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Farmakokinetika ve vyvoiji |éku

e Samostatné registrace

— FK- NC; toxokinetika

— FK - Klinicka

— Cile: davkovani, zpusob podani, interakce...
* Registrace s odkazem

— Generika

— Biosimilars

— Cile: prukaz shody s originalem



Farmakokinetika ve vyvoiji |éku

* Samostatné registrace

— Prukaz ucinnosti a bezpecnosti pred registraci

* Registrace s odkazem
— Zadny pFimy priikaz bezpeénosti a G&innosti

— Primy prukaz ekvivalence s referencnim
pripravkem
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EUROPEAN MEDICINES AGENCY

NCE MEDICINES HEALTH

17 December 2015
EMA/CHMP/83874/2014
Committee for Medicinal Products for Human use (CHMP)

Guideline on the evaluation of the pharmacokinetics of
medicinal products in patients with decreased renal
function



FK studie dle guideliny

Group Description GFR (ml/min)
1 Normal renal function =90
2 Mildly decreased renal function 60- <90
3 Moderately decreased renal [ 30- <60
function
4 Severely decreased renal function <30 not requiring dialysis
5 End stage renal disease (ESRD) <15 requiring dialysis treatment




FK studie u pacientu s poskozenymi
ren. funkcemi se neprovadi

U léku
* pro jednorazové podani

* bez systémové absorpce
* S nerenalni eliminaci

e Které se nebudou pouzivat u
pacientu s poskozenymi renalnimi funkcemi



Generika, biosimilars

* Benefit/risk je dolozen na zakladé podobnosti
s referencnim pripravkem

e FK zasadni klinickou studii prukazu ekvivalence

* Nemaji vyhodnéjsi vlastnosti, klinicky benefit

Woodcock J, et al. Nat Rev Drug Discov. 2007;6(6):437-442.



Relative Molecular Mass
(daltons)

Komplexnost struktury

P »
"~~‘

Aspirin Insulin Erythropoietin Monoclonal antibody (IlgG1)
(180) (5808) (30,400) (150,000)

European J Canc. 2013;S11:1-11



Biologicky Iék =i vyrobni proces
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biosimilars

* biosimilar — biologicky LP velmi podobny jinému
biologickému LP zaregistrovanému v EU

* BSM vyvoj - biosimilar guidelines CHMP/EMA:
> Overarching GL,
> general GLs,
» GL on biosimilar monoclonal antibodies,

> product specific GLs



Originalni LP Biosimilarni LP

Klinické studie

Klinicka farmakologie Klinicka farmakolog)

Preklinické
b Preklinické

Farmacuetickd ==——p
[analyticka
cast

Farmacueticka/analyticka cast

Schneider CK, et al. Nat Biotechnol. 2012;30(12):1179-1185. Kozlowski S, et al. N Engl J Med.
2011;365(5): 385-388.

McCamish M. Presented at: EMA Workshop on Biosimilars; October 31, 2013; London, UK. Oral 12
Presentation.



Biosimilar

1) Porovnani na urovni farmaceutické kvality LP (klicové
porovnani, = strukturni podobnost)

> Podrobné porovnani biologickych, fyzikalné-chemickych vlastnosti

2) Porovnani na urovni pre-klinické = funkéni porovnatelnost

> in vitro — porovnatelnost mechanizmu ucinku

3) Porovnani na urovni klinické

> FK
> E+S



Porovnani na urovni pre-klinickeé

 Komparace biologickych ucinku in vitro napt.:

— Vazba na ligand/receptor
— Vazba antigenu mAbs

— Fab- asociované ucinky (neutralizace,
aktivace/blokdda receptoru...)

— Fc-asociované ucinky (ADCC, aktivace komplementu...)

* |n vivo toxicita — pro EU neni vétsinou az tak
podstatna



Porovnani na urovni klinicke 1

* Komparace FK:

90% interval spolehlivosti pro expozici obvykle jako u
generik ( 80-125%), muze byt rozsiren, ale vyzaduje se
naopak podobnost priuméru bodovych odhadu

Vyzaduje se charakterizace nejen absorpce, ale celého FK
profilu



FK prukaz shody mezi pripravky

— chemicky definované |éky

* Shodna ucinna latka = po absorpci je FK identicka

* Rozdil mezi pripravky je dan biologickou
dostupnosti

F* Dose /Cl=AUC

Pfi porovnani dvou pripravku (t/r) tedy pomér AUC
odpovida pomeéru biologické dostupnosti:

AUCt /AUCr - Ft /Fr
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FK prukaz shody - biosimilars

Podobna ucinna latka = po absorpci nemusi
oyt FK identicka

Rozdil mezi pripravky je dan biologickou
dostupnosti + eliminaci

F* Dose / Cl = AUC

AUCt /AUCr = Ft * Clr /Fr * Clt

17



Porovnani na urovni klinické 2

Ve

= Porovnani Ucinnosti a bezpecnosti:

=>Nejméneé senzitivni pro odhaleni pripadnych rozdilt
mezi pripravky

= Plan studie senzitivitu vyznamné ovlivnuje:
= Davka — optimalné odpovidajici strmé casti krivky zavislosti
ucinkuna D
= Populace
= Sledované parametry
= Statistické metody a definice ekvivalence
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ESA prehled

INN Trade name License holder Approval Manufacturing process Licensed in
European United Other
Union States  regions
First generation
Epoetin alfa Epogen® Amgen 1989 Recombinant DNA technology v
Eprex® Ortho Biotech 1988 (in CHO cells) e e /
Procrit® Amgen 1989 v
Epoetin beta Recormon® Boehringer Mannheim 1990 Recombinant DNA technology v
(in CHO cells)
Epoetin omega Epomax® Elanex/Baxter 1990 Recombinant DNA technology v
Hemax® (in hamster kidney cells)
Second generation
Epoetin beta NeoRecormon® Roche 1997 Recombinant DNA technology v v
(in CHO cells)
Darbepoetin alfa Aranesp® Amgen 2001 Recombinant DNA technology v
(in CHO cells)
Third generation
Epoetin delta Dynepo® Transkaryotic therapies/Shire 2002 Gene activation technology v v
(in HT-1080 cells)
Methoxy polyethylene Mircera® Roche 2007 Recombinant DNA technology v v
glycol epoetin beta (in CHO cells)
Epoetin alfa Binocrit® Sandoz 2007 Recombinant DNA technology v
(biosimilar) Abseamed® Medice (in CHO cells)
Epoetin Alfa Hexal® Hexal AG
Epoetin zeta Retacrit™ Hospira, a Pfizer company 2007 Recombinant DNA technology v
(biosimilar) Silapo™ Stada (in CHO cells) v
Epoetin theta Biopoin® Teva 2009 Recombinant DNA technology v
Eporatio® RatioPharm (in CHO cells)

INN, international nonproprietary name; NCE, new chemical entity; NME, new molecular entity.

Kalantar-Zadeh K, 2017[13



EMEA/CHMP/BMWP/301636/2008 Corr.*
Committee for Medicinal Products for Human Use (CHMP)

Guideline on non-clinical and clinical development of
similar biological medicinal products containing
recombinant erythropoietins (Revision)

Assessment type

Requirements

Nonclinical
Pharmacodynamic

In vitro (receptor binding, cell proliferation)

In vivo (comparison of erythrogenic effects)

Toxiocologic Repeat dose toxicity in a relevant species, duration of at Local tolerance in a relevant species
least 4 weeks

Clinical

PK Single-dose, crossover study for indicated routes of Healthy volunteers

administration selected dose should be in the sensitive
part of the dose-response curve

Pharmacodynamic

Evaluated as part of the PK assessments, selected dose
should be in the linear ascending part of the dose-response
curve

Healthy volunteers

Efficacy Adequately powered, randomized, double-blind, parallel Correction phase (pre-dialysis population) and
group assessments for indicated routes of administration maintenance phase (hemodialysis population) to
target hemoglobin concentration, with primary
efficacy endpoints assessed at 5-6 months
Safety Comparative safety data, adverse events of special interest 12-month comparative immunogenicity

include hypertension/aggravation of hypertension and
thromboembolic events

assessment

CHMP, Committee for Medicinal Products for Human Use; PK, pharmacokinetic.

Kalantar-Zadeh K, 201710



Guidelines

Erythropoietin Alpha
(e.g. Binocrit)

Erythropoietin Zeta
(e.g. Retacrit)

Relative PK single-dose
crossover study sc and v in
healthy volunteers

PD evaluated as a part of PK
studies

Five PK/PD studies in
healthy volunteers

Two PK studies in healthy
volunteers (single dose,
comparative)

At least two randomized parallel
group comparable clinical
efficacy studies in patients with
renal anemia

Should include the correction

phase (recom. 6-months) and
maintenance phase (6-months)

One comparative pivotal
therapeutic equivalence
phase 3 study v in patients
with renal anemia

Two phase 3 studies
(correction phase and
maintenance phase study)
for iv administration

At least 12-month comparative
Immunogenicity

One supportive phase 3
noncomparative study
assessing efficacy and
safety sc in chemotherapy-
associated anemia

One supportive
uncontrolled safety trial in
cancer patients with
chemotherapy-induced
anemia




Baseline-adjusted Epoetin Concentration
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Vyvoj regulace biosimilars

* VEU-1. guideline on biosimilars 2005
— somatropin (2006)
— EPO (2007)
— filgrastim (2008)
— infliximab (2013)
— follitropin alfa (2013)
— insulin glargin (2014)
— etanercept (2016)
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B Rekli o biosimilars a...

... jejich indikacich bez klinickych zkousek
Timto rozhodnutim CHMP jsem piekvapen. Neocekaval jsem, ze
pri absenci jakychkoli klinickych dat s ohledem na ti¢innost a bez-
pecnost v [écbé dospélych a détskych pacientdi
ojde k povoleni biosimildrniho infliximabu v klinické praxi. Ne,,
troufdm si ale tvrdit, Ze jde o vyslovené Spatny nebo nebezpecny
krok, protoze zhodnoceni miry eventudlniho rizika tohoto postupu
je v naprosté kompetenci téchto organd. Vychazim pouze z teore-
tickych informaci, které mam, a ty fikaji, ze biosimilarni infliximab
je écivem velmi podobnym originalnimu infliximabu, avsak nelze
jej povaZovat za preparat, jenz je totozny s infliximabem. Nejde
tedy o generikum v pravém slova smyslu. Rozsahla az velkorysa
extrapolace biosimildmiho infliximabu pro viechny indikace zalo-
Zend na zkusenostech z nékolika mensich studii u revmatickych
pacientil tak vyjadfuje, Ze pro evropské requlacni organy, at'si fikd
nebo pie, kdo chce, co chce, vnimaji biosimilami infliximab jako
generikum. Bylo jiz na riznych odbornych setkanich, stejné jako
v odborném tisku opakované zminovano, ze vzhledem ke kompli-
kované syntéze biosimilarniho infliximabu a moznosti vzniku né-
slednych tzv. ,posttranslacnich zmén’, jez mohou zplisobit malé
pozménéni tercidrni struktury imunoglobulinu, Ize indukovat vy-
znamné odli$né vlastnosti léciva v porovndni's pivodni molekulou
infliximabu. S ohledem na extrapolaci biologické léchy mame
v gastroenterologii urcité a nepfilis pozitivni zkusenosti s jinymi
anti-TNFa 1écivy. Nékteré z nich se ukazaly byt vysoce efektivnimi
urevmatickych onemocnéni (certolizumab pegol, etanercept), ale
v piipadé Crohnovy choroby a ulcerézni kolitidy byla jejich proti-
zanétliva efektivita podobnd placebu. Pravdou je, Ze struktura eta-
nerceptu nebo certolizumabu je vak zcela odlisnd, nikoli podobnd
struktufe infliximabu. S podobnymi obavami mézeme pohlizetina
riziko indukce vedlejsich a nezadoucich tcinkt biosimildrniho in-
fliximabu. | mald zména v terciarni struktufe [éku miize mit zavazny

vliv napiiklad na spusténi autoimunitnich reakci. Nelze vyloudit, 7e
{j nazor je piilis ustraseny a konzervativni. Presto viak jsem pre-
svédcen, Ze pred povolenim uzivani biosimilarniho infliximabu by
v kazdé zvazované indikaci méla existovat nezdvisla data potvrzujici
bezpecnost a protizanétlivou efektivitu [écby, a to alespon v krat-
kodobém horizontu — tj. po dobu 6 mésic.

N g

v nékolika stétech EU véetné CR. Pevné véfim, Ze toto velkorysé
schvaleni CHMP, které se prakticky dotyka jen nékolika chudsich
zemi EU, neni vedeno snahou ziskat co nejrychleji data o efekti-
vité a kratkodobé bezpecnosti nového IéCiva, a tim nahradit
zdlouhavd a finanéné nérocna klinicka hodnoceni, pricemz te-
prve poté bude biosimilarni infliximab pfijat pro klinickou praxi
bohat3imi staty EU. Bohatsi zemé EU si totiz prodlouzily ochranny
patent pro origindlni infliximab o dva roky. Druhou a pozitivni
stranou téZe mince a zprdvou pro nds je fakt, ze zavedeni biosi-
mildrniho infliximabu zlepsi dostupnost biologické terapie pro
dalsi pacienty, ktefi by jinak museli na biologickou léchu cekat
a jejich zdravotni problémy by musely byt feseny alternativnimi
postupy, vcetné terapie chirurgické.

At'je nase hodnoceni tohoto kroku CHMP jakékoli, peclivé pro-
vadéni farmakovigilance a uvazlivé zvazovani indikace k zahdjeni

... extrapolaci dat
V soucasné dobé je velmi obtizné se k problematice extrapo-
lace dat pro biosimildrni infliximab validné vyjadfovat, pro-
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Extrapolace indikaci

e Neni automaticka

* Klicovy je mechanizmus ucinku v indikacich
— Receptory
— Aktivni mista

— FK

25



EDITORIAL

S

biosimilars ohetoies stz S
Biosimilars Safe, Effective Alternatives to
Originator Biologics

July 23, 2018

Cohen 2018
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Od 2002 registrovano vice biotech. LP
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EU registrace 2016

Initial-evaluation applications by type
of application (2012-2016)

o 48

3
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NMon-orphan meaedicinal products

Orphan medicinal products

ATMP (ormphan and non-orphan))

Biosimilars

Genercs, hybrnd, imformed -consent applications, etc.
Paediatrnic use marketing authorisations

Socentific opinions for non-EU markets (art 58)




Lipitor
Z.ocor

Prevacid

Procrit
Zyprexa
Epogen
Nexium

Zoloft
Celebrex

Neurontin

Top 10 (USA, 2003)

Generic COIl’l an
name P Y

atorvastatin Pfizer
simvastatin Merck

lansoprazole =~ TAP Pharmaceutical
Products

Epoetin alfa Johnson & Johnson
olanzapine Eli Lilly
Epoectin alfa Amgen
esomeprazole AstraZenica
sertraline Pfizer
celecoxib Pfizer

gabapentin Pfizer

2003 Sales

(USS
billions)

6.8
4.4
4.0

3.3
3.2
3.1
3.1
2.9
2.6
2.4

Patent
Expires




Top 10 (USA, 2017)

No. Company / Product Name Active Main Therapeutic | 2017 Revenue
Companies Ingredient Indication in Millions
(USD)
1 AbbVie Inc., Eisai Humira® Adalimumab |Immunology (Organ 18,946
Transplant, Arthritis
etc.)
2 Amgen, Pfizer Enbrel® Etanercept | Immunology (Organ 8,262
Inc., Takeda Transplant, Arthritis
etc.)
3 | Regeneron, Bayer Eylea Aflibercept Ophthalmology 8,260
4 Celgene Revlimid Lenalidomide Oncology 8,187
5 Roche MabThera®/Rit| Rituximab Oncology 7,831
uxan®
6 Johnson & Remicade® Infliximab Autoimmune 7,784
Johnson, Merck, Mits Disorders
ubishi Tanabe
7 Roche Herceptin® Trastuzumab Oncology 7,435
8 Bristol-Myers Eliquis® Apixaban Cardiovascular 7,395
Squibb, Pfizer Inc. Diseases
9 Roche Avastin® Bevacizumab Oncology 7,089
10 | Bayer, Johnson & Xarelto Rivaroxaban Cardiovascular 6,590
Johnson Diseases
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https://www.pharmacompass.com/api-manufacturers/abbvie-inc
https://www.pharmacompass.com/api-manufacturers/eisai-inc
https://www.pharmacompass.com/active-pharmaceutical-ingredients/Adalimumab
https://www.pharmacompass.com/api-manufacturers/amgen-inc
https://www.pharmacompass.com/api-manufacturers/pfizer-inc
https://www.pharmacompass.com/api-manufacturers/takeda-pharmaceutical-company-limited
https://www.pharmacompass.com/active-pharmaceutical-ingredients/Etanercept
https://www.pharmacompass.com/api-manufacturers/regeneron-pharmaceuticals-inc
https://www.pharmacompass.com/api-manufacturers/bayer-healthcare-llc
https://www.pharmacompass.com/active-pharmaceutical-ingredients/aflibercept
https://www.pharmacompass.com/api-manufacturers/celgene-corporation
https://www.pharmacompass.com/active-pharmaceutical-ingredients/lenalidomide
https://www.pharmacompass.com/api-manufacturers/roche
https://www.pharmacompass.com/active-pharmaceutical-ingredients/rituximab
https://www.pharmacompass.com/api-manufacturers/johnson-johnson
https://www.pharmacompass.com/api-manufacturers/merck-co-inc
https://www.pharmacompass.com/api-manufacturers/mitsubishi-tanabe-pharma-corp
https://www.pharmacompass.com/active-pharmaceutical-ingredients/Infliximab
https://www.pharmacompass.com/api-manufacturers/roche
https://www.pharmacompass.com/active-pharmaceutical-ingredients/trastuzumab
https://www.pharmacompass.com/api-manufacturers/bristol-myers-squibb
https://www.pharmacompass.com/api-manufacturers/pfizer-inc
https://www.pharmacompass.com/active-pharmaceutical-ingredients/apixaban
https://www.pharmacompass.com/api-manufacturers/roche
https://www.pharmacompass.com/active-pharmaceutical-ingredients/bevacizumab
https://www.pharmacompass.com/api-manufacturers/bayer-healthcare-llc
https://www.pharmacompass.com/api-manufacturers/johnson-johnson
https://www.pharmacompass.com/active-pharmaceutical-ingredients/rivaroxaban

Biologickeé |éky — zména vyrobniho
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Vyvoj regulacniho systému

* U generik se pozadavky v poslednich cca 15
letech zprisnovaly

* Soucasné pozadavky — od roku 2006

" In vivo test
podobnosti

PRIPRAVKU

o

\

(=SHODNOST)

J

KLINICKA
< VYZNAMNOST



Vyvoj regulacniho systému
- generika

* Priklad — generika simvastatinu (aktivni
metabolity)

* Soucasné pozadavky — od roku 2006

— Za ucinnost — prukaz bioekvivalence pro
simvastatin



Generika simvastatinu

2001 —simvastatin BE
— B-OH metabolit Cmax 70-143%

2002 simvastatin NENI BE, nizké Cmax
— B-OH metabolite BE

2003 simvastatin NENi BE (vysoké)
— B-OH metabolit BE

2003 simvastatin NENI BE (vysoké)
— B-OH metabolit BE

2004 simvastatin NENI BE nizké Cmax
— B-OH metabolit BE
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Generika si

mvastatinu

2005 simvastatin NENI BE (vysoké)

— B-OH metabolit BE

2005 simvastatin i metabolit BE
2006 simvastatin NENI BE nizké Cmax

— B-OH metabolit BE
2006 simvastatin i meta
2006 simvastatin i meta

Q+A document stanovuj

materskou latku

holit BE
nolit BE

e pozadavek BE pro

35



Generika simvastatinu

2007 simvastatin i metabolit BE

2007 simvastatin NENI BE (vysoké)
— B-OH metabolit BE

2008 simvastatin i metabolit BE
2008 simvastatin NENi BE (nizké Cmax)

— B-OH metabolit nestanoven
2008 simvastatin BE
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Klinické studie u biosimilarnich LP

* Planovany odhalit rozdily v ucinostnich
narametrech v definovany cas od zahajeni
écby

* Nemaji dostatecnou senzitivitu primo popsat
— Rozdily vimunogenicité
...tzn bezpecnosti, dlouhodbé ucinnosti
— Popsat zaménitelnost
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Staci PK/PD studie?

* Priklady, kdy mohou u biosimilar komparativni
PK/PD data postacovat (nebude nutna klinickd
studie?)

» Biosim. insulin (euglycaemic clamp test)

» low molecular-weight heparins (anti-FXa, anti-Flla)
» G-CSF/filgrastim (absolute neutrophil count)

> teriparatid (PK data)
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Staci PK/PD studie?

Originalni LP Biosimilarni LP

Klinické studie

Klinicka farmakologie

Klinicka farmakologi

Preklinické
i Preklinické

Farmacuetickd ==——p
[analyticka
cast

Farmacueticka/analyticka cast
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Zaménitelnost/nahraditelnost vs.
Ekvivalence/similarita

=0 mg Diclofenac

Flasma concentration ng/mL
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Zaménitelnost/nahraditelnost vs.
Ekvivalence/similarita
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Zamenitelnost, nahraditelnost

* Biosimilarita # nahraditelnost (EU, FDA)
» EMA/CHMP nahraditelnost neposuzuje

* FDA Draft Guidance for Industry.
Considerations in Demonstrating
Interchangeability With a Reference Product.

Jan 2017
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Zamenitelnost, nahraditelnost

e V EU stanoviska narodni agentur (DE, FI, NL,
NO)

e Zameéna za biosimilarni pripravek
zaregistrovany v EU — neocekava se dopad na
imunogenicitu nebo E/S

Pekka Kurki et al. DOI 10.1007/s40259-017-0210-0;
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Jak studovat nahraditelnost?

Interchangeability (multiple switches)?
Reference drug ><j<—><7
Biosimilar

Imunogenicita?

Dorner T, et al. Nat Rev Rheumatol. 2015;11(12):713-24;
Schellekens H. Clin Ther 2002;24:1720-36
Wieser C, et al. Clin Kidney J 2013;6:539-42
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riklady biosimilars se studiemi
nahraditelnosti

* CT-P13 vs infliximab Two—One Switch to biosimilar open-label extension (single arm)
PLANETRA (n=617) and PLANETAS (n=257) ex‘[ensmn

* SB4 vs etanercept (n=498)

* CHS-0214 vs etanercept (RA=620, PsO=496)

* CT-P10 vs rituximab

+ CT-P13 (n=302)

* GP2015 vs etanercept (EQUIRA) (RA=366)

* SB2 vs infliximab (n=584) DB Two— Switch to 3 arm study; biosimilar arm continues, originator arm
* SB5 vs adalimumab (n=490) Three splits into originator and biosimilar arm

+ DWP422 vs etanercept (n=38) DB Two Cross-over switch (two arms)

* HD203 vs etanercept (n=294) (with washout period between cross-over)

* LBEC0101 vs etanercept (n=372)

* TUNEX vs etanercept (n=98) oL Two Cross-over switch (two arms)
(with washout period between cross-over)

* GP2015 vs etanercept (EGALITY) (PSO=531) DB Two—Four Transition to four arm study: each arm splits into two arms —
one continues and one undergoes repeated switching

* CT-P13 vs infliximab DB One-Two Split into two arm (one continues, one switches)
NOR-SWITCH (n=500), SIMILAR (n=330)
* M923 vs adalimumab

* CT-P13 vs infliximab oL One-Two Split into two arm (one continues, one switches)
(BIO-SWITCH, n=200)
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Zamenitelnost

Neni optimalni mezi vice
biosimilarnimi pripravky,
legislativné ani neni pripustné
porovnavat pripravek s vice

referencnimi...
Referencni

A

WHOGeneva, 2013, INN working document 13.335
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,Bioequivalence drift”
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-
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Rozdil A vs B v expozici (teoreticky
az 56.25%)

| 125%

| 100%

r
: Rozdil v expozici pro 2. generaci
— kum BB
S J biosimilar/generik az 95%!
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Zavery

FK je klicovou casti klinické dokumentace u
generik a biosimilars, které nemaji vlastni
primy prukaz ucinnosti a bezpecnosti

Mira evidence podoby je shodna jako u
originalnich LP

Pri zaméneé — pozor na drift
Vénujte prosim pozornost hlageni NU

— u biosimilars chranény nazev/sarze
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