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The concept of polymer-drug conjugates (PDCs) had already been described in the 1970s.
Drug, describes any entity with a therapeutic effect:

small molecules, peptides, proteins (e.g. antibodies or enzymes) or even RNA/DNA strands.

Polymer, natural or synthetic origin and feature any architecture, from linear to branched to
crosslinked.

Linear Cross linked Branched
There is a covalent bond between the drug and the polymer, making it a conjugate

1. Polymer-drug conjugates, where the drug is active o
2. Polymer prodrugs, where the drug is inactive
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Enhances their solubility and stability in body fluids

Reduces their toxic side effects in healthy tissues

The covalent bonds allow for incorporation of higher
drug loads

Control the release profile

™

Additional functional groups of the polymer can be
used to attach ligands
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* The linkages between polymers and drugs can be:
1- stable (non-cleavable),

N-succinimidyl-4-(N-maleimidomethyl)cyclohexane-1-carboxylate smcc

2- or they can be chemically or enzymatically cleavable

Chemical triggers: pH, oxidative/reductive environments or the presence of reactive groups.
v'Disulfide bonds '

vEster bonds 0 o 0 N0 /L
v'Hydrazones and acetals ~ ©O O © o N - S VR S i o i

v'Peptide linkers ester  carbonate carbamate hydrazone amide disulfide  acetal
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REVIEWS

fPonmer—drug conjugate therapeutics:

advances, insights and prospects

', Yolonda L. Colson®** and Mark W. Grinstaff@®'*

Iriny Ekladious

Abstract | Polymer—drug conjugates have long been a mainstay of the drug delivery field, with several
conjugates successfully translated into clinical practice. The conjugation of therapeutic agents to
polymeric carriers, such as polyethylene glycol, offers several advantages, including improved drug
solubilization, prolonged circulation, reduced immunogenicity, controlled release and enhanced
safety. In this Review, we discuss the rational design, physicochemical characteristics and recent
advances in the development of different classes of polymer—drug conjugates, including polymer—
protein and polymer—small-molecule drug conjugates, dendrimers, polymer nanoparticles and
multifunctional systems. Current obstacles hampering the clinical translation of polymer—drug
conjugate therapeutics and future prospects are also presented.
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a Polymer-protein conjugate b Polymer-small-molecule drug conjugate
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The first marketed Eceintericronialia

2b (Pegintron, PEG—epoetin beta
2001) and conjugate,

peginterferon alfa- Mircera, in 2007
2a (Pegasys, 2002)

Recombinant insulin PEG—protein
in 1982 therapeutic,
Adagen, in 1990

* PEGylated protein therapeutics employ PEGs of <40 kDa molecular mass
e Alternative: polysaccharides, including dextran and hyaluronic acid
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Naloxegol (In 2014)
APL-1 Structure
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APL-2 PEGylated cyclic peptide inhibitor of complement C3, for
Paroxysmal Nocturnal Hemoglobinuria (phase lll trials)

" Linker
| Joins antibody and drug

Topical agents

Pegcantratinib, a PEGylated small- molecule TrkA
kinase inhibitor for psoriasis (phase Il trials)

Antibody
Targets cancer cells

Cytotoxic drug
Destroys cancer cells




Highly branched, 3D polymeric macromolecules

Large hydrodynamic radii: reduced renal clearance and greater
plasma exposure than linear polymers of similar molecular
mass

The first dendrimer-based drug product, (VivaGel)
PAMAM, PPI, ...

Dendrimer
“Scaffold”

Small Molecule Drug
Therapeutic Protein
Imaging Agent

Targeting Agent
Pharmacokinetic modifier

Other function, e.g. anion
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Polymer-from-Polymer Release

Hyaluronic Acid Graft Copolymers with Cleavable Arms as
Potential Intravitreal Drug Delivery Vehicles

Tina Borke, Mathie Najberg, Polina llina, Madhushree Bhattacharya, Arto Urtti,*
Heikki Tenhu, and Sami Hietala*

Macromol. Biosci. 20017, 1700200

DOI: 10.1002/mabi.201700200

11



intravitreal drug delivery
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* Polymeric nanoparticles, which are colloidal carriers with dimensions on the
nanoscale (30-100 nm), have since been widely employed as drug delivery

vehicles.
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Colloids and Surfaces A: Physicochemical and Engineering Aspects 622 (2021) 126669

Contents lists available at ScienceDirect

Colloids and Surfaces A: Physicochemical and
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Self-assembly of polymer-doxorubicin conjugates to form polyprodrug e
micelles for pH/enzyme dual-responsive drug delivery

Mengna Zhang °, Shujing Zhang“, Kun Zhang °, Zongyuan Zhu °, Yalei Miao®, Yudian Qiu?,

Panke Zhang*>', Xubo Zhao ™
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Complete regression of breast tumour with a single dose
of docetaxel-entrapped core-cross-linked polymeric micelles

Qizhi Hu *°, Cristianne J. Rijcken °, Ruchi Bansal ¢, Wim E. Hennink , Gert Storm * ¢,
Jai Prakash ¢~
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* Mono-methoxy poly(ethylene glycol) (mPEG, Mn = 5000) as hydrophilic block

* A random copolymer of N-2-hydroxypropyl methacrylamide monolactate (HPMAmLacl) and N-2-
hydroxypropyl methacrylamide dilactate (HPMAmLac2) as thermosensitive block
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Docetaxel entrapped core-cross-linked polymeric micelles (DTX-CCL-PMs) were prepared essentially using the
fast heating method.
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Critical issues of polymeric micelles:
* Low stability of micelles in circulation
* Uncontrolled drug release rate because of degradation of the polymers and/or diffusion of the drug from the micelles

In this study:
* Covalent conjugation of docetaxel (DTX) to CCL-PMs provided stable micellar nanoparticles
* A hydrolysis-sensitive covalent linkage of DTX to the CCL-PMs resulted in sustained release of the drug




* The field of polymer—drug conjugates has matured substantially in the past two
decades.

e Polymeric carriers are being developed to deliver a wide range of therapeutic
modalities, including small molecules, peptides, aptamers and proteins.

* Active and passive targeting

 Combination therapy: combinations of active agents can maximize therapeutic
efficacy by targeting different molecular pathways or acting on differen"ell
subpopulations. N

* The concurrent integration of therapeutics and diagnostics in a single carrier.

* Polymeric immunotherapies, are already in clinical development.
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