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From Bench to Bedside: the development of novel therapeutics 

The term ‘from Bench to Bedside’ is used to describe the process by which the results of research 

done in the laboratory are directly used to develop new ways to treat patients. It takes, on average, 

12 years to develop and market a new therapeutic drug starting from basic research.   

Target identification and validation 

What is a drug target? A drug target is an endogenous cellular or molecular structure, involved in 

disease pathogenesis, through which a drug can exert its action. Target-based drug discovery 

requires a thorough understanding of the molecular mechanisms underlying disease pathogenesis 

and the roles of enzymes, receptors and other proteins in this process. Upon identifying a potentially 

interesting drug target, its role in disease pathogenesis and progression has to be defined, a process 

known as target validation. During the validation process, the functionality of the potential target is 

not only evaluated at a molecular and cellular level, but also at the level of an entire organism. Upon 

validation of a potential target, drug discovery will focus on identifying compounds capable of 

blocking the target's activation or activity.  

 

Hit Identification 

Before screening for compounds capable of affecting a target's activity, a bioassay, in which the 

biological activity of the target can be evaluated, has to be developed. Different methods can be 

used, including biophysical (NMR, SPR), biochemical (purified enzyme assays) and cell based 

(reporter gene) assays.  A bioassay has to be sensitive to inhibition or activation of the target, using, 

for example, known pharmacological inhibitors or activators. Drug screening requires the 

development of a high-throughput screening (HTS) method. HTS assays are required to be sensitive, 

stable, highly reproducible, robust and suitable for screening thousands or even millions of samples. 

Using HTS technology, compounds, which specifically bind to and affect the activity of the target, 

may be discovered. To exclude false positive results, these ‘hit’ compounds must be rescreened. 

Upon identification of 'hit' compounds', research will focus on investigating the compound's effect, 

stability, toxicity, and pharmacokinetics in cells and animal models. A rigorous evaluation of the 

identified 'hit' compounds is necessary to select the most promising hits to progress to lead 

generation. 

 

Lead generation and optimization 

Lead generation, also known as the 'hit-to-lead' process, is a stage in early drug discovery where 'hit' 

compounds are evaluated and undergo limited optimization to identify promising lead compounds. 

These lead compounds should ideally exhibit a high affinity towards the target,  show significant 

biological activity in a cellular assay and show selectivity versus other related targets. In addition, 

these compounds should be of moderate molecular weight and soluble in water, exhibit cell 

membrane permeability and display a low-moderate lipophilicity. Ideally, these compounds should 

not be cytotoxic, metabolized by common metabolic enzymes or bind strongly to human serum 

http://en.wikipedia.org/wiki/Drug_discovery
http://en.wikipedia.org/wiki/Lead_compound


albumin.  The process of optimizing identified leads for testing in a clinical setting is known as lead 

optimization. The aim of this step in drug discovery is to generate analogues of the initial lead, with 

improved potency, reduced off-target effects and reasonable pharmacokinetics. This optimization is 

accomplished through chemical modification of the 'hit' structure. This process eventually results in 

the selection of a compound that can be used in preclinical trials.  

Preclinical and clinical trials 

The approval procedure for drug trials aims to confirm the safety as well as efficacy of the drug 

candidate for treating the targeted disease. Preclinical trials are conducted to obtain adequate data 

for safety and efficacy before commencing trials in humans, using both cell-based models and 

mouse models of the disease.  Before a small-scale Phase I clinical trial may be initiated, a 

biopharmaceutical company has to submit an application for an Investigational New Drug (IND) with 

the FDA.  Phase I clinical trials are carried out on healthy volunteers to determine the physiological 

effects of the compound and to determine the safe dosage ranges for human consumption. The drug 

is initially tested in a group of 20-80 subjects. These volunteers are observed for any side effects and 

severity resulting from the drug intake. Upon successful completion of a Phase I trial, a Phase II trial 

may be performed, Phase II clinical studies are small-scale trials designed to evaluate a drug’s 

preliminary efficacy and side-effect profile in 100 to 250 patients. Additional safety and clinical 

pharmacological studies are also included in such a trial. Finally, phase III clinical trials are performed 

to investigate the safety and efficacy of a drug in large patient populations.  

Market authorization 

While phase III studies are in progress, preparations are made for submitting a Biologics License 

Application (BLA) to the FDA’s Center for Biologics Evaluation and Research (CBER) or a New Drug 

Application (NDA) to the FDA's Center for Drug Evaluation and  Research (CDER). The NDA may not 

be submitted until all three phases of clinical trials have been successfully completed. In such an 

application, all preclinical and clinical information obtained during these trials should be presented. 

In addition, the NDA includes information on the manufacturing process, the chemical composition, 

pharmacology, toxicology and in vivo pharmacokinetics of the proposed drug. Results obtained with 

the proposed drug outside the United States may also be included in the NDA. The reviewing process 

by the FDA can take up to 12 months for normal applications and 6 months for priority applications. 

If the proposed drug is approved by the FDA, a marketing license will be issued. The drug will 

subsequently become available for prescription by physicians and licensed health care providers. 

Upon licensing, the long-term safety and effectiveness of the drug may be evaluated in a phase IV 

trial. In addition, if a side effect is reported in a significant number of patients, a phase IV trial could 

be used to investigate whether the reported side effect is induced by the drug itself or by a 

combination of the drug and certain foods or other drugs. 

 

Multidisciplinary approach 

The entire process, from researching a hit to marketing a drug in pharmacies, can take up to 10-14 

years and costs, on average, $300 million. The pace of drug development seems unreasonably slow. 

A rapid translation of fundamental research into the development of novel therapeutics is 

warranted, especially for diseases for which no cure is currently available. However, it is essential to 

take time to ensure that a new treatment is safe and effective.  

This process may be accelerated by improved collaboration between scientific disciplines. The 

chemist, for example, who generates the drug must be able to communicate with the scientist 



testing its efficacy. This scientist, in turn, should be able to consult clinicians who will eventually 

administer the drug. However, grants and other funding offered to researchers aren’t always 

conducive to multidisciplinary approaches. In addition, scientists don’t always have the incentive to 

create new treatments. The world of academia is currently ruled by the slogan ‘publish or perish’. To 

be a great scientist is to publish research in top ranking journals, not to roll out treatments to the 

public. To accelerate the development of new therapeutic regimens, scientists should go beyond 

mere publication and transform their scientific results into new treatment procedures. 


