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Scientific methods of drug discovery
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*Developing new, innovative drugs takes time — a very long
time and a lot of money (2 billion dollars).

* On average, the journey from discovery to market take@
years, however, 1n newer areas of medicine, like gene therapy,
it can take up to@years.

* | 1n 5000 new compounds are approved as pharmaceutical
drugs by regulatory like the Food and Drug
Administration (FDA) in the US or the European Medicines

Agency (EMA) 1n the EU. 4
Oy B\S
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https://www.sciencedirect.com/science/article/pii/S2452302X1600036X
https://www.statnews.com/2018/06/06/drug-development-speed-new-medicines/
https://www.medicinenet.com/script/main/art.asp?articlekey=9877
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Phases of a “typical” project, aimed at producing
a marketable drug for a specific clinical need
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Referral to the Health Registration Committee

Drug approved for marketing|

This table only shows the activities in each phase, but the details of each vary greatly according to the type of drug being

developed
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Drug development

‘Drug development is the process of bringing a
Cller, DI FAag WSS g1, )

new pharmaceufical==drug to the market once
a lead compound has been 1dentified through the

process of drug discovery.
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https://en.wikipedia.org/wiki/Pharmaceutical_drug
https://en.wikipedia.org/wiki/Lead_compound
https://en.wikipedia.org/wiki/Drug_discovery

1. Drug Discovery |
*The discovery stage starts with research and developmentana‘labs.
* Researchers i1dentify target molecules — such as genes, proteins or

enzymes that plays a significant role in a disease.

*This 1s followed by so-calledin silico— computational — testing

performed on hundreds — sometimes thousands — of chemical or

G Umblologlcal compounds (hits) to evaluate their effects on the disease.

ke ® Leads: chemical or biological compounds with increased activity at a
w2 chosen target (potency) and reduced activity against unrelated targets

evaluate | Ivaljvert | tran sfve verb

(Speciﬁcity) ;\.;::: zjf‘:}-f «property, somefh ng's worth, 55 something's effectiveness, a patient> ; (US)> ﬁ.s .
RS
W S Bt ®REC
WS Aol S ol s —
3 e S

‘ow a.c'b‘ Vi ['3 o
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(-Lead optimization: ~

*to identify one or two drug candidates suitable for further investigatiory
by: B

ﬂis one of the newest techniques used

in drug design applied by robots, detectors and software .
~
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2. Preclinical research

-“. w\n) not candiate ?

*The discovery pha‘s\; is followed by a pre-clinical research phase, where
the [lead compounds|are tested both imvitro-andiin vivo= experimental
models (cell cultures and animal studies)ﬁ%ﬁ&ﬁw " Ceanni

*Once fully characterized, the most promiasing compounds become lead

candidates. s
*The most important aspect of preclinical research 1s the %tests to
ensure that the candidate(is not toxic Yefore it can go through clinical
studies 1n humans.
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*The discovery phase and the preclinical phase can take 4-7 years.
*After completion of the preclinical tests, developers will apply for

permission to proceed with clinical — in-human — studies. 24 @"“-":cg" Cobns

S
( *This 1s done either through an Investigational New Drug}

(IND) application 1n the US or a Clinical Trial Application (CTA) 1n the
EU., 3,5 sadaB00 G up Gl BV s o el adli L ol 6o\ o 90 WY
*The respective regulator authority then examines all available data and
decides whether to approve the clinical studies.
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3. Clinical development

(:Phase I- safety)aﬂdl on‘cd—r:) and] e'@fece“”‘j

Following regulatory approval and approval from ethics
committees, the first clinical study, a phase I study — which
constitutes the first study 1n humans, 1s nitiated.

* Here, the candidate 1s generally testedronn20-ton80vhealthy
volunteers with the aim of determining whether the candidate
behaves 1n the same way 1n the human body as the preclinical

studies have indicated.
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*The safety profile — or toxicity — of the substance 1s again the

main focus, but this time in humans.

*In phase I: a safe’dose, how the drug 1s absorbed, and how

long 1t 1s active 1n the body are tested.

* For safety reasons, phase I clinical trials tend to exclude
.womenrofchildbearingrage.| . c: .-G si

*A phase I study takesaupstoronesyean to perform
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https://www.cancer.net/research-and-advocacy/clinical-trials/phases-clinical-trials

o Ppfice o

EPhase II — Proof-of-Concept
*With positive safety results from phase I, drug developers can apply for
permission to take the next clinical development step — phase 11. .
°In this phase, the candidate is most often evaluated inm
diagnosed with the disease that the candidate is intended to
treat.

@fﬁcaoy and safety}re tested{_minimum and maximum dosages70f the
drug are determined for use in the next phase of development.

*Phase II typically takes up to'two years.
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https://www.fda.gov/patients/drug-development-process/step-3-clinical-research
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*Phase I1I — regulatory evidence SUEN

*In the case of positive safety and efﬁcacy data from phase II, the next
step 1s phase I11. Sulelr Gt 3 WU\W)\@WM

*This 1s the last step 1n the evaluation of a drug before requesting market
approval from pharmaceutical regulators.

*The number of patients enrolled in a phase III study is usually at least
1000 — this ensures that enough data 1s obtained to show that the drug 1s
safe for humans and has the intended clinical efficacy.
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*In the phase III study: researchers document and report any side effects
experienced by patients.

* The patients need to be exposed to the drug for long periods of time 1n
order to make sure those side effects are properly assessed.

*Any side effects noted at this stage are listed in the package leaflet of
the final product.

*Phase III takes an average 1-4 years.
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\Market approval & launch

SIPTORAT AP |
*the drug registratiog p]rocess j[(?f MA ‘\k@é’n
'W1th good results from =H,amapphlcation for mar proval

called New Drug Application @ND&)*/Biolo gzcsW")

pplication (BLA) 1 the US and Marketing Authorization

plication (MAA) 1n the EU-
* Theseam iuulme/ﬁ;dvs of thousands of pages of documentation

summarizing all collected data from the discovery phase onwards, and
where the principal investigator argues for approval with the FDA

and/or EMA 2190l Jamnaa gl o

4331 sl (oo J geanll Calls a3l Aty A (o] (o9 Cilanyl (50 Sasa @Sl ole J guandl o o
LY 81l (o8 (BLA) 4 8l g3 Oilaniiie (aad )5 lls/*(IVNDA) aaas £190 walls (seaniss (33 geuiil] (ouls
v $2908Y alaY (o8 (MAA) o033 g oA 45 allog Buail
Lg.v.u’u@.dluhl.u.ll&u@@lub&dlwd}{ﬁlu&yhﬁl 01 (pardid (i (San @
21331 3131 (3o 4881 gL (ol J geanll gueanfyll Ealall Jolog Eua Jicliad SLAISY| Alayo (o
(EMA) 33 9,9¥1 40901 4Lsg 91/9 (FDA) <1919
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*Preparing the application documentation can take several
months, ‘followed by about 6-10 months for the authorities to
process the application. N~ _/
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https://www.fda.gov/patients/drug-development-process/step-4-fda-drug-review

*Market launch

If the regulatory authorities approve an application, the
candidate — or medicine as it 1s now called — 1s ready for
market launch.

*At this point, price negotlatlons begin between the principal
and the potential buyers (governmentwagenciessormmsurance
companies, depending on the healthcare system).

* The price negotiation process can differ greatly from country
to country.
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Phase 1V studies —monitoring marketing and
safety

°In some cases, regulatory authorities require follow-up phase IV
studies after a drug has received market approval.
* This 1s done by collecting data from clinical practice: real care units
that treat patients. P b~
“The aim i . h . ok 0‘*\9/* CHPE T )
€ aim 1S to Increasesp ggjzlac%y_]‘gélﬂ CluNance —>  EelawLTls
“Phase TV studies evalliate whether th drug 1s interacts with other
substances, any additional side effects.
*This 1s especially important for: drugs for complex medical conditions,
drugs for the treatant women.
Cadiac a,g.g\m 4‘— G b L9y ‘ N
Lo Cclmé&r\!t.(— fanilsidine ' c— ‘3_\_/,;93 gc\ Lo\
Coopi i A i ZTRalidomile T4
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*Additionally, phase IV studies may be relevant for drugs that
will treat rare conditions; which had a limited number of
patients in phases I-111I.

P YU 3 Ty s Y1 sk 3 (Phase V) aul )l i L clulys il e & dous 32001 o de
L8yl ol e Yl e Gugnas ) £9sS Lage dal I A L1 la s 555 G 1 a5 W YU pllas ) Bps YT
gl ploall e RNy AWy I Y A 3 e b e g o s s Hls 6 Ledie T AR A 3 bl s de Dagaou™ T 0

oLl J=1 A 2 o A 5 (550 i Lol ¢ Ggudl (3 4 b s slg il LoDy LW d g UL o A3l mer g2 Ol ) Al o s 0 5 g
G A DU ) o 139 A
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