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Abstract

The field of drug delivery is fast expanding and its potentials have already been proved by the many products in the

market. Among all approaches, polymer conjugation is a well known and widely exploited technique useful to improve

therapeutic properties of peptides, proteins, small molecules or oligonucleotides. Polymer-conjugated drugs generally

exhibit prolonged half-life, higher stability, water solubility, lower immunogenicity and antigenicity and often also specific

targeting to tissues or cells. This technology, exploited for the first time in the fifties and sixties, received a great

development both for the introduction and study of new and different polymers and for the progresses in the chemical

strategies of coupling. Polymer–drug conjugates are already in the market for the treatment of different diseases,

demonstrating the potentials of the technology. Furthermore, new polymers, in addition to the most known N-(2-

hydroxypropyl)methacrylamide copolymer (HPMA), polyglutamic acid (PGA) and poly(ethylene glycol) (PEG), are

continuously investigated and proposed. The review will discuss the most recent achievements in polymer conjugation with

special emphasis on PEG application strategies and approved products.
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1. Introduction

Biotech-derived drugs are increasingly used in the
clinical practice and represent today an important
share of the research and development budget of
biopharmaceutical companies. Nowadays, thanks
to the development of pharmaceutical biotechnolo-
gies, proteins and peptides are becoming potent and
specific therapeutic agents, useful as replacement
therapy or as inhibitors or regulators of the immune
system for the treatment of important multifactorial
diseases. However, these products still possess many
intrinsic limitations to large-scale applications, such
as low stability in vivo, short half-life and immuno-
genicity. The innovation in the design and produc-
tion of biotech drugs, by recombinant DNA
techniques, has been paralleled by important
discoveries and improvements in the field of drug
delivery, necessary to extend the half-life of these
fragile products and to avoid the rapid clearance
observed after their systemic administration. Dif-
ferent drug delivery systems have been developed in
the last few years to improve the pharmacokinetic
and pharmacodynamic profile of such compounds
[1]. These approaches are based on the preparation
of more favorable genetic variants or on tailor-made
formulations of the drug, as liposomal preparations,
controlled release systems, covalent modifications of
the drug by low molecular weight reagent or by
polymer conjugation. The last one is a fast growing
technique that already produced several molecules

available in the market [2], as shown in Table 1. The
rationale for polymer conjugation is the possibility
to prolong the plasma half-life of therapeutically
active agents by increasing their hydrodynamic
volume and hence decreasing their excretion rate.
Furthermore, polymer chains can prevent the
approach of antibodies, proteolytic enzymes or cells
on conjugated molecules, an effect obtained by the
steric hindrance of polymer strands.

Immunogenicity is likely to be one of the most
serious problems, especially when dealing with
heterologous proteins that commonly cause adverse
response when recognized as non-self by the body
immune system. This problem was addressed also in
the first two papers of protein polymer conjugation
highlighting, as an important result, the immuno-
genicity reduction of bovine albumin and catalase
after PEG coupling [3,4]. The prevention of
immunogenicity can be attributed to the shielding
effect of polymeric chains surrounding the protein.
This steric hindrance prevents interaction of anti-
bodies or degrading enzymes with the protein
(Fig. 1). In general, the conjugation of hydrophilic
polymers deeply changes the behavior of the parent
(free) compound both in vitro and in vivo. This
change happens with both proteins and low
molecular weight agents. Some advantages are (i)
increased water solubility (important for very low
soluble molecules as taxol, camptothecin or plati-
nate derivatives); (ii) enhanced bioavailability and
prolonged plasma half-life due to the increased
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