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Abstract: Peptide-drug conjugates (PDCs) are modular, targeted therapeutics composed of a homing peptide linked to a cytotoxic or 
modulating drug payload via a cleavable/non-cleavable linker. PDCs utilize peptide targeting to enhance the delivery of potent drugs to 
tumors, providing advantages such as superior tissue penetration, reduced immunogenicity, and simpler manufacture compared to 
antibody-drug conjugates (ADCs). A comparison of PDCs versus ADCs highlights that PDCs’ small size (~1-3 kDa) enables deeper 
tumor penetration and faster clearance, whereas ADCs (~150 kDa) benefit from prolonged circulation but suffer from limited tissue 
diffusion. This review surveys recent advances in PDC design and application. We discuss key design elements (targeting peptides, 
cleavable/non-cleavable linkers, and payloads) and how these drive mechanisms of tumor delivery and intracellular drug release. 
Mechanistically, PDCs bind receptors or translocate across membranes, undergo endocytosis, and exploit stimuli-responsive linkers or 
cell-penetrating peptides to release drugs. Many PDCs can self-assemble into nanoscale structures in aqueous environments. We 
illustrate PDC concepts through specific instances, such as the brain-penetrant paclitaxel trevatide (ANG1005, paclitaxel-Angiopep-2), 
the radiotherapeutic lutetium (177Lu)-DOTATATE (Lutathera), and the LyP-1-conjugated doxorubicin-loaded liposomes (LyP-1-dox
orubicin conjugate) for triple-negative breast cancer. Persistent challenges include in vivo stability (premature drug release and 
metabolic clearance), tumor heterogeneity (variable receptor expression), and manufacturing scale-up. We also address regulatory 
hurdles that have limited PDC clinical success; for example, currently, only lutetium (177Lu)-DOTATATE is FDA-approved (others, 
like melphalan flufenamide (melflufen), have faced setbacks). Finally, we outline future directions, including theranostic PDCs, AI- 
assisted peptide optimization, dual-stimuli linkers, and integration with nanomaterials, to further enhance targeting and efficacy. This 
comprehensive review integrates findings from recent literature and provides an in-depth perspective on the design, advantages, 
limitations, and future prospects of PDCs in cancer therapy. 
Keywords: antibody-drug conjugate, cancer, drug delivery, linker chemistry, nanotechnology, peptide-drug conjugate, targeting 
peptide, theranostics, tumor penetration

Introduction
Peptide-drug conjugates (PDCs) have emerged as a powerful class of targeted therapeutics that combine the high potency 
of small-molecule cytotoxic agents with the specificity of peptide homing ligands. In a typical PDC, a tumor-targeting 
peptide is covalently linked to a cytotoxic or modulating drug (payload) via a linker that can be cleavable or stable. The 
peptide directs the drug to cancer cells or the tumor microenvironment, enhancing local uptake and sparing normal 
tissues. Once the PDC reaches its target, the conjugate is internalized by the tumor cell, where intracellular environmental 
triggers such as pH or elevated enzyme concentration specifically cleave the linker, ensuring precise drug release.

PDCs are structurally simpler and much smaller than antibody-drug conjugates (ADCs); this allows deeper tumor 
penetration and rapid tissue diffusion.1 Unlike antibodies, peptides are typically <5 kDa and can be synthesized chemically 
on a large scale. As a result, PDCs offer advantages over ADCs in manufacturability and cost, while retaining targeted 
delivery.1 Compared to ADCs, PDCs offer benefits like deeper tumor penetration. PDCs generally show faster systemic 
clearance, which can reduce off-target toxicity, and can be engineered for improved stability and release kinetics.2
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To date, a few PDCs have advanced into the clinic. Notably, 177Lu-DOTATATE lutetium (177Lu)-DOTATATE 
(Lutathera®), a PDC of a somatostatin analogue and radiolabel, was FDA-approved in 2018 for gastroenteropancreatic 
neuroendocrine tumors.3,4 This agent utilizes peptide receptor radionuclide therapy (PRRT) to selectively target soma
tostatin receptor-positive tumors, resulting in a significant improvement in progression-free survival compared to high- 
dose octreotide. Other examples include paclitaxel trevatide (ANG1005, paclitaxel-Angiopep-2), a PDC currently under 
investigation for treating brain metastases, including those from breast cancer, due to its ability to cross the blood-brain 
barrier via low-density lipoprotein receptor-related protein 1 (LRP1)-mediated transport.5 However, despite hundreds of 
preclinical studies, only a handful of PDCs have reached late-stage trials, and the field still lags behind ADCs in clinical 
success. This review discusses the critical elements of PDC design (peptides, linkers, payloads), their mechanisms of 
action (including self-assembly behavior), and compares PDCs to ADCs in structure, pharmacokinetics, and clinical 
performance. We also examine instances (e.g., paclitaxel trevatide, lutetium (177Lu)-DOTATATE, LyP-1-conjugated 
doxorubicin-loaded liposomes (LyP-1-doxorubicin (Dox)) to illustrate key principles. Finally, we analyze current 
challenges (stability, heterogeneity, and production) and outline future directions, including theranostic applications, AI- 
guided design, multi-trigger linkers, and combination with nanotechnology.

Design Elements of PDCs
A PDC consists of three modular components: a targeting peptide, a linker, and a payload drug1 (Figure 1). More 
specifically, the PDC comprises a homing peptide for target binding, a cleavable or non-cleavable linker, and 
a therapeutic payload (drug, imaging agent, or radionuclide). PDCs can use various linkers (eg, non-cleavable thioethers 
or cleavable hydrazones) and payloads (small-molecule drugs or isotopes). PDCs with well-matched components offer 
enhanced tumor targeting and reduced off-target toxicity. Chemical conjugation approaches, such as PEGylation, lipid 
modification, or attachment to hydrophilic polymer scaffolds, expand the hydrodynamic radius of peptide conjugates, 
shield them from proteolytic degradation, and finely tune their pharmacokinetics, resulting in extended circulation times 
and reduced systemic toxicity.1,6,7 Tumor-homing peptides direct drugs to specific receptors, while a small linker ensures 
on-site release. The tumor microenvironment is exploited for precision release.8

Graphical Abstract

Figure 1 Schematic of a peptide-drug conjugate (PDC).
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He et al (2019) described the therapeutic potential of PDCs in achieving both high efficacy and improved safety 
profiles.9 Peptide moieties are designed to target specific receptors or cellular markers, significantly enhancing the 
localization of small molecule payloads to disease sites. Furthermore, the incorporation of stimuli-responsive linkers, 
sensitive to enzymatic activity, pH, or redox conditions, enables site-specific drug release, thereby reducing off-target 
toxicity. This tailored response to the tumor microenvironment minimizes the risk of premature drug activation in 
circulation, ultimately lowering systemic toxicity and enhancing therapeutic indices compared to less selective delivery 
systems.

Targeting Peptide
Figure 2 illustrates the types of multifunctional peptides utilized in PDCs, including cell-penetrating peptides, tumor-targeting 
peptides, and self-assembling peptides, which facilitate cellular entry through either direct membrane penetration or 
endocytosis.6

PDCs utilize peptides (typically 5–30 amino acids) that bind to tumor-associated receptors or microenvironmental 
markers. Table 1 summarizes some of the peptides discovered for tumor targeting. Common targeting motifs include 
RGD (integrin-binding), NGR (aminopeptidase N), iRGD (neuropilin-binding), LyP-1 (p32/NRP1-binding), somatostatin 
analogues (SSTR2-binding), SDT7 (statistically designed transcellular peptide), EGFR-binding peptide (EGF receptor 
binding), HER2 (HER2 receptor binding), rL-A9 (HER2 receptor binding), and many cell-penetrating peptides (CPPs) 
for broadly enhanced uptake.10–20

Short peptides, such as di- and tripeptides, play a crucial role in this respect, as they are small in structure, biocompatible, 
and can be easily modified. Peptides, such as cyclic, α-helical, linear, and amphiphilic ones, can self-assemble to form various 
nanostructures, including nanorods, nanospheres, nanotubes, and nanofibers.21–23 These peptides confer specificity and can 
also facilitate the translocation of proteins across cell membranes or biological barriers.

RGD (arginine-glycine-aspartic acid) recognizes and binds to RGD-binding integrins (e.g., αvβ3, αvβ5) upregulated 
in tumor vasculature and tumor cells. This motif has been exploited across imaging and therapeutic platforms in 
oncology.10 The C-end Rule (CendR) refers to a specific peptide motif that becomes functionally active only when 

Figure 2 Peptides employed in PDCs include cell-penetrating peptides, tumor-targeting peptides, and self-assembling peptides. Blue arrows illustrate the transport of 
nanoparticles or hydrogels from the extracellular environment into the intracellular space.
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exposed at the C-terminus of a peptide chain. This motif, typically characterized by a sequence such as R/KXXR/K 
(where R or K are positively charged amino acids arginine or lysine, and X can be any amino acid), is crucial for binding 
to neuropilin-1 (NRP-1), a receptor involved in vascular and tissue penetration. A well-known example of a peptide 
utilizing this mechanism is iRGD (CRGDKGPDC), a disulfide-cyclized peptide. Initially, iRGD binds to αvβ3 or αvβ5 
integrins, which are overexpressed on tumor vasculature. Upon this binding, tumor-associated proteases cleave the 
peptide, exposing an RGDK sequence at the new C-terminus. This exposed sequence matches the CendR motif and 
activates it. The activated CendR motif then engages NRP-1, triggering an active transport process that allows both the 
peptide and any attached or co-administered therapeutic cargo to deeply penetrate the tumor tissue.11

The NGR motif, composed of asparagine-glycine-arginine, functions as a tumor-homing sequence by selectively 
targeting aminopeptidase N (APN), also known as CD13, an enzyme highly expressed on the endothelial cells of tumor 
vasculature but largely absent in normal blood vessels. This specificity allows NGR-containing peptides to serve as 
effective vectors for delivering imaging agents or therapeutics directly to tumor sites, thereby enhancing localization and 
minimizing off-target effects.13,14 Pasqualini et al13 first demonstrated that peptides displaying the NGR motif could 
home to tumor vasculature by binding to CD13, validating this receptor as a promising target for tumor-selective delivery 
systems. Subsequent work expanded on this discovery, confirming that the NGR motif facilitates internalization into 
tumor cells via receptor-mediated endocytosis, which is key for therapeutic uptake. Wang et al14 reviewed the develop
ment of NGR-conjugated imaging agents, showing that NGR-functionalized probes significantly improve the contrast 
and specificity of tumor imaging. These studies collectively established the foundation for using NGR-targeted platforms 
in both diagnostics and targeted therapy, including radiolabeled agents and nanoparticle-based delivery systems.

Peptide TFFYGGSRGKRNNFKTEEY) (Angiopep-2) specifically binds to the low-density lipoprotein receptor- 
related protein 1 (LRP1) and facilitates receptor-mediated transcytosis across the blood-brain barrier, enhancing delivery 
of therapeutic agents to the central nervous system.12 Peptide CGNKRTRGC (LyP-1) is a disulfide-cyclized tumor- 
homing peptide that targets tumor lymphatics and mitochondrial p32 and is used for targeting hypoxic tumors and tumor- 
associated macrophages.15–17

Somatostatin analogues specifically target somatostatin receptor subtype 2 (SSTR2), a G-protein-coupled receptor 
overexpressed in many neuroendocrine tumors. These analogs form the basis of peptide receptor radionuclide therapy 
(PRRT), such as with 177Lu-DOTATATE, a radiolabeled somatostatin analogue approved for clinical use in treating 
gastroenteropancreatic neuroendocrine tumors.18

Statistically designed transcellular peptide 7 (SDT7) is a transcellular peptide that facilitates drug delivery across cellular 
and epithelial barriers. SDT7 was conjugated with 6-Paradol (PAR), forming TM5. TM5 demonstrated significantly improved 
cellular uptake and therapeutic effects compared to free PAR in keratinocyte assays and mouse psoriasis models.19

rL-A9 (WAVATNVDQ), a retro-analog of the L-A9 peptide, targets the HER2 receptor overexpressed in certain cancers. 
Conjugated to doxorubicin (DOX) via a succinimidyl 4-(N-maleimidomethyl)cyclohexane-1-carboxylate (SMCC) linker, 
rL-A9–DOX interacted strongly with HER2, was internalized by HER2+ cells, and delivered Dox intracellularly. It showed 
higher cytotoxicity in HER2+ cells (SK-OV3) than in HER2– cells (MDA-MB-231), highlighting its potential as a selective 
therapy for HER2-expressing cancers with reduced off-target toxicity.20

Table 1 Peptides for Tumor Targeting

Peptide Motif Target/Mechanism Key Application References

RGD Integrins (αvβ3, αvβ5) Tumor vasculature targeting [10]

iRGD (CRGDKGPDC) Integrins → NRP-1 via CendR motif Tumor-penetrating delivery [11]

Angiopep-2 
(TFFYGGSRGKRNNFKTEEY)

LRP1 (receptor-mediated transcytosis across BBB) CNS delivery enhancement [12]

NGR Aminopeptidase N (CD13) Tumor vasculature homing (literature-known) [13,14]

LyP-1 (CGNKRTRGC) p32 (mitochondrial protein), tumor lymphatics Hypoxic/macrophage targeting (literature-known) [15–17]

Somatostatin analogues SSTR2 Clinically used in PRRT (eg, 177Lu-DOTATATE) [18]

SDT7 (LARLLTGYHWYGYTPQNVI) Enhancing skin penetration and drug delivery Barrier-penetrating delivery peptide [19]

rL A-9 (WAVATNVDQ) HER2-expressing breast cancer Tumor receptor targeting peptide [20]
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In addition to targeting, anticancer peptides (ACPs) also demonstrate strong potential in both cancer diagnosis and 
therapy by selectively targeting and killing cancer cells through multiple mechanisms, including apoptosis induction, 
membrane disruption, DNA damage, immune system modulation, and the suppression of angiogenesis, cell survival, and 
proliferation pathways.24,25 Recent advances in ACP engineering incorporate structural and chemical modifications that 
improve stability, refine pharmacokinetic behavior, and enable the targeting of previously undruggable proteins or 
resistance-associated pathways, thereby expanding their therapeutic potential.26,27 Peptides can also be combined with 
imaging agents and advanced molecular imaging techniques, such as MRI, PET, CT, and near-infrared (NIR) imaging, to 
enhance tumor detection, classification, and monitoring of treatment effectiveness.28–30

Linkers
The linker is a critical design element in PDCs, bridging the targeting peptide and the cytotoxic or modulating drug 
payload and orchestrating controlled drug release. The linker’s design is crucial for maintaining stability in circulation 
and enabling controlled release of the drug at the target site.31 It is a chemical or biological moiety that covalently 
connects a therapeutic peptide to another molecule, such as a drug, polymer, or targeting ligand, enabling improved 
stability, controlled release, or targeted delivery of the peptide.32 Broadly, linkers fall into two categories of non- 
cleavable and cleavable linkers1 (Figure 3). A range of cleavable and non-cleavable linkers utilized in ADC design 
has been previously reviewed.33

Figure 3 The cleavable and non-cleavable linkers used in PDCs.
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Non-cleavable linkers (e.g., thioether, oxime) remain intact during systemic circulation. These require complete 
proteolytic degradation of the peptide to liberate the drug, offering enhanced plasma stability but generally resulting in 
slower payload release. Common chemistries include succinimidyl thioethers and oxime bonds.1,34

Cleavable linkers are designed to respond to tumor-specific stimuli, releasing the payload selectively within the tumor 
microenvironment. An ideal cleavable linker should be robust during blood circulation yet cleavable upon reaching or 
entering target cells, thereby maximizing therapeutic efficacy and minimizing off-target toxicity.1 Linkers that respond to 
pH changes, enzymatic activity, or redox conditions enable the selective release of the small molecule payload at the 
target site, thereby minimizing systemic toxicity.9 Overly labile linkers risk premature cleavage during circulation, 
potentially diminishing tumor selectivity and increasing systemic side effects.35 The specificity of drug release is 
governed by the chemical stability of the linker. While the conjugate remains intact during systemic circulation, it 
undergoes cleavage upon encountering the acidic microenvironment or elevated enzymatic activity of tumor tissue. This 
controlled activation ensures that the cytotoxic or modulating drug payload is released predominantly at the tumor site, 
improving therapeutic precision and minimizing off-target toxicity.

Acid-labile linkers (e.g., hydrazones) exploit the acidic milieu of tumors or endosomes, enabling pH-triggered release.36 

Redox-sensitive linkers (e.g., disulfide bonds) are cleaved by high intracellular concentrations of glutathione, permitting 
intracellular drug release in a reducing environment.37 A prime example of this is the P14LRR-kanamycin conjugate, which 
delivers the antibiotic kanamycin in a targeted manner through its conjugation with the peptide P14LRR via a disulfide bond.38

Enzyme-cleavable linkers (e.g., valine-citruline dipeptides cleaved by cathepsin B, matrix metalloproteinase [MMP]- 
sensitive sequences) activate release only in enzyme-rich tumor regions, enhancing precision.39–41 For example, the incor
poration of a maleimidocaproyl-valine-citrulline (Mc-Val-Cit) linker in HER2-targeting ADCs has been shown to signifi
cantly enhance the selectivity and efficacy of intracellular drug release. Following receptor-mediated endocytosis, this 
cleavable linker is specifically recognized and cleaved by cathepsin B, an enzyme enriched in lysosomes of HER2+ tumor 
cells. This enzymatic cleavage triggers the intracellular release of the potent cytotoxin monomethyl auristatin E (MMAE), 
enabling targeted cytotoxicity while sparing healthy, antigen-negative tissues. In contrast to non-cleavable linkers, which rely 
on slower or less specific degradation pathways, the Mc-Val-Cit linker facilitates more efficient payload release and improved 
antitumor activity, offering a strategic advantage in ADC design for precision oncology.41

Dual-cleavable linkers, incorporating two cleavable elements (e.g., a combination of a disulfide and a matrix 
metalloproteinase (MMP)-sensitive peptide), offer hierarchical activation mechanisms that enhance specificity and reduce 
premature drug release.37

The choice of linker depends on the required stability. The ideal linker strikes a balance between systemic stability 
and efficient release in the target tissue (Table 2). The choice of linker has a profound impact on the pharmacokinetic 
profile and therapeutic performance of PDCs. Non-cleavable linkers, such as thioethers, create exceptionally stable 
conjugates with minimal premature release, improving systemic safety and half-life. In contrast, cleavable linkers such as 
hydrazones (pH-sensitive) or disulfides (redox-sensitive) engineer a “smart” drug release mechanism, selectively 
activated within tumor environments while maintaining stability in the circulation.42 A study exemplifies this principle: 
a DOX conjugate leveraging the 18–4 peptide, which targets keratin-1 (K1) receptors, was linked via an acid-sensitive 
hydrazone. In vivo, this PDC achieved 1.4 times higher tumor accumulation, 1.3–2.2 times lower off-target organ 
exposure, and significantly reduced toxicity compared to free Dox in a mouse triple-negative breast cancer model, clearly 
demonstrating enhanced specificity and an improved therapeutic index.43

Table 2 Linker Impact on PDC Performance

Linker Type Stability in 
Circulation

Payload Release Trigger Pros Cons

Thioether (non-cleavable) High Requires proteolytic 
degradation

Excellent systemic stability Slower drug release, which depends on 
intracellular degradation

Hydrazone (pH-sensitive) Moderate Acidic tumor/endosomal pH Cued, site-specific release, 
enhanced efficacy

Potential premature cleavage in circulation

Disulfide (redox-sensitive) Moderate High intracellular glutathione Tumor-specific release Possible extracellular cleavage or instability

https://doi.org/10.2147/DDDT.S562135                                                                                                                                                                                                                                                                                                                                                                                                                                       Drug Design, Development and Therapy 2026:20 6

Parang et al                                                                                                                                                                          

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



Payload
Table 3 and Figure 4 summarize some of the commonly used payloads in PDCs.44–47 In PDCs, the payload is commonly 
referred to as the biologically active molecule or drug (e.g., typically a highly potent chemotherapeutic or radionuclide) that is 
attached to the peptide carrier, intended to exert its therapeutic effect once delivered to the target site.32 These payloads alone 
often face challenges related to poor selectivity or solubility, which PDC delivery systems aim to overcome. Common 
payloads include Dox, paclitaxel, and camptothecin derivatives. These agents are highly effective but inherently nonspecific, 
often leading to systemic toxicities such as myelosuppression and organ damage. PDCs can mitigate this through targeted 
delivery.48,49

Topoisomerase Inhibitors
Dox, a potent anthracycline, is frequently associated with severe cardiotoxicity and myelosuppression due to its lack of 
tumor specificity.67 Dox is often linked via acid-sensitive hydrazone or amide bonds to facilitate drug release in acidic 
tumor compartments. The hydrazone linker is among the earliest used for Dox, allowing pH-triggered release.44–46 

Camptothecin derivatives are highly active topoisomerase I inhibitors; however, their clinical use is hindered by poor 
solubility and systemic toxicity.68

Microtubule Inhibitors
Vinca alkaloids, such as vinblastine, and maytansine derivatives, including DM1 (mertansine), are among the most potent 
cytotoxic payloads used in targeted cancer therapies. These agents disrupt microtubule dynamics, arresting mitosis and 
inducing apoptosis. Maytansine derivatives,69 including DM1, exhibit extremely high potency and are prominently 
featured in ADCs like trastuzumab-emtansine (T-DM1/Kadcyla®) for HER2-positive breast cancer.70

Paclitaxel, a microtubule-stabilizing agent widely used to treat a range of solid tumors (including breast, ovarian, and 
lung cancers), is associated with several significant toxicities. These include bone marrow suppression (particularly 
neutropenia), peripheral neurotoxicity, and hypersensitivity reactions, often necessitating premedication.71

DNA-Damaging Agents
Cisplatin and melphalan disrupt DNA integrity and trigger cancer cell death by induction of DNA crosslinks and 
adducts.52,53 Though specific PDC studies on these are limited, they are recognized as potential payload classes.

Photosensitizers
These agents, which are used in photodynamic therapy (PDT), can serve as powerful phototherapeutic payloads when 
conjugated to targeting peptides, enabling localized, light-triggered cytotoxicity. These peptide-photosensitizer conju
gates improve tumor specificity and accumulation, mitigating systemic side effects and improving therapeutic outcomes 
in cancer treatment.72 Kamarulzaman et al72 demonstrated peptide-conjugated chlorin-type photosensitizers targeting 

Table 3 Payload Types in PDCs

Payload Category Examples Advantages Reference

Dox (hydrazone/amide) Hydrazone- and amide-linked Dox Enables pH-triggered release for tumor selectivity [44–46]

Paclitaxel Paclitaxel trevatide Paclitaxel moieties are attached via cleavable 
ester bonds

[47]

Camptothecin diCPT-PLGLAG-iRGD Glutathione reduction triggers the release of CPT [50]

Microtubule inhibitors Vinblastine, DM1 Interrupts mitotic spindle formation; potent 
payloads

[51]

DNA-damaging agents Cisplatin, Melphalan Directly causes DNA damage, leading to 
apoptosis

[52,53]

Radionuclides 177Lu-DOTATATE Combines therapy and imaging in one conjugate [54,55]

Phototherapeutic agents (PDT) Photosensitizers Enables spatially controlled activation via light [56]

Fluorescent dyes BODIPY fluorophore Imaging [57]

Fluorescent dyes BODIPY-based near-infrared (NIR) fluorescent probes Imaging [58]

TDP1 inhibitor Usnic acid derivatives (hydrazinothiazole-benzylidene 
furanone–modified)

Inhibit DNA repair. Enhanced apoptosis [59]
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NRP-1 to enhance tumor selectivity in PDT applications. Vale et al56 reviewed peptide-conjugated photosensitizers for 
photodynamic cancer therapy, detailing various designs and advantages of PDC-based PDT strategies. Nagatani et al73 

described innovative chlorophyll-peptide conjugates that self-assemble and selectively activate under acidic tumor 
environments, thereby enhancing PDT specificity and reducing phototoxicity in normal tissues.

Verteporfin, an FDA-approved benzoporphyrin derivative, is particularly attractive as a photosensitizer payload owing 
to its strong absorption at 690 nm, which lies within the tissue optical window, enabling deep light penetration with 
minimal scattering and autofluorescence. Moreover, its chemical structure allows facile conjugation to the N terminus of 
peptides without loss of photophysical activity. In a recent study, Arias et al74 reported a Verteporfin-conjugated cyclic 
peptide that targets SNAP25, a synaptic vesicle-associated protein aberrantly externalized on the surface of glioblastoma 
(GBM) cells. The resulting SNAP25-Verteporfin PDC demonstrated high selectivity for GBM, with minimal binding to 
normal neurons or astrocytes. Upon activation by 690 nm light, the conjugate generated reactive oxygen species, 
inducing localized cytotoxicity and significantly suppressing tumor growth in orthotopic GBM models without off- 
target toxicity.

Figure 4 Chemical structures of payloads used in designing PDCs.
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Radioactive Isotopes
Lutetium-177 (177Lu) integrated into PDCs enables both therapeutic and diagnostic capabilities, known as theranostics. 
A canonical example is 177Lu-DOTATATE, a radiolabeled somatostatin analogue approved by the FDA in 2018. Used in 
peptide receptor radionuclide therapy (PRRT), it delivers targeted radiation to somatostatin receptor-positive tumors, 
providing both imaging and cytotoxic treatment in one conjugate.54,55 Its regulatory approval was driven by the Phase III 
NETTER-1 trial, which demonstrated that patients with well-differentiated, metastatic midgut neuroendocrine tumors 
who received 177Lu-DOTATATE every 8 weeks (four doses) plus best supportive care with long-acting octreotide had 
significantly improved progression-free survival, overall response rates, and overall survival compared with those treated 
with octreotide alone. Beyond improving outcomes in this patient population, 177Lu-DOTATATE also validated peptide 
receptor radionuclide therapy as a clinically effective strategy for PDCs.75 The Phase III NETTER-1 trial demonstrated 
that treatment with 177Lu-DOTATATE lowered the risk of death by about 60% compared with octreotide LAR.2

Fluorescent Dyes
These dyes absorb light and emit fluorescence, serving as probes to track biomolecules. In PDCs, they enable visualiza
tion of uptake and localization, confirm receptor targeting, assess stability, and, in modified forms, provide theranostic 
potential by combining imaging with therapy. Williams et al (2021) reported the synthesis and evaluation of BODIPY– 
peptide conjugates using click chemistry to couple fluorescent BODIPY dyes to peptides targeting the epidermal growth 
factor receptor (EGFR). The peptides used include both linear and cyclic forms, designed for high specificity and 
stability. The resulting conjugates showed strong fluorescence and receptor-specific binding, highlighting their utility in 
bioimaging and targeted delivery applications.57

Kaufman et al (2019) synthesized a series of BODIPY-based near-infrared (NIR) fluorescent probes conjugated to the 
EGFR-targeting peptide PEG–LARLLT.58 These bioconjugates were rigorously characterized using molecular modeling, 
surface plasmon resonance (SPR), fluorescence microscopy, and competitive binding assays. The findings revealed high 
specificity for EGFR, minimal cytotoxicity, and selective tumor accumulation in HT-29 xenograft mouse models. Only 
conjugates bearing the LARLLT peptide localized to tumors, demonstrating the utility of peptide-targeted fluorophores 
for non-invasive cancer imaging.

Tyrosyl-DNA Phosphodiesterase 1 (TDP1) Inhibitors
Topoisomerase I temporarily nicks DNA to relieve supercoiling but can become trapped on DNA, forming TOP1-DNA 
covalent complexes. TDP1 hydrolyzes the 3′-phosphotyrosyl bond between TOP1 and DNA, thereby resolving these 
complexes and restoring DNA integrity. TDP1 inhibitors block this repair enzyme that removes stalled topoisomerase I– 
DNA complexes and helps cancer cells survive DNA damage. Inhibiting TDP1 leaves breaks unrepaired, driving 
replication stress and tumor cell death. O’Flaherty et al (2024) utilized usnic acid-derived TDP1 inhibitors conjugated 
to the peptide L-K6, resulting in PDCs with dual action. L-K6 induced DNA damage, while the inhibitor blocked repair, 
resulting in synergistic cytotoxicity, particularly in glioblastoma, while sparing normal cells.59

PDCs in Cancer Therapy
Traditional chemotherapies lack specificity, leading to systemic toxicity and narrow therapeutic indices. PDCs aim to 
improve the therapeutic index by selectively delivering cytotoxic agents to tumor cells. Coupling therapeutic payloads to 
peptides capable of recognizing resistant tumor cells enables PDCs to directly access malignancies that evade conven
tional drugs. This targeted strategy overcomes many resistance-associated barriers and is further strengthened when 
combined with immunotherapies or monoclonal antibodies, potentially yielding more robust and durable cancer 
responses.6,39,76 These modular constructs consist of three key components: (1) a tumor-targeting peptide that provides 
specificity, (2) a potent cytotoxic payload, and (3) a cleavable linker (Figure 1) that ensures controlled release within the 
tumor microenvironment. This design enables precise drug delivery to tumors while minimizing off-target effects and 
systemic toxicity.8
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Table 4 and Figure 5 summarize representative PDCs in clinical development, showing the peptide sequence, linker 
chemistry, target receptor, and indication for each. These examples highlight diverse payloads (chemotherapeutics, 
radionuclides) and targets (eg, GPCRs, receptors, enzymes), demonstrating the versatility of PDCs in precision oncology.

Paclitaxel trevatide (Figure 5) is a PDC that exemplifies advanced tumor-targeting strategies designed to overcome 
the challenges of penetrating the blood-brain barrier (BBB) in metastatic cancers. This conjugate links three molecules of 
paclitaxel, a potent microtubule-stabilizing chemotherapeutic, to Angiopep-2, a 19-mer amino acid peptide 
(TFFYGGSRGKRNNFKTEEY) that specifically binds to low-density lipoprotein receptor-related protein 1 (LRP1). 
LRP1 is highly expressed on the BBB endothelium and facilitates receptor-mediated transcytosis into brain tissue. The 
paclitaxel moieties are attached via cleavable ester bonds, allowing the drug to be released at tumor sites.

Preclinical studies demonstrated that paclitaxel trevatide achieved an 86-fold higher influx across the BBB and up to 
161-fold greater brain parenchymal delivery of paclitaxel compared to the free drug, alongside substantial accumulation in 
brain metastases.77 In clinical trials involving breast cancer patients with brain metastases or leptomeningeal disease, 
paclitaxel trevatide administered at 600 mg/m2 every 3 weeks achieved clinical benefit rates of 77% intracranially and 86% 
extracranially, with a median overall survival of ~8 months in patients with leptomeningeal disease, significantly out
performing historical benchmarks. These findings position paclitaxel trevatide as a promising candidate for brain-targeted 
cancer therapy via a PDC mechanism, exploiting both BBB penetration and tumor-specific release of cytotoxic agents.5,47 

Paclitaxel trevatide is in Phase II trials for brain metastases and leptomeningeal carcinomatosis (NCT02048059, 
NCT01480583).

Only two PDCs have been in broad clinical use: (approved) and melphalan flufenamide (melflufen) (a peptidase- 
activated melphalan prodrug, briefly approved for myeloma). 177Lu-DOTATAT (Figure 5) is a landmark marketed PDC, 
a peptide receptor radionuclide therapy (PRRT) designed for targeted treatment of gastroenteropancreatic neuroendocrine 
tumors (GEP-NETs). It employs a somatostatin analogue (octreotate) that specifically binds to somatostatin receptor 
subtype 2 (SSTR2), which is highly expressed in these tumors.78 The peptide is conjugated via a DOTA chelator, which 
securely coordinates the β-emitter radioactive isotope lutetium-177 (77Lu), ensuring stability in circulation. After binding 
to SSTR2 on tumor cells, the conjugate is internalized, delivering localized beta radiation that induces DNA double- 
strand breaks and tumor cell death.55 This targeted radioactivity ensures that non-cancerous tissues are spared, while the 
tumor receives a concentrated therapeutic dose, explaining the significant increase in progression-free survival observed 
in clinical trials. Clinically approved by the FDA in 2018, (177Lu)-DOTATATE has proven effective in patients with 
SSTR-positive GEP-NETs, offering a favorable therapeutic option amid limited alternatives.

Melphalan flufenamide is a peptidase-activated melphalan prodrug, recently approved for the treatment of myeloma. 
Melphalan flufenamide, also known by its brand name Pepaxto, is a PDC designed as a peptidase-activated derivative of 
melphalan, intended to enhance drug delivery and selectivity in multiple myeloma. The drug received accelerated FDA 
approval in February 2021 for relapsed/refractory multiple myeloma under stringent conditions.79 However, the 

Table 4 Examples of PDCs Investigated or Under Investigation in Clinical Development

PDC (Name) Peptide (Target) Payload Linker Molecular Target Indication Reference

Paclitaxel 
trevatide

TFFYGGSRGKRNNFKTEEY) 
(Angiopep-2) (LRP1)

Paclitaxel Ester 
(cleavable)

LRP1 receptor (BBB) Breast cancer with brain 
metastases

[47]

177Lu- 
DOTATATE

Octreotate (SSTR2) 177Lu 
(radiation)

DOTA chelator 
(stable)

Somatostatin receptor 2 Neuroendocrine tumors 
(GI tract)

[55]

LyP-1–Dox LyP-1 (p32/NRP1) Dox Thioether or 
hydrazone

p32/NRP1 on tumor cells Triple-negative breast 
cancer (preclinical)

[60]

Sudocetaxel 
zendusortide

BPR1H (SORT1) Docetaxel Peptide 
(enzymatic)

Sortilin (SORT1 receptor) Solid tumors (SORT1+) [61]

Zoptarelin 
doxorubicin

LHRH peptide (GnRHR) Dox Maleimide 
(stable)

Luteinizing hormone-releasing 
hormone receptor

Endometrial/ovarian 
cancer

[62]

BT1718 Bicycle peptide (MT1-MMP) DM1 
(maytansinoid)

Thioether 
(non-cleavable)

MT1-MMP (matrix 
metalloprotease)

Advanced solid tumors [63]

212Pb-NG001 PSMA-targeting peptide (PSMA) 212Pb (alpha- 
emitter)

Chelator 
(DOTA)

Prostate-specific membrane 
antigen

Prostate cancer 
(metastatic)

[64–66]
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Figure 5 Chemical structure and synthetic scheme for paclitaxel trevatide, (177Lu)-DOTATATE, Sudocetaxel zendusortide, Zoptarelin doxorubicin, BT1718, and NG001.
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confirmatory phase III OCEAN trial failed to demonstrate a clinical benefit and raised serious safety concerns, including 
a detrimental signal in overall survival. Consequently, the FDA issued a final decision in February 2024 to withdraw 
Melphalan flufenamide’s approval due to concerns about its lack of efficacy and safety.

Other PDCs include Sudocetaxel zendusortide (TH1902, peptide-targeted docetaxel, Sortilin-targeted for solid 
tumors), bicyclic drug conjugate BT1718 (MT1-MMP-targeted DM1 conjugate for solid tumors), Zoptarelin doxorubicin 
(AEZS-108, LHRH peptide-Dox for endometrial/breast cancer), and 212Pb-NG001 (PSMA-targeted peptide–radioisotope 
for prostate cancer).

Sudocetaxel zendusortide (Figure 5) is a PDC targeting sortilin (SORT1), a receptor overexpressed in various solid tumors, 
including triple-negative breast cancer (TNBC) and ovarian and endometrial cancers. It comprises the TH19P01 peptide (Ac- 
GVRAKAGVRN(Nle)FKSESY), which requires SORT1 for internalization, linked to docetaxel via enzyme-cleavable ester 
bonds. In vitro studies confirmed that Sudocetaxel zendusortide’s efficacy is SORT1-dependent, its uptake was abrogated by 
SORT1 silencing or competition with known ligands, and that it induced significantly greater apoptosis and anti-migration 
effects than free docetaxel in TNBC-derived MDA-MB-231 cells.61 In vivo, Sudocetaxel zendusortide demonstrated 
significant tumor regression in murine xenograft models of TNBC and ovarian cancer, outperforming standard docetaxel 
without inducing neutropenia and overcoming chemoresistance mediated by cancer stem cells (CSCs).80 Additionally, the 
conjugate significantly inhibited growth of ovarian and endometrial tumor xenografts, yielding enhanced efficacy and safety, 
both as monotherapy and in combination with carboplatin.81

Zoptarelin doxorubicin (Figure 5) is a targeted cytotoxic analog of luteinizing hormone–releasing hormone 
(LHRH),82 engineered to improve the precision delivery of chemotherapy to cancers expressing LHRH receptors. In 
this construct, Dox is conjugated to a D-Lys6–LHRH peptide, harnessing the peptide’s ability to bind the LHRH receptor, 
which is overexpressed in approximately 80% of endometrial and ovarian cancers but is minimal in most normal tissues. 
Upon binding, Zoptarelin doxorubicin undergoes receptor-mediated endocytosis, directing Dox into tumor cells and 
thereby limiting off-target toxicity. Preclinical xenograft studies demonstrated that Zoptarelin doxorubicin achieved 
superior tumor growth inhibition with reduced systemic side effects compared to free Dox. In clinical Phase II trials 
involving women with advanced or recurrent LHRH receptor-positive endometrial or ovarian cancers,62 Zoptarelin 
doxorubicin showed promising efficacy and tolerability, marking it as a receptor-directed chemotherapeutic strategy.

BT1718 (Figure 5)83 is a Bicycle-Drug Conjugate (BDC®) that leverages a constrained bicyclic peptide targeting 
membrane-type 1 matrix metalloproteinase (MT1-MMP or MMP14), a protease commonly overexpressed in various 
solid tumors. This peptide was conjugated through a thioether (non-cleavable) or hindered disulfide linker to the potent 
microtubule inhibitor DM1 (maytansinoid).63 A Phase I/IIa clinical trial (NCT03486730), led by Cancer Research UK, 
assessed BT1718’s pharmacokinetics, safety, and preliminary efficacy in patients with advanced solid tumors. In this 
multicenter dose-escalation study, the recommended phase II dose (RP2D) for the twice-weekly schedule was established 
at 7.2 mg/m2, with dose-limiting toxicities (DLTs) such as grade 3 fatigue and elevated GGT observed at 9.6 mg/m2. 
Importantly, pharmacokinetic analysis confirmed favorable tumor-specific delivery: drug levels in patient tumor biopsies 
matched those achieved in preclinical xenograft models. The plasma half-life (~0.3 h) and volume of distribution (~0.2 L/ 
kg) reflect the molecule’s small size and rapid clearance, reducing systemic exposure and potential toxicity.84

212Pb-NG001 is a novel PDC that combines a prostate-specific membrane antigen (PSMA)-targeting peptide (NG001) 
(Figure 5) with the alpha-emitting radionuclide 212Pb, chelated via the bifunctional chelator para-isothiocyanatobenzyl-1,4,7,10- 
tetraaza-1,4,7,10-tetra-(2-carbamoylmethyl)cyclododecane (p-SCN-Bn-TCMC). Designed for precision alpha therapy, it targets 
prostate-specific membrane antigen (PSMA), a cell surface protein overexpressed in metastatic castration-resistant prostate 
cancer (mCRPC). In preclinical studies, 212Pb-NG001 demonstrated efficient radiolabeling with high purity (>94%) and 
sustained stability in serum for up to 48 h.64 Biodistribution studies in C4-2 tumor-bearing mice revealed strong tumor uptake 
and significantly lower renal retention compared to PSMA-617-based analogs, a key feature given the concerns about 
nephrotoxicity associated with radiolabeled PSMA ligands. In multicellular tumor spheroids and xenograft models, 212Pb- 
NG001 produced potent antitumor effects, with a favorable therapeutic index (~3.5), especially when administered in repeated 
doses.65,66 These findings support ongoing translational efforts in radiopharmaceutical oncology by using PDCs.

LyP 1 (sequence: CGNKRTRGC) (Figure 6) is a tumor-homing cyclic peptide with a cryptic CendR motif, that first 
targets the p32 receptor, an overexpressed cell-surface marker on tumor lymphatics, hypoxic tumor regions, and certain 
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cancer cells. In one study, LyP-1 was conjugated to Dox-loaded liposomes to create a targeted delivery system (LyP- 
1-Dox liposome) designed to suppress lymphatic metastasis. In triple-negative breast cancer models, these LyP-1-mod
ified liposomes exhibited significantly enhanced accumulation in metastatic lymph nodes, increased cytotoxicity in 
MDA-MB-435 cells, and effective destruction of tumor lymphatics, outperforming non-targeted liposomal Dox in both 
in vitro and in vivo assessments.60

CPPs, particularly those rich in arginine or lysine residues, significantly enhance cellular uptake beyond traditional 
receptor-mediated mechanisms. There are many other PDCs reported for Dox. Nasrolahi Shirazi et al (2013) developed 
both cyclic ([W(RW)4]-Dox) and linear ((RW)4-Dox) PDCs (Figure 7), using a three-carbon linker at Dox’s 14-hydroxyl 
position to enhance cellular delivery and retention.85 The study demonstrated notably higher antiproliferative effects of 
the cyclic conjugate compared to the linear form across several cancer cell lines, including CCRF-CEM, SK-OV-3, HCT- 
116, and MDA-MB-468, achieving 50–79% inhibition at 1 µM after 72–120 h. Crucially, cyclic [W(RW)4]-Dox showed 
3.6-fold higher uptake in SK-OV-3 cells than free Dox at 24 h, and an intracellular hydrolysis profile with 99% of the 
conjugate releasing Dox by 72 h post-uptake. These results show its potential as a sustained-release prodrug with 
enhanced retention and potency, supporting the promise of peptide-Dox conjugation strategies for overcoming efflux- 
mediated resistance and improving intracellular delivery.

Darwish et al (2019) synthesized novel Dox conjugates containing thiol and disulfide linkers: Dox-SH, Dox-SS- 
Pyridine, and a cyclic peptide conjugate Dox-SS-[C(WR)4K] (Figure 7).86 All conjugates displayed equal or superior 
cytotoxicity compared to free Dox in HEK-293, HT-1080, and CCRF-CEM cells across 24- and 72-h assays, likely 
owing to improved cellular retention and activity. Fluorescence microscopy confirmed nuclear localization of these 

Figure 6 A schematic illustration of LyP-Dox liposome.
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Figure 7 Chemical structures of linear (RW)4-Dox, cyclic [W(RW)4]-Dox, Dox-SS-[C(WR)4K], [R5K]W7A-Dox, [C(WR)4K]-S-S-Dox, [(WR)8WKβA]-Dox, and ELP-Dox 
conjugate. The linker is shown in blue, and the drug cargo is shown in red.
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conjugates in multiple cancer cell lines (HT-1080, SK-OV-3, MDA-MB-468, MCF-7), indicating efficient nuclear 
delivery.

Mozaffari et al (2021) designed hybrid cyclic-linear and disulfide-linked PDCs, including [R5K]W7A-Dox (glutarate 
linker) and [R5K]W7C-S-S-Dox (Figure 7), to tackle both Dox resistance and toxicity issues.87 The hybrid cyclic-linear 
conjugate [R5K]W7A-Dox (Figure 7) displayed potent antiproliferative activity: at 5 µM, 72 h incubation resulted in 84% 
inhibition in CCRF-CEM cells, 39% in SK-OV-3, and 73% in AGS, matching or closely approximating the effects of free 
Dox (85%, 33%, and 87%, respectively). Comparative analysis revealed that [R5K]W7A-Dox was roughly twice as 
efficient as its linear counterpart (R5KW7A-Dox) and the disulfide-linked [R5K]W7C-S-S-Dox in inhibiting proliferation 
in human leukemia cells (CCRF-CEM).

Zoghebi et al (2022) synthesized a cyclic peptide-Dox conjugate, [(WR)8WKβA]-Dox (Figure 7), via a glutarate 
linker, aiming to surmount Dox resistance in cancer cells.88 The conjugate demonstrated substantially greater antipro
liferative potency across multiple cancer cell lines: at 5 µM after 72 h, viability reductions reached 59% in SK-OV-3, 
71% in MDA-MB-231, and 77% in MCF-7 cells, significantly outperforming free Dox (35%, 63%, and 57%, respec
tively). In the Dox-resistant MES-SA/MX2 cells, the conjugate reduced viability by 92% at 5 µM, whereas free Dox had 
a minimal effect (only 15% reduction), demonstrating its potential to overcome multidrug resistance mechanisms. 
Confocal microscopy confirmed efficient nuclear delivery and retention of the conjugate, while uptake in the presence 
of endocytosis inhibitors suggested a predominantly endocytosis-independent internalization mechanism. Stability assays 
revealed a plasma half-life of approximately 6 h, with over 80% degradation by 12 h, and near-complete intracellular 
release of Dox from the conjugate by 72 hours.

Mechanisms of Action
After systemic administration, a PDC continues to circulate until the peptide moiety recognizes and binds to its target 
receptor in the tumor, triggering receptor-mediated endocytosis. Non-CPPs enable this process, while some CPPs can 
facilitate passive uptake across cell membranes. Once internalized, the PDC is trafficked through endosomal compart
ments, where specific tumor-associated triggers, such as acidic pH, elevated glutathione (GSH), or proteolytic enzymes, 
cleave the linker and release the active drug intracellularly.

In certain PDC constructs, the peptide component performs more than just tumor targeting; it can be engineered with 
secondary functionalities such as facilitating cell penetration, triggering immune activation, or acting as therapeutic 
molecules themselves. As a result, peptides within PDCs can be engineered to do far more than guide delivery; they can 
actively modulate the tumor microenvironment by breaking down immunosuppressive barriers or attracting immune 
effector cells, effectively converting immunologically “old”tumors into “ot”, responsive lesions. This multifunctionality 
transforms the peptide into a dual-purpose agent, enhancing both delivery and therapeutic impact.9,89

A recent review1 notes that homing peptides mediate receptor-mediated endocytosis, followed by intracellular release 
of the drug, primarily within endo-lysosomal compartments responsive to low pH and specific enzymes like cathepsins or 
MMPs. Another review emphasizes90 that receptor binding initiates endocytosis, after which stimuli-responsive linker 
cleavage (due to pH, redox state, or enzymatic activity in the tumor microenvironment) ensures the release of the payload 
in the intended cellular compartment.

An example of pH-triggered drug release involves an elastin-like polypeptide (ELP)-Dox conjugate (Figure 7), where 
the drug is attached via a hydrazone linker. This conjugate demonstrated a remarkable, nearly 80% release of Dox at pH 
5.0 over 72 h, while under physiological pH (approximately 7.4), release was significantly impaired, with approximately 
15% release at pH 7.4, illustrating selective acid-triggered release.44

Redox-sensitive disulfide-linked conjugates exploit the markedly higher intracellular glutathione (GSH) concentra
tions, typically 1–10 mM, versus extracellular levels (~2–20 µM) (Figure 8).91,92 This contrast ensures that drug release is 
substantially accelerated inside cells, often up to 1000-fold faster, thereby ensuring intracellular-specific activation of the 
payload. Guo et al, 2018 and Zhao et al, 2017 detailed that intracellular GSH concentrations can reach 10 mM, compared 
to mere 2–20 µM in extracellular fluids, creating a strong redox gradient that favors selective cleavage of disulfide bonds 
within tumor cells.91,92
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An example of a redox-sensitive PDC is the RGD-Dox construct, in which a cyclic RGD peptide (cRGDfK), targeting 
integrin αvβ3 receptors overexpressed on tumor vasculature, is linked to Dox via a disulfide bond. This redox-sensitive 
linker design exploits the steep redox gradient between the extracellular environment (~2–20 µM GSH) and the 
intracellular milieu (~1–10 mM GSH) of tumor cells.93 Upon systemic administration, the conjugate remains stable in 
circulation, minimizing off-target effects. Once internalized into cancer cells via receptor-mediated endocytosis, the 
elevated intracellular glutathione concentration cleaves the disulfide bond, releasing active Dox specifically within the 
tumor. This selective release mechanism results in significantly enhanced intracellular drug accumulation, reduced 
cardiotoxicity, and superior antitumor efficacy compared to free Dox.

Peptide-polymer conjugates combine peptides with synthetic polymers, merging the specificity of peptides with the 
stability and processability of polymers. This offers potential applications not just in targeted drug delivery but also in 
nanomedicine and hybrid material design. For instance, in vitro and in vivo studies of cyclic RGD-functionalized, disulfide- 
crosslinked polymersomal Dox (cRGD-PS-Dox) have demonstrated significantly enhanced tumor targeting (Figure 9). 

Figure 8 Redox-triggered intracellular cleavage of disulfide-linked PDCs via elevated intracellular GSH levels. The arrows indicate the direction of Drug-SS-Peptide uptake 
from the extracellular environment into the intracellular space.

Figure 9 Targeted delivery of cRGD-functionalized polymersomal Dox for lung tumor chemotherapy in murine xenografts. Arrows depict the localization of cRGD-PS-Dox 
within lung tumors and the associated delivery of Dox.
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Specifically, in murine xenograft models of human non-small cell lung cancer, tumor accumulation of Dox was approximately 
two-fold higher following cRGD-PS-Dox administration compared to PS-Dox and Lipo-Dox, accompanied by markedly 
improved therapeutic outcomes and minimal off-target toxicity.94

Many PDCs also exploit self-assembly. Hydrophobic drugs and amphiphilic peptide motifs can drive PDCs to form 
nanostructures (micelles, fibers, vesicles) in an aqueous milieu. For instance, a Camptothecin-peptide conjugate (diCPT- 
PLGLAG-iRGD) self-assembles into nanofibers that localize to tumors (Figure 10), where they respond to both MMP-2 
protease activity (via the PLGLAG linker) and glutathione reduction, triggering the release of CPT for combined 
chemotherapy and immunotherapy applications.50 The nanotube network is loaded with anti-PD-1 antibodies (aPD-1), 
which, once released into the tumor microenvironment, block the PD-1-1/PD-L1 immune checkpoint pathway and 
thereby enhance T cell activation (both CD4+ and CD8+) and antitumor immune responses. Self-assembly can protect the 
drug, prolong its circulation, and facilitate the co-delivery of multiple drugs. Designs like dual-responsive hydrogels 
(forming into the tumor microenvironment and slowly releasing payloads) are also emerging.

In some innovative PDC and nanoparticle systems, the peptide component transcends its traditional targeting function 
to provide immunomodulatory activity, thereby amplifying anticancer immune responses. A notable example is D-PPA1 
(sequence: NYSKPTDRQYHF; identified through phage display), a D-peptide antagonist of PD-L1 that binds with high 
affinity (Kd ≈ 0.51 µM), effectively blocking the PD-1/PD-L1 immune checkpoint and promoting T-cell activation. 
Chang et al (2015) first demonstrated that D-PPA1 significantly inhibited tumor growth and extended survival in murine 
models of cancer.95

Building upon this foundation, Zhu et al (2021) incorporated D-PPA1 (D-Cys-Pro-Pro-Ala) into a tumor extracellular pH- 
sensitive nanoparticle co-loaded with Dox, achieving dual-function chemo-immunotherapy.96 A hydrophilic D-type poly
peptide (D-PPA) and two hydrophobic stearyl chains were conjugated through a pH-sensitive CDM linker to form an 
amphiphilic molecule (DCS, where D = D-PPA, C = CDM cleavable linker, S = stearyl chains) capable of self-assembling 
into nanoparticles (NPs). The chemotherapeutic agent Dox was subsequently encapsulated to yield Dox@DCS NPs, which 
preferentially accumulated at tumor sites via the enhanced permeability and retention (EPR) effect and released D-PPA under 
acidic tumor extracellular conditions, enabling both targeted drug delivery and pH-responsive immune modulation. On this 
platform, D-PPA1 decoration facilitated selective binding and internalization into PD-L1-expressing tumor cells, while acidic 
pH-triggered Dox release enhanced localized cytotoxicity. Simultaneously, PD-1/PD-L1 blockade reactivated antitumor 
immunity, resulting in improved tumor accumulation, deeper intratumoral penetration, and reduced systemic toxicity 
compared to free Dox or non-targeted nanoparticles (Figure 11).

Moreover, peptide-guided reprogramming of tumor-associated macrophages (TAMs) has emerged as a promising 
therapeutic strategy. Nanoparticle-based systems and several PDC designs have been developed to specifically target 

Figure 10 Schematic illustration of localized delivery of CPT and anti-PD1 (aPD1) via a diCPT-PLGLAG-iRGD-based supramolecular hydrogel. The diCPT-PLGLAG-iRGD 
conjugate undergoes self-assembly into nanotubes, which are co-loaded with aPD1. Upon intratumoral injection, the nanotubes form an in situ hydrogel within the tumor 
microenvironment. The hydrogel undergoes bioresponsive degradation in the presence of MMP-2 and elevated GSH, triggering the controlled release of CPT and aPD1.
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TAMs. For example, M2pep (sequence: YEQDPWGVKWWY), a peptide that selectively binds M2-polarized TAMs, has 
been used to deliver CSF-1R siRNA via nanomicelles. This approach effectively reprograms TAMs toward a tumor- 
suppressive M1 phenotype, suppressing pancreatic tumor growth in preclinical models.97

M2pep was conjugated to the pro-apoptotic peptide KLAKLAK (M2pep-KLAKLAK) to selectively deplete protumoral 
M2-like TAMs.98 This PDC selectively induces apoptosis in M2-polarized macrophages while sparing M1 macrophages. In 
vivo, systemic administration of M2pep-KLAKLAK in mice bearing MKN-45P gastric carcinoma significantly suppressed 
tumor growth. These findings suggested M2pep-KLAKLAK as a prototype of macrophage-targeted PDCs capable of 
remodeling the tumor immune microenvironment and suppressing tumor progression.98

More recently, a macrophage-targeting PDC termed MACTIDE-V has been developed for selective modulation of 
TAMs in breast cancer. This system employs the cyclic peptide MACTIDE, for its preferential binding to TAMs within 
the tumor microenvironment. In MACTIDE-V, MACTIDE is conjugated to Verteporfin, an FDA-approved photosensi
tizer and YAP/TAZ pathway inhibitor, enabling targeted delivery to macrophages in solid tumors. Upon internalization, 
the Verteporfin payload suppresses YAP/TAZ-mediated transcriptional activity, thereby reprogramming TAMs from an 
immunosuppressive M2 phenotype toward a proinflammatory M1 state. This macrophage reprogramming leads to 
remodeling of the immune microenvironment, reduced tumor growth, and suppression of metastasis in murine breast 
cancer models.99 These two examples demonstrate the emerging potential of TAM-directed PDCs as an immunomodu
latory approach to reshape the tumor microenvironment and enhance antitumor immunity.

In essence, incorporating multifunctional peptides into PDCs elevates their therapeutic sophistication, enhancing tumor 
penetration, overcoming drug resistance, and harnessing immune mechanisms alongside cytotoxic delivery. Overall, PDCs act 
as prodrugs whose activity depends on tumor-selective activation. The peptide increases the local concentration of the PDC in 
cancer tissue, while the linker ensures that the cytotoxic payload is liberated only after reaching the target site.

PDCs vs ADCs
ADCs are first transported to tumor cells via the bloodstream. Upon reaching their destination, they bind to specific 
antigens on the surface of cancer cells and are internalized through antigen-mediated endocytosis. Inside the cell, ADCs 
accumulate in endosomes and are subsequently degraded in lysosomes, where the cytotoxic drug is released. The 
released payload then targets key intracellular components, ultimately leading to the destruction of the cancer cell 
(Figure 12).100

Figure 11 pH-Sensitive nanoparticle-mediated chemo-immunotherapy by Dox@DCS targeting PD-L1 for enhanced tumor accumulation and T cell activation in colon 
cancer.
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In contrast, ADCs often suffer from perivascular trapping and poor interstitial diffusion, a phenomenon known as the 
“binding site barrier”. This effect occurs when high-affinity antibodies or ADCs bind rapidly to antigens on tumor cells 
near blood vessels, thereby limiting their penetration into deeper tissue and resulting in a heterogeneous intratumoral 
distribution. Delivering higher doses can saturate receptors in perivascular regions yet still fail to reach distal tumor 
cells.101–103 In practice, PDCs can achieve more uniform tumor distribution, potentially overcoming one mechanism of 
drug resistance.104

Figure 13 provides a theoretical overview of the internalization process of PDCs via receptor-mediated mechanisms 
in cancer cells. Initially, the PDC specifically recognizes and binds to an overexpressed receptor on the surface of the 
cancer cell. This interaction triggers internalization of the complex (Step 1). Once inside the cell, cleavage of the linker 
facilitates the release of the cytotoxic drug, as symbolized by the red lightning bolt (Step 2). Following drug release, the 
receptor dissociates from the ligand and is recycled back to the cell membrane. The liberated payload then exerts its 
cytotoxic effect, ultimately leading to the death of cancer cells (Step 3).

PDCs and ADCs share the same conceptual framework (carrier-linker-drug), but differ fundamentally in terms of 
size, structure, and pharmacology.1 PDCs use small peptides (~1–3 kDa) as carriers, whereas ADCs use ~150 kDa 
monoclonal antibodies. The small size of PDCs confers superior tissue penetration: PDC molecules readily diffuse 
through the dense tumor stroma, reaching cells deep from blood vessels.

These size and diffusion differences also affect pharmacokinetics. PDCs are cleared more rapidly via renal filtration, 
resulting in shorter circulation half-lives. This can reduce systemic exposure and off-target toxicity, but it may also 
require more frequent dosing. ADCs, by contrast, have long half-lives in the blood, allowing for sustained delivery, but at 
the expense of prolonged exposure to healthy tissues.100

Figure 12 Mechanism of ADC-mediated endocytosis and intracellular cytotoxicity in cancer cells. ADCs bind selectively to surface antigens expressed on cancer cells, 
initiating antigen-mediated internalization via endocytosis. The ADC-antigen complex is trafficked into lysosomes, where it undergoes proteolytic degradation, releasing the 
cytotoxic payload. Once released into the cytosol, the payload interferes with key cellular components such as microtubules or DNA, leading to apoptotic cell death.
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Moreover, PDCs generally have lower immunogenicity (small peptides are less likely to provoke neutralizing 
antibodies) and greater synthetic flexibility. Manufacturing PDCs is simpler and less expensive because they are 
chemically synthesized, whereas ADC production requires biologic expression and precise control of complex 
conjugation.104

Clinically, ADCs have seen more success to date, with >15 FDA approvals (eg, trastuzumab emtansine, brentuximab 
vedotin).105 By contrast, only two PDCs have been in broad clinical use: (177Lu)-DOTATATE and melphalan flufenamide 
(a peptidase-activated melphalan prodrug, briefly approved for the treatment of myeloma). However, the confirmatory 
phase III OCEAN trial failed to demonstrate clinical benefit and raised serious safety concerns, including a detrimental 
signal in overall survival. Consequently, the FDA issued a final decision in February 2024 to withdraw melphalan 
flufenamide on grounds of lack of efficacy and safety.

These outcomes reflect the stringent requirements for stability, potency, and reproducibility in the clinic. Nonetheless, 
several PDCs are in advanced trials or have been studied (Table 4). Mechanistically, both PDCs and ADCs rely on 
receptor targeting and controlled release, but PDCs often incorporate features learned from ADCs (eg, cathepsin- 
cleavable linkers) while exploiting the benefits of peptide biology (cell-penetration, alternative targets).

Challenges in Clinical Translation of PDCs
PDCs offer compelling promise as next-generation targeted therapeutics; however, their clinical translation remains 
constrained by several pharmacological hurdles. A major limitation is premature drug release in circulation, often driven 
by unstable linkers, such as certain hydrazones, and peptide proteolysis, which together contribute to off-target toxicity 
and weakened tumor delivery. Additionally, the small size of many peptides predisposes them to rapid renal clearance, 
significantly limiting their systemic half-lives. Achieving a delicate balance between optimal circulatory stability and 
efficient tumor-triggered payload release is therefore critical but nontrivial. For example, although disulfide linkers offer 
environmentally triggered release, they may be susceptible to cleavage by plasma glutathione (leading to off-target 
release), whereas thioether linkers, while stable, may impede effective drug release at the tumor site. Ensuring controlled 
“triggered” release without leakage underlies ongoing engineering efforts in PDC design.106,107

There are other factors that contribute to challenges in the successful development and effectiveness of PDCs, such as 
tumor heterogeneity, manufacturing, scale-up, and pharmacological challenges.

Tumor Heterogeneity as a Barrier to PDC Effectiveness
While PDCs can be exquisitely selective for a particular receptor or antigen, their efficacy may be limited by variable 
receptor expression across tumor subclones or metastatic sites. This often results in incomplete targeting and suboptimal 
tumor penetration. Tumor heterogeneity presents a major obstacle to the efficacy of PDCs. Mixed cell populations within 

Figure 13 Conceptual framework of internalization of PDCs in cancer cells.
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tumors often express varied levels, or even complete absence, of the targeted receptors, allowing some subpopulations to 
evade treatment entirely. This intra-tumor diversity is compounded by microenvironmental variability, such as hetero
geneous pH levels and protease activity, which can influence linker cleavage and payload release. As a result, a PDC 
highly effective in a controlled cell line may underperform in the complex and variable contexts of clinical tumors. To 
mitigate these limitations, strategies include targeting broadly expressed markers (such as integrins or transporters) or 
engineering multifunctional PDCs, for instance, bispecific peptides or dual payload constructs that address heterogeneity 
through broader targeting while maintaining specificity and efficacy.108,109

Manufacturing and Scale-Up Challenges for PDCs
Despite their therapeutic potential, PDCs face substantial hurdles in manufacturing and scale-up for clinical use. Although 
solid-phase peptide synthesis (SPPS) is well-established and scalable, the conjugation of highly potent cytotoxic drugs 
demands precise control of reaction conditions to maintain consistent drug-to-peptide ratios and high purity. Complex linkers, 
especially those incorporating peptide sequences, further complicate the synthesis process, increasing the number of steps and 
the burden of quality control. These factors elevate production costs significantly. While peptide synthesis is chemically less 
expensive than antibody production, peptide conjugation to payloads remains relatively difficult and costly, thus slowing 
clinical translation. Regulatory-grade manufacturing, particularly for constructs featuring novel linkers or payloads, entails 
additional regulatory scrutiny, thereby increasing development costs.106

Other Pharmacological Challenges in PDC Development
PDCs often contend with multiple pharmacological barriers that hinder their clinical success. Small peptides are 
particularly susceptible to proteolytic degradation, and certain sequences can elicit immunogenic responses, thereby 
compromising stability and safety. Their rapid renal clearance, driven by low molecular weight, results in short systemic 
half-lives and limited tumor exposure. To address these limitations, strategies such as PEGylation or albumin-binding 
modifications are employed to prolong circulation time and shield against enzymatic degradation. A protein-G-derived 
albumin-binding domain (ABD) conjugated with Dox through a pH-sensitive linker demonstrated prolonged plasma half- 
life and a four-fold increase in tumor accumulation,110 In another study, albumin-binding peptide (DICLPRWGCLW)- 
based bioconjugates also showed stability for enhanced tumor targeting.111

However, these modifications can sometimes reduce biological activity or introduce new immunogenicity concerns. 
Another obstacle involves off-target uptake, particularly in renal tissue, and non-specific distribution in normal organs. 
This is especially true for CPPs that lack inherent specificity. Additionally, after cellular internalization, ensuring efficient 
endosomal escape of the released drug is critical; without it, payloads often become trapped and degraded within 
endolysosomal compartments, limiting therapeutic efficacy.112,113

Conjugation of antimicrobial peptides with small-molecule antibiotics114,115 or hydrophilic polymers has enhanced 
proteolytic stability, prolonged circulation time, and facilitated membrane permeabilization, resulting in synergistic 
antimicrobial effects that may inspire similar conjugation strategies in cancer-directed PDCs.116

In summary, the successful development of PDCs demands a delicate balance among competing design goals: 
stability versus triggered release, target selectivity versus tumor heterogeneity, and manufacturability versus chemical 
complexity. A common pitfall in PDC design is over-optimization for circulation stability, which can compromise the 
efficiency of drug release at the tumor site. Conversely, overly labile linkers or unprotected peptides may result in 
premature drug release, systemic toxicity, and diminished therapeutic benefit.

From a translational perspective, in vitro potency does not reliably predict in vivo efficacy. In preclinical studies, many 
PDCs demonstrate excellent cell-killing ability under controlled conditions; however, they often fail to replicate these results 
in animal models or clinical settings due to poor bioavailability, metabolic degradation, or immune clearance. Moreover, the 
manufacturing of PDCs remains challenging; site-specific conjugation, reproducible drug loading, and scalability under GMP 
conditions require stringent process control, especially when working with highly toxic payloads.

These hurdles explain why, despite decades of research and dozens of candidates in development, only a handful of PDCs 
have reached clinical approval. Still, the continued refinement of linker chemistry, peptide engineering, multi-targeting 
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strategies, and nanocarrier-assisted delivery promises to overcome these barriers and unlock the full potential of PDCs in 
targeted cancer therapy.

Artificial Intelligence (AI)-Powered Discovery of PDCs
The integration of AI is beginning to shape the development of PDCs, paving the way for more predictive and data- 
driven approaches to therapeutic design. While models like DRlinker have demonstrated the feasibility of using deep 
reinforcement learning for fragment-based linker generation,117 dedicated resources such as PDCdb now provide 
structured, component-level data across over 2000 PDCs to facilitate AI-enabled pattern recognition and property 
prediction.118 These advances align with a broader transformation in biomedical research, marked notably by the 2024 
Nobel Prize in Chemistry awarded for breakthroughs in AI-based protein structure prediction, a milestone highlighting 
the growing impact of AI across all phases of drug development.

AI-driven approaches,119,120 including deep learning, generative modeling, and molecular simulations, are transform
ing every stage of PDC design by overcoming traditional limitations like narrow peptide libraries, unoptimized linkers, 
and trial-and-error payload choices. The result is a shift from laborious trial-and-error workflows to in silico-guided 
design of more effective and selective PDCs.

Optimizing Tumor-Targeting Peptides
AI-powered deep learning and generative techniques enable the rapid development of peptides with superior tumor- 
targeting and stability properties. In silico sequence optimization enables high-throughput screening of peptide libraries, 
surpassing the speed and efficiency of conventional approaches, such as phage display.121,122

Template-based AI tools like AlphaFold2 (https://golgi.sandbox.google.com/) have revolutionized peptide-receptor 
modeling by predicting peptide-bound protein structures and identifying key binding interfaces. For example, Kosugi and 
Ohue (2023) employed a modified AlphaFold2 framework incorporating a cyclic-peptide complex offset to design cyclic 
peptide binders targeting protein-protein interaction sites, such as MDM2/p53. This demonstrated that these AI-designed 
peptides could achieve lower predicted binding energies than native ligands.123 Similarly, Chen et al (2024) applied 
structure-conditioned generative modeling and refinement workflows to develop high-affinity linear peptide inhibitors, 
achieving nanomolar potency against therapeutic protein targets, further illustrating the expanding role of AI in rational 
peptide design for biomedical applications.124 De novo computational design methods offer valuable alternatives to 
traditional discovery methods. Diffusion-based models such as RFdiffusion have produced cyclic tumor-targeting 
peptides exhibiting approximately 60% greater receptor affinity compared to those identified through phage display.120 

Similarly, reinforcement learning platforms enable the optimization of peptide attributes, including cyclization and the 
incorporation of non-canonical amino acids, to improve resistance to proteolytic degradation. For example, AI-guided 
strategies such as backbone cyclization and the integration of D-amino acids or non-natural residues are increasingly 
applied to extend peptide half-life and minimize enzymatic breakdown.125,126

Early successes in AI-guided peptide discovery tools, such as AlphaFold2 and RoseTTAFold, were utilized to model the 
interaction between kidney injury molecule-1 (KIM-1) and death receptor 5 (DR5), leading to the design of new peptides that 
block this interaction. These peptides showed strong protective effects against acute kidney injury in lab and animal 
studies.127,128 In sum, AI-powered peptide engineering facilitates the creation of customized targeting ligands that exhibit 
enhanced tumor binding and improved stability in circulation compared to peptides discovered through traditional approaches.

Intelligent Linker Design
While generative AI has shown transformative potential in drug discovery, particularly in the design of small molecules, 
peptides, and biologics optimized through latent space exploration and multi-omics integration, its direct application to linker 
design in PDCs remains underexplored in current literature.129 For instance, Link-INVENT (https://github.com/MolecularAI/ 
Reinvent) builds upon the REINVENT generative-molecule design framework, employing reinforcement learning to generate 
novel linkers connecting two molecular subunits. The system enables the optimization of linker-specific objectives, such as 
effective length, graph length/branching, ring count, and flexibility (rotatable bonds), through a tailored scoring function for 
multi-parameter optimization.130 Similarly, DRlinker builds on deep reinforcement learning to generate linkers tailored to 
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user-specified objectives, such as controlling linker length and log P (lipophilicity), and demonstrates that ~91% and ~93.9% 
of generated compounds met the respective design criteria. While DRlinker has demonstrated strong performance in fragment- 
linking tasks, including high success rates for physicochemical targets, its application in therapeutic conjugates, such as ADCs 
or PDCs, has not yet been demonstrated in published studies.117

AI-Guided Payload Selection
Selecting the most suitable payload for a PDC requires balancing potency, selectivity, and pharmacological liabilities. 
While this process has traditionally relied on empirical screening, AI-driven methods, particularly graph neural networks 
(GNNs) trained on large-scale chemical datasets, are increasingly being used to predict molecular properties, prioritize 
payloads, and guide early-stage decision-making.131 While this approach has shown substantial promise across small- 
molecule and biologics pipelines, its direct application to PDCs has not yet been demonstrated in published studies. AI 
methodologies can similarly accelerate PDC development by screening extensive libraries of cytotoxic compounds and 
ranking those best suited for peptide-mediated delivery. Generative models, such as variational autoencoders and 
transformers, can even design novel payloads that are both highly potent and specifically released within target cells, 
thereby limiting systemic toxicity. Overall, by using machine learning to evaluate millions of candidate payloads 
(including those never synthesized before), scientists can systematically find PDC payloads with high tumor cell lethality, 
limited off-target effects, and even efficacy against resistant cancer cells, accelerating the discovery of next-generation 
payloads beyond the conventional set of Dox and taxanes.

Future Directions in PDC Development
Research continues to tackle key challenges in PDC therapeutics by embracing several promising innovation pathways:

Theranostics and Multimodal PDCs
Combining therapeutic and diagnostic functions in one PDC is a major trend. For example, attaching a radiolabel or 
fluorescent dye alongside a drug enables real-time tracking of distribution. Such theranostic PDCs could allow patient 
selection and monitoring of target engagement. While conventional reviews acknowledge this potential, several PET- or 
SPECT-labeled PDCs are already under preclinical investigation.106

AI-Guided Design
Machine learning is emerging as a tool to optimize peptide sequences and linkers for enhanced affinity, stability, and 
selectivity. In silico modeling can predict peptide-receptor interactions and cell-penetrating properties, accelerating the 
discovery of novel homing peptides. AI can also suggest linker chemistries tailored to tumor environments. Thus, 
powerful generative and predictive models may now help design peptides with enhanced binding, stability, and 
selectivity and tailor linkers for tumor-specific activation.131–133

Dual-Linker and Multi-Payload Systems
Inspired by bispecific antibodies, dual-trigger PDCs are being developed. For example, constructs with two different 
cleavable linkers (eg, one redox-sensitive and one enzyme-sensitive)1 can ensure activation only in the precise tumor 
niche. Likewise, some designs incorporate two drugs (eg, a chemotherapy agent plus an immunomodulator) on a single 
peptide scaffold, allowing for synergistic therapy.

For example, Bargh et al134 developed a dual-enzyme cleavable linker based on 3-O-sulfo-β-galactose, which requires 
sequential cleavage, first by arylsulfatase A and then by β-galactosidase, to activate the drug payload. This dual-trigger 
approach ensures highly selective activation within the target environment and could inspire similar designs for PDCs to 
enforce release only under precise tumor conditions.

Nanotechnology Integration and Self-Assembly
Innovative strategies are leveraging nanotechnology to improve PDC pharmacokinetics and therapeutic efficacy. One 
such approach involves designing PDCs that can self-assemble into nanostructures, such as fibers, micelles, or hydrogels, 
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thereby creating a drug depot effect and prolonged local release. An example is a camptothecin-based self-assembling 
prodrug (SAPD) hydrogel, which transforms into supramolecular filaments upon contact with brain tissue. This injectable 
hydrogel, used as an adjunct post-surgical treatment in a glioblastoma model, provided sustained release of camptothecin, 
suppressed tumor recurrence, and extended survival in mice.135 The versatility of self-assembling PDCs in forming 
diverse nanostructures and prolonging drug release in targeted therapy contexts has been reviewed.136,137 Additionally, 
co-delivery vehicles (such as liposomes and polymeric carriers) can encapsulate PDCs or utilize PDCs as targeting 
ligands, thereby merging the advantages of PDCs with nanoparticle delivery control.

Diversifying Targets Beyond Cell-Surface Receptors
Beyond traditional cell-surface receptors, PDCs are increasingly engineered to engage novel and context-specific tumor 
targets, including components of the tumor microenvironment (TME), such as fibronectin extra domain B (FN-EDB),138 

and matrix metalloproteinases (MMPs) like MT1-MMP,139 both of which are overexpressed in many cancers and 
contribute to tumor invasion and metastasis. These targets offer opportunities for selective tumor localization indepen
dent of receptor heterogeneity. Additionally, intracellular targeting via CPPs2 and activatable peptides responsive to 
tumor-specific enzymatic activity or pH present promising strategies for site-specific activation and payload release.140 

By integrating such stimuli-sensitive or environment-responsive elements, PDCs can achieve enhanced selectivity and 
overcome limitations of uniform receptor expression.141

Regulatory and Translational Efforts
To accelerate clinical adoption, further work is needed to standardize and optimize regulatory pathways for conjugates. 
Developing regulatory frameworks that encompass PDC-specific aspects, such as conjugate stability, batch-to-batch 
consistency, and safety profiling, is crucial. The complexity of conjugates poses distinct challenges for Chemistry, 
Manufacturing, and Controls (CMC), like those for ADCs,142 demanding comprehensive characterization of each 
component to satisfy regulatory scrutiny.6,143

Improved understanding of pharmacokinetics through imaging studies and biomarkers will help optimize dosing. 
Leveraging imaging strategies (such as PET/SPECT) and biomarker-driven studies can help optimize dosing regimens 
and measure real-time distribution. Such techniques support safer and more effective clinical translation.

Finally, collaborative efforts (databases like ConjuPepDB)144 and PDCdb118 will guide smarter design. These 
databases are invaluable for the field, providing structured, annotated datasets of PDCs, including their chemical 
structures, biomedical applications, and pharmacological data. These open resources accelerate rational design and foster 
reproducibility.

By integrating cutting-edge advances in targeting, linker chemistry, payload diversity, and formulation technologies, 
the next generation of PDCs stands poised to redefine targeted therapy paradigms. These innovations aim to emulate the 
exquisite receptor selectivity of monoclonal antibodies, thereby ensuring tumor-specific recognition, while simulta
neously preserving the favorable pharmacokinetics and tumor penetration capabilities characteristic of small molecules. 
For example, precision linker engineering allows for environmentally responsive drug release, self-assembling architec
ture enhances bioavailability, and peptide engineering supports resistance to proteolytic degradation and immunogenicity.

Moreover, PDCs offer a unique modularity that enables the simultaneous delivery of cytotoxic agents, immune 
modulators, and diagnostic payloads. This multi-functionality not only supports combination therapy strategies within 
a single molecule but also facilitates real-time monitoring of treatment efficacy through theragnostic applications. 
Artificial intelligence and data-driven design are further accelerating the development of bespoke PDC constructs 
optimized for individual tumor profiles, paving the way for truly personalized medicine.

Ultimately, as these technological, regulatory, and translational barriers are overcome, PDCs are likely to emerge as 
a class of therapeutics that bridges the best features of biologics and small molecules. Their ability to selectively kill 
tumor cells, modulate the tumor microenvironment, and guide immune responses, all while minimizing systemic toxicity, 
positions PDCs as a transformative platform in precision oncology. With increasing clinical momentum, robust data
bases, and interdisciplinary innovation, PDCs may soon join the ranks of mainstream targeted cancer therapies.
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Conclusion
PDCs represent a versatile and rapidly evolving platform for targeted cancer therapy. They harness the specificity of 
peptides to deliver potent drugs deep into tumors, potentially overcoming some limitations of conventional chemotherapy 
and even ADCs. We have reviewed the key components of PDC design (homing peptide, linker, payload) and elucidated 
their mechanisms, including receptor binding, cell internalization, and triggered drug release. Compared to ADCs, PDCs 
have distinct pharmacokinetic and penetration profiles, which we highlighted. Through case studies such as paclitaxel 
trevatide, (177Lu)-DOTATATE, and LyP-1-Dox, we illustrated how PDCs can successfully translate targeting strategies 
into therapeutic benefit.

Nonetheless, significant hurdles remain. Ensuring stability in circulation while achieving efficient drug release in 
tumors is a persistent challenge. Tumor heterogeneity and delivery barriers can compromise efficacy. The manufacturing 
and regulatory complexity of these hybrid molecules also slows progress. Addressing these issues will require integrated 
approaches: smarter peptide engineering (for affinity and stability), advanced linker chemistry (for dual triggers and 
controlled release), and leveraging technology (AI design, imaging, nanocarriers).

In conclusion, PDCs hold great promise as next-generation therapeutics. By integrating precise targeting peptides, 
optimized linkers, and potent drugs, PDCs can achieve high tumor-specificity with reduced side effects. Continued 
progress in understanding their design principles and overcoming translational challenges should propel more PDCs into 
the clinic, expanding the arsenal of targeted cancer treatments.

Author Contributions
All authors made a significant contribution to the work reported, whether that is in the conception, study design, 
execution, acquisition of data, analysis and interpretation, or in all these areas; took part in drafting, revising or critically 
reviewing the article; gave final approval of the version to be published; have agreed on the journal to which the article 
has been submitted; and agree to be accountable for all aspects of the work.

Funding
This study was supported by the National Institutes of Health NIH 1R15CA301437-01 and Chapman University School 
of Pharmacy Patient Safety Award. Amir Shirazi acknowledges financial support from Marshall B. Ketchum University, 
College of Pharmacy, Fullerton, CA.

Disclosure
The authors report no conflicts of interest in this work.

References
1. Jadhav K, Abhang A, Kole EB, et al. Peptide–drug conjugates as next-generation therapeutics: exploring the potential and clinical progress. 

Bioengineering. 2025;12(5):481. doi:10.3390/bioengineering12050481
2. Heh E, Allen J, Ramirez F, et al. Peptide drug conjugates and their role in cancer therapy. Int J Mol Sci. 2023;24(1):829. doi:10.3390/ 

ijms24010829
3. Das S, Al-Toubah T, El-Haddad G, Strosberg J. 177Lu-DOTATATE for the treatment of gastroenteropancreatic neuroendocrine tumors. Expert 

Rev Gastroenterol Hepatol. 2019;13(11):1023–1031. doi:10.1080/17474124.2019.1685381
4. Strosberg J, El-Haddad G, Wolin E, et al; NETTER-1 Trial Investigators. Phase 3 trial of 177Lu-dotatate for midgut neuroendocrine tumors. 

N Engl J Med. 2017;376(2):125–135. doi:10.1056/NEJMoa1607427
5. Kumthekar P, Tang SC, Brenner AJ, et al. ANG1005, a brain-penetrating peptide–drug conjugate, shows activity in patients with breast cancer 

with leptomeningeal carcinomatosis and recurrent brain metastases. Clin Cancer Res. 2020;26(12):2789–2799. doi:10.1158/1078-0432.CCR- 
19-3258

6. Wang D, Yin F, Li Z, Zhang Y, Shi C. Current progress and remaining challenges of peptide–drug conjugates (PDCs): next generation of 
antibody–drug conjugates (ADCs)? J Nanobiotechnology. 2025;23(1):305. doi:10.1186/s12951-025-03277-2

7. Dean TT, Jelú-Reyes J, Allen AC, Moore TW. Peptide–drug conjugates: an emerging direction for the next generation of peptide therapeutics. 
J Med Chem. 2024;67(3):1641–1661. doi:10.1021/acs.jmedchem.3c01835

8. Vrettos EI, Mező G, Tzakos AG. On the design principles of peptide–drug conjugates for targeted drug delivery to the malignant tumor site. 
Beilstein J Org Chem. 2018;14:930–954. doi:10.3762/bjoc.14.80

9. He R, Finan B, Mayer JP, DiMarchi RD. Peptide conjugates with small molecules designed to enhance efficacy and safety. Molecules. 2019;24 
(10):1855. doi:10.3390/molecules24101855

Drug Design, Development and Therapy 2026:20                                                                             https://doi.org/10.2147/DDDT.S562135                                                                                                                                                                                                                                                                                                                                                                                                      25

Parang et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.3390/bioengineering12050481
https://doi.org/10.3390/ijms24010829
https://doi.org/10.3390/ijms24010829
https://doi.org/10.1080/17474124.2019.1685381
https://doi.org/10.1056/NEJMoa1607427
https://doi.org/10.1158/1078-0432.CCR-19-3258
https://doi.org/10.1158/1078-0432.CCR-19-3258
https://doi.org/10.1186/s12951-025-03277-2
https://doi.org/10.1021/acs.jmedchem.3c01835
https://doi.org/10.3762/bjoc.14.80
https://doi.org/10.3390/molecules24101855


10. Urquiza M, Benavides-Rubio D, Jimenez-Camacho S. Structural analysis of peptide binding to integrins for cancer detection and treatment. 
Biophys Rev. 2023;15(4):699–708. doi:10.1007/s12551-023-01084-3

11. Kang S, Lee S, Park S. iRGD peptide as a tumor-penetrating enhancer for tumor-targeted drug delivery. Polymers. 2020;12(9):1906. 
doi:10.3390/polym12091906

12. Habib S, Singh M. Angiopep-2-modified nanoparticles for brain-directed delivery of therapeutics: a review. Polymers. 2022;14(4):712. 
doi:10.3390/polym14040712

13. Pasqualini R, Koivunen E, Kain R, et al. Aminopeptidase N is a receptor for tumor-homing peptides and a target for inhibiting angiogenesis. 
Cancer Res. 2000;60(3):722–727.

14. Wang RE, Niu Y, Wu H, Amin MN, Cai J. Development of NGR peptide-based agents for tumor imaging. Am J Nucl Med Mol Imaging. 2011;1 
(1):36–46.

15. Fogal V, Zhang L, Krajewski S, Ruoslahti E. Mitochondrial/cell-surface protein p32/gC1qR as a molecular target in tumor cells and tumor 
stroma. Cancer Res. 2008;68(17):7210–7218. doi:10.1158/0008-5472.CAN-07-6752

16. Hamzah J, Kotamraju VR, Seo JW, et al. Specific penetration and accumulation of a homing peptide within atherosclerotic plaques of 
apolipoprotein E-deficient mice. Proc Natl Acad Sci U S A. 2011;108(17):7154–7159. doi:10.1073/pnas.1104540108

17. Ruoslahti E, Teesalu T, Sugahara K, Roth L; inventors; Sanford Burnham Prebys Medical Discovery Institute, assignee. Truncated LYP-1 
peptides and methods and compositions using truncated LYP-1 peptides. United States patent US 10,179,801. 2019.

18. Mansi R, Nicolas GP, Del Pozzo L, et al. Evaluation of a new 177Lu-labeled somatostatin analog for the treatment of tumors expressing 
somatostatin receptor subtypes 2 and 5. Molecules. 2020;25(18):4155. doi:10.3390/molecules25184155

19. Bae DH, Bae H, Yu HS, et al. Peptide–drug conjugate with statistically designed transcellular peptide for tumor-specific delivery of cytotoxic 
drug. Adv Healthc Mater. 2024;13(10):e2303480. doi:10.1002/adhm.202303480

20. Sharma AK, Sharma R, Chauhan N, Das A, Satpati D. Peptide–drug conjugate designated for targeted delivery to HER2-expressing cancer 
cells. J Pept Sci. 2024;30(9):e3602. doi:10.1002/psc.3602

21. La Manna S, Di Natale C, Onesto V, Marasco D. Self-assembling peptides: from design to biomedical applications. Int J Mol Sci. 2021;22 
(23):12662. doi:10.3390/ijms222312662

22. Mandal D, Nasrolahi Shirazi A, Parang K. Self-assembly of peptides to nanostructures. Org Biomol Chem. 2014;12(22):3544–3561. 
doi:10.1039/c4ob00447g

23. Yang S, Wang M, Wang T, et al. Self-assembled short peptides: recent advances and strategies for potential pharmaceutical applications. Mater 
Today Bio. 2023;20:100644. doi:10.1016/j.mtbio.2023.100644

24. Khaliq NU, Amin L, Khaliq SU, et al. Peptide-based prodrug approaches for cancer nanomedicine. ACS Appl Bio Mater. 2024;7 
(12):8163–8176. doi:10.1021/acsabm.4c01364

25. Cao J, Yu Y, Han K, et al. Persistent membrane-anchored oligomeric peptides with nanopore formation for targeted immune modulation. Angew 
Chem Int Ed Engl. 2025;64:e202507700. doi:10.1002/anie.202507700

26. Sood A, Jothiswaran VV, Singh A, Sharma A. Anticancer peptides as novel immunomodulatory therapeutic candidates for cancer treatment. 
Explor Target Antitumor Ther. 2024;5(5):1074–1099. doi:10.37349/etat.2024.00264

27. Hu C, Chen X, Zhao W, Chen Y, Huang Y. Design and modification of anticancer peptides. Drug Des. 2016;5(3):1000138. doi:10.4172/2169- 
0138.1000138

28. Grkovski M, Daras M, Bale T, et al. 18F-BMS-986229 PET imaging of tumor PD-L1 expression in glioblastoma patients. EJNMMI Res. 
2025;15(1):124. doi:10.1186/s13550-025-01283-x

29. Zhuang L, Lian Y, Zhu T. Multifunctional gold nanoparticles: bridging detection, diagnosis, and targeted therapy in cancer. Mol Cancer. 
2025;24(1):228. doi:10.1186/s12943-025-02431-6

30. Bauso LV, La Fauci V, Munaò S, et al. Biological activity of natural and synthetic peptides as anticancer agents. Int J Mol Sci. 2024;25 
(13):7264. doi:10.3390/ijms25137264

31. Pabst M, McDowell W, Manin A, et al. Modulation of drug-linker design to enhance in vivo potency of homogeneous antibody–drug 
conjugates. J Control Release. 2017;253:160–164. doi:10.1016/j.jconrel.2017.02.027

32. Wijesinghe A, Kumari S, Booth V. Conjugates for use in peptide therapeutics: a systematic review and meta-analysis. PLoS One. 2022;17(3): 
e0255753. doi:10.1371/journal.pone.0255753

33. Sheyi R, de la Torre BG, Albericio F. Linkers: an assurance for controlled delivery of antibody-drug conjugate. Pharmaceutics. 2022;14(2):396. 
doi:10.3390/pharmaceutics14020396

34. Sagar B, Gupta S, Verma SK, Reddy YVM, Shukla S. Navigating cancer therapy: harnessing the power of peptide–drug conjugates as precision 
delivery vehicles. Eur J Med Chem. 2025;283:117131. doi:10.1016/j.ejmech.2024.117131

35. Kamath AV, Iyer S. Preclinical pharmacokinetic considerations for the development of antibody–drug conjugates. Pharm Res. 2015;32 
(11):3470–3479. doi:10.1007/s11095-014-1584-z

36. Yang Y, Wang S, Ma P, et al. Drug conjugate-based anticancer therapy—current status and perspectives. Cancer Lett. 2023;552:215969. 
doi:10.1016/j.canlet.2022.215969

37. Parshad B, Arora S, Singh B, et al. Towards precision medicine using biochemically triggered cleavable conjugation. Commun Chem. 2025;8 
(1):100. doi:10.1038/s42004-025-01491-5

38. Cal PM, Matos MJ, Bernardes GJ. Trends in therapeutic drug conjugates for bacterial diseases: a patent review. Expert Opin Ther Pat. 2017;27 
(2):179–189. doi:10.1080/13543776.2017.1259411

39. Chavda VP, Solanki HK, Davidson M, Apostolopoulos V, Bojarska J. Peptide–drug conjugates: a new hope for cancer management. Molecules. 
2022;27(21):7232. doi:10.3390/molecules27217232

40. Anami Y, Yamazaki CM, Xiong W, et al. Glutamic acid–valine–citrulline linkers ensure stability and efficacy of antibody–drug conjugates in 
mice. Nat Commun. 2018;9(1):2512. doi:10.1038/s41467-018-04982-3

41. Caculitan NG, Dela Cruz Chuh J, Ma Y, et al. Cathepsin B is dispensable for cellular processing of cathepsin B-cleavable antibody-drug 
conjugates. Cancer Res. 2017;77(24):7027–7037. doi:10.1158/0008-5472.CAN-17-2391

42. Lu J, Jiang F, Lu A, Zhang G. Linkers having a crucial role in antibody–drug conjugates. Int J Mol Sci. 2016;17(4):561. doi:10.3390/ 
ijms17040561

https://doi.org/10.2147/DDDT.S562135                                                                                                                                                                                                                                                                                                                                                                                                                                       Drug Design, Development and Therapy 2026:20 26

Parang et al                                                                                                                                                                          

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1007/s12551-023-01084-3
https://doi.org/10.3390/polym12091906
https://doi.org/10.3390/polym14040712
https://doi.org/10.1158/0008-5472.CAN-07-6752
https://doi.org/10.1073/pnas.1104540108
https://doi.org/10.3390/molecules25184155
https://doi.org/10.1002/adhm.202303480
https://doi.org/10.1002/psc.3602
https://doi.org/10.3390/ijms222312662
https://doi.org/10.1039/c4ob00447g
https://doi.org/10.1016/j.mtbio.2023.100644
https://doi.org/10.1021/acsabm.4c01364
https://doi.org/10.1002/anie.202507700
https://doi.org/10.37349/etat.2024.00264
https://doi.org/10.4172/2169-0138.1000138
https://doi.org/10.4172/2169-0138.1000138
https://doi.org/10.1186/s13550-025-01283-x
https://doi.org/10.1186/s12943-025-02431-6
https://doi.org/10.3390/ijms25137264
https://doi.org/10.1016/j.jconrel.2017.02.027
https://doi.org/10.1371/journal.pone.0255753
https://doi.org/10.3390/pharmaceutics14020396
https://doi.org/10.1016/j.ejmech.2024.117131
https://doi.org/10.1007/s11095-014-1584-z
https://doi.org/10.1016/j.canlet.2022.215969
https://doi.org/10.1038/s42004-025-01491-5
https://doi.org/10.1080/13543776.2017.1259411
https://doi.org/10.3390/molecules27217232
https://doi.org/10.1038/s41467-018-04982-3
https://doi.org/10.1158/0008-5472.CAN-17-2391
https://doi.org/10.3390/ijms17040561
https://doi.org/10.3390/ijms17040561


43. Saghaeidehkordi A, Chen S, Yang S, Kaur K. Evaluation of a keratin 1 targeting peptide–doxorubicin conjugate in a mouse model of triple- 
negative breast cancer. Pharmaceutics. 2021;13(5):661. doi:10.3390/pharmaceutics13050661

44. Furgeson DY, Dreher MR, Chilkoti A. Structural optimization of a “smart” doxorubicin–polypeptide conjugate for thermally targeted delivery 
to solid tumors. J Control Release. 2006;110(2):362–369. doi:10.1016/j.jconrel.2005.10.006

45. Lee MH, Kim EJ, Lee H, et al. Acid-triggered release of doxorubicin from a hydrazone-linked Gd3+-texaphyrin conjugate. Chem Commun. 
2016;52(69):10551–10554. doi:10.1039/C6CC05673C

46. Patil R, Portilla-Arias J, Ding H, et al. Cellular delivery of doxorubicin via pH-controlled hydrazone linkage using multifunctional nanovehicle 
based on poly(β-L-malic acid). Int J Mol Sci. 2012;13(9):11681–11693. doi:10.3390/ijms130911681

47. Régina A, Demeule M, Ché C, et al. Antitumour activity of ANG1005, a conjugate between paclitaxel and the new brain delivery vector 
Angiopep-2. Br J Pharmacol. 2008;155(2):185–197. doi:10.1038/bjp.2008.260

48. Alas M, Saghaeidehkordi A, Kaur K. Peptide–drug conjugates with different linkers for cancer therapy. J Med Chem. 2021;64(1):216–232. 
doi:10.1021/acs.jmedchem.0c01530

49. He H, Deng X, Wang Z, Chen J. Recent progress in the development of peptide–drug conjugates (PDCs) for cancer therapy. Eur J Med Chem. 
2025;284:117204. doi:10.1016/j.ejmech.2024.117204

50. Wang F, Xu D, Su H, et al. Supramolecular prodrug hydrogelator as an immune booster for checkpoint blocker-based immunotherapy. Sci Adv. 
2020;6(18):eaaz8985. doi:10.1126/sciadv.aaz8985

51. Wang X, Gigant B, Zheng X, Chen Q. Microtubule-targeting agents for cancer treatment: seven binding sites and three strategies. MedComm 
Oncol. 2023;2(3):e46. doi:10.1002/mog2.46

52. Basu A, Krishnamurthy S. Cellular responses to cisplatin-induced DNA damage. J Nucleic Acids. 2010;2010:201367. doi:10.4061/2010/201367
53. Gourzones C, Bret C, Moreaux J. Treatment may be harmful: mechanisms, prediction, and prevention of drug-induced DNA damage and repair 

in multiple myeloma. Front Genet. 2019;10:861. doi:10.3389/fgene.2019.00861
54. Kasi PM, Sharma A, Jain MK. Expanding the indication for novel theranostic 177Lu-DOTATATE peptide receptor radionuclide therapy: 

proof-of-concept of PRRT in Merkel cell cancer. Case Rep Oncol. 2019;12(1):98–103. doi:10.1159/000496335
55. Mittra ES. Neuroendocrine tumor therapy: 177Lu-DOTATATE. AJR Am J Roentgenol. 2018;211(2):278–285. doi:10.2214/AJR.18.19953
56. Vale N, Ramos R, Cruz I, Pereira M. Application of peptide-conjugated photosensitizers for photodynamic cancer therapy: a review. Organics. 

2024;5(4):429–442. doi:10.3390/org5040022
57. Williams TM, Kaufman NEM, Zhou Z, et al. Click conjugation of boron dipyrromethene (BODIPY) fluorophores to EGFR-targeting linear and 

cyclic peptides. Molecules. 2021;26(3):593. doi:10.3390/molecules26030593
58. Kaufman NEM, Meng Q, Griffin KE, et al. Synthesis, characterization, and evaluation of near-IR boron dipyrromethene bioconjugates for 

labeling of adenocarcinomas by selectively targeting the epidermal growth factor receptor. J Med Chem. 2019;62(7):3323–3335. doi:10.1021/ 
acs.jmedchem.8b01746

59. O’Flaherty S, Luzina OA, Dyrkheeva NS, et al. Novel peptide–drug conjugates with dual anticancer activity. Int J Mol Sci. 2024;25(22):12411. 
doi:10.3390/ijms252212411

60. Yan Z, Zhan C, Wen Z, et al. LyP-1-conjugated doxorubicin-loaded liposomes suppress lymphatic metastasis by inhibiting lymph node 
metastases and destroying tumor lymphatics. Nanotechnology. 2011;22(41):415103. doi:10.1088/0957-4484/22/41/415103

61. Demeule M, Charfi C, Currie JC, et al. TH1902, a new docetaxel–peptide conjugate for the treatment of sortilin-positive triple-negative breast 
cancer. Cancer Sci. 2021;112(10):4317–4334. doi:10.1111/cas.15086

62. Emons G, Gorchev G, Harter P, et al. Efficacy and safety of AEZS-108 (LHRH agonist linked to doxorubicin) in women with advanced or 
recurrent endometrial cancer expressing LHRH receptors: a multicenter Phase 2 trial (AGO-GYN5). Int J Gynecol Cancer. 2014;24 
(2):260–265. doi:10.1097/IGC.0000000000000044

63. Bennett G, Lutz R, Park P, Harrison H, Lee K. Development of BT1718, a novel Bicycle® drug conjugate for the treatment of lung cancer. 
Cancer Res. 2017;77(13 Suppl):1167. doi:10.1158/1538-7445.AM2017-1167

64. Stenberg VY, Juzeniene A, Chen Q, Yang X, Bruland ØS, Larsen RH. Preparation of the alpha-emitting prostate-specific membrane antigen 
targeted radioligand [212Pb]Pb-NG001 for prostate cancer. J Labelled Comp Radiopharm. 2020;63(3):129–143. doi:10.1002/jlcr.3825

65. Stenberg VY, Juzeniene A, Bruland ØS, Larsen RH. In situ generated 212Pb-PSMA ligand in a 224Ra-solution for dual targeting of prostate 
cancer sclerotic stroma and PSMA-positive cells. Curr Radiopharm. 2020;13(2):130–141. doi:10.2174/1874471013666200511000532

66. Stenberg VY, Tornes AJK, Nilsen HR, et al. Factors influencing the therapeutic efficacy of the PSMA targeting radioligand 212Pb-NG001. 
Cancers. 2022;14(11):2784. doi:10.3390/cancers14112784

67. Radeva L, Yoncheva K. Doxorubicin toxicity and recent approaches to alleviating its adverse effects with focus on oxidative stress. Molecules. 
2025;30(15):3311. doi:10.3390/molecules30153311

68. Gong J, Zhang W, Balthasar JP. Camptothecin-based anticancer therapies and strategies to improve their therapeutic index. Cancers. 2025;17 
(6):1032. doi:10.3390/cancers17061032

69. Perra M, Castangia I, Aroffu M, et al. Maytansinoids in cancer therapy: advancements in antibody–drug conjugates and nanotechnology- 
enhanced drug delivery systems. Discov Oncol. 2025;16(1):73. doi:10.1007/s12672-025-01820-z

70. Khongorzul P, Ling CJ, Khan FU, Ihsan AU, Zhang J. Antibody–drug conjugates: a comprehensive review. Mol Cancer Res. 2020;18(1):3–19. 
doi:10.1158/1541-7786.MCR-19-0582

71. Markman M. Managing taxane toxicities. Support Care Cancer. 2003;11(3):144–147. doi:10.1007/s00520-002-0405-9
72. Kamarulzaman EE, Mohd Gazzali A, Acherar S, et al. New peptide-conjugated chlorin-type photosensitizer targeting neuropilin-1 for 

anti-vascular targeted photodynamic therapy. Int J Mol Sci. 2015;16(10):24059–24080. doi:10.3390/ijms161024059
73. Nagatani M, Yoshikawa M, Tsukiji S, Higuchi M, Tamiaki H, Matsubara S. Acid-activatable photosensitizers for photodynamic therapy using 

self-aggregates of chlorophyll–peptide conjugates. Polym J. 2025;57(1):119–128. doi:10.1038/s41428-024-00961-2
74. Arias AG, Tovar-Martinez L, Asciutto EK, et al. A cyclic peptide targets glioblastoma by binding to aberrantly exposed SNAP25. Mol Pharm. 

2025;22(1):363–376. doi:10.1021/acs.molpharmaceut.4c00958
75. Lindberg J, Nilvebrant J, Nygren PÅ, Lehmann F. Progress and future directions with peptide–drug conjugates for targeted cancer therapy. 

Molecules. 2021;26(19):6042. doi:10.3390/molecules26196042

Drug Design, Development and Therapy 2026:20                                                                             https://doi.org/10.2147/DDDT.S562135                                                                                                                                                                                                                                                                                                                                                                                                      27

Parang et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.3390/pharmaceutics13050661
https://doi.org/10.1016/j.jconrel.2005.10.006
https://doi.org/10.1039/C6CC05673C
https://doi.org/10.3390/ijms130911681
https://doi.org/10.1038/bjp.2008.260
https://doi.org/10.1021/acs.jmedchem.0c01530
https://doi.org/10.1016/j.ejmech.2024.117204
https://doi.org/10.1126/sciadv.aaz8985
https://doi.org/10.1002/mog2.46
https://doi.org/10.4061/2010/201367
https://doi.org/10.3389/fgene.2019.00861
https://doi.org/10.1159/000496335
https://doi.org/10.2214/AJR.18.19953
https://doi.org/10.3390/org5040022
https://doi.org/10.3390/molecules26030593
https://doi.org/10.1021/acs.jmedchem.8b01746
https://doi.org/10.1021/acs.jmedchem.8b01746
https://doi.org/10.3390/ijms252212411
https://doi.org/10.1088/0957-4484/22/41/415103
https://doi.org/10.1111/cas.15086
https://doi.org/10.1097/IGC.0000000000000044
https://doi.org/10.1158/1538-7445.AM2017-1167
https://doi.org/10.1002/jlcr.3825
https://doi.org/10.2174/1874471013666200511000532
https://doi.org/10.3390/cancers14112784
https://doi.org/10.3390/molecules30153311
https://doi.org/10.3390/cancers17061032
https://doi.org/10.1007/s12672-025-01820-z
https://doi.org/10.1158/1541-7786.MCR-19-0582
https://doi.org/10.1007/s00520-002-0405-9
https://doi.org/10.3390/ijms161024059
https://doi.org/10.1038/s41428-024-00961-2
https://doi.org/10.1021/acs.molpharmaceut.4c00958
https://doi.org/10.3390/molecules26196042


76. Li Z, Jiang S, Wang J, et al. Peptide–drug conjugates repolarize glioblastoma-associated macrophages to resensitize chemo-immunotherapy of 
glioblastoma. Sci Adv. 2025;11(3):eadr8841. doi:10.1126/sciadv.adr8841

77. Thomas FC, Taskar K, Rudraraju V, et al. Uptake of ANG1005, a novel paclitaxel derivative, through the blood–brain barrier into brain and 
experimental brain metastases of breast cancer. Pharm Res. 2009;26(11):2486–2494. doi:10.1007/s11095-009-9964-5

78. Becx MN, Minczeles NS, Brabander T, de Herder WW, Nonnekens J, Hofland J. A clinical guide to peptide receptor radionuclide therapy with 
177Lu-DOTATATE in neuroendocrine tumor patients. Cancers. 2022;14(23):5792. doi:10.3390/cancers14235792

79. Richardson PG, Oriol A, Larocca A, et al; HORIZON (OP-106) Investigators. Melflufen and dexamethasone in heavily pretreated relapsed and 
refractory multiple myeloma. J Clin Oncol. 2021;39(7):757–767. doi:10.1200/JCO.20.02259

80. Demeule M, Charfi C, Currie JC, et al. The TH1902 docetaxel peptide–drug conjugate inhibits xenografts growth of human SORT1-positive 
ovarian and triple-negative breast cancer stem-like cells. Pharmaceutics. 2022;14(9):1910. doi:10.3390/pharmaceutics14091910

81. Currie JC, Demeule M, Charfi C, et al. The peptide–drug conjugate TH1902: a new sortilin receptor-mediated cancer therapeutic against ovarian 
and endometrial cancers. Cancers. 2022;14(8):1877. doi:10.3390/cancers14081877

82. Jaszberenyi M, Schally AV, Block NL, et al. Inhibition of U-87 MG glioblastoma by AN-152 (AEZS-108), a targeted cytotoxic analog of 
luteinizing hormone-releasing hormone. Oncotarget. 2013;4(3):422–432. doi:10.18632/oncotarget.917

83. Gowland C, Berry P, Errington J, et al. Development of a LC-MS/MS method for the quantification of toxic payload DM1 cleaved from 
BT1718 in a Phase I study. Bioanalysis. 2021;13(2):101–113. doi:10.4155/bio-2020-0256

84. Cook N, Banerji U, Evans J, et al. Pharmacokinetic assessment of BT1718: a phase I/IIa study of BT1718, a first in class bicycle toxin 
conjugate, in patients with advanced solid tumours. Ann Oncol. 2019;30(suppl 5):v174. doi:10.1093/annonc/mdz244.026

85. Nasrolahi Shirazi A, Tiwari R, Chhikara BS, Mandal D, Parang K. Design and biological evaluation of cell-penetrating peptide–doxorubicin 
conjugates as prodrugs. Mol Pharm. 2013;10(2):488–499. doi:10.1021/mp3004034

86. Darwish S, Sadeghiani N, Fong S, et al. Synthesis and antiproliferative activities of doxorubicin thiol conjugates and doxorubicin-SS-cyclic 
peptide. Eur J Med Chem. 2019;161:594–606. doi:10.1016/j.ejmech.2018.10.042

87. Mozaffari S, Salehi D, Mahdipoor P, et al. Design and application of hybrid cyclic–linear peptide–doxorubicin conjugates as a strategy to 
overcome doxorubicin resistance and toxicity. Eur J Med Chem. 2021;226:113836. doi:10.1016/j.ejmech.2021.113836

88. Zoghebi K, Aliabadi HM, Tiwari RK, Parang K. [(WR)8WKβA]-doxorubicin conjugate: a delivery system to overcome multidrug resistance 
against doxorubicin. Cells. 2022;11(2):301. doi:10.3390/cells11020301

89. Vadevoo SMP, Gurung S, Lee HS, et al. Peptides as multifunctional players in cancer therapy. Exp Mol Med. 2023;55(6):1099–1109. 
doi:10.1038/s12276-023-01016-x

90. Gong L, Zhao H, Liu Y, et al. Research advances in peptide–drug conjugates. Acta Pharm Sin B. 2023;13(9):3659–3677. doi:10.1016/j. 
apsb.2023.02.013

91. Guo X, Cheng Y, Zhao X, et al. Advances in redox-responsive drug delivery systems of tumor microenvironment. J Nanobiotechnology. 
2018;16(1):74. doi:10.1186/s12951-018-0398-2

92. Zhao C, Shao L, Lu J, et al. Triple redox responsive poly(ethylene glycol)-polycaprolactone polymeric nanocarriers for fine-controlled drug 
release. Macromol Biosci. 2017;17(4):1600295. doi:10.1002/mabi.201600295

93. Cai M, Ye M, Shang X, et al. cRGD-functionalized redox-sensitive micelles as potential doxorubicin delivery carriers for αvβ3 integrin 
overexpressing tumors. RSC Adv. 2015;5(112):92292–92302. doi:10.1039/C5RA16074J

94. Zou Y, Wei J, Xia Y, et al. Targeted chemotherapy for subcutaneous and orthotopic non-small-cell lung tumors with cyclic RGD-functionalized 
and disulfide-crosslinked polymersomal doxorubicin. Signal Transduct Target Ther. 2018;3:32. doi:10.1038/s41392-018-0032-7

95. Chang HN, Liu BY, Qi YK, et al. Blocking of the PD-1/PD-L1 interaction by a D-peptide antagonist for cancer immunotherapy. Angew Chem 
Int Ed Engl. 2015;54(40):11760–11764. doi:10.1002/anie.201506225

96. Zhu W, Bai Y, Zhang N, et al. A tumor extracellular pH-sensitive PD-L1 binding peptide nanoparticle for chemo-immunotherapy of cancer. 
J Mater Chem B. 2021;9(20):4201–4210. doi:10.1039/D1TB00537E

97. Li M, Li M, Yang Y, et al. Remodeling tumor immune microenvironment via targeted blockade of PI3K-γ and CSF-1/CSF-1R pathways in 
tumor-associated macrophages for pancreatic cancer therapy. J Control Release. 2020;321:23–35. doi:10.1016/j.jconrel.2020.02.011

98. Cieslewicz M, Tang J, Yu JL, et al. Targeted delivery of proapoptotic peptides to tumor-associated macrophages improves survival. Proc Natl 
Acad Sci U S A. 2013;110(40):15919–15924. doi:10.1073/pnas.1312197110

99. Lepland A, Peranzoni E, Haljasorg U, et al. Peptide-drug conjugate for therapeutic reprogramming of tumor-associated macrophages in breast 
cancer. Adv Sci. 2025;12(10):e2410288. doi:10.1002/advs.202410288

100. Gao Y, Xia Y, Chen Y, et al. Key considerations based on pharmacokinetic/pharmacodynamic in the design of antibody–drug conjugates. Front 
Oncol. 2025;14:1459368. doi:10.3389/fonc.2024.1459368

101. Saga T, Neumann RD, Heya T, et al. Targeting cancer micrometastases with monoclonal antibodies: a binding-site barrier. Proc Natl Acad Sci 
U S A. 1995;92(19):8999–9003. doi:10.1073/pnas.92.19.8999

102. Wei Q, Yang T, Zhu J, et al. Spatiotemporal quantification of HER2-targeting antibody-drug conjugate bystander activity and enhancement of 
solid tumor penetration. Clin Cancer Res. 2024;30(5):984–997. doi:10.1158/1078-0432.CCR-23-1725

103. van Dongen GAMS. Improving tumor penetration of antibodies and antibody-drug conjugates: taking away the barriers for trojan horses. 
Cancer Res. 2021;81(15):3956–3957. doi:10.1158/0008-5472.CAN-21-0952

104. Zhang B, Wang M, Sun L, et al. Recent advances in targeted cancer therapy: are PDCs the next generation of ADCs? J Med Chem. 2024;67 
(14):11469–11487. doi:10.1021/acs.jmedchem.4c00106

105. Yu J. Antibody–drug conjugate and its application on lung cancer. MedScien. 2025;1(3):[pagespending]. doi:10.61173/kkmdc990
106. Fu C, Yu L, Miao Y, Liu X, Yu Z, Wei M. Peptide–drug conjugates (PDCs): a novel trend of research and development on targeted therapy, 

hype or hope? Acta Pharm Sin B. 2023;13(2):498–516. doi:10.1016/j.apsb.2022.07.020
107. Wang M, Liu J, Xia M, et al. Peptide–drug conjugates: a new paradigm for targeted cancer therapy. Eur J Med Chem. 2024;265:116119. 

doi:10.1016/j.ejmech.2023.116119
108. Jia G, Jiang Y, Li X. Targeted drug conjugates in cancer therapy: challenges and opportunities. Pharm Sci Adv. 2024;2:100048. doi:10.1016/j. 

pscia.2024.100048

https://doi.org/10.2147/DDDT.S562135                                                                                                                                                                                                                                                                                                                                                                                                                                       Drug Design, Development and Therapy 2026:20 28

Parang et al                                                                                                                                                                          

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1126/sciadv.adr8841
https://doi.org/10.1007/s11095-009-9964-5
https://doi.org/10.3390/cancers14235792
https://doi.org/10.1200/JCO.20.02259
https://doi.org/10.3390/pharmaceutics14091910
https://doi.org/10.3390/cancers14081877
https://doi.org/10.18632/oncotarget.917
https://doi.org/10.4155/bio-2020-0256
https://doi.org/10.1093/annonc/mdz244.026
https://doi.org/10.1021/mp3004034
https://doi.org/10.1016/j.ejmech.2018.10.042
https://doi.org/10.1016/j.ejmech.2021.113836
https://doi.org/10.3390/cells11020301
https://doi.org/10.1038/s12276-023-01016-x
https://doi.org/10.1016/j.apsb.2023.02.013
https://doi.org/10.1016/j.apsb.2023.02.013
https://doi.org/10.1186/s12951-018-0398-2
https://doi.org/10.1002/mabi.201600295
https://doi.org/10.1039/C5RA16074J
https://doi.org/10.1038/s41392-018-0032-7
https://doi.org/10.1002/anie.201506225
https://doi.org/10.1039/D1TB00537E
https://doi.org/10.1016/j.jconrel.2020.02.011
https://doi.org/10.1073/pnas.1312197110
https://doi.org/10.1002/advs.202410288
https://doi.org/10.3389/fonc.2024.1459368
https://doi.org/10.1073/pnas.92.19.8999
https://doi.org/10.1158/1078-0432.CCR-23-1725
https://doi.org/10.1158/0008-5472.CAN-21-0952
https://doi.org/10.1021/acs.jmedchem.4c00106
https://doi.org/10.61173/kkmdc990
https://doi.org/10.1016/j.apsb.2022.07.020
https://doi.org/10.1016/j.ejmech.2023.116119
https://doi.org/10.1016/j.pscia.2024.100048
https://doi.org/10.1016/j.pscia.2024.100048


109. Hoppenz P, Els-Heindl S, Beck-Sickinger AG. Peptide–drug conjugates and their targets in advanced cancer therapies. Front Chem. 2020;8:571. 
doi:10.3389/fchem.2020.00571

110. Yousefpour P, Ahn L, Tewksbury J, et al. Conjugate of doxorubicin to albumin-binding peptide outperforms aldoxorubicin. Small. 2019;15 
(11):1804452. doi:10.1002/smll.201804452

111. Um W, Park J, Youn A, et al. Comparative study on albumin-binding olecules for targeted tumor delivery through covalent and noncovalent 
approach. Bioconjug Chem. 2019, Dec 18;30:12 3107–3118. doi:10.1021/acs.bioconjchem.9b00760

112. Pereira AJ, de Campos LJ, Xing H, Conda-Sheridan M. Peptide-based therapeutics: challenges and solutions. Med Chem Res. 2024;33 
(8):1275–1280. doi:10.1007/s00044-024-03202-6

113. Cooper BM, Iegre J, O’Donovan DH, Ölwegård Halvarsson M, Spring DR. Peptides as a platform for targeted therapeutics for cancer: peptide– 
drug conjugates (PDCs). Chem Soc Rev. 2021;50(3):1480–1494. doi:10.1039/D0CS00556H

114. Riahifard N, Tavakoli K, Yamaki J, Parang K, Tiwari R. Synthesis and evaluation of antimicrobial activity of [R4W4K]-levofloxacin and [R4W4 
K]-levofloxacin-Q conjugates. Molecules. 2017;22(6):957. doi:10.3390/molecules22060957

115. Mohammed EHM, Lohan S, Tiwari RK, Parang K. Amphiphilic cyclic peptide [W4KR5]-antibiotic combinations as broad-spectrum anti
microbial agents. Eur J Med Chem. 2022;235:114278. doi:10.1016/j.ejmech.2022.114278

116. Selvaraj SP, Chen JY. Conjugation of antimicrobial peptides to enhance therapeutic efficacy. Eur J Med Chem. 2023;259:115680. doi:10.1016/j. 
ejmech.2023.115680

117. Tan Y, Dai L, Huang W, et al. DRlinker: deep reinforcement learning for optimization in fragment linking design. J Chem Inf Model. 2022;62 
(23):5907–5917. doi:10.1021/acs.jcim.2c00982

118. Sun X, Li H, Chen Z, et al. PDCdb: the biological activity and pharmaceutical information of peptide–drug conjugate (PDC). Nucleic Acids Res. 
2025;53(D1):D1476–D1485. doi:10.1093/nar/gkae859

119. Qiu X, Li H, Ver Steeg G, Godzik A. Advances in AI for protein structure prediction: implications for cancer drug discovery and development. 
Biomolecules. 2024;14(3):339. doi:10.3390/biom14030339

120. Watson JL, Juergens D, Bennett NR, et al. De novo design of protein structure and function with RFdiffusion. Nature. 2023;620 
(7976):1089–1100. doi:10.1038/s41586-023-06415-8

121. Goles M, Daza A, Cabas-Mora G, et al. Peptide-based drug discovery through artificial intelligence: towards an autonomous design of 
therapeutic peptides. Brief Bioinform. 2024;25(4):bbae171. doi:10.1093/bib/bbae275

122. Wan F, Kontogiorgos-Heintz D, de la Fuente-Nunez C. Deep generative models for peptide design. Digit Discov. 2022;1(3):195–208. 
doi:10.1039/D1DD00024A

123. Kosugi T, Ohue M. Design of cyclic peptides targeting protein–protein interactions using AlphaFold. Int J Mol Sci. 2023;24(17):13257. 
doi:10.3390/ijms241713257

124. Chen S, Lin T, Basu R, et al. Design of target specific peptide inhibitors using generative deep learning and molecular dynamics simulations. 
Nat Commun. 2024;15(1):1611. doi:10.1038/s41467-024-45766-2

125. Geylan G, Janet JP, Tibo A, et al. PepINVENT: generative peptide design beyond natural amino acids. Chem Sci. 2025;16(20):8682–8696. 
doi:10.1039/D4SC07642G

126. Wang F, Zhang T, Zhu J, et al. Reinforcement learning-based target-specific de novo design of cyclic peptide binders. J Med Chem. 2025;68 
(16):17287–17302. doi:10.1021/acs.jmedchem.5c00789

127. Yang C, Zhang Y, Zeng X, et al. Kidney injury molecule-1 is a potential receptor for SARS-CoV-2. J Mol Cell Biol. 2021;13(3):185–196. 
doi:10.1093/jmcb/mjab003

128. Yang C, Xu H, Yang D, et al. A renal YY1-KIM1-DR5 axis regulates the progression of acute kidney injury. Nat Commun. 2023;14(1):4261. 
doi:10.1038/s41467-023-40036-z

129. Das U. Transforming precision medicine through generative AI: advanced architectures and tailored therapeutic design for patient-specific drug 
discovery. ChemistrySelect. 2025;10(36):e02448. doi:10.1002/slct.202502448

130. Guo J, Knuth F, Margreitter C, et al. Link-INVENT: generative linker design with reinforcement learning. Digit Discov. 2023;2(2):392–408. 
doi:10.1039/D2DD00115B

131. Zhang O, Lin H, Zhang X, et al. Graph neural networks in modern AI-aided drug discovery. Chem Rev. 2025;125:[pagespending].
132. Wu X, Lin H, Bai R, Duan H. Deep learning for advancing peptide drug development: tools and methods in structure prediction and design. Eur 

J Med Chem. 2024;268:116262. doi:10.1016/j.ejmech.2023.116262
133. Noriega HA, Wang XS. AI-driven innovation in antibody–drug conjugate design. Front Drug Discov. 2025;5:1628789. doi:10.3389/ 

fddsv.2025.1628789
134. Bargh JD, Walsh SJ, Ashman N, et al. A dual-enzyme cleavable linker for antibody–drug conjugates. Chem Commun. 2021;57(28):3457–3460. 

doi:10.1039/D1CC00957E
135. Schiapparelli P, Zhang P, Lara-Velazquez M, et al. Self-assembling and self-formulating prodrug hydrogelator extends survival in 

a glioblastoma resection and recurrence model. J Control Release. 2020;319:311–321. doi:10.1016/j.jconrel.2020.01.003
136. Wang Y, Cheetham AG, Angacian G, Su H, Xie L, Cui H. Peptide–drug conjugates as effective prodrug strategies for targeted delivery. Adv 

Drug Deliv Rev. 2017;110–111:112–126. doi:10.1016/j.addr.2016.06.015
137. Fang Y, Wang H. Molecular engineering of peptide–drug conjugates for therapeutics. Pharmaceutics. 2022;14(1):212. doi:10.3390/ 

pharmaceutics14010212
138. Zhou Y, Chen T, Pan Y, Liu J. Exploring the mechanism of fibronectin extra domain B in the tumor microenvironment and implications for 

targeted immunotherapy and diagnostics. Mol Med Rep. 2025;31(6):160. doi:10.3892/mmr.2025.13525
139. Liu J, Li Y, Lian X, et al. Potential target within the tumor microenvironment—MT1-MMP. Front Immunol. 2025;16:1517519. doi:10.3389/ 

fimmu.2025.1517519
140. Cheng H, Zhu JY, Xu XD, et al. Activable cell-penetrating peptide conjugated prodrug for tumor-targeted drug delivery. ACS Appl Mater 

Interfaces. 2015;7(29):16061–16069. doi:10.1021/acsami.5b04517
141. Tan R, Yang Z, Xie J, et al. Innovative design concepts in tumor-targeting peptide–drug conjugates: insights into emerging applications. Chin 

Med J. 2025;138:[pagespending]. doi:10.1097/CM9.0000000000003438

Drug Design, Development and Therapy 2026:20                                                                             https://doi.org/10.2147/DDDT.S562135                                                                                                                                                                                                                                                                                                                                                                                                      29

Parang et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.3389/fchem.2020.00571
https://doi.org/10.1002/smll.201804452
https://doi.org/10.1021/acs.bioconjchem.9b00760
https://doi.org/10.1007/s00044-024-03202-6
https://doi.org/10.1039/D0CS00556H
https://doi.org/10.3390/molecules22060957
https://doi.org/10.1016/j.ejmech.2022.114278
https://doi.org/10.1016/j.ejmech.2023.115680
https://doi.org/10.1016/j.ejmech.2023.115680
https://doi.org/10.1021/acs.jcim.2c00982
https://doi.org/10.1093/nar/gkae859
https://doi.org/10.3390/biom14030339
https://doi.org/10.1038/s41586-023-06415-8
https://doi.org/10.1093/bib/bbae275
https://doi.org/10.1039/D1DD00024A
https://doi.org/10.3390/ijms241713257
https://doi.org/10.1038/s41467-024-45766-2
https://doi.org/10.1039/D4SC07642G
https://doi.org/10.1021/acs.jmedchem.5c00789
https://doi.org/10.1093/jmcb/mjab003
https://doi.org/10.1038/s41467-023-40036-z
https://doi.org/10.1002/slct.202502448
https://doi.org/10.1039/D2DD00115B
https://doi.org/10.1016/j.ejmech.2023.116262
https://doi.org/10.3389/fddsv.2025.1628789
https://doi.org/10.3389/fddsv.2025.1628789
https://doi.org/10.1039/D1CC00957E
https://doi.org/10.1016/j.jconrel.2020.01.003
https://doi.org/10.1016/j.addr.2016.06.015
https://doi.org/10.3390/pharmaceutics14010212
https://doi.org/10.3390/pharmaceutics14010212
https://doi.org/10.3892/mmr.2025.13525
https://doi.org/10.3389/fimmu.2025.1517519
https://doi.org/10.3389/fimmu.2025.1517519
https://doi.org/10.1021/acsami.5b04517
https://doi.org/10.1097/CM9.0000000000003438


142. Bechtold-Peters K, Ruggiero A, Vriezen N, et al. CMC regulatory considerations for antibody–drug conjugates. J Pharm Sci. 2023;112 
(12):2965–2980. doi:10.1016/j.xphs.2023.09.007

143. Armstrong A, Coburn F, Nsereko Y, Al Musaimi O. Peptide–drug conjugates: a new hope for cancer. J Pept Sci. 2025;31(8):e70040. 
doi:10.1002/psc.70040

144. Balogh B, Ivánczi M, Nizami B, Beke-Somfai T, Mándity IM. ConjuPepDB: a database of peptide–drug conjugates. Nucleic Acids Res. 2021;49 
(D1):D1102–D1112. doi:10.1093/nar/gkaa950

Drug Design, Development and Therapy                                                                                     

Publish your work in this journal 
Drug Design, Development and Therapy is an international, peer-reviewed open-access journal that spans the spectrum of drug design and development 
through to clinical applications. Clinical outcomes, patient safety, and programs for the development and effective, safe, and sustained use of medicines 
are a feature of the journal, which has also been accepted for indexing on PubMed Central. The manuscript management system is completely online 
and includes a very quick and fair peer-review system, which is all easy to use. Visit http://www.dovepress.com/testimonials.php to read real quotes 
from published authors.  

Submit your manuscript here: https://www.dovepress.com/drug-design-development-and-therapy-journal

Drug Design, Development and Therapy 2026:20 30

Parang et al                                                                                                                                                                          

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1016/j.xphs.2023.09.007
https://doi.org/10.1002/psc.70040
https://doi.org/10.1093/nar/gkaa950
https://www.dovepress.com
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress

	Introduction
	Design Elements of PDCs
	Targeting Peptide
	Linkers
	Payload
	Topoisomerase Inhibitors
	Microtubule Inhibitors
	DNA-Damaging Agents
	Photosensitizers
	Radioactive Isotopes
	Fluorescent Dyes
	Tyrosyl-DNA Phosphodiesterase 1 (TDP1) Inhibitors


	PDCs in Cancer Therapy
	Mechanisms of Action
	PDCs vs ADCs
	Challenges in Clinical Translation of PDCs
	Tumor Heterogeneity as aBarrier to PDC Effectiveness
	Manufacturing and Scale-Up Challenges for PDCs
	Other Pharmacological Challenges in PDC Development

	Artificial Intelligence (AI)-Powered Discovery of PDCs
	Optimizing Tumor-Targeting Peptides
	Intelligent Linker Design
	AI-Guided Payload Selection

	Future Directions in PDC Development
	Theranostics and Multimodal PDCs
	AI-Guided Design
	Dual-Linker and Multi-Payload Systems
	Nanotechnology Integration and Self-Assembly
	Diversifying Targets Beyond Cell-Surface Receptors
	Regulatory and Translational Efforts

	Conclusion
	Author Contributions
	Funding
	Disclosure

