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PERSPECTIVES
IN MODERN HPLC

Drug Development Process:
Nonclinical Development of Small-Molecule Drugs

This article provides a high-level overview of the drug development process of small-molecule drugs for the
analytical chemist. Emphasis is given to the nonclinical development and roles of the technical development
organization in driving the new drug development project from toxicology studies to new product registration.
A case study of the career path of a separation scientist is used to illustrate the diversified roles of an analytical

chemist in drug development.

Michael W. Dong

New drug development is a multidis-
ciplinary, complex, and expensive
process that consists of three stages:
basic research, drug discovery, and drug
development. This article is the third
installment in a series of six overview
papers on new drug development for the
analytical chemist. The first installment is
an overview of the trends and business land-
scape of the pharmaceutical industry (1).
The second installment describes the
modern molecular approach to the drug
discovery process (2). The third and current
article focuses on nonclinical development
and the technical development organiza-
tion, which includes process chemistry, for-
mulation, and analytical chemistry. A case
study based on the career of a separation
scientist illustrates the varied job functions
and career paths in diversified organiza-
tions supporting drug development.
Three future installments of the series
are planned on these topics: 1) pharma-
ceutical calculations in a certificate of
analysis (CoA); 2) contents of a well-writ-
ten analytical procedure for regulated
testing; and 3) pharmaceutical regula-
tionsand guidance. Thereaderisreferred
to textbooks (3-4) and short courses (5)
for more details on drug development.
Valuable informational resources on the
roles of the separation scientist in phar-

maceutical development are available
elsewhere (6-10).

Figure 1 depicts the primary stages in
drug development with references to rel-
evant regulations and guidelines. The first
two stages (basic research and drug dis-
covery) are described in a previous install-
ment (2). The third stage of drug develop-
ment can be divided into three substages
of preclinical (before investigational new
drug (IND) application filing), early-phase
(from Phase | to Phase lla clinical trials),
and late-phase development (Phase Ilb to
new drug application (NDA) registration) (3).
Clinical trials in humans commence after
the IND filing, and they are supported by
nonclinical development, including a tech-
nical development or a “Chemistry, Manu-
facturing and Control” (CMC) organization.
CMCs help characterize the drug candi-
dates, develop processes for supplying
clinical trial materials (CTM) for both drug
substances and drug products, and gener-
ate all the necessary technical content for
source documents supporting the regula-
tory dossier leading to the drug approval.
There is increasing regulatory oversight as
drug development progresses—from mini-
mal oversight in basic research and drug
discovery (for example, the Occupational
Safety and Health Association [OSHA])
to stringent requirements in late-phase
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development (for example, in Current Good
Manufacturing Practice [cGMP] guidelines).
This article focuses on the functions and activ-
ities of the technical development organiza-
tion and the CMC team assigned to each
development project.

Glossary and Abbreviations

Table | lists the common terminology and
abbreviations associated with small mol-
ecule drug development.

Figure 2 depicts a typical structure of
the technical development organization
in a mid- to large-sized pharmaceutical
company. This includes the pharmaceu-
tical science department responsible for
CMC activities and the manufacturing
of CTM. This department collaborates
closely with other departments, such as
drug metabolism and pharmacokinet-
ics (DMPK), pharmacology, safety and
toxicology, clinical supply, manufactur-
ing collaboration and outsourcing, proj-
ect management, and regulatory affairs
(8). The clinical quality control (QC) unit
can be part of the pharmaceutical sci-
ence department or a separate unit.
Clinical QC is responsible for release
testing, setting specifications, and quality
assessment functions. Note that organi-
zational design, nomenclature, and func-
tions vary somewhat across the industry.
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Drug Development
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FIGURE 1: The primary stages of the drug development process and relevant regulations that are associated with each stage.

The pharmaceutical science department typically consists of
process chemistry, pharmaceutics (formulations), and analytical
chemistry, whose roles and functions are described later.

Preclinical Development: IND-Enabling

Activities and the CMC Project Team

The drug discovery process ends when the medicinal chemists
and their management decide that the leading compound is
ready for development (2). The preclinical development phase is
led by toxicology (but supported by chemists, analysts, and for-
mulators) and performed on animals and cell lines to establish
the safety, tolerability, and dose range predictions in humans for
the molecule. The output from the early toxicology studies and
molecule characterization is discussed and potentially triggers a
nomination of the molecule for a good laboratory practices (GLP)
toxicology study (a $1 million-dollar-plus safety evaluation study
in two animal species typically conducted at a contract research
organization [CRQO]). The GLP toxicology study decision triggers
the formation of a multi-functional core project team tasked with
completing a myriad of IND-enabling activities. The core team
comprises of members from the technical development organi-
zation shown in Figure 2, with a central CMC project sub-team
leading the efforts to complete all necessary investigations and
documentation shown in Table II. The timeline for the IND filing
is generally 9-18 months after the drug candidate is nominated.

Nonclinical Development: Roles and

Functions of the CMC Project Team

In many pharmaceutical companies, “projects are kings,” because
the development of innovative drugs leads to new drug approv-
als, which is the lifeblood of an organization for revenue growth.
Each drug development project is driven by its own multidisciplinary
core project team and its CMC sub-team. The technical develop-
ment organization typically has three sub-groups with scientists and
research associates assigned to one or more projects. The functions
and responsibilities of each group are described in this section.

1.Process Chemistry: Evaluate and optimize the synthetic
routes and process conditions of the active pharmaceutical
ingredients (APIls) or drug substances.

2. Pharmaceutics: Pre-formulation activities and all formulation
development and process scale-up for the production of drug
products for the clinic.
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TABLE I: Common terms and acronyms in drug development

Term or Acronyms Explanations

Hit or Lead

Drug Candidate

CRO/CMO/CDMO

API/NCE
DS/DP/CTM

PK, DMPK

Bioavailability

Toxicology
ADMET

HTS

US FDA, EMA

IND, NDA (US)
CTA, MAA (EU)

GLP, GMP, cGMP,
GCP, ICH

CMC

TABLE Il: Lists the typical IND-enabling activities conducted in preclinical development

A hitis a compound that binds to the target. A lead
is a hit with a high affinity for the molecular tar-
get and possibly mitigates the disease state.

A lead with optimized structural motifs to be developed as a new drug.

Contract research organization, contract manufacturing
organization, contract development manufacturing organization.

Active pharmaceutical ingredient, new chemical entity.
Drug substance, drug product, clinical trial material.

Pharmacokinetics is the study of the movement of drugs
through the body or “what does the body do to the
drug,” drug metabolism and pharmacokinetics.

Bioavailability is the extent a drug becomes available to its intended bio-
logical destination(s). However, it is often taken as the amount absorbed
and available in systemic circulation vs. the amount administered.

Toxicology is the study of the adverse effects of
chemical substances on living organisms.

Absorption, distribution, metabolism, excretion, and toxicity.

High-throughput screening of a compound library
for bioactivity using automated in vitro assays.

Two regulatory bodies that approve the drug for
commercialization are the United States Food and Drug
Administration and the European Medicines Agency.

Regulatory filings: investigational new drug, new
drug application (US), Clinical trial application, mar-
keting authorization application (EU).

Regulations: Good Laboratory Practice, Good Manufacturing
Practice, current GMP, Good Clinical Practice,
International Conference of Harmonization.

Chemistry, manufacturing, and control is an organization
responsible for the technical process development for
CTM production (both DS and DP) with the appropriate
oversight to ensure drug quality and regulatory compliance.
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3. Analytical Chemistry: Also known as
“Analytical Development.” Develops
methodologies to fully characterize and
assess the identity, quality, and stabil-
ity of drug substance and drug product
batches, supporting formulation and
process development. In some cases,
the analytical chemistry group can collab-
orate with clinical QC or perform all QC
functions, such as release testing. These
activities are summarized in Table IV.

Process Chemistry: Synthetic

Process Scale-up for the Active
Pharmaceutical Ingredient (API)
Although the medicinal chemist focuses
on the quick synthesis of many leads
and optimizes their structure motifs dur-
ing the drug candidate selection process,
the process chemist (also a synthetic
organic chemist by training) develops
scalable synthetic routes for kg-quantities
of the APIs (11). Table Ill summarizes the
roles and responsibilities of the process
chemist from preclinical to Phase IlI.

Pre-Formulation and Formulation

For early-phase in vivo studies, drugs are
formulated to maximize exposure to deter-
mine safety as well as for easy dispensing,
storage, packaging, and stability. Formu-
lators (pharmaceutics scientists) develop
simple solutions or suspensions for dosing
animals in pilot toxicology and early phar-

Start the manufacturing process of the GLP Tox lot and the Phase 1 CTM.

° Sourcing of API, excipients, and packaging materials.
o API process scale-up by process chemists (maybe at a CMO).
. Preformulation and formulation activities are led by pharmaceutics scientists and supported by analytical chemists.

Analytical Chemistry: Characterization of the drug candidate and quality assessments.

e Analytical development: Characterization of the lead molecule(s) and drug product formulations, development of stability-in-
dicating HPLC method(s), qualification of a reference standard, identification of process impurities and significant degradation
products, stability studies of DS and DP, salt/crystallinity/polymorph screening, solid-state characterization.

e Quality control: Setting preliminary specifications, release testing of CTM, assembly of stability package for IND.

Safety assessment by a toxicologist.

o EHS categorization, protocol design, overseeing GLP toxicology studies at CRO, analysis of tox results with respect to strength
and posology of the proposed drug product.

3 Regulatory and scientific writing based on source documents created by chemists, formulators, and engineers with the phar-
maceutical science department.

GLP = Good Laboratory Practice, CTM = clinical trial material,
Tox= toxicology, DS = drug substance,
DP= drug product, IND = Investigational New Drug Application, EHS = Environmental Health and Safety, CRO = Contract research organization.
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FIGURE 2: Structure for a technical development organization in a mid-to-large-sized pharmaceutical company, including the groups
of the chemistry, manufacturing, and control (CMC) or the pharmaceutical science unit that is responsible for manufacturing the clini-
cal trial material (CTM). * Analytical chemists typically fill these roles. In most companies, drug development is driven by a core project
team staffed by scientists from the technical development organization. Each scientist is assigned to one or more project teams.

macokinetics (PK) studies. Formulation strategies are required
for determining the route of administration (for example, peroral
and parenteral), which also include form selection of the drug
substance (salt, crystalline/amorphous, or polymorph) to ensure
suitable bioavailability and other desirable physicochemical
properties (12).

For Phase | clinical studies, simple enabling formulations
are selected, such as solutions, suspensions, or intravenous,
and powder in a capsule, formulation in a capsule, or powder
in a bottle.

Phase Il and Il CTM generally uses a more evolved (designed)
formulation (although not likely to be the final commercial for-
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e Lipitor tablet for oral administration o) OH OH O
* API: Atorvastatin Calcium .
¢ Strength - 10, 20, 40, and 40 mg N N OH

* Inactive ingredient (excipient) H =
e Calcium carbonate (filler) O O
e Lactose (filler)
e Hydroxypropy! cellulose (binder) F
¢ Croscarmellose sodium (disintegrant)

® Mg stearate (lubricant)
e Titanium dioxide (pigment)

FIGURE 3: Case study: Acommercial formulation of Lipitor tablets and their ingredients.

Information extracted from an actual package insert of the drug product.

Phase I: Phase II:

e Safety, tolerability (MTD), Pk e Efficacy (PD) and safety (clinical POC)

* Dose escalation, e Therapeutic exploration, dose finding,
short duration define clinical endpoints

* Generally, 20 to 100 male, ® 100’s patients Hg rl
healthy subjects e Commercial-like formulations ==

¢ Simple formulations e Randomized, placebo controlled,

e Open label blinded treatment arms

Phase llI:

e Efficacy and safety confirmation of prescribed regimen
e Commercial POC, Confirm therapeutic benefits

¢ 2,000 to 100,000+ of patients, multi-centered studies
* Double blinded, placebo/comparator controlled

e Support drug labeling and NDA

Slide adapted from L. Reid, CDER. . @

FIGURE 4: An overview of clinical trials for Phase |, Il, and lll clinical testing in humans.

TABLE lll: A summary of roles and responsibilities of the process chemist

Preclinical Development
o Develops synthetic routes for small kg quantities of APl for characterization and the pivotal
safety evaluation study (GLP Tox lot) as part of the IND-enabling activities.

Phase |

3 Develops scalable synthetic routes for larger kg-quantities of APl for Phase | CTM.

e Thisincludes studies of available raw materials, sourcing, developing scalable synthetic
routes, conducting pilot-scale synthesis, and implementing GMP manufacturing
control strategies.

o Purification via crystallization is preferred as large-scale purification by preparative LC is less
efficient, expensive, and unlikely to be a viable option.

Phase Il and Il

° Develops larger scale routes leading to a feasible commercial scale process. Typically begins
to collaborate with external vendors for starting materials, intermediates, and even the API.

o Optimization of processing parameters via Design of Experiments (DoE) studies.

o Process validation at commercial scales.
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mulation), which is more complex and

requires kg levels of drug substances.

Formulation development activities include:

e Excipient selection and compat-
ibility studies, and the development
of commercial, scalable drug product
formulation

e Multiple packaging configurations and
stability studies, including for bulk and
non-bulk options

e Drug product process optimization and
validation

e Formulators perform drug product
development and oversee the produc-
tion of feasibility, demo, and CTM drug
product batches.

For small-molecule drugs, a peroral
dosage form (for example, capsules or
tablets) is ideal for production, patient
convenience, ease of home dispensing,
and marketability. A shelf life of two years
under room temperature storage is the
typical minimum requirement for stability
for the packaged drug product. This pro-
cess is done to ensure that the drug prod-
uct can be made, packaged, released,
shipped, stored, and then prescribed and
dispensed to patients to be used for a
suitable period.

Detailed Characterization

of Drug Candidates

The detailed characterization of the physi-
cochemical properties of lead molecules
is required and is typically performed sys-
tematically after candidate nomination.
The studies are performed by analytical
chemists, formulators, DMPK scientists,
and toxicologists. The studies typically
include several areas.

Chemical

The structure, identity, molecular weight,
pKa, solubilities at various pH and sol-
vents, lipophilicity, purity (chemical and
chiral), and stability of the molecules
are studied.

Physical

The solid-state properties, such as the salt,
crystal, and polymorphic forms, hydrate
and solvate forms, hygroscopicity, melting
or thermal transition points, and particle
size distribution are analyzed.
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Others
The drug absorption properties
(DMPK, ADME), permeability, toxic-
ity for material safety data sheets
(MSDS) and environmental, health,
and safety (EHS) are also examined.
The roles of the analytical chemist
in analytical development and quality
control are listed in Table IV. The best
practice and processes are described
further in books and journal articles
(6=10). The typical testing and instru-
ments used are listed in Table V.

Case Study: Ingredients in a Lipitor Tablet
The story of Lipitor is a pharmaceuti-
cal "fairy tale” that started in 1985
with the synthesis of the molecule
by Dr. Bruce Roth, a medicinal chem-
ist at Warner-Lambert who graduated
from lowa State University with a PhD
in organic chemistry four years prior.
According to Roth, he was discouraged
from working on this project because it
was a “me-too” drug to lower choles-
terol, and there were already five other
products on the market. Somehow, he
and his manager persisted, and Lipitor
became a blockbuster drug because
of its superior safety profile. Lipitor
became a Pfizer product when Pfizer
acquired Warner-Lambert (Park-Davis)
in 2000. Lipitor remained the top-
ranking drug for 14 years (1996-2011),
with a record total sale of $160B until
its patent expired in 2011 (1).

Figure 3 shows the commercial for-
mulation of Lipitor, an oral tablet, and
all its ingredients, including the API
structure (atorvastatin calcium) and
excipients (binder, filler, disintegrant,
lubricant, and pigment) (12).

Figure 4 summarizes the goals and typi-
cal characteristics of the three phases
of clinical trials. The reader is referred
to textbooks on clinical trials on the
subject for more details (3,13).

Clinical trials in humans typically com-
mence a month after the filing of the
IND. Phase | trials aim to assess the
safety and PK of the NCE using dose
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escalation studies and are performed on
healthy volunteers.

In Phase Il trials, the goals are dose
findings and evaluating the efficacy
of the NCE using blinded studies
(to establish proof of concept [POC] of
the NCE). Phase Il studies are completed
by using patients with the disease.

Phase Il clinical trials aim to estab-

lish the commercial proof-of-con-

cept of the dosing regimen using a
much larger patient population with
near-commercial formulations and
scale. Upon the successful comple-
tion of the clinical trials, clinical data
are analyzed by biostatisticians and
clinicians. The data is compiled into
the NDA,
for drug approval submission to the
regulatory authorities.
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V: The roles of the analytical chemist in analytical development and quality control

e Characterization of physicochemical properties of DS and DP.

° Method development for DS and DP.

o Elucidation of the structure of key impurities and degradation products (partner 3

with toxicology).

e Analytical support for chemical process and formulation development (partner with engi- 3

neers and formulators).

° Performing initial stability studies and packaging assessments for DS and DP (partner with QC).
e Collaboration with the multidisciplinary technical development team(s) and overseeingCMO
activities to resolve technical issues (partner with technical operations and supply chain).
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Release testing of RM, SM, DS intermediates,
DS, and DP, and provide CoA (partner

with QA).

Method validation (and method transfer

to CMO).

Establish phase-appropriate specifications
for QC of CTM (partner with analytical
development and QA).

Perform long-term and accelerated stability
studies to establish shelf life, packaging,
shipping, and storage conditions.

CMO = contract manufacturing organization, RM= raw materials, SM = starting materials, CoA = Certificate of Analysis.

TABLE V: Analytical testing for chemical characterization and quality assessments

Identity, structure, molecular weight: MS, NMR, IR, elemental

pKa: Titration, HPLC, pH

Solubility at various pH and solvents, lipophilicity: HPLC, UV, turbidity

o Potency assay: HPLC

. Impurity (chemical): HPLC, LC-MS, LC-MS/MS, GC

o Impurity (chiral): HPLC, polarimetry, chiral HPLC, SFC, CE

o Moisture: LOD, KF, TGA

o Residual solvents: HSGC

e Crystallinity: XRPD

. Inorganics, Salt counter ions, metals: RO, IC, ICP-OES, ICP-MS, AA
o Particle size: Microscopy, laser diffraction

° ID, strength (potency assay): HPLC, UV

o Content uniformity, purity (degradants): HPLC, LC-MS, GC
. Dissolution: UV, HPLC

. Moisture: LOD, KF, TGA

. Preservative assay: HPLC

L]

Tablet hardness: Friability

SFC = supercritical fluid chromatography, LOD = Loss on drying, KF = Karl Fischer, TGA = Thermal gravimetric anal-
ysis, HSGC = Headspace GC, XRPD = X-ray powder diffraction, ROl = Residue on ignition, IC = lon chromatography,
ICP = Inductively-coupled plasma spectrometry, OES = Optical emission spectroscopy, AA = Atomic absorption

The pharmaceutical industry is the largest
employer of analytical chemists, with drug
development as the most common job
function (1). Although career opportunities
vary widely for individuals depending on
educational background, timing, location,
experience, and leadership and communi-
cation skills, this segment offers an attrac-
tive career path in terms of pay, benefits,
and growth potential.

The case study cited herein is my own
journey in drug development, spanning
two decades in four different jobs and orga-
nizations. | started in drug development
late in my career at age 50. Here are some
highlights and lessons learned in each job.

A complete chronicle of my career as a sep-
aration scientist is available elsewhere (14).

Senior Principal Scientist with

a Private Pharmaceutical Company

in New York (6 years)

My first job in the pharmaceutical industry
came from a referral from an ex-colleague
in 1999. It came after my first layoff from
an analytical instrument company in Con-
necticut after 19 years. The location of
the new job was in Westchester County
of New York and did not require reloca-
tion. This privately owned company had
a successful and approved drug product
in pain management and specialized in
sustained release drug product develop-
ment. Because | had extensive experience

in high performance liquid chroma-
tography (HPLC), | entered as a senior
principal scientist in the pharmaceuti-
cal analysis department at its research
center. Eventually, | became a research
fellow and group leader with six
direct reports.

In my first job in the pharmaceuti-
cal industry, | learned how to develop
stability-indicating HPLC methods
and sample analysis under GMP and
became a first-time supervisor of profes-
sional chemists. Because the company
was known for innovative drug product
development, formulation scientists
drove most development programs.
The company was headquartered in Con-
necticut and has a manufacturing plant
and drug discovery unit in New Jersey.
The pharmaceutical analysis department
supported the myriad of formulation pro-
grams with existing molecules, so there
were few CMC or regulatory activities
for NCEs. Nevertheless, the combined
experience in HPLC and pharmaceuti-
cal analysis allowed me to start teach-
ing short courses at national meetings
as a subject matter expert and started
authoring books and journal articles on
these subjects.

Research Director in a CRO

in Massachusetts (1.5 years)

My six-year stint with the private com-
pany ended abruptly in 2005 when the
company lost a court battle on the
patent litigation dispute of its flagship
product and decided to close down
the research center. Because the job
market was weak that year and few
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pharmaceutical companies were hiring,
| accepted a job 180 miles from my
Connecticut home in a start-up con-
tract laboratory in Cape Cod, Mas-
sachusetts, research director.

For 18 months, we stayed in a rental

as a

apartment on weekdays and commuted
home every weekend. | served as a
study director for ~20 clients’ projects
in method development and validation
and sample analysis, typically under
GLP or GMP regulations for pharma-
ceutical and consumer products.

| reported directly to the owner of the
parent company in Ohio, and we had
teleconferences every Monday at 7:30
am to report my weekly job progress.
In my time sheets, | accounted for every
Y2 hour of my work week assigned to a
billable client’s project or a company’s
general account. | became very efficient
in deliverables and could do a project
proposal in 30 min and a study report in
a few hours.

Working in a contract laboratory is a
challenging experience because hav-
ing multiple projects from different
clients is always a tricky balancing act.
We had four Waters Alliance HPLC
systems, and | would do most of the
method development and sample anal-
ysis with assistance from two technicians.
As ultrahigh-pressure liquid chromatog-
raphy (UHPLC) debuted as the first com-
mercial UHPLC system from the Waters
Corporation in 2004, | managed to place
a demonstration unit in our laboratories
in 2006. The weekend commutes and
the upkeeps of two homes were difficult
for the family and me, so | was ready for
a change after a year.

Senior Scientist and CMC Analytical
Team Lead in California (8 years)

My stint with the contract laboratory
ended soon after an unexpected head-
hunter's call for a senior scientist job at a
prestigious biotech company in the Bay
Area in California. The company had
just started a pharmaceutical science
department in their new small-molecule
drug discovery program and was looking
for an experienced separation scientist
with a strong publication record. | went
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for an interview in December 2006 and
started working in South San Francisco in
March 2007.

This job change worked well, with
challenging projects and tremendous
learning opportunities on CMC, drug
development, mass spectrometry (MS),
quality control, and regulatory filings.
| stayed there for eight years and
worked on four drug development proj-
ects (three small molecules projects and

one antibody-drug conjugate project).
My primary project was an AKT inhibi-
tor with three chiral centers for oncol-
ogy indications. | stayed on this project
for five years, taking the molecule from
Phase O to Phase llb. Serving as the ana-
lytical lead in the CMC team was intense
because the role involved weekly proj-
ect meetings and many teleconferences
with numerous contract manufacturing
organizations (CMOs) while supervis-
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ing internal studies by research associ-
ates. During my fifth year, the analyti-
cal development group merged with
the clinical QC unit, which meant that
release testing and GMP stability test-
ing also became my responsibility.

The company encouraged its scien-
tists to publish and present at confer-
ences, so | was able to continue both
activities and developed a reputation in
HPLC and pharmaceutical analysis.

Pharmaceutical Consultant

in Connecticut (8 years)

I left California in 2015 and returned to
Connecticut to be closer to my family.
| became a pharmaceutical consultant
focusing on HPLC training, authoring
books and articles, and CMC consult-
ing (method development and valida-
tion, drug quality, and regulatory fil-
ings). Life as a self-employed consultant
is simpler, with no commuting, group
meetings, or management responsi-
bilities. All consulting was virtual, and
contract development and manufactur-
ing organizations (CDMOs) performed
the experimental studies | managed.
Marketing and obtaining new clients
can be most challenging for new consul-
tants. | was fortunate to get clients from
a vast professional network on LinkedIn
and prior contacts from teaching and
speaking at conferences and publishing
journal articles and books. | would travel
8-10 times yearly to conferences and
clients until the pandemic shut down in
March 2020. Hopefully, both travel and
business will return to normal soon.

The Covid-19 pandemic dragged
on for over two years and adversely
impacted the global economy and many
industries. It also created a shortage of
experienced analytical chemists in the
booming pharmaceutical industry. | am
convinced that the job market outlook
for analytical chemists will remain strong
for decades to come.

Summary

This article provided a brief overview
of the drug development process and
the functions of the technical devel-
opment organization and the CMC
project team. A case study based on

my career was included to illustrate the
roles played by the separation scientist in
supporting drug development as a labo-
ratory scientist, analytical CMC project
team lead, study director at a CRO, and
self-employed pharmaceutical consultant.

Disclaimer

This paper provided a high-level over-
view of the nonclinical drug development
process and the role of the technical
development organization. The informa-
tion presented here stems from books,
journal articles, and internet resources
collected for my short course on the
drug development process (5), and it
often reflects my personal perspective
and experience as an analytical chemist.
Presenting a concise primer in a few thou-
sand words on this complex and diverse
process is challenging. The figures and
tables in this article are used to anchor
descriptions in texts and are supported
by the citations of books and articles as
key references. Some duplications from
the previous installment on the drug dis-
covery process are intentional (such as in
the table of terminology and the discus-
sion about clinical development) to keep
the article as a single, self-contained
document for better flow and clarity.
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