












therapeutic potency, speciÞ city, and target design (not generally limited to a particu-
lar class or series of compounds). This is an iterative approach, whereby every new 
approved compound, new lessons, and applications to ensure successful product 
development are realized, thereby adding to our knowledge base and facilitating 
the development of future products. This chapter will discuss some of the funda-
mental issues associated with successful biopharmaceutical drug product develop-
ment and aims to provide an understanding of the subtleties associated with their 
characterization, processing, and manufacturing.  

  1.1.2   FORMULATION ASSESSMENT 

 In order to select the most appropriate formulation and route of administration for 
a drug product, one must Þ rst assess the properties of the API, the proposed thera-
peutic indication, and the requirements/limitations of the drug and the target patient 
population. Development teams are interdisciplinary comprised of individuals with 
broad expertise, for example, chemistry, biochemistry, bioengineering, and pharma-
ceutics, that can provide insight into the challenges facing successful product devel-
opment. As such, knowledge gained through reÞ nement of the API manufacturing 
process through to lead optimization is vital to providing an initial starting point 
for success. Information acquired, for example, in the way of analytical development 
and API characterization, during drug discovery or early preclinical development 
that can be applied to Þ nal drug product development may contribute to shorter 
development times of successful products. 

 The host system utilized for API production is critical to the production of the 
Þ nal product and will determine the basic and higher order physicochemical char-
acteristics of the drug. Typically biopharmaceuticals are manufactured in  Escherichia 
coli  as prokaryotic and yeast and Chinese hamster ovary (CHO) cells as eukaryotic 
expression systems  [5] . While general procedures for growth condition optimization 
and processing and puriÞ cation paradigms have emerged, differences in posttrans-
lational modiÞ cations and host Ð system related impurities can exist even with rela-
tively minor processing changes within a single production cell line  [5] . Such changes 
have the potential to alter the biopharmaceutical properties of the active compound, 
its bioactivity  , and its potential to elicit adverse events such as immunogenic reac-
tions. These properties will be a common theme as they could potentially play a 
major role in both analytical and formulation development activities. 

 During the process of lead optimization, characterization work is performed that 
would include a number of parameters that are critical to formulation and analytical 
development scientists. The following information is a minimalist look at what 
information should be available to support product development scientists: 

   ¥      Color  
   ¥      Particle size and morphology (for solid isolates)  
   ¥      Thermoanalytical proÞ le (e.g.,  T  g  for lyophiles)  
   ¥      Hygroscopicity  
   ¥      Solubility with respect to pH  
   ¥      Apparent solution pH  
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   ¥      Number and p K  a  of ionizable groups  
   ¥      Amino acid sequence  
   ¥      Secondary and tertiary structural characteristics  
   ¥      Some stability parameters with respect to  

   �       pH  
   �       Temperature  
   �       Humidity  
   �       Light  
   �       Mechanical stress  
   �       Oxygen sensitivity    

   ¥    Impurity proÞ le 
    �       Misfolded/misaligned active  
   �       Potential isoforms  
   �       Expression system impurities    

   ¥    Potency [median inhibitory concentration (IC 50 )]  
   ¥    Animal Pharmacokinetic/Pharmacodynamic (PK/PD)   and  T  ox  proÞ les    

 All of the above information will prove invaluable in determining the potential 
methods for rational drug delivery. Particular attention should be paid to the rela-
tive hygroscopicity of the API, of course, any stability information, as well as the 
impurity proÞ le and ADMET (absorption, distribution, metabolism, excretion, and 
toxicity) information. In short, the more information that is available when develop-
ment activities are initiated, the easier it is to avoid common pitfalls and make 
development decisions more rationally. 

  1.1.2.1   Route of Administration and Dosage 

 Biologics are traditionally very potent molecules that may require only picomolar 
blood concentrations to elicit a therapeutic effect. Given that the amount of drug 
required per dosage will be commensurate with the relative potency of the molecule, 
small concentrations are generally required for any unit dose. Biopharmaceuticals 
typically have large molecular weights relative to conventional pharmaceutical 
agents, which may be increased further by posttranslational modiÞ cations. The phar-
macokinetics (ADMET) of biotechnology products have been reviewed elsewhere 
 [6] , but generally they have short circulating half - lives  [7] . As such, biological prod-
ucts are most often delivered parenterally and formulated as solutions, suspensions, 
or lyophilized products for reconstitution  [8, 9] . However, one must Þ rst ascertain 
the potential physiological barriers to drug delivery and efÞ cacy before assessing 
potential routes of administration. These barriers may include actual physical bar-
riers, such as a cell membrane, that could restrict the drug from reaching its site of 
action or chemical barriers, including pH or enzymatic degradation. Based on 
current drug delivery approaches, the proteinaceous nature of biological products 
limits their peroral delivery due to their susceptibility to proteases and peptidases 
present in the gastrointestinal tract as well as size limitations for permeating through 
absorptive enterocytes  [10] . 






