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Drug Development 
Overview



Drug Development Phases

➢ In the US, academia is working closely 
with the industries. 

➢ The most laborious part of the research is 
typically conducted in universities

➢ Once successful product is identified, a 
commercial company can be spun off. 
The university helps with patents and 
resources but retains partial ownership.

➢ If the new company produces promising 
products, it can be acquired by a larger 
company or raises capital to bring the 
product to market

https://www.technologynetworks.com/drug-discovery/articles/exploring-the-drug-

development-process-331894

https://www.technologynetworks.com/drug-discovery/articles/exploring-the-drug-development-process-331894


Drug Development Timeline

➢ It takes about $2B to develop a new drug

➢ The research does not stop with the market lunch. Post-market monitoring, continuous 
safety and efficacy studies in the population, and possible new indications for the drug 
continue for decades

https://www.ebi.ac.uk/training/online/courses/functional-genomics-i-introduction-and-design/drug-discovery/

https://www.ebi.ac.uk/training/online/courses/functional-genomics-i-introduction-and-design/drug-discovery/


Nonclinical Studies

Compound 
Discovery and 

Testing
Types of Studies Formulation and 

Manufacturing
➢ Natural extracts 

from plans, proteins 
from bacteria or 
animals, chemically 
synthesized 
molecules, etc. are 
isolated and tested

➢ In vitro (cells in petri 
dishes), in vivo 
(animals) and post-
vivo experiments 
test and confirm 
biological activity of 
the compound

➢ Exploratory: large 
number of 
compounds are 
screened

➢ Confirmatory: the 
effects must be 
consistent so several 
studies should show 
confirm efficacy and 
non-toxicity

➢ Determine correct dose 
(pharmacodynamic)

➢ Determine best delivery 
route (injection, oral, 
etc.)

➢ Packaging and other 
inactive ingredients 
affect pharmacokinetics 
(half-life, clearance, etc.)

➢ Quality control of 
manufacturing process

➢ Drug stability 
(determines expiration 
date)



➢ In the US, before a new drug goes to market, it must be approved by the Food and 
Drugs Administration (FDA)

➢ The drug can the be marketed and sold (but only for the approved indication!)

https://www.ildcollaborative.org/resources/phase-iv-ipf-clinical-trials

https://www.ildcollaborative.org/resources/phase-iv-ipf-clinical-trials


Real World Evidence

➢ The US does not have a unified database 
for patients. Instead, data is collected by 
many independent institutions:

• Hospitals collect admission and discharge data

• Insurance companies collect claims data 
including doctor visits, procedures, lab work 
and medication information

• States can aggregate data from multiple 
hospitals and healthcare systems (groups of 
hospitals, insurance companies, etc.)

• National Institute of Health (NIH) and other 
federal health organizations can create their 
own data bases: patient level or aggregates

https://www.chcuk.co.uk/china-key-considerations-in-using-real-world-

evidence-to-support-drug-development/

➢ Research organizations request, buy, process and curate many of these databases

https://www.chcuk.co.uk/china-key-considerations-in-using-real-world-evidence-to-support-drug-development/


Design of Experiment, 
Data Collection and 
Formatting



Experimental Design 
Considerations

➢ What are the objectives of my study?

➢ What is the criteria for success?

➢ What is the primary hypothesis I am testing?

➢ What is the minimal change in the primary 
endpoint that I will consider to be biologically 
significant? Is it achievable with the current 
design?

➢ How much variability should I expect? What are 
the main sources of variability in this type of 
experiments? Search literature, use in-house data 
and previous experience.

➢ What are the appropriate statistical models?

Appropriate 
Statistical Test/Model

Variables

• Dependent/Outcome

• Independent/Predictor

Research Question & 
Hypotheses

How Variables Will 
Be Measured

• Metric

• Units

Available Resources

• Animals 

• Budget

• Compounds

• Supplies

Inference



Data Collection in MS Excel

➢ Preclinical experiments are typically small 
(less than 100 animals) but the amount of 
data collected can be huge (genomics, 
proteomics, microbiome, biomarkers, etc.)

➢ Microsoft Excel is often used to record 
basic information about the experiment: 
treatment groups, experimental 
conditions, genotype

➢ Many scientific instruments can output 
data in Excel or text format (.txt, .csv, .tsv)

➢ Excel also allows basic data processing, 
analysis and visualization

➢ Be careful with massive Excel Workbooks 
containing a lot of formulas!



Data Formatting

➢ Multiple tables/tables in Excel are useful for quickly 
going through the data but are not easy to read into 
analytical tools 

➢ A better way to store analysis datasets is to melt it 
into a single long table. Data from each original table 
can be represented by a data column

➢ If data is produced by an instrument or collected into 
a template, write an adapter code that reshapes the 
original data into an analysis dataset format

NOTE: from here on I will mainly refer to R 
programming language and RStudio environment for 
data analysis but same goes for SAS, SPSS, GraphPad 
Prism, Python and so on 



SEND Initiative (Nonclinical Data)

➢ Preclinical and small clinical studies often 
follow their own convention for data 
collection and storage

➢ This “Wild Wild West” of data formats is 
prevalent in academia and in the industry 
alike

➢ Standard for Exchange of Nonclinical Data 
(SEND) initiative started in 2002. Since 2016 
the FDA accepts raw toxicology data in this 
format.

➢ SEND is a standard data model to store 
various types of preclinical data. Table and 
variable names are standardized. 

➢ Unfortunately, unlike clinical data models 
(discussed later), SEND is not widely adopted

Figure 1: SENDING observational classes and special-purpose domains. 
The Standard for the Exchange of Nonclinical Data (SEND): History 
and Basics. Wood, F; Kramer, L A. PharmaSUG 2011 Paper CD14

https://www.cdisc.org/standards/foundational/send


SDTM (Clinical Data)

➢ Study Data Tabulation Model (SDTM) –
standard structure for clinical (human) trials 
and foundation for SEND

➢ Defined by the Submission Data Standards 
team of Clinical Data Interchange Standards 
Consortium (CDISC) 

➢ Data divided into Domains (standard 
datasets), grouped into 3 classes: 
Interventions, Events, or Findings

➢ Domains are abbreviated with 2 letters (CO, 
DM, …). Variable names are no longer than 8 
letters. Lookup in data dictionary. 

➢ Many other data models: Analysis Data 
Model (ADaM), Laboratory Data Model (LAB), 
Digital Imaging and Communications in 
Medicine (DICOM) 

Special-Purpose Domains:

•Comments (CO)

•Demographics (DM)

•Subject Elements (SE)

•Subject Visits (SV)

Interventions General Observation Class:

•Concomitant Medications (CM)

•Exposure as Collected (EC)

•Exposure (EX)

•Substance Use (SU)

•Procedures (PR)

Events General Observation Class:

•Adverse Events (AE)

•Clinical Events (CE)

•Disposition (DS)

•Protocol Deviations (DV)

•Medical History (MH)

•Healthcare Encounters (HO)

Findings General Observation Class:

•Drug Accountability (DA)

•Death Details (DD)

•…

https://www.cdisc.org/standards/foundational/sdtm
https://en.wikipedia.org/wiki/Clinical_Data_Interchange_Standards_Consortium


Medical Coding: ICD

➢ Many observational datasets have much simpler structure (e.g., a flat file containing a single table) but use medical coding 
systems

➢ International Classification of Diseases (ICD) codes are maintained by World Health Organization (WHO) and used for 
epidemiology, health management and billing (hospitals, insurance companies, etc.)

➢ Current version is ICD-11 but the US only switched to ICD-10 in 2015

➢ Hierarchical model: ~13,000 billable codes in ICD-9 and ~68,000 in ICD-10

➢ Easy code search: http://www.icd9data.com/

http://www.icd9data.com/


Coded Dataset Example



ICD-9 Dataset Example

➢ Example of ICD-9 coded dataset is the Myocardial 
Infarction Data Acquisition system (MIDAS)

➢ Contains ~17M records of ~4M patients admitted to 
NJ hospitals between 1995 and 2015 (data after 2015 is 
ICD-10-coded and has not been fully merged yet)

Aside: Sometimes “less is more”. ICD-10 system is much 
more detailed which also makes it harder to use. Some 
ICD-10 codes were made fun of.

See more of funny ICD-10 codes here and here.

https://rwjms.rutgers.edu/institutes/cvinj/research/midas
https://www.usfhealthonline.com/resources/healthcare-analytics/10-hysterical-icd-10-codes/#.Vh1JpaLrnBI%20and%20https://medicaleconomics.modernmedicine.com/medical-economics/news/20-bizarre-new-icd-10-codes?page=0,5
https://lifesciencescare.hcltech.com/blog/barts-corner-coding-meddra-and-icd-10/


Synthetic Data Based on MIDAS



Converting ICD-9 Codes to Variables

➢ Each variable (outcome, comorbidity) must be defined using one or more ICD-9 codes

➢ Often, timing is considered, e.g., an outcome that occurred after the main event (HF after AMI), or preexisting 
condition (Diabetes before HF)

➢ Statisticians and clinicians work together to define each condition



Practice: Data Import and 
Processing In R
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