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For the past couple of decades, academic research has been mainly focusing on novel carrier systems and 
nanoparticulate colloidal technologies for drug delivery, such as nanoparticles, nanospheres, vesicular 
systems, liposomes, nanocapsules, etc. Such efforts aided in the creation of newly marketed products such as 
Doxil® in the market[1,2]. Such systems provide the tools to customize a superior drug delivery system, impart 
novel functions to old drugs such as longer half-life and stealth properties (as in the case of Doxil®), and 
provide them with either passive or active targeting properties via grafting the carrier system with targeting 
moieties and/or imaging agents or another drug within the same carrier system[3]. Such technologies opened 
the gate towards more sophisticated and effective multi-acting platform(s) which can offer site-targeting, 
imaging, and treatment using a single multi-functional system[4]. Unfortunately, such technologies are faced 
with major problems including low stability profile, short shelf-life, and poor reproducibility across and 
within production batches leading to harsh bench-to-bedside transformation. The commercial scale-up 
processes of composite nanoparticulate carriers are challenging, time-consuming and costly. Such scale-up 
processes from the bench to pilot small-scale production, and subsequently to the full-scale process involve 
significant major pre-formulation and formulation developmental steps along with the design of rugged and 
robust in vitro characterization techniques to ensure safety and efficacy of the final formulation along with 
quantitative determination of intra/inter-batch variability to comply with pharmacopeial standards and 
regulations. Additionally, the majority of such novel therapeutic systems’ inactive adjuvants and reagents 
used in the pre-formulation and formulation steps are not yet approved by the FDA and not listed in their 
approved inactive ingredient database (IID).
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Initiatives to overcome such setbacks either involved the design and development of novel new 
chemotherapeutic agents, chemical or physical modifications of currently used chemotherapeutic agents or 
novel smart bioconjugates[5]. Currently, pharmaceutical industry along with academic research is investing 
heavily in bioconjugate structures. The major purpose of bioconjugation is to create a stable conjugate between 
two molecules via a covalent link, at least one of which is a biomolecule[6]. By design, the covalent linkage 
should be easily biologically-cleavable to enable the release of the bioactive molecule at the desired target 
site. The main advantages of bioconjugation and the generated biomolecules include enhanced physical and 
chemical stability in the active pharmaceutical ingredient (API) journey to the target site, providing better 
safety and efficacy profiles, delivering enhanced API protection against proteolysis and immune responses 
and enhancement of the targeting powers of such novel bioconjugates nanoparticulate systems[6]. 

Bioconjugate technologies offer an appealing and advantageous alternative to nanoparticulate delivery 
systems with all its flexible benefits when it comes to customized design and tailored grafting along with 
avoiding most of its shortcomings. Bioconjugates offer the flexibility in customized designing of personalized 
products. Bioconjugates facilitate simple and easy drug (active pharmaceutical ingredient) conjugation, using 
various smart biocompatible, bioreducible, or biodegradable linkers, to targeting agents, PEG layer or another 
drug [Figure 1]. Such technology enables the formation of smart multi-functional platform(s) offered by 
nanoparticulate carriers and bioconjugates structures. Furthermore, conjugates are still considered chemical 
compounds. This fact simply allows the use of traditional analytical and manufacturing technologies in 
the characterization and manufacturing of traditional active pharmaceutical ingredients offering high 
probability for their successful transition from bench to bedside. Moreover, the final formulation could be a 
simple injectable or solid formulation, which offers long shelf-life and enhanced stability profile. 

Subsequently, bioconjugation technologies can aid in creating safer, cheaper, stable, and effective novel 
therapeutics. It can also be a rate-limiting step in reinventing old drugs and imparting new functions to 
them that would enhance their targetability, pharmacokinetic and pharmacodynamic parameters, and 
their overall formulation patient compliance, easing their transition to market[7]. A major focus should 
be the transformation of such novel bioconjugates’ technologies from bench to bedside. The use of click 
chemistry, bioconjugation technologies, ligand post-insertion and labeling techniques need to be extensively 
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Figure 1. Schematic diagram of bioconjugates’ structure, design, synthesis, purification and characterization
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researched for ease of scale-up and proper bench-to-bedside transformation. Consequently, a current focus 
is on simple bioconjugate structures, which can be easily synthesized with high yield, reduced cost and high 
stability profile of the final formulation. This could provide a practical direction for the development of novel 
management tools and therapeutics, paving the road to affordable, scalable, stable, efficient and safe disease-
management strategies.
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