoiding healthy tissues. These antibodies must distinguish between 

tumor and normal cells to prevent off-target toxicity. Humanized IgG is commonly used in ADC to 

reduce immune reactions associated with non-human antibodies[28]. 

Linkers connect the antibody to the cytotoxic drug and play a crucial role in the release of drugs. 

Cleavable linkers are sensitive to the intracellular microenvironment, which releases the drug by 

hydrolysis or protease cleavage within endosomes. While non-cleavable linkers represent greater 

stability, on the other hand, they only release cytotoxic drug in lysosome[29]. 

The payload is a potent cytotoxic drug that is delivered directly into tumor cells in high 

concentrations. These payloads can be categorized as either microtubule disruptors or DNA-

damaging agents. For instance, monomethyl auristatin E (MMAE) disrupts microtubule assembly 

and induces apoptosis[30]. SN-38 is a topoisomerase I inhibitor that causes DNA damage[31]. The 

use of these cytotoxic agents makes ADCs particularly effective at killing cancer cells (Figure 2). 
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Figure 2. The mechanism of ADCs involves several sequential steps. First, the antibody component of the ADC 

specifically binds to the target antigen on the surface of the tumor cell membrane. After binding, the ADC is 

internalized into the cell through endocytosis, forming an early endosome. This early endosome then becomes 

a late endosome, which eventually fuses with a lysosome. Inside the lysosome, the ADC is degraded by 

lysosomal enzymes, and the cytotoxic payload is released. The free payload disrupts the formation of 

microtubules or leads to DNA strand breakage, which eventually induces apoptosis of the tumor cell. 

Anti-PSMA Monoclonal Antibodies 

Compared with small molecule agents (∼1.4kD) such as Glu-urea-Lys in 77Lu-PSMA-617, 

monoclonal antibodies have a larger molecular weight (approximate 150 kDa). While larger 

molecular weight would dramatically decrease the glomerular filtration rate of antibody-based 

drugs, this characteristic leads to a longer half-life[32]. Otherwise, several studies have shown that 

antibodies demonstrate better tumor uptake and more uniform distribution, primarily due to an 

optimal balance between their in vivo half-life and vascular/tissue penetration abilities[33-34]. 

7E11 

The 7E11.C5 antibody is a murine monoclonal antibody that recognizes the intracellular domain 

of PSMA, which was generated by immunizing mice with human PC LNCaP cells[35]. Subsequent 

immunohistochemical studies confirmed its strong specificity for epithelial cells in prostate tissue, 

with only limited expression observed in other tissues, such as the brain, salivary glands, and small 

intestine[36]. The 7E11.C5 antibody binds to a linear epitope composed of the first six amino acids at 

the N-terminal of PSMA, which is located on the cytoplasmic side of the plasma membrane. This 

intracellular localization restricts its ability to detect living cells, as the epitope becomes accessible 

primarily in apoptotic or necrotic cells. This unique property forms the basis of its application in the 

ProstaScint™ imaging agent for the detection of PC, although the requirement for substantial 

quantities of nonviable cells limits its diagnostic sensitivity, particularly for smaller tumors. Despite 

these limitations, 7E11.C5 has played a critical role in PSMA research, laying the foundation for the 

development of more advanced antibodies and therapeutic strategies targeting PSMA. 
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J591 

J591 is the first humanized monoclonal antibody targeting the extracellular domain of PSMA, 

which has shown potential in both diagnostic and therapeutic applications. When conjugated with 

the radionuclide lutetium-177, J591 delivers targeted radiotherapy by binding to PSMA, leading to 

internalization and radiation-induced cell death. Clinical trials with 177Lu -J591 have demonstrated 

its ability to reduce PSA levels and stabilize disease in a significant number of patients. Imaging 

studies confirmed tumor targeting, and PSA reductions of over 30% were seen in many patients[37].  

225Ac-J591 is composed of radioactive particles Actinium-225 and J591. A phase I trial recruited 

32 patients with mCRPC and treated them with a single dose of 225Ac-J591. As a result, 46.9% of 

patients experienced a 50% decline in PSA, and 59.1% had a positive response in circulating tumor 

cell (CTC) counts[38]. 

89Zr-DFO-J591 is a radiotracer for immunoPET imaging. In a study, 89Zr-labeled J591 

demonstrated high radiochemical yield ( > 77%) and purity ( > 99%) and maintained strong 

immunoreactivity for up to 7 days. In vivo studies on mice with PSMA-positive tumor cells (LNCaP) 

showed significant tumor-specific uptake, reaching 45.8% after injection for 144 h. ImmunoPET 

imaging provided excellent tumor-to-muscle contrast, allowing the clear delineation of PSMA-

positive tumors. The complex showed high in vivo stability and thermodynamic favorability, 

ensuring its reliable performance[39]. Overall, J591 shows great potential for both non-invasive 

imaging and radiotherapy in the treatment of PC. Due to its high specificity for PC cells and tumor 

uptake rate, J591 is a promising tool for enhancing the accuracy of diagnostic imaging and improving 

the efficacy of targeted radiotherapy in clinical applications. 

5. D3 

5D3 is a monoclonal antibody that specifically targets the extracellular domain of PSMA. Unlike 

earlier antibodies, such as J591, 5D3 binds specifically to surface-exposed conformational epitopes of 

native PSMA. It demonstrates high specificity, minimal cross-reactivity with unrelated proteins, and 

approximately 10-fold higher affinity than J591[40]. Moreover, the 5D3 Fab fragment achieved an 

even faster tumor-specific contrast in the NIRF image, which is visible within 2 h and sustained 

through 24 h. 5D3 is also implanted in 111In-DOTA-5D3 as a surrogate for therapeutic isotopes such 

as 177Lu or 90Y. In mice bearing PSMA (+) PC3 PIP xenografts, tumor uptake peaked at 24 h 

postinjection and remained high until 72 h. Compared with control experiments xenografted with 

the PSMA (−) PC3 flu cells, it revealed no specific binding up to 24 h after incubation[41]. These results 

highlight the tumor specificity of 5D3. 

ADCs Targeting PSMA in PC 

PSMA-MMAE 

NCT01414283 

NCT01414283 is an open-label, dose-escalation phase 1 clinical trial investigating PSMA ADC in 

patients with mCRPC. The PSMA ADC consisted of a fully human anti-PSMA monoclonal antibody 

(mAb) conjugated to MMAE via a valine–citrulline linker, which was designed to be stable in the 

blood but cleaved intracellularly in PSMA-expressing PC cells. The mechanism of MMAE disrupts 

microtubule polymerization, inducing cell-cycle arrest and cell death. The trial enrolled 52 patients 

between October 2008 and October 2012, all of whom had progressive mCRPC with prior taxane-

based chemotherapy. Exclusion criteria included significant cardiac or pulmonary disease, active 

infections, prior PSMA-targeting therapies, or a history of substance abuse. PSMA-MMAE was 

administered intravenously every three weeks for up to four cycles. If patients demonstrate clinical 

benefit, eligible will enter an extension study for up to 13 additional cycles (NCT01414296). The study 

was completed in September 2013. 
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The result of this trial was published by Daniel P Petrylak on Prostate[42]. The median age of the 

52 patients was 70 years, and 62% of the patients had an ECOG performance status of 1. The study 

established the maximum tolerated dose (MTD) of PSMA-MMAE at 2.5 mg/kg, and dose-limiting 

toxicities (DLTs) were observed at 2.8 mg/kg. Common adverse effects included fatigue (40%), 

neutropenia (33%), nausea (29%), and temporary elevations in liver enzymes (25%). Pharmacokinetic 

analysis showed that peak serum concentrations of free MMAE were reached 2–4 days post-infusion, 

indicating the slow release from ADC, and its half-life ranged from 2 to 3 days. Repeat dosing did 

not lead to a significant accumulation of the drug. PSMA-MMAE also demonstrated encouraging 

antitumor activity, particularly at doses ≥1.8 mg/kg. Among the treated cohort, 8 patients achieved 

PSA reductions of ≥50%, with maximum declines exceeding 90% in two cases. Changes in CTC counts 

further demonstrated the treatment’s efficacy: eight patients experienced a shift from unfavorable (≥5 

cells/7.5 mL of blood) to favorable (<5 cells/7.5 mL) CTC counts at doses ≥1.6 mg/kg.  

Over half of the participants completed at least four treatment cycles, and 10 patients continued 

therapy in an extension phase for up to 11 months. These findings highlight the potential of PSMA 

ADC as a therapeutic option for mCRPC, with a favorable safety profile and evidence of significant 

antitumor activity at the recommended phase 2 dose of 2.5 mg/kg. 

NCT01695044 

NCT01695044 is an open-label, single-arm, multicenter phase 2 clinical trial evaluating the 

efficacy and tolerability of PSMA-MMAE in patients with mCRPC, which is also a further phase 2 

trial of NCT01414283. The trial enrolled 119 patients at 28 U.S. centers between September 2012 and 

October 2014, including chemotherapy-experienced and chemotherapy-naïve subjects who must 

have received and progressed on abiraterone acetate and/or enzalutamide. Enrolled patients are 

divided into two groups: 1) prior history of treatment with at least one taxane-containing 

chemotherapy regimen, and 2) no prior history of treatment with a cytotoxic chemotherapy regimen 

but have received Radium-223. Patients received PSMA-MMAE at an initial dose of 2.5 mg/kg via 

intravenous infusion every three weeks for up to eight cycles, later adjusted to 2.3 mg/kg due to safety 

concerns, such as febrile neutropenia and sepsis. Subjects with clinical benefits after eight cycles could 

enter an extension study (NCT02020135). The study was completed in February 2015. 

The result of this trial was published by Daniel P Petrylak on Prostate[43]. The median age of 119 

patients was 71 years, and 96% of the participants had an ECOG performance status of 0 or 1. Efficacy 

analysis revealed PSA declines of ≥50% in 14% of all treated and 21% of chemotherapy-naïve subjects. 

CTC reductions of ≥50% were observed in 78% of patients (≥5 cells/7.5 mL of blood), and 47% 

achieved favorable CTC conversions (<5 cells/7.5 mL). Chemotherapy-naïve patients showed higher 

CTC response rates, with 89% demonstrating ≥50% declines and 53% achieving conversions, 

compared with 74% and 45% in the chemotherapy-experienced group, respectively. Safety analysis 

indicated that 95% of patients experienced treatment-related adverse events (TRAEs), with 58% 

reporting grade 3 or higher events. The most common AEs included neutropenia (36%), fatigue (34%), 

decreased electrolytes (29%), anemia (25%), and peripheral neuropathy (12%). Peripheral neuropathy 

was the leading cause of treatment discontinuation, which was reported by 14 patients. Serious 

adverse events (SAEs) occurred in 51% of patients, and most of them suffered from dehydration, 

hyponatremia, or febrile neutropenia. Additionally, a smaller proportion of chemotherapy-naïve patients 

discontinued treatment before completing five cycles due to progressive disease or AEs (54% vs. 66%).  

These findings demonstrate that PSMA-MMAE exhibits notable antitumor activity, with 

manageable toxicities at the recommended phase 2 dose of 2.3 mg/kg. Notably, chemotherapy-naïve 

patients showed more favorable outcomes based on greater PSA responses, CTC reductions, and OS 

(97.1% vs. 91.7%). The optimization of dose regimens and enhanced patient selection could further 

improve outcomes and minimize adverse effects. 
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ARX517 

NCT04662580 

NCT04662580 is a phase 1, multicenter, open-label trial investigating the safety, 

pharmacokinetics, pharmacodynamics, and preliminary antitumor activity of ARX517 in patients 

with mCRPC who are resistant or refractory to standard therapies. ARX517 consists of a humanized 

anti-PSMA monoclonal antibody (IgG1κ) linked to two proprietary microtubule-disrupting toxins 

(AS269). The study includes dose-escalation (phase 1a) and dose-expansion (phase 1b) stages to determine 

the MTD and RDDs. Eligible participants were men aged 18 or older with histologically confirmed 

prostate adenocarcinoma, metastatic disease, and castration-resistant PC (serum testosterone ≤ 50 ng/dL). 

Patients must have received at least two prior lines of therapy, including one second-generation androgen 

receptor inhibitor (such as abiraterone, darolutamide, apalutamide, or enzalutamide). ARX517 is 

administered intravenously every three or four weeks. This study is still recruiting. 

MLN2704 

The structure of MLN2704 consists of a humanized mAb MLN591 targeting the external domain 

of PSMA, an antimicrotubule agent maytansinoid-1 (DM1), and linked by a disulfide bond[44]. The 

phase 1/2 clinical trial of MLN2704 evaluated its safety, pharmacokinetics, and antitumor activity in 

patients with progressive mCRPC[45]. Sixty-two patients were enrolled and divided into four dosing 

schedules: weekly (60–165 mg/m²), every 2 weeks (120–330 mg/m²), every 3 weeks (330–426 mg/m²), 

and a 6 week cycle (330 mg/m²). 

MLN2704 demonstrated limited clinical efficacy. Only 8% of patients represented ≥50% 

reduction in PSA levels, and most of them were in the dose of 330mg/m2. No significant tumor 

regression was observed, although 35% of the patients exhibited stable disease. In addition, the major 

limiting factor for the utility of MLN2704 was its safety profile. Peripheral neuropathy was the most 

common adverse event (71%), with 10% of them experiencing severe (grade 3 or 4) neuropathy. 

Neurotoxicity is considered to be the instability of the disulfide linker between MLN591 and DM1. 

Pharmacokinetic analysis revealed rapid clearance of the conjugated antibody, while free DM1 levels 

persisted in circulation for up to 30 days. Levels of free DM1 were > 20-fold higher in the 2-week and 

3-week groups in the dose of 330 mg/m2. This instability resulted in the premature deconjugation of 

DM1 in the bloodstream, leading to elevated systemic exposure to free DM1 and subsequent toxicity. 

The clinical development of MLN2704 was hampered by significant neurotoxicity and limited 

antitumor activity. This trial indicates that linker instability substantially narrowed the therapeutic 

window of ADCs. Advancements in linker technology could help reduce systemic toxicity and 

improve the efficacy of PSMA-targeting ADCs. 

MEDI3726 

NCT02991911 

NCT02991911 is an open-label, dose-escalation phase 1/1b clinical trial evaluating the safety, 

pharmacokinetics, immunogenicity, and preliminary efficacy of MEDI3726 in patients with mCRPC. 

MEDI3726 is composed of a humanized mAb J591 conjugated to pyrrolobenzodiazepine (PBD) 

dimers via a linker[46]. PBD dimers are potent cytotoxins that form DNA interstrand crosslinks, 

which are minimally disrupted by DNA repair mechanisms[47]. 

The study enrolled 33 patients between February 2017 and November 2019, all with 

histologically confirmed mCRPC that had progressed after abiraterone, enzalutamide, and taxane-

based chemotherapy. MEDI3726 was administered intravenously every three weeks at doses ranging 

from 0.015 to 0.3 mg/kg.  

The result of this trial was published by Johann S. de Bono on Clin Cancer Res[48]. The median 

age of the 33 participants was 71 years. The MTD of MEDI3726 was not identified; however, the MAD 

was established at 0.3 mg/kg. Among the 33 patients, 90.9% experienced drug-related AEs, with 
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common adverse events that included skin toxicities, effusions, and elevated liver enzymes. Grade 

3/4 TRAEs were observed in 45.5% of patients, and 33.3% of patients discontinued treatment due to 

toxicity. Pharmacokinetics revealed nonlinear clearance and a short half-life of 0.3–1.8 days, while 

40.6% of the patients developed antidrug antibodies. In an efficacy test, a 12.1% composite response 

rate was reported, with responses occurring in higher-dose cohorts (≥0.2 mg/kg). One patient (3%) 

exhibited a PSA reduction of ≥50%, and four patients (12%) achieved a confirmed CTC response in 

the low CTCs group (≤50 CTC/7.5 mL blood). The median PFS was 3.6 months, and the OS was 8.9 

months. This trial demonstrated a relatively limited activity of MEDI3726.  

Discussion 

ADCs have emerged as a promising therapeutic strategy for PC, which has aroused interest in 

the development of PSMA-targeting therapy. PSMA is a critical diagnostic and therapeutic target due 

to its selective expression in PC cells, particularly in the advanced and metastatic stages. Its 

overexpression provides a unique opportunity for precise delivery of cytotoxic agents, maximizing 

antitumor efficacy while minimizing off-target toxicity. Several researchers have invested in the 

development and clinical trials of PSMA-targeting ADCs for mCRPC. Despite notable progress, 

challenges related to efficacy and safety remain significant barriers to their clinical adoption. 

PSMA-targeting ADCs have demonstrated their ability to induce significant tumor responses. 

PSMA-MMAE showed promising antitumor activity in chemotherapy-naïve patients, with ≥50% PSA 

reductions observed in up to 21% cases and 53% of CTC conversion. This highlights its potential 

efficacy when administered at optimized doses (2.3 mg/kg). According to Johann S. de Bono’s article, CTC 

are the independent predictor for the prognosis of mCRPC, with the OS improved in conversion to 

favorable CTC[49]. In this case, the OS of chemotherapy-naïve patients was observed to be 97.1% over 7 

months. These results underscore the antitumor activity and ability of PSMA ADCs to improve survival. 

The use of advanced payloads, such as microtubule disruptors (MMAE) and PBD dimers, 

further enhances the efficacy of ADCs. These payloads are designed to disrupt cell division or induce 

DNA damage selectively in tumor cells, and most of them could bypass the resistance mechanism 

associated with conventional therapies. Despite these strengths, safety concerns have been a major 

limitation for PSMA-targeting ADCs. PSMA-MMAE showed DLTs, including febrile neutropenia 

and sepsis, which necessitated dose adjustments from 2.5 mg/kg to 2.3 mg/kg. MLN2704 was 

associated with high rates of peripheral neuropathy (71%). Similarly, MEDI3726 faced significant 

toxicity challenges, with 45.5% of patients experiencing grade 3/4 TRAEs. Pharmacokinetics plays a 

critical role in narrowing the therapeutic window of these agents. Rapid deconjugation of MLN2704 

(associated with linker instability) and the short half-life of MEDI3726 (0.3–1.8 days) increase 

premature payload release and systemic exposure to free cytotoxic agents, resulting in the 

exacerbation of adverse effects. 

To improve the therapeutic potential of ADCs, several strategies should be explored. The 

therapeutic efficacy of ADCs is correlated with the concentration and retention time of the payload 

within tumor cells, and exceeding a threshold concentration is essential for tumor stasis[50]. This 

requires a balance between ADC stability in circulation and efficient payload release in the tumor 

microenvironment. Parameters such as conjugation site, linker length, cleavage mechanism, and 

steric hindrance play a crucial role in optimizing linker design[51]. A well-designed linker ensures 

effective payload delivery, enhancing therapeutic outcomes while minimizing systemic toxicity. 

Moreover, the development of payloads with lower systemic toxicity and the adjustment of dose 

regimens could improve patient tolerability. Modifying the physicochemical properties of the 

payload, particularly its polarity, can improve antibody aggregation, plasma stability, and bystander 

effects in ADCs[52]. Hydrophobic payloads enhance bystander effects by readily penetrating cell 

membranes, while the slow diffusion of hydrophilic payloads could potentially reduce the off-target 

toxicity[53]. Otherwise, selecting payloads with a small molecular weight, great tissue penetration, 

and short half-life is also a crucial point in ADC design. 
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In conclusion, while PSMA-targeting ADCs have shown promising results for treating mCRPC, 

their clinical utility is currently limited by safety concerns and suboptimal durability of response. 

Future innovations in ADC design and patient stratification will be critical to overcoming these 

challenges and unlocking their full potential as effective therapies for advanced PC. 

Conclusions 

ADCs targeting PSMA have emerged as a promising therapeutic approach for metastatic 

castration-resistant prostate cancer (mCRPC). By leveraging the tumor-specific overexpression of 

PSMA, ADCs offer a means to deliver potent cytotoxic agents directly to PC cells while minimizing 

off-target toxicity. Several clinical trials have demonstrated encouraging antitumor activity, 

particularly in chemotherapy-naïve patients, with significant reductions in PSA levels and CTC 

counts. However, the clinical development of PSMA-targeting ADCs has faced challenges, including 

DLTs such as neutropenia, peripheral neuropathy, and systemic toxicities associated with premature 

payload release. The key limitations of first-generation PSMA ADCs, such as unstable linkers and 

high systemic toxicity, have highlighted the need for further optimization. Advances in linker 

chemistry, payload selection, and dosing strategies will be critical in enhancing the therapeutic 

window of these agents. Improved conjugation techniques that enhance ADC stability and promote 

controlled payload release within tumor cells could reduce adverse effects and increase efficacy. 

Additionally, patient stratification based on PSMA expression levels and biomarkers may improve 

clinical outcomes by identifying those most likely to benefit from ADC therapy. Despite the 

challenges, PSMA-targeting ADCs represent a significant step forward in the treatment landscape of 

mCRPC. Future research should focus on refining ADC design, optimizing dosing regimens, and 

integrating these agents with existing PC therapies such as androgen receptor inhibitors and 

radioligand therapies. With continued innovation and clinical validation, PSMA ADCs have the 

potential to become a key component of precision medicine for patients with advanced PC, offering 

improved survival and quality of life. 
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