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Drug Design

» ,,Drug discovery is a noble profession but is poorly
understood by the public.”
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Criticism of pharmaceutical industry

» Profit over all

» High prices of drugs

» Poor access to drugs

» Delays in access to generic drugs
» Inadequate marketing

» Low innovation

» Low expenditures for research and development

New drugs

» Innovative drug is one of
the most technically complicated

product on the planet.




Expenditure

» Expenditures on research and development as percent of

Income Parmacatiols
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Expenditure

» Expenditures on research and development in
pharmaceutical industry
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Expenditures in Europe

» Expenditures on research and development in European

countries  erpia020 € million
Austria 283
Belgium 4,964
Bulgaria 91
Croatia 40
Cyprus 85
Czech Rep. 72
Denmark 1,486
Estonia na
Finland 258
France 4,451
Germany 7.813
Greece 102
Hungary 298
Iceland na
Ireland 305
Italy 1,620

Latvia
Lithuania
Malta
Netherlands
Norway
Poland
Portugal
Romania
Russia
Slovakia
Slovenia
Spain
Sweden
Switzerland
Turkey

UK

€ million

na
na
na
642
126
431
90

69
706
35
334
1,161
1,104
7,380
7

5,639

TOTAL 39,656

Number of new compounds

» In spite of increasing expenditure, the number of new

compounds is NOT increasing.
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Expense of introduction of new drug

» Expense of introduction of new drug is constantly
increasing.

2.5 billion USD :
New drug HASTO BE better then '( S I
all others present on the market. : . I

The process of drug development

» Identification of molecular TARGET
biomolecule is important for disease

» ldentification of active molecule (HIT)
new compound interacts with molecular target

» Optimization of active molecule (LEAD)
new compound is active and bioavailable

» Preclinical tests
compound is safe and effective for animals

» Clinical tests
compound is safe and effective for human




Molecular target identification
» These is ca. 1500 active compounds, which acts on 324
molecular targets.

» It was estimated on the basis of genome analysis that
600-1500 proteins can be druggable targets.

» 25% of known drugs do not have known molecular
targets and/or mode of action!

Hit identification

» High-throughput screening, HTS

» Structure-based methods; the biggest database of molecular
structures contains ca. | billion of molecules.
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Optimization
» Activity

» Bioavailability

» Toxicity

Analogue synthesis ‘

in vitro tests ‘

Preclinical and clinical studies

Preclinical studies — toxicity and effectiveness on animals

Clinical studies — on humans
Phase | — on small group (20-80), estimation of safety,
range of doses and side effects
Phase Il — on medium group (100-300), estimation of effectiveness and safety
Phase Il - large group (1000-3000), confirmation of effectiveness,
monitoring of side effects, comparison with other therapies

Phase 1V —studies after introduction on market.




Preclinical and clinical studies
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Distribution of expenditure

» Clinical studies cost is the highest

21.5 Pre-human/Pre-clinical

8.7 Phase I

12.5 Phase II

: } Clinical trials
56.9 ~
35.7 | Phase III
83 Approval
9.8 Pharmacovigilance (Phase IV)

85 Uncategorized

Incomes

15.6%

Global Market (US $B)
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Incomes of Top10 companies (bln USD)

2021 Company 2020
81.3 A Pfizer 41.8
A Abbvie 42.9
521 & J&J 45.6
5 A Novartis 48.7
5 A Roche 47.2
4 M BMS 425
130 A Merck 36.9
414 A Sanofi 37.6
A AstraZeneca 25.9
33.1 A GSBK 326 KGHM, $3,100
Companies
1998 2011
Abbott Labs  G. D. Searle Procter & Gamble s
Abbott Lab: Eli Lill
Am. Cyanamid Glaxo Rhone Poulenc Ot Labs N
A. H. Robins  Hoechst Rorer Astra-Zeneca Merck
Astra Hoffmann-LaRoche R. P. Scherer ; .
Boeh N rti
BASF icl Roussel ERIRIES s
Beecham J&J Sandoz Bristol-Myers Squibb Pfizer
Boehringer Knoll Schering-Plough ithKli Sanofi-A :
Boots Eli Lilly Smith Kiine GlaxoSmithKline anofi-Aventis
Bristol-Myers ~ Marion Labs Squibb Johnson & Johnson
Carter-Wallace Merck Sterling
Ciba Geigy Merrell Dow Upjohn
Connaught Monsanto Warner-Lambert
DuPont Pfizer Wellcome
Fisons Corp Pharmacia Zeneca
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Merging of companies

2004 2008

Sanofi Synthelabo- Roche-Genentech

Aventis Teva-Barr

GE-Amersham 2006 Takeda-Millineum 2010

2000 Yamanuchi-Fujisawa Bayer AG- Lilly-Imclone Novartis-Alcon

Pfizer-Warner Lambert | | pyjanKing Schering AG Daiichi-Rambaxy Abbott-Solvay
GlaxoWellcome-SKB | | Roche-Bayer OTC J8J- Easai-MGl Abbott-Pirimal
P&U-Monsanto ULB-Celltech Pfizer C Fr ius-APP Pfizer-King

1 ) | ) |
|2000 2001 2002 2003 2004 2005 2006

/
2007 2008 2009 2010 2011 2012>

| | | 1 | | |
2001 2002 2005 2007 2011
Abbott-Knoll pfizer-Pharmacia | | J&J-Guidant 'Schering Plough- Gilead-
BMS-Dupont Teva-lvax Organon Merck-Schering | 'Pharmasset
J&J-Alza 2003 Sankyo-Daiichi lAstraZeneca - Plough Takeda-Nycomed
‘ Shire-Biochem Biogen-ldec Novartis-Eon i Daini - Teva-Cephalon
Teva-Secor Novartis-Chiron | ' Sepracor
Novartis-Hexal 2012
Allergan-lnamed BMS-Amylin
GSK-Human
Genome

Merging of companies
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Top10 drugs - Blockbusters

TOP PHARMA DRUGS BY SALES IN 2021 (USD Bn)
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Patent cliff

2,500,000
.\Y’.““‘-"'/\VAY“»,\ 2,000,000
1,500,000
1,000,000
-8~ Prozac®
-#- Fluoxetine
T T T T T T T T T T T T T T T T T T T T T T T T T T T o
s e e e

Time [months]

Drugs which lose patent protection

» Loss of patent protection can cause significant decrease of company
incomes

Year Drug Income [billon $] Company
2011 Actos® 46 Takeda
2011 Zyprexa® 50 Eli Lilly
2011 Lipitor® 12 Phizer

2012 Levagquin® 14 Janssen
2012 Lexapro® 35 Forest

2012 Seroquel® 5.6 AstraZeneca
2012 Plavix® 9.1 BMS*/ Sanofi
2012 Singulair® 54 Merck

2012 Diovan® 61 Novartis
2013 Cymbala® 35 Eli Lilly
2013 C))zyContin‘ij 24 Purdue
2013 Zometa® L5 Novartis
2014 Nexium® 5.0 AstraZeneca
2014 Celebrex” i Prizer

2014 Sandostatin® 13 Novartis
2015 Abilify® 4.6 BMS®

2015 Gleevec® 4.3 Novartis

2016 Crestor® 6.1 AstraZeneca




Causes of death

» Diseases of circulatory system and neoplasms are major
causes of death

0.2%

9.7%

0.3%

[l Diseases of the circulatory system

W Neoplasms

[0 Diseases of the respiratory system

W Diseases of the digestive system

o [ Diseases of the nervous system and the sense organs

I Endocrine, nutritional and metabolic diseases

[ Mental and behavioural disorders

[0 Diseases of the genitourinary system

[ Certain infectious and parasitic diseases

[ Diseases of the musculoskeletal system and connective tissues
[ Diseases of the blood(-forming organs) and immune mechanism disorders
[ Diseases of the skin and subcutaneous tissue

25.9% [ Others (non-disease directly relsted causes of deaths)

Causes of death - continents
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Main areas of biggest pharma companies

company
Phzer
Merck

Novartis

Glaxo SmithKline

Eli Lilly

Abbott

BMS
AstraZeneca
Takeda

Johnson and
Johnson

therapeutic areas of focus

oncology, pain, diabetes, AD, inflammation, psychoses

cardiovascular, diabetes/endocrinology, neuroscience/
ophthalmology, oncology, respiratory/immunology,
infectious disease

hypertension, metabolism, virology/anti-infectives,
neurosdence, oncology, ophthalmology, respiratory,
transplantation

cardiovascular /metabolic, inflammation, infections
disease, neuroscience, oncology, ophthalmology,
respiratory

neuroscience, urology, cardiovascular, autoimmunity,
musculoskeletal, diabetes, oncology

chronic kidney disease, multiple sderosis, antivirals,
oncology, women’s health, immunology, neuroscience/
pain

cardiovascular, immunology, metabolics, oncology,
virology, neurosdence

cardiovascular, anti-infectives, oncology, gastrointestinal,
neuroscience, respiratory/inflammation

cardiovascular, metabolic, neuroscience, respiratory/
immunology, oncology

cardiovascular /metabolic, immunology, ant-infectives,
neurosdence/pain, oncology

Drugs for rare diseases

» Kalydeco (Vertex), drug against some types of cystic

fibrosis

» Ca. 30 000 cases in USA

» Cost of therapy 300 000 USD/year

OH
O O

Ir=
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New drugs

» Sales of new drugs according to region

GEOGRAPHICAL BREAKDOWN (BY MAIN MARKETS) OF SALES OF NEW MEDICINES
LAUNCHED DURING THE PERIOD 2016-2021

Note:

New medicines cover ll new
active ingredients marketed

forthefirst time on the world
‘marketduring the period

016-2021
Europe (Top 5) comprises

France, Germany, taly, Spain

3 ‘and United Kingdom
- Pharmerging

* comprises 21 countries ranked
byIQViAas high-growth

AS% ~pharmaceutical markets (Algeria,
N\ Argentina, Bangladesh, Brazil,

Colombia, Chle, China, Egypt,

i India, Indonesia, Kazakhstan,

Mexico, Nigeria, Pakistan,

Philippines,

s Poland, Russia, Saud

Arabia, South Africa, Turkey ana

Vietnam)

BREAKDOWN OF THE WORLD PHARMACEUTICAL MARKET — 2021 SALES.

(USA, Canada)

Europe

*Excluding China & Japan

Note
Europe includes Belarus
Turkey, Russiaand
Ukraine; percentages
mightnot add up dueto
rounding

‘Source:IQIA (MIDAS)
042021 MAT, May 2022;
datarelate tothe 2021
global retailand hospital
pharmaceutical market
(prescription only) at
‘exfactory pices.

Life expectancy

» New drugs increases life expectancy significantly

Life Expectancy
(years)
77.0

76.5

76.0

2000

Other

Contribution
of Innovative
Medicines

2009
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Pharmaceutical industry in Poland
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Generic drugs
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Top10 companies in Poland

by value by number of drugs

Sanofi-grupa
Novartis
Glaxosmithkline
Polpharma
Roche
Servier
Merck & Co
Pfizer
Teva
Astrazeneca

Other

20%  40%  60%
B,5°;(, : '
8.2%

6.1%

59%

46%

0%

Polpharma
Sanofi-grupa
Novartis
Glaxosmithkline
Teva
Servier
Valeant Pharma
Adamed Poland
KRKA
Gedeon Richter

Other

76%

20% 40%

10.8%

60%
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Top10 korporacji farmaceutycznych

No Type Name Sales (mIn PLN)  No of products
1 | Oryginalna SANOFI-GRUPA 1140 131
2 | Oryginana | NOVARTIS 1004 232
3 | Oryginana | GLAXOSMITHKLINE 834 121
4 | Generyozna | POLPHARMA 716 104
[ 5  Oryginana SERVIER 627 69 |
6 |Generyczna | KRKA 489 62
[ 7 |Oryginana | MERCK&CO 478 73 |
8 | Generyczna | TEVA 463 167
9 Generyezna | ADAMED POLAND 456 60
[ 10 Oryginaina | ASTRAZENECA 436 30 |

Centrum ustugowe
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Employment

» Number of persons employed in pharmaceutical industry in Europe

EFPIA 2011 Units

Austria 11,175 Lithuania 1,370
Belgium 32,167 Malta 445
Bulgaria 9,300 Netherlands 15,000
Croatia 6,000 Norway 4,000
Cyprus 1,140 Poland 31,000
Czech Republic 2,300 Portugal 8,502
Denmark 20,223 Romania 22,000
Estonia 400 Serbia n.a.
Finland 5,436 Slovakia 3,000
France 103,900 Slovenia 12,200
Germany 105,435 Spain 37,971
Greece 13,700 Sweden 13,185
Hungary 22,600 Switzerland 38,561
Ireland 24,000 Turkey 25,000
Ttaly 65,000 United Kingdom 65,000
Latvia n.a. Total 700,010

,areat place to work”

|I. DHL Express 16.SC Johnson

2. AbbVie 17. Grohe

3. Hilton 18.Adobe

4. Hilti 19.Admiral Group plc
5. Salesforce 20. Groupe SEB

6. Specsavers 21.Atos

7. Stryker 22. Insight

8. Sopra Steria 23.Ipsen

9. Te_Ieperformance 24. Liberty Mutual
10. Cisco 25. Biogen

I'l. Bristol-Myers Squibb

12. Chiesi Group

13. Cadence

14. Fronius

15. Deloitte
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Summary

» Introduction of new drug on market is expensive (1-1.5
billion USD) and long (10-20 years),

» Expenditures on research and development in
pharmaceutical industry and high.

» Poland is large pharmaceutical market but expenditures
on R&D are relatively small.
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