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Konflikt zajmu

* Prednaskova Cinnost pro Fresenius Kabi



Herold I. Nova farmaka v anesteziologii: pohled za horizont. PGM 2018;20(5):511-518
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Drug Discovery Today

Kumulativni pocet novych molekul pro
analgezii a anestezii

Pocet schvalenych novych molekul pro
analgezii a anestezii za dekadu

Kinch MS, 2014
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Vyplati se nova anestetika? ruouswetst, 200

* Proces vyvoje do schvaleni cca 10 let

* Naklady na vyvoj nového Iéku 2 500 000 000 USD
e Zléku, které prosly fazi 1, je schvaleno k uziti 10 %
* Naklady po schvaleni 2 800 000 000 USD

Global Pain Management Therapeutics Market, by Therapeutic Class, 2011 (USD Million)

40,9351




Major Players

1. Baxter International Inc.
2. Abbott Laboratories

3. AstraZeneca

4. F. Hoffmann-La Roche AG
5. B. Braun Melsungen AG




General Anesthesia Drugs Market Snapshot

Market Value in 2019
~USS 4,301 Mn

& M Ve

CAGR (2019-2029) " Largest Segment By Drug Class
~3% E Propofol

Procedures

\v | “
Prominent Market High Growth Market : Key Trends
North America : China . Increasing Utilization of
. Anesthesia for Outpatient

Source: Future Market Insights, 2019 fml



Anesthesia Drugs Market: Revenue Share (%), By Evropa
General Anesthesia Drugs, Global, 2018

® Propofol m Sevoflurane Desflurane
m Dexmedetomidine m Remifentanil m Midazolam
m Others

Source: Mordor Intelligence



Nova inhalacni anestetika



Predpokladany rust trhu s inhalacnimi anestetiky
(publ. 2017)

2013 2014 2015 201s 2017 2018 2019 2020 2021 2022 2023 2024
m Sevoflurane Cesflurane ®I=zoflurane

U.S. Inhalation Anesthesia Market, By Product, 2013 - 2024 (USD Million)

Anesthesia Drugs Market Segmentation And Analysis By Recent Trends, Development And Growth By Trending
Regions 2018. Rodriguez M, 2018

* Celkova anestetika tvofi nejvétsi podil rlstu, t.¢. nejvice Indie
* Predpoklad novych preparatid — derivaty propofolu, midazolamu a etomidatu
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Inhalacni anestetika — nové molekuly? rereirc 200

* Snadna odparitelnost —-max. 4 C atomy

* Nehorlavost — limituje pocet H atomu

* Stabilita v odparovaci — eliminuje skupiny CH,CIO-
* Lacina masova produkce (> 2 000 t/rok)

* Po aplikaci vyse uvedenych kritérii zbyva z cca 4 000 sloucenin
asi 250, z nichz témeér vsechny byly testovany



Inhalacm anestetika vs. ekologie wiesea,
* Primy negativni efekt (sklenikové plyny) + vyroba, skladovani,
transport)
e Celkovy trh je cca 12.5 miliénu lahvicek (1,12 miliardy USD) s
predpokladem rustu na cca 14,9 mil. lahvicek do r. 2025 (sevofluran
70 %, desfluran 20 %, isofluran 10 %).

* Rocni produkce do atmosféry je asi 0,01% globalnl produkce CO,
(0.005/37,1 gt CO, ekvivalentu), tj. naprlklad asi 418 obletu
standardniho Ietadla kolem sveta.

* Ekvivalenty produkce CO,/20 let (CO,e)

— Desfluran - jedna lahvicka = 1296 kg CO,e
— Isofluran - jedna lahvicka = 521 kg CO,e
— Sevoflurane - jedna lahvicka = 132 kg CO,e

* Low-flow desfluran po 3 dny v tydnu po 40 let = 1755 t CO,, t.].
jeden transatlanticky prelet kazdy tyden

* Vlyrazeni inhalacnich anestetik do r. 2030 (?)



Nova i.v. anestetika



Hledani novych molekul 1 cisian v etar, 2013

e Vztah mezi strukturou molekuly a cilem (vazba na apoferitin,
inhibice fluorescence)

* Calya NE et al. A newly developed anesthetic based on a
unique chemical core. PNAS, 2019

* Matematicky model béznych i.v. anestetik

* PocitaCové vyhledani molekul vazicich se na pomaly
GABA-A receptor

e Testovani in vitro na rezech z hippokampu hlodavcu

e Testovani na pulcich a dale na hlodavcich

% Activity

Inhibice fluorescence v National Chemical Genomics
Centre,

25 000 sloucenin, z nich 2 500 vysoce aktivnich




Hledani novych molekul 2 i wvetar, 2013

e Testovani in vitro

2
e Sériové testovani in vivo
— Pulci r. Xenophus A
(drapatka) .
— (hlodaveci)
c

x. tropicalis X. laevis



Levnéjsi zpusob — modifikace jiz uzivanych latek
,Soft” (retrometabolicka) modifikace

Name

1 Eltanclone
(5p-pregnanolone)

2 Ketamine

S* enantomer
3 ORG-21465
4  Fospropofol
(Aquavan)
5 ORG-25435

6 Remimazolam
(CNS 7056)

7 Phaxan (alfaxalone/
cyclodextrin)

8 AZD-3043
(THRX-918661)

9 ABP-700

Year of
First
Clinical Study

1990 [10,11]

1994 [12)
2008 [13]

1997 [14)

2005 [15]

2010 [16]

2012 [17)

2015 [18]

2015 [19]

2015 [20}

Year of FDA  Relationship to the Modified

Approval

2008

Parent Anesthetic

5B-Pregnanclone, a steroid
anesthetic (stemmed from
the paper by Selye in 1941)

The S* isomer of ketamine
with a faster recovery profile

A water-soluble steroid

A water-soluble prodrug
of propofol

A water-soluble steroid

A benzodiazepine designed
to be rapidly metabolized
by body esterases

Alfaxalone/cyclodextrin formulation,

one of two steroids representing
althesin (alfaxalone/alfadolone)

A eugenol compound, designed
to be rapidly metabolized by body
esterases

One of the etomidate analogs with
reduced effect on adrenocortical
function and rapid metabolism

Parent Anesthetic,
Year of Introduction

Ketamine
(racemic mixture)
1966

Althesin
1972

Propofol
1977

Althesin
1972

Midazolam
1979

Althesin
1972

Propanidid
1964

Etomidate
1973

Vlassakov K et al., 2016
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Suspektni nova intravenozni anestetika rnious mietst, 2017

PFO713 (I
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Derivaty propofolu remaretar, 2017

e Cile: odstranit nestabilitu emulze, hyperlipidemii, KV NU, bolest pfi
inj., riziko kontaminace a propofolovy sy

 PFO173: rychly nastup, kardiovaskularni stabilita, delsSi ucinek nez
propofol — faze 1, dalsi osud neznamy

 Zmeéna nosnhého vehikula
— Emulgované roztoky s jinym vehikulem — studie preruseny

— Vodné roztoky
* Cyklodextriny — vyvoj prerusen pro bolestivost
* Micelové formy — experimenty na zviratech

* Prodrugs rozpustné ve vodé

— Fospropofol — schvalen, ale t.C. nevyrabén
— HX0507 a HX0969w ve fazi experimentu



Derivaty midazolamu a GABAergni latky

e Cile: kratsi ucinek, nezavislost na P450

* Remimazolam: hydrolyza nespec. esterazami, nastup 1 —3
min., contex s. h. 7 min. - faze 3

e Substance BB — GABA-ergni bez NU na hemodynamiku a
nadledviny — experiment na zvireti cayaneeta, 2010

e JM-1232(-) GABA-ergni latka s rychlym nastupem ucinku a
ZOtavenllm, féze 2 Kodai Ikemoto et al., 2015, Sneyd JR et al., 2012



Analoga etomidatu vusea,

e Cil: kratky ucinek, bez adrenokortikalniho efektu

* Metoxycarbonyl (MOC)-etomidat; rychly nastup ucinku, moznost
kumulace — vyvoj asi zastaven

* Carboetomidat — pomalejsi nastup i odeznéni, bez AC efektu —
experiment na zvireti

* Metoxycarbonyl carboetomidat — podobny carboetomidatu,
rychleji metabolizovan

* Cyklopropyl MOC etomidat (CPMM, téz ABP-700); rychly nastup
ucinku, delsi efekt, nez etomidat, ale contex sens. lifetime 4 min.,
bez adrenokortikalniho efektu, faze 2



Derivaty ketaminu

* Cil: rychly nastup, kratky ucinek, absence psychomimetickych
ucinku
e S(+)-ketamin — registrovan v radé zemi

 Methoxetamin —t.C. jen designerska droga (MXE, Mexxy),
N é kO | | k L’J m I’tl' https://psychonautwiki.org

¢ F I uoro keta m | ne —re krea é N |, d roga ? https://psychonautwiki.org

e Esterova analoga norketaminu; rychly nastup i odeznéni
ucinku, snad mensi vyskyt psychomimetickych ucinkt —
experiment na kralicich wareyweta, 2015


https://psychonautwiki.org/
https://www.google.cz/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&ved=2ahUKEwjKsszS6LveAhXEKFAKHeFkDBsQFjABegQIAxAB&url=https://psychonautwiki.org/wiki/2-Fluorodeschloroketamine&usg=AOvVaw0gNK0tAaGetJ9ArT70LKdy

Emulgovana inhalacni anestetika

* Cil: rychly nastup, absence odparovace
 Emulgovany isofluran —faze 1
* Emulgovany sevofluran — experiment na zvireti
* Nevyhody

— Bolest pri aplikaci

— Pach



Ultrakratce pusobici barbituraty s wketst, 2017

* Cile: rychly nastup i odeznéni ucinku eliminaci, nejen
redistribuci, méné KV ucinku

* Esterové derivaty kyseliny barbiturové a thiobarbiturové —
patenty na molekuly 2002 a 2010, dalsi osud neznamy



Nové latky

N3 fenacyluridin — vyvoj zastaven pro NU v 2008

e JM-1232(-) GABA-ergni latka s rychlym nastupem ucinku a
ZOtavenllm, féze 2 Kodai Ilkemoto et al., 2015, Sneyd JR et al., 2012

 AZD 3043, podobny propanididu — faze 2

* Phaxan (alfaxalon), podobny propofolu bez obéh. deprese a
bolesti — faze 2



Nova svalova relaxancia



Predpokladany rust trhu se SR

GLOBAL MUSCLE RELAXANT DRUGS MARKET SIZE BY TYPE, SM (2011 - 2020)

2015 2016 ' 2017 ' 2018 ' 2019 ' 2020

2011 ' 2012 ' 2013 ' 2014

Bl Facial Aesthetic Relaxants [} Skeletal Muscle Relaxants [} Neuromuscular Blocking Agents



Honba za , idealnim SR“

e Ultrakratky nastup ucinku

e Variabilni farmakokinetika odpovidajici pozadované délce akce
(ultrakratke trvani ucinku)

e Selektivni uCinek na N Ach receptory (zadné muskarinové
vedlejsi ucinky)



Ocekavani (a zklamani?)

e 1980 atracurium a vecuronium symbolicky pohrbivaji
suxamethonium, z dalky pfrihlizi pancuronium, metocurin,
d-tubocurarin

e 2010:
— atracurium —> cis-atracurium
— vecuronium —» rocuronium
— v propadlisti zmizely docaxurium a rapacuronium
— pouzivame stale suxamethonium a neostigmin



Sva I OVé re | axa n C i a Heerdt PM et al. 2015, de Boer HD et al., 2018

e Cil: NDSR, rychly nastup, bez uvolnéni histaminu, kratky ucinek
nebo antagonizace bez efektu na Ach receptory

* Gantakurium — ultrakratké SR, antagonizace L-cysteinem
(endogennim), uvolnéni histaminu ve vétsich davkach

* CW 002 — modifikace gantakuria, delsi uCinek, neuvolnuje
histamin — faze 1

e CW 011 — experimenty na zviratech

RO

* Nastupci sugammadexu: L cystein, calabadiony




Nové opioidy



Opioidy

* CR845 (Difelikefalin) i.v. i p.o., agonista perifernich kappa
receptoru, bez pruniku do CNS a bez potencialu pro dechovou

depresi, abuzus, PONV, svédéni — faze 3. Pouze firemni
pUbllka Ce Hesselink JMK, 2018

* Oliceridin — selektivni agonista na GP casti mi receptoru — faze 2

Morphine TRV130
p-opioid p-opioid
receptor Cell surface receptor

G Cell interior G |
protein LA protein «;'x’\é/i:
B-arrestin
' 4 ¥ V,
Analgesia J Respiration Increased

J Gl function Analgesia



Nové zpusoby podani



Adaptovano z Mahmoud M. et al., F1000Research 2018, 7(F1000 Faculty Rev)



