
2  LCGC NORTH AMERICA  VOLUME 40 NUMBER 6  JUNE 2022 WWW.CHROMATOGRAPHYONLINE.COM

PERSPECTIVES  
IN MODERN HPLC

The Pharmaceutical Industry and the 
Separation Scientist: Perspective,  
Trends, and Career Opportunities
This article provides an overview of the pharmaceutical industry for the separation scientist, including its history, societal, 
and economic impacts, marketing landscape, therapeutics trends, and career opportunities in analytical chemistry.

Michael Dong

This installment is the first of eight white 
papers on the pharmaceutical indus-

try written for the separation scientist to be 
published between 2022–2024. The tenta-
tive topics planned are as follows:
1. The Pharmaceutical Industry and the Sep-

aration Scientist: Perspectives, Trends, and 
Career Opportunities 

2. The Drug Discovery Process 
3. The Drug Development Process 
4. An Overview of Pharmaceutical Regula-

tions
5. The Biopharmaceutical Industry and Char-

acterization Techniques for Biotherapeu-
tics

6. Analytical Development and Quality Con-
trol in Small Molecule Drug Development

7. Pharmaceutical Calculations and Equa-
tions for the Separation Scientist

8. Element of a well-written Analytical Proce-
dure for Regulated HPLC Testing
This article series offers an insider view 

of the pharmaceutical industry and its drug 
development processes to those working 
within the industry and others who want a 
better understanding of this pivotal industry 
segment.

What is a Drug?
According to the Federal Food, Drug, and 
Cosmetic Act, section 201, a drug is a sub-
stance intended for use in the diagnosis, 
cure, mitigation, treatment, or prevention of 

disease for use as a component of a medi-
cine but not a device. Several additional use-
ful definitions and acronyms are:
• Drug Substance (DS) or Active Pharmaceu-

tical Ingredient (API)—a small molecule, 
large biomolecule, single component, or 
a mixture with therapeutic properties. 

• Drug Product (DP)—an actual dosage 
form or formulation administered to the 
patient containing a drug substance (tab-
lets or capsules are common orally avail-
able drug products for small molecule 
drugs, whereas parenterals for intravenous 
or subcutaneous injections are typical for 
biologics).

• New Chemical Entity (NCE) or New 
Molecular Entity (NME)—a new drug 
candidate in development by a sponsor. 
Regulatory agencies must approve a new 
drug candidate before commercialization. 
It can be a small molecule drug or a bio-
therapeutic, such as a recombinant pro-
tein (monoclonal antibody (mAb)).

A Brief History of Medicine
Table I highlights the significant historical 
developments, events, and discoveries that 
lead to the age of modern medicine.

Medicines for treating human diseases 
started around 5000 years ago in the ancient 
civilizations of China, India, Egypt, and the 
Middle East, using traditional medicines 
from herbs, animals, and minerals (1,2). 

This empirical approach to drug discovery 
using natural materials (extracts or purified) 
persisted through the Greek and Roman 
periods. During the middle ages from 400–
1500 AD, civilizations were stricken periodi-
cally by devastating plagues (For example, 
the Bubonic Plague that killed millions in 
Europe) and infectious diseases, such as 
leprosy, smallpox, cholera, tuberculosis, flu, 
measles, and scabies. The Dark Ages led to 
the Renaissance in Europe with a revival of 
humanism and the emergence of the scien-
tific method. Several events and theories that 
stood out in the 19th century toward a sys-
tematic understanding of diseases were the 
cowpox vaccination against smallpox by Ed 
Jenner in 1798, the cell theory by Rudolf Vir-
chow in 1858, and the germ theory by Louis 
Pasteur in 1878. 

The period of 1850–1900 marked a transi-
tion from smaller apothecaries to larger-scale 
manufacturers of pharmaceuticals founded 
in Europe and America. The early 1900s wit-
nessed the increase of “medicines” (digitalis 
for epilepsy, quinine to treat malaria, aspirin 
for pain, mercury, and arsenic compounds). 
The discovery of sulfa drugs or sulfanilamides 
as effective antimicrobials in the 1930s was 
particularly noteworthy because it ushered in 
an age of synthetic organic chemistry. Three 
influential Nobel laureates in medicines 
were Paul Ehrlich in 1908, and Alexander 
Fleming and Howard Florey for the discov-
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ery and process development of penicillin. 
The founding of Genentech by Herb Boyer 
and Rob Swanson in 1976 was recognized as 
the beginning of biotechnology. Genentech 
commercialized several early biopharmaceu-
ticals (human growth hormone, human insu-
lin, tissue plasminogen activase (t-Pa)), and 
later, a hugely successful mAb biotherapeu-
tic (Herceptin) in 1998 (1,3–5).

Evolution of Drug 
Development Approaches
Table II lists examples of early drugs from 
natural resources by serendipitous discov-
ery through identifying the active ingredient 
from plants, animals, fungi, minerals, and 
inorganic materials. Next, the era of synthetic 
medicinal chemistry arrived, which evolved 
into a rational target-directed discovery 
approach with a deeper understanding of 
the molecular biology of diseases. The dis-
covery of DNA and its link to protein syn-
thesis led to the birth of biotechnology and 
the biopharmaceutical industry in the 1970s. 
Today, there are many innovative approaches 
to drug development using tools from 
genomics and proteomics guided by dis-
ease biomarkers, in addition to new drug 
modalities such as mAbs, antibody–drug 
conjugates (ADC), RNA therapeutics, com-
bination drugs, mRNA vaccines, immuno-
oncology, and gene–cell therapies (1,6). 

Perspectives and Trends
Table III provides an overview of perspectives 
of the modern pharmaceutical industry and 
its impact on public health and the economy. 
Furthermore, the list captures salient trends 
of the pharmaceutical industry and thera-
peutic approaches ranging from small mol-
ecule organics to biologics (1,6–7).

Perspectives
Today, the pharmaceutical segment is a 
$1.5-trillion industry dominated by a dozen 
or more global companies pursuing innova-
tive drugs for serious diseases such as can-
cer, Alzheimer’s disease, rheumatoid arthritis, 
diabetes, neurodegenerative diseases, viral 
infections, and others with unmet clinical 
needs. One serious public complaint is the 
prohibitive prices of medicines, often costing 
hundreds of thousands of dollars for each 
regimen. The industry argues that high price 

is justifiable by the expense of new drug 
development, in the realm of $1–2 billion 
for each new drug, and the short period for 
cost recovery before patent expiration. For 
small molecule drugs, the Hatch and Wax-
man Act of 1984 laid the legal foundation for 
the generic industry, which offered equiva-
lent products at a fraction of the cost of the 
originals. The Biologics Price Competition 
and Innovation Act passed in 2010 allowed 
a similar, though less cost-saving pathway 

for biosimilars because clinical trials were still 
required to demonstrate the safety and effi-
cacy of these imitating biologics (1,6). 

The pharmaceutical industry is a major 
employer of analytical chemists, particularly 
separation scientists. The career opportunity 
aspects are discussed in a later section (8).

Pharmaceutical Business Trends
In addition to new drug development using 
internal resources, there have been major 

TABLE I: Significant milestones of historical development, events, and discoveries

Date History, Benchmark Events, and Milestone Discoveries

3500 BC
Traditional herbal medicines from ancient  

civilizations of China, Egypt, India, and the Middle East.

0–1000 BC Greek and Roman: Continued use of medicines from natural products

400–1500 AD
The Middle Ages—civilizations were stricken by devastating  

periods of infectious diseases of bubonic plagues,  
leprosy, smallpox, tuberculosis, cholera, and scabies.

1400–1700
The Renaissance and the revival of humanism, and the 

development of the scientific methodology

1798, 1858, 1878,
Ed Jenner (Cow Pox); Rudolf Virchow (Cell theory), 

 and Louis Pasteur (Germ theory).

~1850–1900

The transition of the apothecary trade to an early pharmaceutical 
industry and an understanding of the principles of biomedicines

Founding of early pharma companies in Europe and America: 
Merck 1827, Pfizer 1849, Squibb, 1858, Hoechst 1862, Bayer 1863, 

Parke Davis 1866,  Eli Lilly 1876, Burrough Wellcome 1880, Johnson 
& Johnson 1886, Abbott Labs 1888, Hoffmann-La Roche 1896.

The early 1900s
Early medicines such as digitalis, barbital, quinine,  

aspirin, mercury, arsenic compounds, sulfanilamides, 
and the start of synthetic organic chemistry.

1908, 1945
There are three notable Nobel laureates: Paul Ehrlich (immunology, 
chemotherapy), Alexander Fleming, and Howard Florey (Penicillin).

1976
The age of biotechnology debuted with the  

founding of Genentech, which commercialized  
biopharmaceuticals using recombinant DNA technologies. 
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FIGURE 1: Top 15 pharmaceutical companies by total revenue in 2020 (in US$ billions).

Others are: Teva. Takeda, Baxter, Mylan and Merck group. Table compiled from https://www.ipharma-
center.com/post/top-10-pharmaceutical-companies-by-revenues-in-2020
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pharmaceutical attempts to grow sales and 
product portfolios through mergers and 
acquisitions, licensing NCEs, and collabora-

tive partners. The industry spends inordinate  
sums of money on global outsourcing in 
drug development using contract manufac-

turing organizations (CMOs) and contract 
research organizations (CROs). This enor-
mous profit potential attracted many new 
pharmaceutical startups that were often 
funded by venture capitals. Most start-
ups have limited internal developmental 
resources. Many were virtue companies with-
out laboratory facilities or personnel; these 
startups relied on contract development and 
manufacturing organizations (CDMOs) to 
take NCEs from concept to early-phase clini-
cal trials (6). A promising phase 1 or phase 
2 candidate can reap offers worth billions of 
dollars when the company is acquired by an 
established pharmaceutical brand. A case in 
point was the acquisition of Pharmasset, a 
startup in New Jersey by Gilead Sciences, for 
$11 billion in 2011 for its phase-2 drug can-
didates for chronic hepatitis C virus infection, 
which led to a highly successful drug prod-
uct launch of “Solvaldi (sofosbuvir)” in 2013. 
Solvaldi set a sales record of $10.4B in the 
first year, triggering interest from Wall Street 
in small molecule drugs. 

Early pharmaceutical companies were 
primarily based in Europe (Germany, Swit-
zerland, France, and the United Kingdom) 
and the United States east coast or midwest 
(New York, New Jersey, Pennsylvania, Con-
necticut, Chicago, and Michigan). The rise of 
biotechnology in San Francisco by Genen-
tech and Cetus quickly established the Bay 
Area as a major biopharmaceutical hub (7). 
There has been a locational shift toward 
pharmaceutical hubs near academic cen-
ters, such as Boston, San Diego, Seattle, and 
Raleigh-Durham, in recent years. China and 
India have been the top countries for global 
outsourcing—China for API and raw mate-
rial production and India for drug products 
(generics). China is also rapidly emerging as 
a significant player in innovative drug devel-
opment and out-licensing, particularly in bio-
pharmaceuticals (6,8).

Therapeutic Trends
Although biotherapeutics are attracting 
the most public attention because mAbs 
is becoming a mainstay for oncology and 
immunology indications, approximately 
three-quarters of the global sales and new 
drug approvals are still dominated by small 
molecule drugs. An exciting recent trend is 
the development of new drug modalities 

TABLE II: Origin of early drugs and development approaches

Natural Products (Traditional, Phenotypical, Natural Product Chemistry)

• Plant: digitalis (foxglove), quinine (chichona bark), salicylic acid (willow tree bark), 
opium alkaloids, cannabis, senna, ephedrine (ephedra or ma huang), emetine (ipecac 
root), paclitaxel (pacific yew bark), castor oil.

• Animal: vaccines, hormones, enzymes, antibodies, heparins, insulin

• Fungi: penicillin, chloramphenicol, tetracycline, streptomycin, cephalosporin.

• Minerals and inorganics: mercury, sulfur, platinum, bismuth, lead, iodine, sodium 
bicarbonate, ether, chloroform, nitrous oxide.

Synthetic Medicinal Chemistry and Biopharmaceuticals 
(Rational, Molecular, Target directed discovery)

• Early synthetic organics: antiepileptics, antihypertensive, barbiturates, diuretics, 
anesthetics, sulfonamides (1935).

• Target-directed discovery: cimetidine (1970s), beta-blocker, HIV protease AZT, statins.
• Recombinant biopharmaceuticals: human insulin and growth hormone, tissue  

plasminogen activase, erythropoietin.

Newer Approaches (Using Tools from Proteomics, Genomics, and Biomarkers)

• Targeted therapy (mAb), personalized medicine (companion diagnostics), RNA  
therapeutics, combo drugs, mRNA vaccines, immuno-oncology drugs, and gene 
and cell therapies. Applications of artificial intelligence in drug discovery and digital 
technologies in health care service deliveries. 
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such as antibody–drug conjugates (ADC), 
oligonucleotides, messenger ribonucleic 
acid (mRNA) vaccines, cell and gene thera-
pies, and newer therapeutic concepts such 
as immuno-oncology and personalized 
medicines using companion diagnostics (1,6).

Marketing Landscape
Figure 1 shows the top 20 pharmaceutical 
companies by revenues in 2020 and some 
of their top product sales drivers. Note that 
Figure 1 shows the sales of $83 billion from 
the leader Johnson & Johnson (J&J), which 
includes sales of medical devices and con-
sumer products. Roche’s (Genentech) sales 
of $65 billion include revenues from clinical 
diagnostics, followed by others with annual 
revenues in the range of $20–40B (9).

Figure 2 lists the pharmaceutical-only 
revenues for 2021 and shows a substantial 
change in the rankings. Pfizer became the 
sales leader in 2021 because of the enor-
mous success of its mRNA Covid vaccine 
with BioNTech (10).

Figure 3 shows the top 10 drug prod-
ucts by global sales in 2021, showing the 
#1 and #3 products going to mRNA Covid 
vaccines from Pfizer/BioNTech and Mod-
erna, displacing the perennial sales leader 
Abbvie’s Humira for rheumatoid arthritis 
(10). The breakdown of product catego-
ries of these top 10 products were as fol-
lows: seven biologics (two vaccines, four 
mAbs, and one peptide) and three small 
molecule drugs (an immuno-moderator, a 
combo for human immunodeficiency virus 
[HIV], and one for blood clots).

Table IV lists prominent pharmaceuti-
cal mergers and acquisitions in recent 
years. Data were collected over many 
years, mainly from Chemical & Engineer-
ing News from the American Chemical 
Society.

Table IV shows Pfizer is the most prolific 
acquiring company involving many mega-
deals by acquiring Warner-Lambert, Park-
Davis, Pharmacia, Upjohn, Searle, Wyeth, 
and Hospira (6). Roche acquired 60% of 
Genentech in 1990 with just $2B and pur-
chased the entire company in 2009 with 
a megadeal of $47B. For years, Roche 
(Genentech) was the leader in oncology 
drugs but ceded this title to Bristol Myers 
Squibb (BMS), which acquired Celgene 

for $74B. Three recent megadeals were 
the acquisitions of Alexion by AstraZen-

eca for $39B, Allergan by AbbVie for $63B, 
and Shire by Takeda for $62B.

TABLE III: The pharmaceutical industry: perspectives and trends

Perspectives

• A $US 1.5-Trillion Industry dominated by global pharmaceutical  
and biopharmaceutical

• Still many unmet clinical needs—cancer, Alzheimer’s disease,  
rheumatoid arthritis, diabetes, neurodegenerative diseases,  
viral pandemic, and thousands of rare diseases.

• The cost of new medicines can be prohibitive! Rise of generics and biosimilars

Pharmaceutical Trends

• Mergers and acquisitions, licensing, collaborative partners 

• Global outsourcing to CMOs and CROs; many startups and virtue companies

• Pharmaceutical hubs in NJ/NY/PA, San Francisco, Chicago, UK, Switzerland, Japan 
• Recent shifts to hubs near academic centers in Boston, San Diego,  

Seattle, and Raleigh-Durham
• Global outsourcing to China (API) and India (generic drug products)

Therapeutic Trends

• Small molecule drugs still dominate total sales and new approvals. 
mAb is becoming a mainstay.

• New drug modalities: ADC, oligonucleotides, cell/gene therapies, bispecific mAbs.

• Vaccines, antivirals, immuno-oncology, personalized medicines, combos. 

TABLE IV: Mergers and acquisitions megadeals in recent years

• Pfizer—Warner-Lambert (Park-Davis, Agouron), Pharmacia (Upjohn, Searle,  
Monsanto), Sugen, Wueth (Amer. Home Products, Lederle Labs) (68B),  
Hospira (17B), Medivation (14B), Array (11B)

• Roche—Syntex, Chugai, Genentech (46B), Ventana ($3B), Intermune (9B), Spark Tech. (4B)

• Sanofi—Aventis (Merrel-Dow, Rhone-Poulenc), Merial (Merck), Genzyme (20B),  
Bioverativ (12B)

• Amgen—Tularik, Immunex, AbGenix, Onyx (10B), TeneoBio (3B), Five Prime (2B)

• Merck—Schering-Plough (41 B), (Organon), Serono, Cubist (8B, Pandio (2B)

• Eli Lilly—Imclone, Novartis Animal Health (5B), Loxo Oncology (8B)

• BMS—Medares, DuPont Pharma, ZymoGenetics, IFM (2B), Celgene (74B),  
MyoKardia (13B)

• J & J—Alza, Scios, Elan, Cooper, Synthes (20B), Actelion (30B), Momento (7B)

• GSK—Glaxo, Smithkline, Beechem, Wellcome, Block Drug, Stiefel Labs ($4B), Tesaro (5B)

• Novartis—Ciba-Geigy (Sandoz), Alcon (51B), Adv. Acc. Appl. (4B), the Medicines Co. (10B)

• AstraZeneca—MedImmune (15B), Alexion (39B)

• Abbott—Kos, Solvay (7B), Piramal (Indian Generics), split to Abbvie

• Abbvie—Dyax (6B), StemCentryx (10B), Allergan (63B)

• Takeda—Milennium (9B), Nycomed (14B), Ariad (5B) Shire (62B)

• Daiichi Sankyo—Ranbaxy (Indian Generics) sold back to Indian company

• Teva—Barr, Ratiopharm ($5B), Cephalon (7B), Actavis generics (41B)

• Mylan—Merck Generics; Perrigo – Elan 10B

• Gilead Sciences—Myogen (2B), Pharmasset (11B), Kite Pharma (12B), Forty-Seven (5B), 
Immunomedics (21B, ADC)
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Pharmaceutical Career Opportunities  
for Analytical Chemists
In this section, the career opportunities of 
analytical chemists, particularly separation 
scientists, are explored. The job functions 
within the pharmaceutical industry in ana-
lytical development and quality control are 
described together with job requirements 
and the pros and cons of the scientist and 
laboratory jobs in this industry (8). 

Drug development offers the largest 
employment opportunities for analytical 
chemists, particularly for those skilled in 
high-performance LC (HPLC) and mass 
spectrometry (MS). The departments 
that hire analytical scientists are analytical 
development, quality control, bioanalysis, 
and drug metabolism and pharmacokinet-
ics (DMPK), in addition to management 
opportunities in quality assurance, regula-
tory, and project, laboratory, contract man-
ufacturing organization (CMO), or supply 
chain management.

Other job functions are those in drug 
discovery support for purification and high-
throughput screening and characterization, 
analytical support for process and formu-
lation laboratories, and specialists in assay 
automation, nuclear magnetic resonance 
(NMR), and solid-state characterization. 
Some pharma research groups may offer 
limited opportunities in proteomics, clini-
cal diagnostics, assay development, and 
discovery (validation) of clinical biomarkers.

Figure 3 is a pictorial depiction of the 
various groups in the Technical Develop-
ment Department of a major pharmaceu-
tical organization, often called the Chem-
istry, Manufacturing, and Control (CMC) 
or Pharmaceutical Science Organization. 
The significant roles of analytical chemists 
are highlighted in red, including analytical 
development, quality control, and bioanal-
ysis and DMPK (11,12).

Pros and Cons of  
Pharmaceutical Scientist Positions
The choice to work in a particular industry is 
a highly personal matter and is often driven 
by intent, idealism, job availability, or even 
serendipity (8). Some typical pros and cons 
of working as an analytical chemist, and the 
preferred experience for getting hired in the 
pharmaceutical industry, are listed below.

Pros
There are many advantages for scientists 
working the pharmaceutical companies, 
such as research opportunities for the 
betterment of public health and excel-
lent career advancements. The industry 
also offers higher pay and competitive 
benefits, including bonuses and stock 
options for well-established companies. 
Nevertheless, the higher cost of living in 
major-city locations offsets many of these 
benefits. 

Cons
The cons are higher job-related stress 
levels to support multiple fast-moving 
development projects with tight time-
lines and the need to adhere to regula-
tions and internal processes for those in 
quality control or regulatory functions. 
Most scientist positions require several 
years of related industry experience 
and an advanced degree with the req-
uisite technical and communication skills. 
Other desirable experiences include 
knowledge of Good Manufacturing Prac-
tice (GMP) and CMC processes, famil-
iarity with overseeing CMOs, CROs, or 
both, and a record of regulatory filings.

Summary
This article provides an overview of the phar-
maceutical industry for the separation scien-
tist, including a brief description of its history, 

business landscape, drug development 
approaches, modern therapeutics trends, 
and career opportunities.

Disclaimer
This paper provides a brief overview of the 
pharmaceutical industry and its significant 
business and product trends. The information 
presented here stems from books, journal arti-
cles, and internet resources collected for my 
short course in drug development and oftern 
reflects my opinions and interpretations. 
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