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6.

Approval Stages

Start: target validation, in silico & HT screening (>10,000 compounds), lead optimization
(~250 drug candidates)

Pre-clinical testing (3-6 years): SAR, drug-like properties, solubility, permeability, ADME,
plasma PK, efficacy, toxicity (involves animal testing, ~10-20 drug candidates)

Filing and Investigational New Drug Application (IND): reviewed by FDA and a local
Institutional Review Board (IRB)

Clinical trials:

Phase 0: micro-dosing (sub-therapeutic amounts), basic PK&PD, toxicity (few days, <15 healthy
individuals) [preliminary SAFETY]

Phase 1: PK, toxicity, side effects, metabolism, excretion, dose escalation (~1.5 years, 20-80
healthy individuals) [SAFETY]

Phase 2: assessing therapeutic effect (~2.5 years, few dozen to ~300 patients) [EFFICACY]
Phase 3: safety and efficacy, different populations & dosages, drug combinations (~2.5 years,
several hundred to ~3,000 patients) [EFFICACY&SAFETY]

Filing a New Drug Application (NDA): FDA has 60 days to decide if it will be reviewed;
The Review: 90% of application are reviewed within max 10 months (6 months for priority

drugs)
Post-approval safety studies (“Phase 4”): months to years after approval
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Rates of Success, Cost and Time3

Success rate: ~10% at the clinical stage
Cost: $1-2 billion/drug
Time to deliver a drug to the market: 10-15 years

EDA Approval Framework

Analysis of the target condition/illness and available treatments: weighing the risks & benefits
Assessment of the benefits and risks from clinical data: taking into account uncertainties
(incomplete or imperfect data), deciding how many clinical trials are needed etc.

Strategies for managing risks: type of side effects, detection and management

Drug Development Designations

Fast track: speeds up the approval process for drugs for serious conditions and unmet medical
needs

Breakthrough Therapy: speeds up the approval process for drugs for serious conditions and
that demonstrate substantial improvement over available therapies

Priority Review: shortens the NDA review to 6 months for drugs that significantly improve
treatment, diagnosis or prevention of serious conditions

First-in-class: drugs that use a new and unique mechanism of action to treat an illness
Orphan: drugs to treat rare diseases (<200,000 worldwide), provides various incentives: 50%
tax credit for clinical trials, exemption from user fees, up to 7 years of market exclusivity
First-cycle Approval: drugs that were approved without any re-submissions

Accelerated Approval: drugs that were approved by a predicted clinical outcome based on
some surrogate endpoint

Emergency Authorization: non-approved therapeutics authorized for temporary use for
example, during a pandemic.

A drug can have multiple designations. In 2020 the 53 approved novel therapeutics had the
following number of designations:

Designation Number of Drugs
Fast Track 17
Breakthrough Therapy 22
Priority Review 30
First in Class 21
Orphan 31
First-Cycle 49
Accelerated approvals 12

3) Acta Pharm. Sinica B, 2022, 12(7), 3059-3062;
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General

O Atotal of 99 therapeutics were approved by FDA in
2020.

U This does not include: 1) vaccines, 2) allergenic
products, 3) blood & blood products, 3) plasma
derivatives, 4) cellular & gene therapy products (see
Center of Biologics Evaluation and Research for more
info)

O 53 therapeutics were approved as New Molecular
Entities (NMEs).

O The remaining 46 were approved as “efficacy
supplements”: modified and/or expanded used of

Efficacy

Supplements, ~ NMEs

46% 54%
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Efficacy Supplements
Molecule Types

O Atotal of 46 Efficacy Supplements 1
O 22 were small molecules
O 24 biologics

Molecule Types

Type of Modification/Expansion

New uses (drug repurposing)

New populations (expansion of patient population
e.g. age or stage of disease)

New formulations (intravenous vs subcutaneous
injection; liquid vs powder)

Combinations (combining already FDA-approved
drugs)

New dosage forms (make dosage easier or more
accurate etc. nasal spray, oral suspension vs tablets)
Biosimilars (biologics that are highly similar and have
no clinically meaningful differences)

New manufacturer

0O 0O 0O 0O 0O Do

Combinations Other: 2%

Biosimilars
: b
New
Dosage
Populations h

Ne
Formulations

New Uses

New

O A53novel drugs in total
O 38 small molecules
O 15 biologics

Small
Molecules

72%

Biologics

80% were monoclonal antibodies (mAbs)

One RNA (Lumasiran, Oxlumo)

One Phosphorodiamidate Morpholino Oligonucleotide
(PMO) (Viltolarsen, Viltepso)

One growth hormone (protein) analog

(Somapacitan, Sogroya)

Therapeutics areas and diseases:

0O 0O 00D

Oncology:
1. Margetuximab, Margenza® (breast cancer)

Sacituzumab Govitecan, Trodelvy® (breast cancer)
Naxitamab, Danyelza® (neuroblastoma)

Belantamab Mafodotin, Blenrep® (multiple myeloma)
Isatuximab, Sarclisa® (multiple myeloma)
Tafasitamab, Monjuvi® (B-cell lymphoma)

oukwnN

Neurology:
7. Viltolarsen, Viltepso® (Duchenne muscular dystrophy)

8. Eptinezumab, Vyepti® (migraine)

Ophthalmology:
9. Teprotumumab, Tepezza® (thyroid eye disease)

10. Satralizumab, Enspryng® (neuromyelitis optica
spectrum disorder)

11. Uplizna, Inebilizumab® (neuromyelitis optica spectrum
disorder)

Viral Infectious Diseases:
12. Ansuvimab, Ebanga® (ebola)
13. (Atoltivimab, Maftivimab, and Odesivimab), Inmazeb®
(ebola)

Endocrinology :
14. Somapacitan, Sogroya® (growth hormone deficiency)

Renal Diseases:
15. Lumasiran, Oxlumo® (hyperoxaluria type 1)
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Small Molecules
Some Stats

1) By company’s headquarters:

O Atotal of 38 small molecule NMEs were approved
O USA-based companies accounted for 68% of drugs:
U S A United
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B
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O Inthe USA, California- and Massachusetts-based companies accounted for 43% of
FDA-approved drugs in 2020
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Blueprint Medicines * Epizyme
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« Ultragenyx pharma inc X . i "
* Neurocrine T V[QCLVS — NJ MD
* Myovant Sciences iiv Healthcare Calgene Intl * Amivas
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Gilead Sciences

* Loxo-Oncology Inc, ;
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How does this compare to the European Medicine Agency (EMA)-approvals?

O Atotal of 20 small molecule NMEs were EMA-approved in 2020
U 70% of them were delivered by USA-based companies.
U FDA and EMA concordance on drug approvals is over 90% (2014-2016)*

Baran Group Meeting
09/24/2022

2) Therapeutic Area
O  Oncology drugs accounted for 29%

O Followed by Neurology — 13%, Medical Imaging agents — 11% , Dermatology — 8%,

Infectious Diseases (viral and nonviral)— 10%, and Gastroenterology — 5%
. - nonwiral” T2 2
a Other: 24%

- &

* Analgesia—1

* Anesthesiology — 1
* Cardiovascular -1
¢ Endocrinology — 1

*  Metabolism -1

e Psychiatry -1

¢ Urology—-1
e Other-1 5%
10%
8%
11%
3) Target type
Receptors
30%
Kinases
24% Non-
kinase
\'\ Enzymes

27%

1. Clin. Pharma. & Therap. 2020, 107, 195-202
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4) Molecule type 1 96% dr HO A S0,CI
1 oTMs Pl :
1 )\/ Ar Hel : . O=C=N
O 25 (66%) were heterocycles 1 N 27 o |(Ph : 5
QO 4 contained a radionuclide (11%) ' H $~ cryst. aq -PrOH L '
Q Other: 1 NH,
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. i i - LELILET V]
cyclic peptides —2 ' J. Med. Chem. 2016, 59, 609-623 { $0,CI
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' i o]
Q 55% are chiral (only 1 racemate) 1 : H 0 ; 110 C
Fatty Acid/ ' Feeeneeaneeneen e ’ o  COMe
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. N 5 1.150 °C
_______________________________________________________ 1 egron A | = 2. LiOH, H,0
1 -~
N MeOH
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( ) Org. Lett.2013, 15, 1342-1345 -: --------------------------------------------------------
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________________ 90%
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(overa(.:t/ve biadder, ) OMe pH7. 30 °C NHBoc : (advance prostate cancer, KZCO3, KI, DMF St
B-3 adrenergic receptor agonist) (enzymic) GnRH | 1 M co s
L ) OMe BF3, 20 °C : n atagonist, 1C5¢,=0.1 nM) Me HEt 95% O,N H
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(o]
NaOCl, MeO_ / ! CO Et
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NBoc ———4 2 32 )\/NBoc cat. KBr NBoc MeO X
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£ z 4
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o 1 MeO
cont. ' F 4
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DIPEA, DMF  MeO, J(

°N
N
H q
NOTE: In process e.g., US10344034B2,
the N(Me), is installed directly.
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.............................. 1 H 2
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H H F 1 =
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MeO

) O DNA alkylating agent

H Ly H

7 — T . ﬂ, T

- N ~- N - N
S HN

O Aderivative of the natural product
Trabectedin (from bacteria found in a
sea squids)

O 1969 - anticancer properties of MeO

Lurbinectedin extracts? Ny Y

(Zepzelca®, Jazz Pharm, Ireland)
(metastatic lung cancer,

DNA alkylating agent) Trabectedin

O 1984 - structure determined by KL Rinehart (University of Illinois)?
O Over 1ton of squids needed to make 1 g3
O 1996 - total synthesis by EJ Corey synthesis (43 steps, 0.25% yield,
0.5 mg)*
O 2000 -industrial; semisynthesis from Cyanosafracin B (21 steps, 1% yield)®
O 2019 - Improved total synthesis (26 steps, 1.6%) from Cbz-protected (S)-tyrosine:
Angew.Chem.Int.Ed. 2019,58,3972—-3975 (Pictet-Spengler reaction)

A o
E COOH; 409 Me Hy, PAIC. Me :
E /©/Y ' 2 PA/C i_DCMITFE, 86%
H H H 1 2.(B TEA
o s = L R ehe

J (Et-743)

 steps (50%) OH H:‘I BnOCH,CHO, AcOH
e 2 ’

DCM, 97%

OH :
Salcomine H
0, MeCN Me s
- N. OH
25°C, 85% MeO “Boc
K,COy, BnBr BNO Bho
acetone, 65 °C
92% (Swern oxidation) (Pictet-Spengler reaction) MeQ Me
A
Me H  PhMe/DCM/TFE nt.1
{COCh,, DMSO —CHO 70 °C, 67% !
H 51PEA, DCM > Me —
95% o) Boc oH

1) Med. Res. Rev. 2000, 20(1), 1-27 2) J. Org. Chem. 1990, 55, 4512-4515 3) Nat. Prod. Rep. 2009, 26, 322 —

3374)J. Am. Chem. Soc. 1996, 118, 38, 9202-9203 5) Org. Lett.2000, 2, 25452548

o
E
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cont.

1. HCHO, NaBH5CN
AcOH, DCM
2. AllylBr, K,COj
acetone, 65 °C,Me
(88% for 2 steps)

(Pictet-Spengler
reaction)

MeO

HO

EDCi, DMAP
DCM, 84%

Tf,0, DMSO, -40 °C
then DIPEA, 0 °C
then +BuOH, 0°C

(Strecker reaction)

1. (COCIl),, DMSO
DIPEA, DCM
2. TFA, DCM
then TMSCN
OH 86% for steps

(PhS€0),0 e
DCM
-10°C, 86%

.
cl NH,
o
2. AgNO,

NaAcO MeCN/H,0
0,
EtOH, 92% 93%

Trabectedin

1149

then (Me,N),C=N-t-B
then Ac,0, 25 °C

MeCN/H,0

89%

EtOH, 87%

Lurbinectedin

71 mg

OMe

BCl3;, DCM
then TMSCN

-80 °C, 92%

Pd(PPhj),
n-BuzSnH
AcOH, DCM
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r N ( ), V- Med. Chem. 2010, 53,8, 3396-3411 ;-;-= == w=wmoes o
U Inhibits metalloproteases crucial to hatching of lice eggs Me - Me OH Me NH.OH Me NI/
Q Strong complexing agent N | Cl xCN MeOIi/H o i N NH :
H . P WO 2019/175724 A1): AN N 2 H 2:
Q Typical route:  Process ( ) (o] 7N OH P ~so°Cc > | | _ :
Pd(AcO), (5 mol%) cl N-g Me N" “cl ' Me N~ “cl :
Abametapir Eiﬂcfa'_'“gqg;f&ig)-i;?)' oni Neo | e :
Xeglyze® , Hatchtech, Australia N._X X__N » 120, 9o- . picapone 4
xeg y- ; hi ) A z ——»( Abametapir ) + MX (Ongentys®, Neurocine, US) MeO COOH 1 60% HNO;, ~ HO COOH BnBr, acetone
(head lice, metalloproteinase inhib) | + | 2 ” ; o fl
~ = > X (Parkinson's disease, AcOH 20 °C reflux
X=(pseudo)halide Catechol O-methyltransferase inhib,[ HO 2. AICI3, pyridine, HO
U Hydrazine as a “traceless mediator”: ArX ICs0 <0.001 nM)* ) cl DCE, reflux NO,

Al N
N Ni(cod)(10 mol%) Are IS e N Me A\ Me

T
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
[N
Br Br T ' cl
PMe;3(40 mol%)
o0 MoL) (‘Abametapir) + N, | + H T 05 NoHy I Me A Me 0Bn Lo e A BnO COOH
K3PO4, dioxane 05N, +05H, I | X 2
110 °C, 12h N2 + H, : N N o < PMF | y
1 | Bn o155 °C
1 Cl N~0
1
1
1
1
1
1
1
1
|
|
1
1
1
1

NO,
OBn
[0}

CDI,DMF, rt BnO
Nature Commun. 2018, 9:4739 NzH, H N| ArX Cl N
87% NaHs
________________________________ .

~o
Prodrug to dihydroart-
emisinin (DHT):

UHP, TFAA,
cl DCM, rt

OBn

NO,

o*Y s
P }/Q, Bn  “Bom 767 Opicapone

https://www.emaeuropa.eu/en/documents/product-information/ongentys-epar-product-information_en.pdf

DHA
| ———————————————————————————————————————————————————————
Artgsu@nate U DHT reacts with heme to form radical species that damage parasitic L )
(Amivas®, US) roteins and DNA: Drug Design, J. Label Compd. Radiopharm. 2018, 61, 540-549
\_ (malaria, parasite proteins) ) P ’ y . d
= fa Development an 18 18 anion exchange [2.2.2]Cryptand
i H : H Therapy . 18 OPMTF columns  KHCOz-MeOH
Y 2016, 10, 3575- N c clotro’n FH,0
4
“OFe" 3590. o Y H,0
o Fluoroestradiol F18
(Cerianna®, Zionexa, France) 85 °C
o) . (Breast ca:cekr),l . [2.2.2]Cryptand He stream  [2.2.2]Cryptand
) . estrogen receptor pinaer, 18
O Artesunate can be synthesized from the natural product artemisinin: Ky ~0.13 nM) KHCOS/K™F KHCO4/K"®F-MeOH
[o) . J

WO 2015/007693 A1 OH Nat. Prod. Comm. 2016;11(12)

o 0O o0
o« S

o

NaBHy, Li;COg [2.2.2]Cryptand
Ticl, EtOR —— > | Artesunate K'8F
TEA, DCM, rt, 1h —>MeCN 1000
10 min l
Artemisinin DHA
$1.5/11g (+)-estrone J. Label Compd. Radiopharm. 1994, 35, 176-177

( Fluoroestradiol F18 ) 7

(1PlusChem)
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Vibegron
(Zakinvy®, Eiger Biopharm, USA)gr

s N
H
N N

|
™ 0o
o/\
N
K/ \/\o
Tirbanibulin

(Klisyri®, Eiger Biopharm, USA)
(actinic keratosis,

(progeria syndrome,

ktubulin B—chain & tyrosine-protein kinase Src Inh)J

farnesyl transferase Inh) ) P
HN
) MY
1 J\/ "NF
—N J
N\
SN = \
N N/>—<:>\° H |
= | X
pos e
N= Risdiplam

Pralsetinib

(Gavreto®, Genentech&Blueprint Med,USA)
(metastatic RET-driven non-small cell lung cancer,

(Evrysdi®, Genentech,USA)
(spinal muscular atrophy,

0©\0H o

, o

"ty \!”N\_)]\O
It
o

Remdesivir
(Veklury®, Gilead Sci, USA)
(COVID-19, RNA polymerase Inh)

f N

H,N
2>’(/E 1]
i/ N~
N NTT
\=N

HO
HO

(.

( E pH

e e
N’go H,N” N

H
Cedazuridine Decitabine
(Inqovi®, Otsuka,Japan)
(myelodysplastic syndromes,
cytidine deaminase &
DNA methyltransferase Inh)

Ho™'

Clascoterone
(Winlevi®, Sun Pharm, India)
(acne vulgaris,

androgen receptor Inh)

\proto-oncogene tyrosine-protein kinase receptor Ret Inh)) L RNA binder) J L
s N\ N a
o
\K\N ) N\ \/\/\)]\
N4 N/</ | _ o
i (o} / _ :N 0\)\/0
Br N N INTY ) e
o— o (o]
N\ Triheptanoin
! _ F (Dojolvi®, Ultragenyx Pharm, USA)
(long-chain fatty acid oxidation disorders
Remimazolam N, . L food suppl) )
(Byfavo®, Acacia Pharm, United Kingdom) / Capmatinib > S
(ultra short-acting sedative (Tabrecta®, Novartis Pharm, Switzerland) OH
GABA(A) Receptor modulator) (small cell lung cancer HNI
Hepatocyte growth factor receptor Inh) )

(.

) N

\
N Selpercatinib

(lung & thyroid cancer
\Proto-oncogene tyrosine-protein kinase

(Retevmo®, Loxo-Oncology, USA)

f o

Y\SI/:O
\;‘l+\<oj/§N’N\)
o N Nifutimox

(Lampit®, Bayer, Germany)
(Chagas disease,
nitroreductases Inh)

receptor Ret Inh))

Fostemsavir
(Rukobia®, Viiv Health.,USA)
(human immunodeficiency virus

\envelope glycoprotein gp160 Inh) )

Ripretinib
(Qinlock®, Deciphera, USA)
(gastrointestinal-stromal tumors

KIT and PDGFRA receptors Inh)

>—o Ozanimod
(Zeposia®, Calgene Int, USA)
(multiple sclerosis

\Sphingosine 1-phosphate receptor 1 agonist}
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(" R N\ ( R
N/ \O e N N Br
\ _ \—/ ><\0 \j
O __N NH N/)\N ZN F
Y Z H F cl
l NH
_o N AN NN N NH
(el ¢ " aw;
. N o N N.ig~OH N N—< _ I NH
. . Tucatinib / Sel tinib . N
O Pemigatinib (Tukysa®, Seagen, USA) o Selumetinib _ Avapritinib
(Pemazyre®, Incyte Corp, USA) (metastatic HER-2 positive breast cancer, (Koselugo®, Astrazeneca, United Kingdom) (Ayvakit®, Blueprint Med, USA)
(cholangiocarcinoma Receptor tyrosine-protein kinase erbB-2 Inh) (neurofibromatosis type 1, (multidrug resistant gastrointestinal tumors,
Fibroblast growth factor receptor 1 Inh) | 7 Dual specificity mitogen-activated Platelet derived growth factor receptor alpha Inh)
~ ’ protein kinase kinase 1 Inh) ) 4
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(Isturisa®, Recordati Rare, USA)

(Barhemsys®, Acacia Pharm, USA)
(schizophrenia,
Dopamine D2&D3 recptors atagonist)

(diagnosis of Alzheimer's disease,
\Microtubule-associated protein tau binder)}
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Prostate-specific membrane binder)
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(Nexletol®, Ann Arbor, USA)

(refractory hypercholesterolemia,
ATP-citrate synthase Inh)
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(Detectnet®, Radiomedix Inc, USA)
J (neuroendocrine tumors diagnosis,

Somatostatin receptor type 2 binder)

Setmelanotide

(Imcivree®, Rhythm Pharm, USA) }—
(obesity and hunger control

melanocortin receptor 4 agonist)




