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Module One
The R&D of Drug

Knowledge

» Mastering vocabularies and expressions related to the R&D of drug.
* Understanding the definition of patented drug and generic drug.

* Knowing the history of TCM.

Skills

» Skimming and scanning.
* Identifying each phrases in the R&D of drug.
¢ Introducing TCM in English.

» Sharing one’s opinion with others.

Yalues

* Understanding the connotation of scientific spirit.
* Knowing the importance of inheritance and innovation.
* Developing confidence in TCM.

* Knowing the importance of protecting patent rights.

- 001 -



Lesson One Drug Discovery

It is the mission of pharmaceutical research companies to take the path from
understanding a disease to bringing a safe and effective new treatment to patients.
Scientists work to piece together the basic causes of disease at the level of genes,

2

proteins and cells. Out of this understanding emerge “targets,” which potential
new drugs might be able to affect. Researchers work to:

« validate these targets

» discover the right molecule (potential drug) to interact with the target
chosen

* test the new compound in the lab and clinic for safety and efficacy and
gain approval and get the new drug into the hands of doctors and patients.

It takes about 10 — 15 years to develop one new medicine from the time it is
discovered to when it is available for treating patients. The average cost to
research and develop each successful drug is estimated to be $800 million to $1
billion. This number includes the cost of the thousands of failures: For every
5,000-10,000 compounds that enter the research and development (R&D)
pipeline, ultimately only one receives approval. These numbers defy imagination,
but a deeper understanding of the R&D process can explain why so many
compounds don’t make it and why it takes such a large, lengthy effort to get one
medicine to patients. Success requires immense resources — the best scientific
minds, highly sophisticated technology and complex project management. It also

takes persistence and, sometimes, luck.

1. Pre-discovery

Understand the Disease

Before any potential new medicine can be discovered, scientists work to
understand the disease to be treated as well as possible, and to unravel the
underlying cause of the condition. They try to understand how the genes are
altered, how that affects the proteins they encode and how those proteins interact
with each other in living cells, how those affected cells change the specific tissue
they are in and finally how the disease affects the entire patient. This knowledge

is the basis for treating the problem. Researchers from government, academia
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and industry all contribute to this knowledge base. However, even with new tools
and insights, this research takes many years of work and, too often, leads to
frustrating dead ends. And even if the research is successful, it will take many
more years of work to turn this basic understanding of what causes a disease into
a new treatment.

Target Identification

Choose a molecule to target with a drug. Once they have enough
understanding of the underlying cause of a disease, pharmaceutical researchers
select a “target” for a potential new medicine. A target is generally a single
molecule, such as a gene or protein, which is involved in a particular disease.
Even at this early stage in drug discovery it is critical that researchers pick a
target that is “drugable,” i.e., one that can potentially interact with and be
affected by a drug molecule. Target validation test the target and confirm its role
in the disease After choosing a potential target, scientists must show that it
actually is involved in the disease and can be acted upon by a drug. Target
validation is crucial to help scientists avoid research paths that look promising,
but ultimately lead to dead ends. Researchers demonstrate that a particular target
is relevant to the disease being studied through complicated experiments in both

living cells and in animal models of disease.

2. Drug Discovery

Find a promising molecule (a “lead compound”) that could become a drug.
Armed with their understanding of the disease, scientists are ready to begin
looking for a drug. They search for a molecule, or “lead compound,” that may act
on their target to alter the disease course. If successful over long odds and years
of testing, the lead compound can ultimately become a new medicine. There are a
few ways to find a lead compound. Nature: Until recently, scientists usually
turned to nature to find interesting compounds for fighting disease. Bacteria
found in soil and moldy plants both led to important new treatments, for example.
Nature still offers many useful substances, but now there are other ways to
approach drug discovery. De novo: Thanks to advances in chemistry, scientists
can also create molecules from scratch. They can use sophisticated computer
modeling to predict what type of molecule may work. High-throughput Screening:

This process is the most common way that leads are usually found. Advances in
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robotics and computational power allow researchers to test hundreds of
thousands of compounds against the target to identify any that might be
promising. Based on the results, several lead compounds are usually selected for
further study. Biotechnology: Scientists can also genetically engineer living
systems to produce disease-fighting biological molecules.

Early Safety Tests

Perform initial tests on promising compounds lead compounds go through a
series of tests to provide an early assessment of the safety of the lead compound.
Scientists test absorption, distribution, metabolism, excretion and toxicological
(ADME/Tox) properties, or “pharmacokinetics,” of each lead. Successful drugs
must be:

absorbed into the bloodstream,

distributed to the proper site of action in the body,

metabolized efficiently and effectively,

successfully excreted from the body,

demonstrated to be not toxic.

These studies help researchers prioritize lead compounds early in the
discovery process. ADME/Tox studies are performed in living cells, in animals
and via computational models.

L ead Optimization

Alter the structure of lead candidates to improve properties. Lead
compounds that survive the initial screening are then “optimized,” or altered to
make them more effective and safer. By changing the structure of a compound,
scientists can give it different properties. For example, they can make it less
likely to interact with other chemical pathways in the body, thus reducing the
potential for side effects. Hundreds of different variations or “analogues” of the
initial leads are made and tested. Teams of biologists and chemists work together
closely: The biologists test the effects of analogues on biological systems while
the chemists take this information to make additional alterations that are then
retested by the biologists. The resulting compound is the candidate drug. Even at
this early stage, researchers begin to think about how the drug will be made,
considering formulation (the recipe for making a drug, including inactive
ingredients used to hold it together and allow it to dissolve at the right time),
delivery mechanism (the way the drug is taken — by mouth, injection, inhaler)

and large-scale manufacturing (how you make the drug in large quantities).
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Preclinical Testing

Lab and animal testing to determine if the drug is safe enough for human
testing. With one or more optimized compounds in hand, researchers turn their
attention to testing them extensively to determine if they should move on to
testing in humans. Scientists carry out in vitro and in vivo tests. In vitro tests are
experiments conducted in the lab, usually carried out in test tubes and beakers
(“vitro” is “glass” in Latin) and in vivo studies are those in living cell cultures
and animal models (“vivo” is “life” in Latin). Scientists try to understand how
the drug works and what its safety profile looks like. The U.S. Food and Drug
Administration (FDA) requires extremely thorough testing before the candidate
drug can be studied in humans. During this stage researchers also must work out
how to make large enough quantities of the drug for clinical trials. Techniques
for making a drug in the lab on a small scale do not translate easily to larger
production. This is the first scale up. The drug will need to be scaled up even
more if it is approved for use in the general patient population. At the end of
several years of intensive work, the discovery phase concludes. After starting
with approximately 5,000 to 10,000 compounds, scientists now have winnowed
the group down to between one and five molecules, “candidate drugs,” which

will be studied in clinical trials.

Glossary
validate ['velndert] vt. A3
candidate ['keendrdert] n. feak
efficacy ['efikosi] n. Rk
alter ['a:lto] vi. BUZ; TR
approval [o'pru:vl] n. CIExCHY ) e
identification [andentifi'’kerfon] n. AIA
compound ['kompaund] n. tk &Y
absorption [ob'zo:pfon] n. Wik
defy [dr'fa1] vt. AR BT
distribution [.distri'bju:fon] n. 4m
lengthy ['lenbi] adj. KK
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excretion [1k'skri:fon] n. HedE; HeH
properties ['propotiz] n. PERE
toxicological [.toksiko'lpd31kl] adj. FEHZEH)

Phrases and Expressions

vitro test  RAZMA IR

vivo tests 1 AR 5

interact with .-+ A HEAEH

lead optimization &S4b& W ILEAL
be scaled up K HLHR

armed with  Lf---- A

Reading Skills Exercise

1. Read the text and finish the quiz.

1. On average, it takes years to do the discovery research and

testing to bring a new drug to the market.

A.6-9

B.9-12

C.12-15

D.15-18

2. Which one is NOT a reason promising compounds might be abandoned?

A. Safety/toxicity issues.

B. Poor absorption or ineffectiveness.

C. Manufacturing difficulties.

D. Limited market potential.

3. What is the purpose of pre-clinical testing?

A. Verify that a drug is sufficiently safe and effective to be tested in
humans.

B. Undergo preliminary testing in healthy humans to monitor the effects of
the drug.

C. Create a basic outline for the larger scale future tests on a widespread
population.

D. A and B.
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4. Which is the primary goal/major milestone of preclinical development?

A. Filing an IND application with the FDA.

B. Identifying the target population for the lead compound that is being
developed.

C. To determine anticipated revenue.

2. Rank the order of discovering a new drug.

A. understand the disease B. target identification G. preclinical test
C. early safety test D. target validation F. drug discovery

E. lead optimization

Stepl Step 2 Step 3 Step 4 Step 5 Step 6 Step 7

Speaking

Read the story Chinese scientist Tu Youyou and Artemisinin and share with

your partners on what you’ve learned from this story.

TERE—RYYNEEE

2015 4F 10 A 5 H, T St 30r 8RR 2R B 4 ok & AR A7 (1971 L b [ 2 k27
FIE W B ARATF 2015 v DUURAE BEog s PR op 4 o Bl R b R B TR, X Rl
2yt AT DU RO RO B R AR T T8 R 28 — (3R A U DL R Bk 2 22 10
R A B R R — LS v DR AR B R 2 R AR 5K

J& W AR AT T DL R A L w2 JEORD 1 R [ DG o DLUR R e 2 g
Flo diofsrp B b 2 m 75y, Gl RS i L ry . 2%, IR h
[ AE A [ N oh s R o8, AR E P B i 2 D D) 2 o el gl o DL R R
AR EE T ABAIXT AP B 2 Ity BERE TR IR AP 2 A T SR R SR AT Y L
J& W Wy e B RA Ehdh  AARE, t TE RO

40 AE R A RHIF 25 1 AV ER B T AR, R W W LD B 25 vp SR TR B 25 %
ff 2 oy J& W A i ATBA , SRR AE, Al a T i, R T,
HEmER, 20 7RISR . R RT, AT, A HEIE
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Lesson Two Drug Development Process

Before any

clinical trial can begin, the researchers must file an

Investigational New Drug (IND) application with the FDA. The application

includes the results of the preclinical work, the candidate drug’s chemical

structure and how it is thought to work in the body, a listing of any side effects

and manufacturing information. The IND also provides a detailed clinical trial

plan that outlines how, where and by whom the studies will be performed. The

FDA reviews the

application to make sure people participating in the clinical

trials will not be exposed to unreasonable risks.
FDA IND Review Team

The review team consists of a group of specialists in different scientific

fields. Each member has different responsibilities.

Members

Responsibilities

Project Manager

Coordinates the team’s activities throughout the review process,

and is the primary contact for the sponsor.

Medical Officer

Reviews all clinical study information and data before, during,

and after the trial is complete.

Statistician

Interprets clinical trial designs and data, and works closely
with the medical officer to evaluate protocols and safety and

efficacy data.

Pharmacologist

Reviews preclinical studies.

Pharmacokineticist

Focuses on the drug’s absorption, distribution, metabolism,
and excretion processes. Interprets blood-level data at
different time intervals from clinical trials, as a way to assess

drug dosages and administration schedules.

Chemist

Evaluates a drug’s chemical compounds. Analyzes how a drug
was made and its stability, quality control, continuity, the

presence of impurities, etc.

Microbiologist

Reviews the data submitted, if the product is an antimicrobial

product, to assess response across different classes of microbes.
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Approval

The FDA review team has 30 days to review the original IND submission.
The process protects volunteers who participate in clinical trials from
unreasonable and significant risk in clinical trials. FDA responds to IND
applications in one of two ways:

Approval to begin clinical trials.

Clinical hold to delay or stop the investigation. FDA can place a clinical
hold for specific reasons, including: Participants are exposed to unreasonable or
significant risk; Investigators are not qualified; Materials for the volunteer
participants are misleading; The IND application does not include enough
information about the trial’s risks.

A clinical hold is rare. Instead, FDA often provides comments intended to
improve the quality of a clinical trial. In most cases, if FDA is satisfied that the
trial meets Federal standards, the applicant is allowed to proceed with the
proposed study.

The developer is responsible for informing the review team about new
protocols, as well as serious side effects seen during the trial. This information
ensures that the team can monitor the trials carefully for signs of any problems.
After the trial ends, researchers must submit study reports. This process
continues until the developer decides to end clinical trials or files a marketing
application. Before filing a marketing application, a developer must have
adequate data from two large, controlled clinical trials.

Phase 1 Clinical Trial Perform initial human testing in a small group
of healthy volunteers

The candidate drug is tested in people for the first time. These studies are
usually conducted with about 20 to 100 healthy volunteers. The main goal of a
Phase 1 trial is to discover if the drug is safe in humans. Researchers look at the
pharmacokinetics of a drug: How is it absorbed? How is it metabolized and
eliminated from the body? They also study the drug’s pharmacodynamics: Does
it cause side effects? Does it produce desired effects? These closely monitored
trials are designed to help researchers determine what the safe dosing range is
and if it should move on to further development.

Phase2 Clinical Trial Test in a small group of patients

The researchers evaluate the candidate drug’s effectiveness in about 100 to
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500 patients with the disease or condition under study, and examine the possible
short-term side effects (adverse events) and risks associated with the drug. They
also strive to answer these questions: Is the drug working by the expected
mechanism? Does it improve the condition in question? Researchers also analyze
optimal dose strength and schedules for using the drug. If the drug continues to
show promise, they prepare for the much larger Phase 3 trials.

Phase 3 Clinical Trial Test in a large group of patients to show safety
and efficacy

The researchers study the drug candidate in a larger number (about
1,000 — 5,000) of patients to generate statistically significant data about safety,
efficacy and the overall benefit-risk relationship of the drug. This phase of
research is key in determining whether the drug is safe and effective. It also
provides the basis for labeling instructions to help ensure proper use of the drug
(e.g., information on potential interactions with other medicines). Phase 3 trials
are both the costliest and longest trials. Hundreds of sites around the United
States and the world participate in the study to get a large and diverse group of
patients. Coordinating all the sites and the data coming from them is a
monumental task. During the Phase 3 trial (and even in Phases 1 and 2),
researchers are also conducting many other critical studies, including plans for
full scale production and preparation of the complex application required for
FDA approval.

New Drug Application (NDA) submit application for approval to FDA

Once all three phases of the clinical trials are complete, the sponsoring
company analyzes all of the data. If the findings demonstrate that the
experimental medicine is both safe and effective, the company files a New Drug
Application (NDA) — which can run 100,000 pages or more — with the FDA
requesting approval to market the drug. The NDA includes all of the information
from the previous years of work, as well as the proposals for manufacturing and
labeling of the new medicine.

Once FDA receives an NDA, the review team decides if it is complete. If it
is not complete, the review team can refuse to file the NDA. If it is complete, the
review team has 6 to 10 months to make a decision on whether to approve the
drug. The process includes the following:

Each member of the review team conducts a full review of his or her section
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