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Peptide-drug conjugates (PDCs) represent an emerging class of targeted therapeutics engineered to
enhance drug specificity and minimize systemic toxicity, showing significant promise for treating complex
diseases. The peptide component is central to this strategy, fulfilling multiple critical roles. Primarily, it acts
as a high-affinity homing device, selectively directing the conjugate to receptors overexpressed on target
cells to minimize off-target effects. Beyond targeting, peptides are also being innovatively engineered as
enzymatically cleavable linkers to enable selective drug release within a specific pathological
Received 21st January 2026, microenvironment. Despite this potential, the clinical translation of PDCs is hindered by challenges
Accepted 8th March 2026 . P S ) Lo . . . . . L . .
including instability in circulation, limited tissue penetration, and insufficient targeting selectivity. This review
DOI: 10.1039/d6rmd00049e discusses strategic advances in peptide discovery, modification, and optimization to overcome these
barriers. We further provide future perspectives on constructing next-generation PDCs, underscoring their

rsc.li/medchem potential as highly effective precision medicines.

1. Introduction Inside the acidic and enzyme-rich environment of the
endosome or lysosome, the linker is selectively cleaved,

Peptide-drug conjugates have emerged as a promising releasing the active payload directly inside the target cell.”'°

targeted therapeutic platform, demonstrating considerable  This targeted mechanism of action ensures high localized

potential for treating complex diseases like cancer, drug-

resistant infections, and autoimmune disorders.'™ Over the

past two decades, studies in this field have steadily increased,

as evidenced by a consistent annual increase in PDC-related Homing peptide N7

publications (Fig. 1). Notably, the clinical translation of PDCs ot

is advancing rapidly, highlighted by recent FDA approvals and

a pipeline of representative candidates in various stages of Homing Peptides Linkers Payloads
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linker (Fig. 1).*7 The peptide acts as a homing device, Tmaging Agent

directing the conjugate to specific receptors overexpressed on
target cells to facilitate internalization. The payload is
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cleavage in target cells.® Upon administration, the PDC
circulates in the bloodstream until the peptide ligand binds
to its cognate receptor. This binding event triggers receptor- &

mediated endocytosis, internalizing the entire conjugate.
Fig. 1 Schematic presentation of a PDC molecule, comprising three

key components: a homing peptide for targeted delivery, a cleavable
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drug concentration at the disease site while minimizing
systemic exposure and off-target toxicity to healthy tissues.

As an essential element in PDC molecules, the peptide
plays multifaceted and critical roles. Its primary function is to
act as a homing device, which is engineered to have high
affinity and specificity for receptors overexpressed on target
cells, such as cancer cells. Besides, peptides can also be
designed to function as enzymatically cleavable linkers in
PDCs, enabling highly specific drug release triggered by
unique cellular environments. Compared to larger protein-
based conjugates like antibody-drug conjugates (ADCs), the
small molecular weight of peptides confers distinct
advantages.™*? It enables superior penetration into tumor
tissue and more uniform distribution. Peptides are also
typically less immunogenic, lowering the risk of adverse
immune reactions. Pharmacokinetically, PDCs are cleared
primarily via the renal system, which can reduce hepatic
metabolic burden and potentially offer a more favorable safety
profile.** From a manufacturing standpoint, the established
solid-phase peptide synthesis (SPPS) protocol allows for the
cost-effective production of PDCs with high homogeneity and
purity, facilitating their development.

Despite their promise, the therapeutic potential of PDCs is
limited by several challenges, including poor circulatory
stability, insufficient cellular permeability, and inadequate
targeting potency and specificity.>* Fortunately, the inherent
structural flexibility of peptides provides a versatile
foundation for addressing these limitations. To enhance
resistance to proteolytic degradation, strategies such as
peptide cyclization and p-amino acid substitution are
effectively ~ employed.®®  Furthermore, the rational
incorporation of cell-penetrating peptides (CPPs) can
significantly improve intracellular delivery and targeting
precision.***” In addition, advances in peptide discovery
technologies are pivotal for addressing challenging protein
targets.*®*° Techniques like phage display enable the efficient
screening of high-affinity ligands, while mRNA display offers
access to exceptionally diverse libraries for novel homing
peptide discovery. Most recently, artificial intelligence and
computer-aided design are rapidly transforming the field.
This shift is moving the peptide design paradigm toward the
de novo generation of candidates with optimized stability,
affinity, and pharmacokinetic properties.

This review highlights the essential role of peptides in
advancing PDCs. Our focus extends beyond their well-
characterized function as targeting ligands to systematically
examine their involvement in facilitating targeted delivery,
enhancing tissue and cellular penetration, and enabling
controlled drug release via specialized linkers. By doing so,
we aim to provide useful information for better construction
of PDCs in future clinical applications.

2. Development of homing peptides

Homing peptides are the essential targeting elements of
PDCs. These peptides are mostly derived from natural

RSC Med. Chem.


https://pdcdb.idrblab.net
https://www.fda.gov
https://conjupepdb.ttk.hu
https://clinicaltrials.gov
http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d6md00049e

Open Access Article. Published on 09 March 2026. Downloaded on 3/31/2026 12:08:51 AM.

Thisarticleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

(cc)

Review

~, o
"y (\/N/Y
o—"In=0 Ho. 2L\ o
s XN~ TN
r © HN Ny \/N\/go gl "

“OH

"In-DTPA-octreotide 68Ga-DOTATATE

o,
OQ C//\Nj, HN
WLg e
\N./,\@{, ~z~
o)/:o °

77Lu-PSMA-617 BT1718

Scheme 1 Chemical structures of representative PDCs.

bioactive sequences, identified through high-throughput
screening, or rationally engineered via computational
methods (Fig. 2).

2.1 Homing peptides obtained from bioactive sources

During the early stages of PDC development, homing
peptides were primarily derived from bioactive sources.***°
These naturally occurring peptides participate in various
physiological and pathological processes, and inherently
possess robust and selective cell-targeting properties, making
them promising candidates for PDC applications.

2.1.1 Peptide hormones as targeting ligands. The early
design of PDCs leverages the membrane receptor targeting
function of peptide hormones. As a class of extracellular
messengers, peptide hormones recognize and bind to specific
cell surface receptors to initiate sophisticated, multistep
signal transduction cascades.*”**> The employment of peptide
hormones in PDCs displays several key advantages.*®*® First,
peptide hormones have evolved for precise receptor binding
with high specificity and affinity, reducing off-target effects.
Furthermore, their natural function often involves
endocytosis, making them appropriate for delivering drug
payloads. In addition, peptide hormones are generally less
immunogenic than foreign antibodies, reducing the risk of
immune reactions. For example, gonadotropin-releasing
hormone (GnRH) is a hypothalamic decapeptide that
stimulates gonadotropin production and secretion from the
anterior pituitary. The GnRH receptor is overexpressed in
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PEN-221

AEZS-108

various solid tumors, including breast, ovarian, and prostate
cancers, making GnRH-based peptides as attractive targeting
moieties for PDC construction.**™® For instance, a conjugate
of GnRH-1II and daunorubicin (Dau) demonstrated superior
efficacy in inhibiting metastases in breast and colorectal
cancer models with reduced toxicity compared to free Dau.*’
Another conjugate, AEZS-108, which links a GnRH analog to
doxorubicin (DOX), exhibited potent activity
melanoma models, inhibiting cell proliferation by 84.7% and
suppressing angiogenesis.*® Despite this preclinical promise,
AEZS-108 unfortunately did not improve median overall
survival in clinical trials, suggesting limitations potentially
inherent to the DOX payload rather than the targeting
strategy itself."’

2.1.2 Homing peptides based on natural products.
Bioactive peptides isolated from bacteria, fungi, plants, and
animals represent promising alternatives for constructing
PDCs. Their inherent ability to bind specifically to certain
human receptors provides encouraging therapeutic
potential.**** For example, chlorotoxin (Cltx), a peptide
derived from the venom of the scorpion Leiurus
quinquestriatus, is a well-characterized agent for tumor
targeting and antiangiogenic therapy. The conjugation of Cltx
with radioactive iodine-131 (**'I-TM601) enabled effective
tumor-specific delivery and demonstrated promising results
in clinical studies for glioma.’® Another Cltx-based PDC (ER-
472) utilized cryptophycin as a warhead, which targets
neuropilin-1 (NRP1), an endocytic receptor on tumor and
endothelial cells, to enhance tumor uptake. Notably, ER-472

in uveal
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Fig. 2 Key strategies for the identification of homing peptides in PDC
research.

exhibited potent and broad antitumor efficacy across multiple
xenografts models, including diverse solid malignancies such
as glioma, renal, sarcoma, and breast cancer.”’

In addition to full-length bioactive peptides, truncated
natural peptides also provide a versatile platform for PDC
development by retaining the minimal active fragment
required for receptor recognition. This strategy offers
significant advantages, including lower synthesis costs,
improved physicochemical properties, and enhanced
suitability for further optimization.’* For example, SOR-C13
is a truncated peptide derived from soricidin that binds with
high affinity to transient receptor potential of vanilloid type 6
(TRPV6) calcium channels.**** This peptide was engineered
into a first-in-class, bispecific ligand drug conjugate, CBP-
1008, which simultaneously targets TRPV6 and the folate
receptor o (FRa) to deliver the cytotoxic payload MMAE. In
clinical trials, CBP-1008 has shown encouraging efficacy and
a favorable safety profile in ovarian cancer patients,
underscoring the promise of truncated bioactive peptides in
PDC therapeutics.”

2.2 Homing peptides discovered by screening technologies

While serendipitous discovery has successfully identified
promising bioactive peptides for PDC development, it cannot
meet the field's growing demands. As high-throughput
screening and display technologies have revolutionized the
discovery of small molecule drugs and biologic therapies,
they are emerging as preferred strategies for identifying
peptide ligands in PDC research.>®

2.2.1 Phage display. Phage display is a versatile technique
for discovering protein ligands against specific targets.***’

Its core principle involves genetically engineering

This journal is © The Royal Society of Chemistry 2026
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bacteriophages to display a unique foreign protein on their
outer surface, while simultaneously harboring the genetic
code for that protein inside their capsid. This creates a direct
physical link between the protein's phenotypic function and
its genotypic identity. The screening process involves iterative
biopanning cycles to enrich high-affinity binders, followed by
DNA sequencing of the final pool to decode the identity of
the ligands. A pivotal strength of this technology is its
exceptional diversity. Phage display libraries can harbor
billions of unique sequences, empowering the discovery of
ligands for virtually any target, including those with no
known binders.”®° Phage display has become a cornerstone
of biologics discovery, showing great success in developing
therapeutic monoclonal antibodies and accelerating the
discovery of bioactive peptide ligands for PDCs.

A representative case is the DOX conjugate of E1-3, a
heptapeptide identified from a phage display library for its
selective binding to medulloblastoma cells. This peptide-
doxorubicin conjugate exhibited potent antitumor cytotoxicity
(ICso = 25 nM) with a remarkable selectivity profile, showing
430-fold and 34-fold greater potency for tumor cells over non-
tumor fibroblasts and primary brain astrocytes, respectively.®’
In another case, Jiang et al. leveraged their phage-display-
derived heptapeptide P7 to create a docetaxel conjugate
(DTX-P7) for targeting non-small cell lung cancer (NSCLC).
DTX-P7 exerts its effect by degrading the DYRK1A kinase to
force quiescent cancer stem-like cells (CSLCs) to re-enter the
cell cycle, thereby sensitizing them to death. This strategy
demonstrated superior efficacy in vivo, where DTX-P7 reduced
tumor growth by 93.2%, significantly surpassing the 35.9%
reduction by free DTX.*"®> The phage display strategy also
enables the identification of peptide ligands with complex
constrained structures. A notable success is a bicyclic peptide
that selectively targets membrane type I matrix
metalloproteinase (MT1-MMP), a protein overexpressed in
multiple tumors. Conjugating this peptide to the anti-tubulin
agent DM1 via a cleavable disulfide linker produced BT1718,
which showed significant anti-tumor efficacy in both MT1-
MMP-dependent cellular assays and xenograft mouse models,
and has progressed into clinical trials.®® Taken together,
phage display identifies high-affinity, target-specific peptides
that serve as the essential targeting component in PDCs,
enabling precise cytotoxic drug delivery to tumor cells.

2.2.2 mRNA display. mRNA display is another powerful
in vitro screening technique for discovering high-affinity
peptide ligands. Unlike phage display, it bypasses the
limitations of cellular transformation, enabling the
construction of exceptionally vast libraries exceeding 10
unique sequences. A key feature of this platform is the use of
puromycin at the 3’ end of the in vitro transcribed mRNA,
which covalently links the newly synthesized peptide to the
encoding mMRNA.°*®®  This direct genotype-phenotype
connection enables the easy decoding of peptides through
sequencing techniques. These mRNA display-derived peptides
serve as promising targeting moieties in PDC construction,
as their high target selectivity allows for the precise delivery

RSC Med. Chem.
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of cytotoxic warheads to tumor cells, minimizing off-target
toxicity. In a landmark study, Li and Roberts demonstrated
mRNA display's power for PDC discovery by targeting
methicillin-resistant  Staphylococcus aureus (MRSA). They
screened a custom peptide-penicillin library against protein
penicillin-binding protein 2a (PBP2a), yielding a conjugate
with at least 100-fold greater antibacterial activity than
penicillin alone.®® Looking forward, mRNA display is poised
to revolutionize PDC development by enabling the rapid
discovery of highly stable, high-affinity peptide ligands
against virtually any target, thereby accelerating the creation
of more effective and targeted therapeutics.

2.3 Homing peptides by rational design

Advances in structural biology, computational methods, and
artificial intelligence have established rational design as an
efficient strategy for peptide ligand discovery.®”®® Initially
guided by empirical structure-activity relationships (SAR),
this approach often uses a native substrate as a template,
with SAR data guiding optimizations to enhance potency and
selectivity. A successful example is the development of a
neuropeptide Y (NPY) analogue. It was determined that an
aromatic residue at position 7 of NPY enhanced Y; receptor
(Y41R) selectivity, while Pro34 was known to reduce affinity for
the Y, receptor. Incorporating these insights, [F”,P**]-NPY
exhibited exceptional subnanomolar affinity for Y;R and a
remarkable selectivity.®”’® Leveraging this high-affinity
ligand, Wittrisch et al. constructed a PDC by linking this Y;R-
preferring peptide to tesaglitazar, a PPARa/y dual agonist, via
a cleavable linker. The resulting conjugate (tesa-NPY)
facilitates NPY;R-mediated internalization and targeted
delivery to adipocytes, and improved glycemic control and
lipid parameters in db/db mice, demonstrating a superior
therapeutic potential.”*

Computer-aided drug design, such as molecular docking
and dynamics simulations, has become a cornerstone of
modern peptide therapeutic development.”>”* By providing
atomic-level insights into peptide-protein interactions, this
approach guides the rational optimization of binding affinity
and selectivity. A representative application involved
designing a selective matrix metallopeptidase 2 (MMP2)
peptide inhibitor, which used SYBYL software to engineer
hydrophobic contacts with the binding pocket. The isolated
peptide exhibited robust MMP2 inhibition and high
selectivity. Building on this design, a PDC was constructed by
attaching a DOX derivative for targeted cytotoxicity and anti-
metastasis.”*

Artificial intelligence and machine learning are
introducing a new paradigm for multi-property peptide
engineering. Hsueh et al utilized peptide microarrays to
generate a large dataset on melanin binding, which was used
to train a super learner model. Meanwhile, a complementary
model was built to predict cell penetration and cytotoxicity
from existing peptide databases. The integration of these
models allowed for the rational design of peptides that

RSC Med. Chem.

View Article Online

RSC Medicinal Chemistry

simultaneously exhibit high melanin affinity, effective cell
penetration, and low cytotoxicity.”> As proof-of-principle, the
top-performing peptide (HR97) was conjugated to the drug
brimonidine. A single injection of this conjugate in rabbits
resulted in a 10-fold increase in melanin binding and a 17-
fold greater reduction in intraocular pressure compared to
the free drug.

3. Strategies for enhancing the
targeting of PDCs

Precise targeting capability is a fundamental feature of an
effective PDC, as cell-specific recognition is critical for
minimizing off-target toxicity and expanding the therapeutic
window. Emerging strategies aimed at enhancing the
targeting specificity of PDCs have been developed, with
bispecific targeting approaches and the integration of
covalent warheads emerging as two particularly promising
directions.

3.1 Application of bispecific targeting

By simultaneously targeting two distinct tumor biomarkers,
the bispecific strategy enhances therapeutic efficacy via
synergistic effects. It not only reduces drug resistance caused
by single-target downregulation but also improves tumor
selectivity, thereby optimizing both therapeutic potency and
precision.”® For example, peptides targeting a single human
epidermal growth receptor 2 (HER2) domain often suffer
from insufficient binding affinity, limiting their therapeutic
efficacy. To overcome this, a novel bispecific fusion peptide
was engineered to simultaneously target HER2 domains II
and IV by integrating core fragments from pertuzumab and
trastuzumab. The resulting bispecific peptide demonstrated a
binding affinity nearly an order of magnitude higher than its
single-domain counterpart. The subsequently constructed
PDC showed superior cytotoxicity against HER2-positive cells
compared to free chemotherapeutic drugs. Furthermore, in
the SK-BR-3 tumor-bearing mouse model, the PDC achieved
enhanced antitumor activity and significantly reduced off-
target toxicity.””

3.2 Incorporation of covalent warheads

The incorporation of covalent warheads into PDCs is another
emerging strategy to enhance therapeutic action by forming
irreversible bonds with targets, thereby significantly
extending drug-target residence time.”*’® The recent
developed sulfur(vi) fluoride exchange (SuFEx) chemistry is a
leading bioorthogonal strategy for this purpose. The sulfonyl
fluoride group in SuFEx is highly stable under physiological
conditions, yet becomes reactive only when in proximity to
specific nucleophilic residues (e.g:, tyrosine, histidine, lysine)
on a target protein.’”®' This unique mechanism achieves a
delicate balance between stability and reactivity, making it a
powerful platform for developing selective covalent PDC
molecules. For example, Wang et al incorporated an

This journal is © The Royal Society of Chemistry 2026
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unnatural amino acid with sulfonyl fluorine side chain into
the mRNA display library, and identified CP-N1-N3, a
macrocyclic peptide that irreversibly binds to the tumor-
associated protein nectin-4 via the SuFEx reaction. By
conjugating CP-N1-N3 to the microtubule inhibitor MMAE,
they constructed the covalent PDC CP-N1-MMAE, which
demonstrated potent cytotoxicity and induced cell death in
nectin-4 overexpressed MDA-MB-468 cancer cells.*

However, covalent PDCs rely on irreversible binding to
target proteins through reactions between electrophilic
warheads and nucleophilic residues. While this strategy can
extend the duration of action and outcompete endogenous
ligands, it also raises the risk of off-target protein
modification, potentially leading to immune-mediated
toxicity. Furthermore, prolonged target occupancy may
disrupt normal protein turnover and result in accumulation
in non-target tissues over time. Therefore, the design of
covalent warheads in PDCs requires a delicate balance
between reactivity and safety. Excessive electrophilicity
increases the likelihood of non-specific reactions, causing
off-target toxicity. Besides, overly active warheads can also
react with abundant serum proteins, accelerating clearance
and reducing delivery. Conversely, insufficient
reactivity compromises target engagement, undermining the
rationale for covalent design. Beyond reactivity, the spatial
arrangement of the warhead within the PDC scaffold can also
significantly influence binding kinetics and biological
outcomes. Suboptimal linker length, molecular orientation,
or steric hindrance can trap the conjugate in non-productive
binding modes, preventing successful covalent bond
formation. These interdependent design parameters
underscore the need for iterative optimization to achieve
selective and durable target engagement while minimizing
systemic toxicity.

tumor

4. Enzyme-cleavable peptide linkers
for controlled release

In addition to their function as homing devices, peptides are
uniquely suited to act as enzymatically cleavable linkers in
PDCs. A major advantage of peptide linkers is their capacity
to maintain stability in systemic circulation while allowing
for selective drug release in the tumor microenvironment.®*
This selectivity is achieved because protease activity is
minimized in the blood by endogenous inhibitors and a
neutral pH, whereas the tumor microenvironment is enriched
with specific proteases such as cathepsin B and matrix
metalloproteases (MMPs). Cleavage by these enzymes enables
spatially controlled drug release, which enhances therapeutic
index by maximizing efficacy at target site and minimizing
systemic exposure (Fig. 3).

Cathepsin B is a lysosomal cysteine protease that is
significantly elevated in various cancer cells and participates
in cancer progression, metastasis, and invasion.*® This
characteristic makes it a proper tool for enzyme-responsive
linker in PDC design.®” In cathepsin B-cleavable PDCs, the
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Fig. 3 Chemical structures of different enzyme-responsive peptide
linkers. A) Cathepsin B-responsive linker, B) MMP-responsive linker,
and C) PSA-responsive linker.

cleavable linker typically contains a specific cathepsin B
cleavage site (such as the dipeptide sequences Val-Cit or
Val-Ala) and a self-immolative spacer group (e.g., PABC,
p-aminobenzyl carbamate). The core principle is to utilize
the highly expressed cathepsin B protease within tumor cell
to cleave the specific peptide sequence, which in turn
triggers 1,6-elimination of PABC to release the active drug.’
Notably, this strategy enhances tumor Kkilling efficacy while
reducing toxicity to normal tissues. Schuster et al. developed
GnRH-III-drug conjugates by linking the GnRH targeting
peptide to PTX or Dau with cathepsin B-cleavable dipeptide
linkers (Val-Ala or Val-Cit). These conjugates demonstrated
significant antiproliferative activity against A2780 ovarian
cancer cells, which express high levels of the GnRH
receptor.’® Structure-activity relationship studies revealed
that strategic amino acid substitutions can significantly
modulate conjugate stability while preserving enzyme-
cleavable properties. For instance, appending a glutamate
residue at the N-terminus of a Val-Cit linker markedly
enhances its stability in mice. Further substitution of valine
with glycine results in even greater stability, as ADCs
incorporating this optimized tripeptide linker demonstrated
improved antitumor activity. Beyond Val-Cit and its analogs,
the tetrapeptide Gly-Phe-Leu-Gly (GFLG) has also been
widely used as cathepsin B-responsive sequence in PDCs.
For example, in a PDC targeting the human Y; receptor
(hY;R) on breast cancer cells, methotrexate (MTX) was
conjugated to the [F’,P**]-NPY peptide using either a stable
amide bond or the cathepsin B-cleavable GFLG linker. As a
result, the GFLG-linked conjugates outperformed their
amide-bonded counterparts in both drug accumulation and
cytotoxicity, highlighting the critical role of a cleavable
linker for targeted delivery.®”

MMPs are another class of enzyme stimulator for
triggering cytotoxic drug release in targeted therapies.
They are a family of zinc-dependent endopeptidases that
degrade extracellular matrix components, which are
overexpressed in the tumor microenvironment and play a
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key role in cancer progression.®® Several peptide substrates
for MMP-2 and MMP-9, such as GPLGIAG, PLGLAG, and
PVGLIG, have been widely used as cleavable linkers in
PDCs.*”% For instance, one PDC conjugated PTX to a CPP
SynB3 via the MMP-2-sensitive PVGLIG linker. This design
enabled targeted PTX release in glioblastoma, significantly
suppressing tumor cell proliferation, migration, and invasion,
whereas the non-cleavable control failed to do.”* Similarly, to
mitigate DOX cardiotoxicity in HER2-positive breast cancer, a
PDC was developed linking DOX to a HER2-targeting peptide
via an MMP-2-cleavable GPLGLAGDD linker. In vitro, MMP-2
cleaved the linker with 80.8% efficiency within two hours.
This cleavage was inhibited by MMP-2-specific inhibitors,
confirming the enzyme-targeted release mechanism.”?

Prostate-specific antigen (PSA) is a serine protease
enzyme produced predominantly by the epithelial cells of
the prostate gland. It is actively secreted by prostate tumors
into the immediate microenvironment so that the
concentration of active PSA is much higher in the vicinity
of prostate cancer cells than in the general circulation.”®**
This difference has been leveraged to design PSA-cleavable
linkers (e.g., SSKYQSL) for PDCs targeting prostate cancer.
For example, conjugating a phosphoinositide 3-kinases
(PI3K) inhibitor (TGX-D1) to a targeting KYL peptide via a
PSA-cleavable linker produced KYL-TGX. This conjugate
demonstrated robust toxicity in prostate cancer cells.
Notably, the conjugate exhibited enhanced targeting and
significantly ~greater tumor accumulation in mouse
xenograft models compared to the free drug.’®

A comparative analysis of these peptide-based cleavable
linkers in PDCs reveals distinct mechanistic profiles that
influence payload release kinetics, tumor selectivity, and
therapeutic index (Table 2). The Val-Cit/Val-Ala linker exhibits
high plasma stability due to its dipeptide structure, while its
self-immolative PABC spacer facilitates rapid drug release
upon enzymatic cleavage. However, its reliance on cathepsin
B, which shows variable expression across tumors, can lead
to heterogeneous payload release. The GFLG tetrapeptide
serves as an alternative cathepsin B substrate with distinct
cleavage kinetics. The extended spacer length may enhance
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enzymatic accessibility, albeit at the cost of increased
molecular weight and synthetic complexity. In addition,
GFLG exhibits slower cleavage rates than the Val-Cit linker,
potentially enabling more sustained intracellular release.
MMP-cleavable linkers leverage on tumor microenvironment,
as MMP-2 and MMP-9 are secreted extracellularly by tumor
cells, enabling pericellular payload release. However, MMP
substrate promiscuity often raises off-target cleavage
concerns, and the physiological roles of MMPs in normal
tissues may lead to non-tumor activation.

PSA-cleavable linkers offer exceptional selectivity, given
PSA's predominate prostate expression. But the tumor
heterogeneity in PSA levels also constrains its application on
prostate cancer indications.

While these protease-cleavable linkers have shown great
promise in PDC development, several critical challenges
hinder their clinical translation.”® A fundamental issue is
achieving the delicate balance between stability in circulation
and efficient cleavage at the target site, as premature drug
release can result in off-target toxicity and reduced efficacy.””
Moreover, the heterogeneous expression of target enzymes
across different tumor types and cellular environments leads
to inconsistent cleavage efficiency, causing unpredictable
drug release and variable pharmacokinetic outcomes. To
address these limitations, developing peptide linkers
responsive to multiple stimuli, such as pH or redox changes,
in addition to enzymatic cleavage, may offer a pathway
toward more efficient and reliable drug release profiles.

5. Strategies for enhancing the
stability of PDCs

PDCs represent a promising therapeutic class, yet their
clinical advancement has been significantly limited by
inherent stability issues. A key challenge is their short plasma
half-life, which stems from rapid proteolytic degradation and
renal clearance. This pharmacokinetic instability not only
curtails therapeutic efficacy but also elevates the risk of
premature payload release and subsequent systemic
toxicity.”®° To overcome these barriers, numerous strategies

Table 2 Summary of enzyme-responsive peptide linkers in PDC constructions

Type of Representative
enzyme peptides Cleavage site Key features
Cathepsin B Val-Cit Tumor endosomes e Clinically validated
Val-Ala e Heterogeneous payload release
e Strong hydrophobicity leads to easy aggregation
GFLG Tumor endosomes e Enhanced enzyme accessibility
e Sustained intracellular release
¢ Increased molecular weight and synthetic complexity
MMPs GPLGIAG Tumor extracellular microenvironment ¢ High specificity for MMP-2/9
PLGLAG e High off-target risk in non-tumor tissues
PVGLIG
PSA SSKYQSL Prostate tumor extracellular microenvironment e PSA enzyme selectivity

RSC Med. Chem.

¢ Prone to being affected by PSA expression levels
e Restrict in prostate cancer treatment
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Fig. 4 Various chemical modifications on peptides to improve the
stability of PDCs.

N-terminal acetylation
protease

have been pursued to improve the

properties of PDCs (Fig. 4 and Table 3).

pharmacological

5.1 Chemical modifications on peptides

5.1.1 Peptide cyclization. Peptide cyclization is a widely
employed method to improve key pharmacological
properties, including target specificity, proteolytic stability,
and membrane permeability. Structurally, it stabilizes the
bioactive conformation, reducing the entropic penalty upon
binding to enhance selectivity and affinity; functionally, it
sterically hinders access by exopeptidases, thereby
conferring robust resistance to degradation and a prolonged
in vivo halflife.’*>'*" For example, cyclization of the
integrin-targeting RGD peptide enhances its stability by
restricting backbone flexibility and promoting a stabilizing
salt bridge between the Arg and Asp side chains, reducing
its degradation rate by approximately 30-fold at neutral pH
compared to the linear form.'**'°® Given that integrins are
highly overexpressed on the surface of many diseased cells,

Table 3 Summary of stability-enhancing strategies for PDCs
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cRGD becomes a robust homing motif for building PDCs.
Notable examples include °*™Tc-3PRGD,, which has reached
phase III trials for SPECT imaging, and BGC0222, a
PEGylated cRGD-irinotecan conjugate in phase I trials.'**"%°

Another representative study of cyclized PDCs involved the
fusion of the RGD peptide with the pro-apoptotic KLA motif
to form a heptapeptide (RGDKLAK). Cyclizing this peptide
significantly improved its serum stability by 1.5-fold
compared to its linear counterparts. Furthermore, when the
cyclic RGDKLAK peptide was conjugated to paclitaxel (PTX)
using a pH-sensitive succinic acid linker, the resulting
compound demonstrated superior antitumor efficacy over
free PTX, without inducing significant toxicity.'**""”

Bicyclic peptides surpass monocyclic peptides by
confining the peptide backbone within two independent
rings, thereby exerting greater conformational constraint.
This structural rigidity confers significant advantages,
including enhanced proteolytic stability and improved tissue
penetration.'*®'%° Leveraging these benefits, bicyclic peptides
have recently emerged as promising scaffolds for PDCs. So
far, several bicyclic PDCs are advancing through clinical
trials. BT8009, for instance, is a conjugate of a nectin-4-
binding bicyclic peptide and the cytotoxic payload MMAE,
connected by a cleavable Val-Cit linker. Preclinical studies
showed marked antitumor efficacy and a favorable
tolerability profile, prompting a currently ongoing phase III
trial in advanced or metastatic solid tumors."’®"" In
addition, BT5528, an EphA2-targeting bicyclic PDC, is also
under investigation in phase II trials for solid tumors.*>'*?

5.1.2 Incorporation of p-amino acids. To address the
inherent instability of natural peptides, which are composed
of 1-amino acids and prone to proteolytic degradation, the
incorporation of p-amino acids has emerged as a powerful
strategy for optimizing PDCs. The unique stereochemistry of
p-amino acids enhances resistance to proteolytic degradation,
thereby improving stability and prolonging plasma half-

Strategy Modification Mechanism of stabilization Representative PDCs
Cyclization Monocyclization o Stabilizes bioactive conformation 99MTe-3PRGD,, BGC0222,
Bicyclization o Sterically hinders exopeptidase access BT8009, BT5528

p-Amino acids Replacement with p-amino

e Stereochemical inversion resulting in proteolytic resistance

1 n-DTPA-octreotide

substitution acids %/Cu-DOTATATE
PEGylation Polymer conjugation ¢ Increase molecular weight BGC0222
OEGylation e Delay renal clearance

e Forms steric barrier against proteolysis
Terminal blocking  N-term acetylation ¢ Blocking recognition by external peptidases KYL-TGX

N-term methylation
C-term amidation

Albumin binding Fatty
enhancement acid/maleimide/iodophenyl
conjugation

Nano-delivery
systems

Self-assembled peptide
nanoparticles

This journal is © The Royal Society of Chemistry 2026

e Form stable complexes with HSA, enabling FcRn-mediated
recycling and evasion of renal clearance
¢ Leverages the EPR effect to promote tumor accumulation

¢ Enhancing drug stability through physical encapsulation or
covalent conjugation

11-3, ['”’Lu]Lu-7, MPD3

BA-NFs, CRB-FFE-YSV
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life."** For example, octreotide, an eight-amino-acid synthetic
analogue of somatostatin, was engineered by incorporating
two p-amino acids, which increases its elimination half-life
from several minutes to 1.5 hours."****> The clinical impact
of this modification is substantial, with four approved
octreotide-based PDCs and three more in clinical trials. In
addition, the strategic use of p-amino acids has been
successfully applied to other systems, including the ¢(RGDfK)
peptide-derived PDCs and clinical candidates BT8009 and
BT5528, to enhance their metabolic stability,>**0712116

5.1.3 Other chemical modifications. To improve the
stability of homing peptides, strategies including polyethylene
glycol (PEG) conjugation, oligoethylene glycol (OEG)
conjugation, and acetylation have been widely explored. The
stabilizing mechanism of PEGylation and OEGylation involves
an increase in molecular weight to delay renal clearance and
the formation of a steric barrier that protects against
proteolytic degradation.'*>""” This was exemplified by Yang's
report that N-terminal PEGylation of the peptide carrier
markedly extended the PDC's half-life, conferring stability for
9 days in fetal bovine serum and 6 days in bovine serum
albumin.""® Similarly, Cai et al demonstrated that
incorporating an OEG moiety also enhanced the solubility,
stability, and circulation time of a PDC, leading to potent
inhibition of both primary tumor growth and pulmonary
metastasis in triple-negative breast cancer.'"’

N-terminal acetylation is another established strategy to
improve PDC's stability. By adding an acetyl group to block
the peptide's terminal amine, this modification efficiently
shields the peptide from recognition and cleavage by
aminopeptidases.'**'*' The efficacy of this approach was
demonstrated by the development of KYL-TGX. Acetylation of
the KYL peptide enhanced the conjugate's stability, ensuring
that its structure and function remained intact for effective
delivery to the tumor site.”®

Complementing the aforementioned modifications, a range
of additional approaches, such as the use of polysialic acid
(PSA), hydroxyethyl starch (HES), N-methylation, and C-terminal
amidation, have proven effective in mitigating the renal
clearance of peptides.> The expanding repertoire of chemical
modifications provides essential strategies for enhancing PDC
stability and unlocking their full therapeutic potential.

Peptide modifications are potent chemical strategies to
enhance PDC metabolic stability, yet each strategy introduces
distinct trade-offs that must be carefully balanced against
target binding affinity. For example, conformational
constraint from cyclization can distort the peptide's bioactive
conformation, reducing receptor engagement. In addition,
cyclization typically leads to a decrease in polar surface area
and an increase in hydrophobicity, which may compromise
aqueous solubility. Similarly, p-amino acid substitution
introduces stereochemical inversion, which may disrupt
peptide's native secondary structure and potentially abrogate
critical binding interactions. From a synthetic and
manufacturing perspective, chemically modified peptides are
generally more challenging and expensive to produce than
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View Article Online

RSC Medicinal Chemistry

their wildtype counterparts. Therefore, the successful
application of modified peptides in PDC construction
requires empirical optimization to achieve the demands of
both proteolytic stability and target engagement.

5.2 Enhancing albumin binding

Human serum albumin (HSA), with a circulation half-life of
approximately 19 days, represents a promising carrier for
enhancing the pharmacokinetics of PDC molecules. This
prolonged half-life is attributed to its molecular weight (~66.5
kDa), which surpasses the renal filtration threshold, and to FcRn
recycling, which avoids lysosomal degradation. By incorporating
an albumin-binding moiety, PDC molecules can form a stable
complex with HSA, evading rapid renal clearance and gaining an
extended plasma half-life. Furthermore, this strategy capitalizes
on the natural biodistribution of albumin, leveraging the
enhanced permeability and retention (EPR) to solid tumors to
promote targeted drug accumulation.’**** While the EPR effect
is widely acknowledged as a valid biological mechanism that
facilitates the passive accumulation of macromolecules, such as
ADCs and nanoparticles, its effectiveness for PDCs is still being
questioned." Due to their relatively small size, usually under 5
kDa, PDCs alone might not leverage the EPR effect as efficiently
as larger macromolecules. However, binding of PDCs to serum
albumin substantially increases their molecular size, potentially
enabling their tumor accumulation through the EPR pathway.
Currently, several albumin-binding moieties have been
employed to enhance the stability of PDCs (Fig. 5).

A common strategy to promote albumin binding is the
conjugation of a fatty acid chain. For instance, Zhang and
colleagues developed peptide mimetics targeting the receptor
tyrosine kinase-like orphan receptor 1 (ROR1) and linked
them to anticancer drugs like gemcitabine and DOX. To
enhance the pharmacokinetics of PDC molecules, they
incorporated a fatty acid chain to facilitate albumin binding.
This approach yielded a leading candidate, II-3, which

PDC structure with albumin-binding groups Binding to endogenous albumin
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Fig. 5 Schematic illustration of the albumin-binding strategy (top) and
examples of typical albumin-binding groups (bottom).

This journal is © The Royal Society of Chemistry 2026


http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d6md00049e

Open Access Article. Published on 09 March 2026. Downloaded on 3/31/2026 12:08:51 AM.

Thisarticleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

(cc)

RSC Medicinal Chemistry

exhibited exceptional internalization efficiency, anticancer
potency, and a dramatically improved half-life (increased
from 5.6 minutes to 2.6 hours). Notably, this conjugation
strategy did not impair the targeting capability, as II-3
maintained a high binding affinity (K4 = 1.72 x 10™° M) and
specificity for ROR1."%°

In addition to fatty acids, a variety of albumin-binding
moieties have been developed to stabilize PDCs and
improve their pharmacokinetics. For example, Zha et al
created ["’LulLu-7 by conjugating a albumin binder (a
pegylated p-iodophenylbutanoyl group) to a PSMA-targeting
ligand. This modification enabled stable, noncovalent
binding to albumin, which significantly prolonged its blood
circulation half-life. As a result, ["""Lu]Lu-7 demonstrated
prolonged circulation, higher tumor uptake, and better
retention than its unmodified counterpart.’®” In another
approach, Cho et al. designed the PDC MPD3 to target
PTEN-loss cancers. MPD3 consists of KGDEVD peptide
linked to docetaxel with a maleimide-based albumin-
binding  moiety  (N-(e-maleimidocaproyloxy)succinimide
ester) conjugated to the side chain of the peptide. This
dual strategy promoted intracellular drug delivery and
resulted in a significantly prolonged half-life compared to
the free drug.'*®

5.3 Forming nano-delivery systems

Self-assembled peptide nanoparticles (SAPNs) are a
promising drug delivery platform due to their
biocompatibility, ease of synthesis, and long half-life. They
improve drug stability by either physically encapsulating
therapeutics or serving as a covalent scaffold for PDCs,
particularly effective for hydrophobic drugs.'>**3°

Zeng and colleagues developed a promising peptide nano-
delivery system, baicalin-peptide supramolecular self-
assembled nanofibers (BA-NFs)."*! This system was
constructed by conjugating baicalin (BA) to the targeting
peptide ARVYIHPF and co-assembling it with the self-
assembling peptide. In an aqueous solution, these
components form spiral nanofibers that significantly
enhance the solubility and stability of BA (Fig. 6). By
selectively targeting the angiotensin II type I receptor (AT1R),
BA-NFs function as an efficient cardiac-targeted anti-
ferroptosis agent. In a mouse model of doxorubicin-induced
cardiomyopathy (DIC), BA-NFs demonstrated effective cardiac
accumulation, improved cardiac function, reduced fibrosis,
and good biocompatibility.

In another case, Yang et al. developed a self-assembling,
supramolecular hydrogel (designated as CRB-FFE-YSV) by
covalently conjugating the drug chlorambucil (CRB) and the
peptide drug tyroservatide (YSV) to the FFE peptide
scaffold.’*® This formulation self-assembled into a
nanofibrous hydrogel that exhibited remarkable stability,
resisting degradation by proteinase K and extending the
drug's enzymatic half-life from less than one hour to over
four hours. As a result, the construct achieved potent tumor
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Fig. 6 The structure of self-assembled baicalin-peptide nanofibers
(BA-NFs) and its application in drug delivery.

suppression, reducing the tumor volume to approximately
38% of that observed in the PBS control group.

6. Strategies for enhancing the
pharmacokinetics of PDCs

Pharmacokinetics, which describes a drug's absorption,
distribution, metabolism, and excretion (ADME), is
fundamental to therapeutic success. It bridges the critical
gap between drug discovery and clinical application, directly
determining efficacy and safety."*>"** Therefore, optimizing
pharmacokinetics properties of PDCs is paramount to their
successful development.

6.1 Improving cell membrane penetration and blood-brain
barrier transportation

The development of PDCs is hampered by poor -cell
penetration and an inability to cross the blood-brain barrier
(BBB). The inherent physicochemical properties of PDCs,
such as high molecular weight, hydrophilicity, and charge,
hinder passive diffusion through lipid membranes. Crossing
the BBB is even more challenging, as it requires active
transport mechanisms to bypass its stringent, selective
endothelial layer.'*> Cell-penetrating peptides represent a
promising technological avenue due to their unique ability to
cross cellular membranes and, in some instances, the
impermeable blood-brain barrier."*®"'*” By serving as delivery
vectors, CPPs can shuttle therapeutic payloads into the brain
for treatment of brain cancers, neurodegenerative diseases,
and central nervous system (CNS) infections. Therefore,
conjugating CPPs to PDCs offers a promising strategy to

these critical delivery Dbarriers in PDC
138

overcome
development.

To implement this strategy, Deng's team designed LTP-1,
a PDC where PTX is conjugated to a bifunctional peptide.
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The peptide features luteinizing hormone-releasing hormone
(LHRH) as a cancer-targeting ligand and the optimized CPP
T2 for membrane penetration.*® This design conferred
enhanced tumor targeting and cellular internalization. LTP-1
achieved twofold greater uptake in LHRH-overexpressing
MCF-7 cells than free PTX. More significantly, LTP-1 retained
potent activity against PTX-resistant A2780/PTX cells, where
free PTX was ineffective.

Angiopep-2 (ANG) is a peptide ligand that binds to the
LRP1 receptor on brain endothelial cells, enabling BBB
crossing via receptor-mediated transcytosis. A novel PDC
ANG1005 was constructed accordingly, which utilizes ANG to
deliver three PTX molecules across the BBB and into
malignant cells. In a phase II trial involving heavily
pretreated patients with breast cancer and recurrent brain
metastases, ANG1005 demonstrated promising intracranial
disease control and prolonged overall survival. Currently, a
phase III study of ANG1005 has been initiated to further
confirm its therapeutic efficacy.'” In another study, Li et al.
designed a dual-targeting PDC, ANG-TAT-PTX. This conjugate
links PTX to both ANG for LRP-1 receptor-mediated BBB
transcytosis and the HIV-1 TAT peptide for enhanced cellular
uptake. In murine glioma models, the ANG-TAT platform
achieved 1.8-fold higher tumor accumulation than ANG alone
and 5.6-fold more than free PTX. Consequently, ANG-TAT-
PTX treatment significantly prolonged survival in the
glioblastoma mouse model, demonstrating the critical role
CPPs in boosting tumor penetration and therapeutic
efficacy.*

6.2 Improving ADME profiles by machine learning

Recently, artificial intelligence and other computer
technology are emerging strategies to predict the absorption,
distribution, metabolism, excretion, and toxicity (ADMET)
properties.’*®'*! Several artificial intelligence platforms have
become essential tools in drug design, enhancing the
success rate of drug optimization. By employing the
physiologically-based pharmacokinetic (PBPK) modeling
software  GastroPlus®, Vale et al  evaluate the
pharmacokinetic parameters of four CPPs (P1-P4) and three
antineoplastic agents for predicting in vitro synergy.'*> The
simulation revealed that the combination of P2-P4 peptides
with 5-fluorouracil (5-FU) was predicted to exhibit the
highest synergistic potential in HT-29 colorectal cancer cells,
which was confirmed by subsequent cell-based studies.
ADMETIab 3.0 is an online prediction platform designed for
drug development. Its multi-task DMPNN modeling method
and large-scale data enable efficient, accurate, and robust
comprehensive ADMET profiling. The introduction of API
module support to streamline the process of batch
evaluation, and implementation of an uncertainty estimation
module is vital for reliable selection of candidate
compounds for subsequent experimental phases.'”® In
addition to the aforementioned tools, several other ADMET
predictors have also been developed, with notable examples
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including OptADMET, pBRICS, SwissADME and FAF-
Drugs‘144—147

So far, the ADME profiling of PDCs remains incompletely
established, largely because of the complex interplay between
the homing peptide, linker chemistry, and cytotoxic
payload."® Currently, artificial intelligence tools are trained
primarily on small-molecule datasets, and their reliability in
predicting the ADMET properties of structurally complex
PDCs remains to be fully validated. A primary bottleneck is
the lack of high-quality and unbiased experimental data.
Public databases contain insufficient structural and activity
information for peptides, particularly those containing non-
canonical amino acids and cyclic peptides that are essential
for enhancing PDC stability. Furthermore, existing
publications and datasets present bias towards positive
results, whereas the negative data are equally critical for
training reliable models. Another considerable challenge with
Al modeling involves the limited capability to predict
complex biological systems. Accurate prediction of peptide
binding, stability and functional effects solely from peptide
sequence or molecule structure is not a trivial task. For
example, peptide dynamics and conformational changes
often occur under different physiological conditions, such as
temperature, pH and cellular microenvironment, resulting in
extremely challenging for comprehensive computational
analysis."*® Nevertheless, the computational tools mentioned
above show significant promise for PDC development, and
addressing these limitations is essential to fully realize the
translational potential of AI in PDC discovery.

7. Translational challenges of PDCs

While peptide-drug conjugates present significant promise
for therapeutic applications, their clinical limitations remain
a major For instance, Pepaxto (melphalan
flufenamide) had its accelerated approval withdrawn after a
confirmatory trial failed to demonstrate clinical benefit or
confirm its safety profile."”° Similarly, other
candidates have also been discontinued during -clinical
development due to inherent drawbacks. For example, AEZS-
108 was found to undergo rapid hydrolysis due to cleavage of
its ester bond by carboxylesterases, with half-lives of
approximately 20 minutes in mouse serum and 100-120
minutes in human serum. This resulted in poor enzymatic
stability in circulation, leading to its clinical failure.>® These
setbacks highlight the pressing need to enhance critical
features of PDCs, such as target specificity, bioactivity,
stability, linker chemistry, and pharmacokinetics, which are
extensively examined in this study.

Another significant challenge in the clinical translation of
PDCs involves their selectivity, stability, and potential off-
target toxicity. Target selectivity remains a primary concern,
since many receptors overexpressed on tumor cells, such as
integrins and somatostatin receptors, are also present at
physiological levels in healthy tissues. Consequently, homing
peptides may not effectively distinguish between malignant

concern.
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cells and normal tissues, leading to PDC accumulation in
non-malignant cells and unintended adverse effects.
Moreover, unlike antibody-drug conjugates (ADCs), which
typically achieve nanomolar or sub-nanomolar affinity, PDCs
often exhibit only moderate target affinity in the micromolar
range, further elevating the off-target risks.">" Stability
presents another critical challenge in PDC development.
Excessive plasma stability can impair intracellular drug
activation, whereas insufficient stability leads to systemic
toxicity and a shortened half-life. These stability issues
directly contribute to off-target toxicity, as unstable PDCs
may release their cytotoxic payload into the bloodstream,
inadvertently  affecting  healthy  proliferating  cells.
Nevertheless, ongoing innovations in peptide engineering,
linker chemistry, and targeting strategies are steadily
advancing the field towards next-generation PDCs with
improved therapeutic profiles.

The clinical translation of peptide-drug conjugates is also
profoundly influenced by manufacturing scalability and
compliance with regulatory expectations. Although solid-
phase peptide synthesis (SPPS) is the preferred method for
peptide synthesis in research, it encounters considerable
challenges when scaling up for industrial production.'®
Sequence-dependent risks, such as hydrophobic stretches,
can dramatically reduce coupling efficiency during large-scale
synthesis, compromising yield and purity. Subsequent
solution-phase conjugation of linker-payload moieties adds
further complexity, demanding high conversion efficiency
while rigorously minimizing payload-related impurities.
Therefore, critical CMC (chemistry, manufacturing and
controls) regulations are essential for PDC development,
which includes purification strategy development, analytical

method  validation  for  impurity  profiling, and
immunogenicity assessment. Importantly, PDC
manufacturing requires additional regulation, as linker

stability and conjugation specificity introduce extra quality
considerations. Thus, the success of PDC manufacturing
depends on a coordinated strategy that aligns peptide
synthesis, conjugation chemistry, and analytical development
to satisfy both scalability and stringent regulatory standards.

8. Future perspectives

Looking forward, the future trajectory of PDCs is focused on
evolving beyond simple drug-delivery systems into intelligent,
next-generation therapeutics with enhanced precision,
efficacy, and safety. As an essential element in PDC design,
peptides hold immense promise in propelling this
transformation.

A primary area of innovation lies in the development of
advanced homing peptides with highly efficient targeting and
robust tissue penetration. Beyond the well-established phage-
display and mRNA display techniques, high-
throughput screening technologies, such as DNA-encoded
libraries (DELs) and the one bead one compound (OBOC)
platform, have already proven effective in discovering novel

several
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peptide ligands, thereby expanding the toolbox for PDC
development. Furthermore, the strategic incorporation of
non-canonical amino acids not only increases peptide
diversity but also enhances their drug-like properties, offering
solutions to longstanding challenges such as in vivo stability,
pharmacokinetics, and immunogenicity.

Currently, PDC payloads are predominantly limited to
cytotoxic drugs, radionuclides, or imaging agents, nearly all
of which are small molecules. Peptide drugs, however,
represent a maturing yet still innovative therapeutic class,
offering precise targeting across a growing range of diseases.
Integrating peptide drugs as the therapeutic payload within
PDCs could unlock the full potential of peptide-based
targeted therapies, moving beyond conventional cytotoxic
approaches toward more sophisticated and specific
mechanisms of action.

Lastly, the clinical translation of PDCs will be expedited
by advances in computational design and Al-driven discovery.
Artificial intelligence is transforming PDC development from
a trial-and-error process into a rational design approach. By
simultaneously optimizing peptide targeting, linker stability,
and payload delivery through predictive modeling, AI is
expected to dramatically accelerate the development timeline
and enhance the safety and efficacy of PDC candidates.

9. Conclusion

PDCs represent a maturing therapeutic modality, with
expanding clinical trials positioned to validate their potential
as a versatile and precise platform in next-generation targeted
medicine. Crucially, the peptide component within PDCs is
far more than a passive delivery vehicle. Instead, it is an
active pharmaceutical ingredient, which directly governs
tissue specificity, drives cellular internalization, steers
intracellular trafficking, and is a primary determinant of
therapeutic efficacy. Empowered by advances in structural
biology, combinatorial chemistry, high-throughput screening,
and artificial intelligence, modern peptide engineering has
transformed PDCs into highly promising and rationally
designed therapeutics.
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