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COMPUTING TO THE 
TARGET: ACCELERATING 

ORPHAN DRUG DISCOVERY 
BY KARA JIA

When most people think about pharmaceutical 
drugs, the first ones that come to mind are usu-

ally popular over-the-counter (OTC) drugs such as Tylenol, 
Advil, and Zyrtec. These medications are seemingly omni-
present; they can be found in ordinary places, from local 
pharmacies to convenience stores. While OTC drugs are 
among the most accessible medications to all consumers, 
they constitute only the tip of the iceberg of all existing and 
potential pharmaceutical drugs. Prescription drugs are re-
quired to treat most medical conditions apart from the com-
mon cold. New drugs are constantly under development 
for major diseases. Yet while treatments for rare diseases 
inflicting a much smaller population may be in the stag-
es of drug development, many more remain non-existent.  

 What exactly sets rare diseases—also known as orphan 
diseases—apart from common ones? Orphan diseases af-
fect a small subset of a population. In United States, such 
conditions typically affect less than 1 out of 200,000 peo-
ple, and currently there are about 7,000 such diseases af-
fecting approximately 25 million patients.6 These medical 
conditions generally lack attention from pharmaceutical 
companies as they do not yield large commercial success. 
Government efforts to increase economic incentives led to 
the passing of the Orphan Drug Act (ODA) in 1983, which 
encourages development and marketing of drugs for rare 
diseases. Among the main incentives for orphan drug re-
search and development are grants, research design sup-
port, and a seven-year exclusive orphan drug marketing.4

Since the enactment of ODA, the number of orphan 
drugs produced has significantly increased. There is a per-
petual need for orphan drug development as about 250 new 
rare diseases are reported each year.4 At present, drugs for 
rare cancer subtypes represent the majority (31%) of ap-
proved orphan drugs.6 Fabrazyme, an enzyme replacement 
therapy, is an example of an approved orphan drug used to 
treat Fabry’s disease, an ultra-rare X-linked genetic disorder 
caused by deficiency in the enzyme alpha-galactosidase A. 
Under this disease, gastrointestinal symptoms, ophthalmo-

logical symptoms, and neuropathic pain manifest in 
early childhood due to the accumulation of glycosphin-
golipids—lipids that are part of the cell membrane and 
crucial for cell-cell interactions—in different organs.10  

Developing drugs such as Fabrazyme entails a 
time-consuming, costly, and difficult process. Basic re-
search first generates the necessary data that initiates 
and fuels the discovery phase of drug development. 
During the discovery phase, potential candidate mole-
cules—or leads—are selected. A lead is a chemical com-
pound with pharmacological or biological activity that 
is potentially therapeutically useful. Lead compounds 
enter a pre-clinical validation stage; selected candi-
date leads are then permitted to enter clinical phases. 
If the clinical trials are successful, the FDA filing pro-
cess for the manufacturing of an orphan drug begins. 

Drug discovery is initiated for diseases that do not 
yet have suitable medical products. Identifying a target 
molecule is the start of a lengthy process, which involves 
a concerted effort between academic research institu-
tions and the pharmaceutical industry. The drug dis-
covery process can be divided into the following stages: 
initial target identification and validation, assay devel-
opment, high throughput screening, hit identification, 
lead optimization, and selection of a lead molecule for 
clinical development. Only 10% of potential leads ac-
tually make it to clinical trials.1 Because there is a high 
attrition rate for compounds entering the clinical phase, 
novel techniques could significantly help optimize the 
drug discovery process. A failed drug not only impedes 
the goal of bringing effective treatment to patients but 
also leads to higher financial consequences for pharma-
ceutical companies, thus slowing down the whole drug 
development process. With an average of $2.6 billion 
invested in developing a marketable drug, finding new 
techniques that would help reform the drug discovery 
pipeline thus remains a major priority. The efficien-
cy of computers has made in silico methods an indis-
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pensable tool for expediting the process of 
finding promising and novel drug leads.5

Compared to traditional methods such 
as high-throughput screening (HTS), com-
puter-aided drug design (CADD) tools 
have been shown to be more efficient and 
complementary.2 Two main types of CADD 
are structure-based drug design (SBDD) 
and ligand-based drug design (LBDD). 
SBDD is a method focusing on predicting 
and analyzing 3D structures of target pro-
teins (i.e. finding a molecule with the best 
fit in an active site). Prediction of target 
structure is based on the assumption that 
“proteins with similar sequences have sim-
ilar structures.”2 Molecular dynamics sim-
ulations are used in SBDD to reveal the 
various pathways for ligands to interact 
with target proteins as well as the different 
possible target conformations.7 Accumula-
tion of biological data makes SBDD stud-
ies particularly favorable.9 On the other 

hand, LBDD is used to analyze possible 
ligands that interact with the target of 
interest to determine whether the small 
molecule increases or decreases target 
activity. It is used when the protein struc-
ture cannot be experimentally or com-
putationally determined and relies on 
information about known active ligands.7  

Other than finding novel drug leads, 
repositioning approved drugs is another 
possible approach to orphan drug de-
velopment. Repurposing FDA-approved 
drugs is relatively inexpensive compared 
to developing de novo drugs.8 Duloxetine 
is a serotonin and norepinephrine re-
uptake inhibitor that has been approved 
to treat depression. Since serotonin and 
norepinephrine were found to be key 
neurotransmitters in fibromyalgia (a cen-
tral nervous system disorder) and chron-
ic musculoskeletal pain, the duloxetine 
pathway was successfully repositioned 

“The efficiency of 
computational methods 

has made in silico 
methods an indispensable 

tool for expediting 
the process of finding 
promising novel drug 

leads.”

Figure 1: Fabrazyme is an 
approved orphan drug used to 
treat Fabry’s disease.11

“While treatments for rare diseases inflicting a much smaller 
population may be in the stages of drug development, many more 
remain nonexistent.”

to treat these disorders.6 One way to dis-
cover novel properties of approved drugs is 
through the use of computational methods; 
these insights could then be used to devel-
op drugs for orphan diseases.8 For this pur-
pose, machine learning and text mining are 
two promising computational approaches. 

One proposed machine learning mod-
el creates algorithms devised to help pre-
dict unknown drug-disease associations.8 

This method integrates genome, phenome, 
and chemical structure information into a 
computational framework that extracts a 
drug similarity matrix and a disease simi-
larity matrix. Insights gained from this ap-
proach could potentially aid drug reposi-
tioning by revealing novel drug indications.9 

Taking a more indirect approach, text 
mining can be used to extract particu-
lar terms and phrases from electronical-
ly-stored literature. Given a set biological 
ontology, text mining could then be used 
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for retrieval of relevant information on a particular 
drug in literature which could yield novel indications 
for existing drugs.8 Different institutions produce data 
organized in different ways; thus, text mining could 
also prove useful in standardizing heterogeneous data.3 

Combined with economic incentives and efficient 
computational methods, more opportunities are cre-
ated for orphan drug discovery as well as general drug 
development. While each computational method has 
its own set of limitations and challenges, the drug dis-
covery process benefits from any new, potentially useful 
insights that can minimize drug discovery time for the 
many orphan diseases which are, as of yet, still incurable.
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Figure 2: The docking of a ligand to a protein target leading to the 
formation of a protein-ligand complex.12


