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$SAPMAKOEIIATPYIINHZH: ano tnv ENICTNHOVIKI] TEKINPLOON
TOU (pappaxKou otr drac@aldion tng Snpooiag vysiag.

To napadsiypa tou epfoAdiou evavtiov tou SARS-CoV-2

KOQNEZTANTINOZ N. AEMETZOZX

Kabnyntng Pappaxkeuvtirig Texvoloyiag kat Navo-texvodoyiag
AieuOuvtng tou Epyaoctnpiou tng Papparevtiring Texvodoyiag

EOvikou & Kanodiotprakou Ilavenotnpiou AGnvov

IIpoedpog EAAnvikng Papparevtikng Etaipeiag (EPE)




KAINIKEYX MEAETEZX
PAYEIY KAINIKQN MEAETQN

1  KAWIKEG  HEAETEG  A@OPOUV  OINV  MEAE

AIMTOTEAEOPATIKOTNTAG TOU U0 avAITtudl @apuakou o€
avOpwrioug Kat arkoAouBouv tTo otadlo TV TIIPO-
KAIWVIK@WV HUEAET@OV ITOU A@OPOUV HEAETEG TTOU yivovidl
o€ rielpapatodwa.
O1 paocelg TV KAWVIK@QV PeEAeTwv ival teooepls (4) rat
ovoupadlovrat Paoeig I, II, III katr IV. Ot1 paoeig II kat
[II prmopouv va XxXwpltobouv o€ UMO-EACELS IIOU
oupfoliovial pe ta EAAnvika ypappata a kat . ®a
IIPEIEL va ava@epOel OTL Katd v O01apKeE1a aAvarttuing
TOU (QAPUAKOU HUITOPOUV Ol (PAOCEIS VA EUIMAEKOVIAL
petau Toug Kal €101 €va @APUAKO va agloAdoyeitat
TAUTOXPOVA OE TIEPIOCOTEPES ATTO Pla PAOCEILG.



PATH I

O1 apx1keg peAeteg aoc@alielag tou gapuakou (safety trials) oe
uylelg ouvnOwg €Belovieg Kal 1 mpoortabela mPoodloplopou
mg Oegpaneutikng 600nNg tTOOO NG €@’ aAra§ 000 KAl TV
EMAVEIANPPEVOV O0CE®V ATMOTEAOUV AVIIKEIPEVO TNG @MAONG
auIng. XTn @Aaor autr] PIopouv va xpnoaornoinfouv cofapa
aoBeveilg €BeAovieg 08 PAPIAKA OTIOG AVIIKAPKIVIKA pApPara
Kata tou 1ou HIV k.a

H @daon auty nepldapPavet tov  1pocOOPIoOP0 TV
(PAPUAKOKIVITIKOV KAl @APHUAKOOUVAUIK®V  ITAPAHUETIPROV
KaOwG Kal T@V avermOuuntev evepyelwv Tou @apupakou. Ta
aroteAeopata g @aong auing  (Mx  1poodloplopog

Oepareutikeg 60oong Kat 6acoAoyikou OX1|1atog)
XPNO10II010UVIal yia TOV KAAUTEPO OXeO1AOUO NG EITOUEVNG
KA1VIKIG AOTNG.

X1 @Aorn autr] UIopel va OUPHEIEXElL UIKPOG aplOuog
eBedoviwv rtou npoodlopifetatl aro 20 ewg 100.



$PAYH Ila
2Uh @Aorn autn EKTPATAl Il AIOTEAEOPATIKOTNTA KAl 1
addaAela TOU EAPUAKOU Of eIMAEyPEVOUS TANOuoouUg
aoBevav KAt o1 peAereg auteg Xxapaktnpioviat oav
rmAotikeg peAeteg. X Paon Ila propet va eleyxetat
TAUTOXPOoVA I AMOTEAECUATIKOTNTIA TOU (PAPUAKOU €VM 1
AO0@AAELA TOU va ATTOTEAEL TO KUPIAPXO OTOXO NG UEAEING.
To 1610 Kait av e€A€yxetat n @EAPHUAKOKIVNTIKI] TOU,
ouvexi(el T0 APUAKO va AaSlOAOYEITAl WS EUPIOKOUEVO O
daon Ila.

PAXH IIB
2T @AO0T AUt 10XUPOITolouvidl 01 UEAETEG ASl0AOYNoNg
MG AMoTEAEoPATIKOINTAg KAt TG ao@alsiag Tou
(PAPUAKOU, KAl AITOTEAOUV ONUAVIIKA OTOIXEla Artodeiing
NG AMOTEAEOPATIKOTNTAS TOU @APUAKOU Kdl yia dauto
xapaktnpifovral ocav Bepediwderg (pivotal). O ap1Buog twv
eBedoviwv rpoodlopiletatl arto 100-500.



$ATH Illa

H daon autr) eivatl n peAetn mpv v UrtoffoAn tou @akelou yua
EyKplon amo Ttoug appodioug Opyaviopoug (EOvikoug 1
A1eBveig), Kal a@ou exel arnode1xOel 1 amoteAeopatikot)Ia 10U
(PAPHUAKOU o€ aoBDevelg yla TNV OUYKEKPIHMEVI] VOOO, yld TOUG
ortoioug TeAKaA T1poopifetat 1o @appaxko. O aplOpog Twv
eBeloviwv rpoodilopidetatl arto 300-pep1keEG X1A1a0eg.
PAPIIAKOOIKOVOUIKEG MEAETEG, HeAETEG aAAnAemidpaong pe
TPOoPEG, 1 rolotnta (WNg Twv acbevav, a@opouv OtV KAWIKI)
auty @aon. O1 1Anpoopieg G @aong aumg Oa
xXpnowyornoinfouv ya tv Onuoupyia tng IlepiAnung twv
Xapaktnpotikewv tou IIpoiovtog (Summary of Product
Characteristics — SPC).

$AZH IIIB
Eivalt n @aon tov KAWIK@OV PEAEIOV TTOU A@OPA OTIS MEAETEG
peta tnv urnoPolr] tou @akedou otoug Opyaviopoug €YKP10NG
KAl ITP1V TNV £YKP101] KUKAO@OP1ag ToU @ApHAKoU Otnv ayopd.



$PATH IV

Ap@pa TS PEAETEG PETA TV KUKAO@OPiIa TOU apuakou otnv ayopd.
Eiv@it pavepo 0Tl 10 ouotnua Papuarocmaypvumvnong neplAappaveat
oUW (A0 auth TV PEAEIOV KAl ATIOTEAEL OUCIAOTIKO TPOIIO EAEYXOU
MG ao@dlsiag tou @appaxkou. H  tautornoinon avermBuuntev
EVEPYEIWV O1 ortoieg 6ev eixav avixveuBel OTIG TIPONYOUUEVEG (PAOCELG
TOV KAWVIKQOV HEAET@WV ATIOTEAOUV AVIIKEIIEVO TNG MEAEING OTI (MAOT)
aut). Xpnoaortoteitat 0 0pPOG dapuaKoeraypuIvnon
(PharmacoVigilance) 1n cmponon usta v Kukdopopla 1
uetakuklopopiky  emaypunvnon 1 cmrnpnon  (Post-marketing
Surveillance).

®a MPEMeEl va aAva@EPOUHE OUVOITIIKA OTl H1d KAWIKI @AOn €VOG
(PAPUAKOU Jurtopet va 61e§ayetal o€ Pla Xwpd Katl pia aAAn ¢@aorn o€
aAAn xwpa, r.X. va eivat oe rRAwvikr Paon I oe pla xopa Kai oe
daon IV oe aAAn xwpa. Emiong Bswpeital {EXwploto @Appako Kdat
akoAoubBel TS maparave O01adlkaocieg TV @QACEDV OlA@QOPETIKEG
KPUOTAAAIKEG HOPEEG TOU 1610U popiou, S1a@OPETIKA aAdta Tou 1)
O1a@POPETIKES TTIOAUEPTIKESG TOU LOPPEG.



AITIAQMATA EYPEZITEXNIAY

Alkalwpata Bliopnxavikng kat
[Iveunatukng I01oktnoiag
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Main types of nanosystems
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bio-nanosystems that can deliver therapeutic agents to the target tissues.

By constructing artificial bio-systems at nano-dimension that are able to mimic biological functions we can create ‘smart’
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Self-Assembled Lipid Nanostructures

ADVANCED NANOPLATFORMS
FOR DRUG DELIVERY

‘ LIPID

NANOSTRUCTURES SARS Cc:V-2
WITH DIFFERENT Vaccine?
MORPHOLOGY

A. Types and schematic diagrams of thermodynamically stable self-assembled lipid

nanostructures. Adapted from Kulkarni et al., 2016. B. Three-dimensional
organizations of cubic liquid crystalline phases: (a) Primitive cubic (also referred to
as Im3m/Q"™), (b) bicontinuous double diamond cubic (Pn3m/Q"°), and (c)
bicontinuous gyroid cubic (1a3d/Q"'®) types. Adapted from Rakotoarisoa et al., 2019,
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Research Article

pH-Sensitive Liposomes

Chun-Jung Chu & Francis C. Szoka
Pages 361-395 | Published online: 28 Sep 2008

66 Download citation https://doi.org/10.3109/08982109409037050

The biophysical mechanisms of p H-
sensitive liposomes involves the
transition of the lipids from the lamellar
to hexagonal liquid crystalline state. This
biophysical transition facilitate the
fusion process of liposome with the cell
membrane. Moreover, intracellular pH is
more acidic than extracellular 7.5 to 5.0
and the endosomal membrane
incorporating liposome is disrupted
releasing the encapsulated molecule
into the cytoplasm.

Ref. Rakotoarisoa, M., Angelov, B., Espinoza, S., Khakurel, K., Bizien, T., Angelova, A. 2019. Cubic Liquid Crystalline Nanostructures Involving Catalase and

Curcumin: BioSAXS Study and Catalase Peroxidatic Function after Cubosomal Nanoparticle Treatment of Differentiated SH-SY5Y Cells. Molecules 24, 3058.




Rapid, efficient
development of
genetic
medicines

Genetic medicines allow treatment of genetic
diseases at their molecular root cause, and
lipid nanoparticles are at the forefront of
delivering gene therapies.

Learn More




Nucleic Acid Vaccines
MRNA VACCINE
The example of SARS-CoV-2
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Article | Open Access | Published: 09 July 2020

Self~-amplifying RNA SARS-CoV-2 lipid nanoparticle
vaccine candidate induces high neutralizing
antibody titers in mice

Paul F. McKay, Kai Hu, Anna K. Blakney, Karnyart Samnuan, Jonathan C. Brown, Rebecca Penn, Jie Zhou,
Clement R. Bouton, Paul Rogers, Krunal Polra, Paulo J. C. Lin, Christopher Barbosa, Ying K. Tam, Wendy 5.
Barclay & Robin J. Shattock =

MNature Cormrmunications 11, Article number: 32523 (2020) | Cite this article

Formulation of saRNA. saRNA was encapsulated in LNP using a self-assembly
process in which an aqueous solution of saRNA at pH = 4.0 is rapidly mixed with
an ethanolic lipid mixture!”. LNP used in this study were similar in composition to
those described previously!®1%, which contain an ionizable cationic lipid (proprie-
tary to Acuitas)/phosphatidylcholine/cholesterol/PEG-lipid. The proprietary lipid
and LNP composition are described in US patent US510,221,127. They had a mean
hydrodynamic diameter of ~75 nm with a polydispersity index of <0.1 as measured
by dynamic light scattering using a Zetasizer Nano £5 (Malvern Instruments Ltd,
Malvern. UK) instrument and an encapsulation efficiency of >90%.



nature reviews drug diSCoVery - |

Published: 12 January 2018

mRNA vaccines — a new erain vaccinology

Norbert Pardi, Michael J. Hogan, Frederick W. Porter & Drew Weissman

Nature Reviews Drug Discovery 17, 261-279(2018) | Cite this article

Pharmaceutical Nanotechnology Molecular Biology

Polymer Liposome Lipid
nanoparticle nanoparticle

What is mRNA? How Pfizer and Moderna

tapped new tech to make coronavirus
wvaccines



Executive summary

fsg ‘ Therapeutic Delivery
Differences between DNA & mRNA vaccines

Ther Deliv. 2016 May; 7(5): 319-334. PMCID: PMC5439223 o o . o

Published online 2016 Apr 14. doi: 10,4155/tde-2016-0006 PMID: 27075052 mRNA vaccines, like DNA vaccines, induce synthesis of antigens in transfected cells, and hence,
activate a broad immune response, including antibodies, Th1 helper CD4 T cells and eytotoxic

mRNA vaccine delivery using lipid nanoparticles CD8 T cells.

Andreas M Reichmuth, ' -2 Matthias A Oberli, ¥+ * -2 Ana Jaklenec, 2 Robert Langer, '+ 2+ 45 and mRNA, with the cytosol as its target, is easier to deliver and much safer than DNA, because the

Daniel Blankschtein” ' mRNA in the cytosol does not interact with the genome in the nucleus and is only transiently

+ Author information * Article notes * Copynight and License information Disclaimer expressed.

In contrast to DNA vaccines, the FDA does not consider nonreplicating mRNA vaccines gene

therapies.
Advantages & challenges of lipid nanoparticles

Lipid nanoparticles (LNPs) protect the mRNA against degradation and assist in endocytosis and
endosomal escape.

Adjuvants can be incorporated in LNPs and assist in immune activation and potentially tailoring
of the immune response.

LNPs can be targeted to specific cell types by decorating their surfaces with specific ligands.
LNP synthesis, using methods such as microfluidic devices, is robust and upscalable.

Some cationic lipidoids exhibit toxicity and repeated application can induce an immune response
against polyethylene glycol.

Future perspectives of LNP mRNA vaccines

Figure 1.
Lipid nanoparticles protect mnRNA from degradation, and facilitate endocytosis and endosomal escape. mRNA vaccines are currently evaluated in clinical trials, albeit not formulated in LNPs.

A) mRNA can be encapsulated in lipid nanoparticles (LNPs) for protection from enzymatic degradation. A . . . . .. . .
s § T UhEel e “ S LNP delivery of siRNA is already in clinical trials, and lessons from these experiences can be
positively charged LNP favors localization of mRNA at the negatively charged cell membrane. including

subsequent endocytosis into the cytosol. In order to be transcribed, the mRNA must escape both the LNP and helpﬁ]l for the translation of mRNA vaccines.
the endosome. (B) Extracellular proteins based vaccines are endocytosed in a similar manner, but do not need . L. . . .
to escape from the endosome to be presented on MHCIL. mRNA vaccines are currently evaluated for applications in cancer immunotherapy, with

prophylactic vaccines applications to follow.
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Antigen expression and presentation by nucleic acid (DNA and mRNA) vaccines. Reproduced under the terms

of CC BY 4.0 license,1**! https://www.frontiersin.org/articles/10.3389/fimmu.2019.00594/full,



Sci Rep. 2015; 5: 12737. PMCID: PMC4522648
Published online 2015 Aug 3. doi: 10.1038/srep12737 PMID: 26235529

DDL U TR
drugDELNERY CONNECTIVITY INJECTION ORAL RESPIRATORY COVID-19 NEWS |

e ——O T ——— Self-assembled Messenger RNA Nanoparticles (MRNA-NPs) for Efficient

LIPID NANOPARTICLE MRNA VACCINES, Gene EXp ression
GENE THERAPIES & OTHER NANOMEDICINES

Hyejin Kim," Yongkuk Park,"! and Jong Bum Lee?:"

» Author information » Article notes » Copyright and License information Disclaimer

RNA is a negatively charged molecule.

But the absolute quantification of the charge of RNA is not quite possible. The negative charge of RNA is
contributed by the phosphate present in the sugar-phosphate backbone. So, RNA molecules with
different length has different net negative charge.

In that case, the charge to mass ratio is considered for RNA.

RNA has charge to mass ratio of -1.

"LNP-based formulations have
become the gold standard for the
development of many complex

parenteral pTOdU.CtS Of the [MOSCOW] Russia expects to produce primarily freeze-dried Sputnik V coronavirus
vaccine doses by the spring, a top official said, eliminating the need for transport at
almost 20 LNP-based dTug ultra-low temperatures as part of an ambitious plan to inoculate its population.
yoducts that have been approved Russia focuses on freeze-dried vaccine doses as

since 1995, around half have transport fix



In June, researchers from the NIH and Moderna made a manuscript
preprint of preclinical data for mRINA-1273 available on bioRxiv, an
open-access preprint repository. The preprint described Moderna’'s
coronavirus vaccine candidate as using delivery technology that appears
to be covered in the Arbutus patent that was upheld last week. The
preprint of the study that tested the vaccine in mice described the mRINA
for mRINA-1273 as being encapsulated into LINP “at molar ratio of
50:10:38.5:1.5 (lonizable lipid:DSPC:cholesterol: PEG-lipid).”

The first claim of the upheld Arbutus patent describes “a cationic lipid
comprising from 50 mol 26 to 65 mol 2 of the total lipid present in the
particle;” a non-cationic lipid comprising a mixture of phospholipid and
cholesterol, where the “phospholipid comprises from 4 mol 26 to 10 mol
26" and the cholesterol comprises “30 mol 26 to 40 mol %6;” and a

conjugated lipid “comprising from o.5 mol 26 to 2 mol 26.7

I a staterment to For-bes, Ranw Jordan., Wlioderna’™s chief corporate affairs
officer, said the June preprint describes data senerated ausing a preclinical
rescearch forrmulation of a SARS-CoW—2= vaccine thhat is mot thhe same as thhe

waccine itself.

“WWhile thhe aunthors of thhe preprint used the terrma "“TmIRIN A -1 27537 for
convenience of thhe reader, thhe preprint does not describe thhe oGWIP
PpProcess by wihich we malke ouur messenger RN A and TN P or thhe fimal druags
Prroduact composition in our cormmercial candidate (RN A-1=>73),7

Jordan wirrotbte i a statermernt.

WwWhen asked if Wioderna wolunlld provwvide thhe molar ratios at which
m RN A 1273 encapsulates its TL.INP, Jordan said, “"INope, we are ol

disclosing our proprietary ratios at this tirme.™
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The role of tritable lipids as Ph-
sensitive platforms to facilitate release Research Arics
of RNA from endosomes pH-Sensitive Liposomes

Chun-Jung Chu & Francis C. Szoka

= Pages 361-395 | Published online: 28 Sep 2008

&6 Download citation https://doi.org/10.3109/08982109409037050

Abstract

PH sensitive liposomes are lipid compositions that can be destabilized when the external pH is
changed; usually from a neutral or slightly alkaline pH to an acidic pH. They are designed to
circumvent delivery of liposome contents to the lysosomes of cells following internalization of the
wvesicle via the endocytic pathway. In the majority of compositions, a lipid containing a pH titratable
group is mixed with phosphatidylethanolamine containing unsaturated acyl chains in a molar ratio
(pH sensitive component/PE) of 1/4 or greater. There are five major groups of
phosphatidylethanolamine containing pH-senstive lipid compositions. These can be classified by their
acid-titratable component: phospholipids, acylated amino acids, fatty acids, cholesterol derivatives
and miscellaneous double chain amphiphiles. The biophysical mechanism of action involves a
transition of the lipids from the lamellar phase to the hexagonal phase. In cell culture, pH sensitive
wvesicles can increase the delivery of fluorescent markers, proteins, cytotoxic compounds, RNA and
DMNA into the cytoplasm. The mechanism of delivery is suggested to involve the destabilization of the
liposome in the endosome as the pH is reduced from 7.4 to 5.0 and subsequent destabilization of, or
fusion with, the endosomal membrane; some of the liposome contents are introduced into the

cytoplasm. INn most cases, the extent of liposome contents delivery into the cytoplasm is less than 1%




Article ‘ Open Access ‘ Published: 12 July 2019

Inside out: optimization of lipid nanoparticle
formulations for exterior complexation and in vivo
delivery of saRNA

Anna K. Blakney, Paul F. McKay, Barbara Ibarzo Yus, Yoann Aldon & Robin J. Shattock & Mol Ther Nucleic Acids. 2017 Sep 15; 8: 450-468. PMCID: PMC5545769

Gene Therapy 26, 363-372(2019) | Cite this article Published online 2017 Jul 25. doi: 10.1016/j.omtn.2017.07.013 PMID: 28918045

14k Accesses ‘ 16 Citations ‘9 Altmetric ‘Metrics

Cationic Nanoliposomes Meet mRNA: Efficient Delivery of Modified mRNA

approved small-interfering siRNA therapy. Here, we compared LNP formulations with cationic and

ionizable lipids with saRNA either on the interior or exterior of the particle. We show that LNPs Using Hemocom patlble and Stable VeCtOI"S for Therapeutic Applications
formulated with cationic lipids protect saRNA from RNAse degradation, even when it is adsorbed to

the surface. Furthermore, cationic LNPs deliver saRNA equivalently to particles formulated with saRNA T_ﬂtimﬂ %H-Uﬂ.‘l w,u Sabrina Reinhardt,’ Martha L. Salinas MEdina:1
encapsulated in an ionizable lipid particle, both in vitro and in vivo. Finally, we show that cationic and Julia Kurz,1 Martin S(.‘.haller,3 Meltem AVCi-Adali,1 Christian Schlensak,1 Karlheinz Peter,2’4 Hans Peter Wendel,w
ionizable LNP formulations induce equivalent antibodies against HIV-1 Env gp140 as a model antigen. Xiaowei Wang,2’4'5 and Stefanie Kraj%skit&*

These studies establish formulating saRNA on the surface of cationic LNPs as an alternative to the
paradigm of encapsulating RNA. » Author information » Article notes » Copyright and License information Disclaimer
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Detailed Description of the nanotechnological platform

Soft Machines

Some personal views on nanotechnology, science and science policy from Richard Jones

Nanomedicine comes of age with
mRNA vaccines

The details of this technology are complex, though. I believe the BioNTech,
CureVac and Imperial vaccines all use the same delivery technology,
working in partnership with a Canadian biotech company Acuitas
Therapeutics. The Moderna vaccine delivery technology comes from that
towering figure of nanomedicine, MIT’s Robert Langer. The details in each
case are undoubtedly proprietary, but from the literature it seems that both
approaches use the same ingredients.

The basic membrane components are a phospholipid analogous to that
found in cell membranes (DSPC — distearoylphosphatidylcholine), together
with cholesterol, which makes the bilayer more stable and less permeable.
Added to that is a lipid to which is attached a short chain of the water-
soluble polymer PEO. This provides the nanoparticle with a hairy coat,
which probably helps the nanoparticle avoid some of the body’s defences by
repelling the approach of any macromolecules (artificial vesicles thus
decorated are sometimes known as “stealth liposomes”), and perhaps also
controls the shape and size of the nanoparticles. Finally, perhaps the crucial
ingredient is another lipid, with a tertiary amine head group — an ionisable
lipid. This is what the chemists call a weak base — like ammonia, it can
accept a proton to become positively charged (a cation). Crucially, its charge
state depends on the acidity or alkalinity of its environment.

Cont. next slide

To make the nanoparticles, these four components are dissolved in ethanol,
while thhe RINA is dissolved in a mildly acidic solution in water. Then the two
solutions are mixed together, and out of that mixture, by the marvel of self—
assembly, the nanoparticles appear, with the RNA safely packaged up inside
them. Of course, it’s more complicated than that simmple statement makes it
seem, and I’'m sure there’s a huge amount of knowledge that goes into
creating the right conditions to get the particles yvou need. But in essence,
what I think is going on is something like this.

VWhen the ionisable lipid sees the acidic enwvironment, it becomes positively
charged — and, since thie RINA molecule is negatively charged, the ionisable
lipid and the RINA start to associate. Meanwhile, the other lipids will be self—
organising into sheets two molecules thick, with the hydrophilic head
groups on the outside and the oily tails in the middle. These sheets will roll
up into little spheres, at the same time incorporating the ionisable lipids
with their associated mmRINA, to produce the final nanoparticles, with the
RINA encapsulated inside them.

When the nanoparticles are injected into the patient’s body, their hairy
coating, from the PEO grafted lipids, will give them some protection against
the body’s defences. When they come into contact with the membrane of a
cell, the ionisable lipid is once again crucial. Some of the natural lipids that
make up the membrane coating the cell are negatively charged — so when
they see the positively charged head-group of the ionisable lipids in the
nanoparticles, they will bind to them. This has the effect of disrupting the
membrane, creating a gap to allow the nanoparticle in.

This is a delicate business — cationic surfactants like CTAB use a similar
mechanism to disrupt cell membranes, but they do that so effectively that
they kill the cell — that’s why we can make disinfectants out of them. The
cationic lipid in the nanoparticle must have been chosen so that it disrupts
the membrane enough to let the nanoparticle in, but not so much as to
destroy it. Once inside the cell, the conditions must be different enough that
the nanoparticle, which is only held together by relatively weak forces,
breaks open to release its RNA payload.



It’s taken a huge amount of work — over more than a decade — to devise and There are also some quite specialised chemicals involved. I don’t know what
perfect a systemn that produces nanoparticles, that successfully envelopes will be needed for scaling up RNA synthesis; for the lipids to make the

the RNA payvload, that can survive in the body long enough to reach a cell, nanoparticles, I believe that the Alabama-based firm Avanti Polar Lipids
that can deliver its payload through the cell membrane and then release it.  has the leading position. This company was recently bought, in what looks
What motivated this work wasn’t the idea of making an RNA vaccine. like a very well-timed acquisition, by the Yorkshire based speciality

One of the earliest clinical applications of this kind of technology was for chemicals company Croda, which I am sure has the capacity to scale up

the drug Onpattro, produced by the US biotech company Alnylam. This uses production effectively. Students of industrial history might appreciate that
a different RNA based technology — so called small interfering RNA (siRNA) Crodawas originally founded to refine Yorkshire wool grease into lanolin,
— to silence a malfunctioning gene in liver cells, to control the rare disease  so their involvement in this most modern application of nanotechnology,
transthyretin amyloidosis. More recently, research has been driven by the which nonetheless rests on fat-like molecules of biological origin, seems
field of cancer immunotherapy — this is the area for which the Founder/CEQ duite appropriate.
of BioNTech, Ugur Sahin, received substantial funding from the European
Research Council. Even for quite translational medical research, the path
from concept to clinical application can take unexpected turns! The paper describing the BioNTech/Pfizer vaccine is: Phase I/II study of

We all have to hope that the BioNTech/Pfizer vaccine lives up to its promise, COVID-19 RNAvaccine BNT162b1 in adults.
and that at least some of the other vaccine candidates — both RNA based anc
more conventional — are similarly successful; it will undoubtedly be good ta

References.

The key reference this paper gives for the mRNA delivery nanoparticles is:
Expression kinetics of nucleoside-modified mRNA delivered in lipid

have a choice, as each vaccine will undoubtedly have relative strengths and
weaknesses. The big question now must be how quickly production can be

nanoparticles to mice by various routes.

scaled up to the billions of doses needed to address a world pandemic. The process of optimising the lipids for such delivery vehicles is described
One advantage of the mRNA vaccines is that the vaccine can be made in a here: Rational design of cationic lipids for siRNA delivery.

chemical process, rather than having to culture viruses in a cell culture,
making scale up faster. Of course there will be potential bottlenecks. These
can be as simple as the vials needed to store the vaccine, or the facilities
needed to transport and store them — especially acute for the
BioNTech/Pfizer, which needs to be stored at -80° C.
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THE FIRST REGISTERED COVID-19 VACCINE

Two-vector vaccine against coronavirus

Vector creation First vaccination Second vaccination
A vector is a virus that lacks a gene VYector with a gene coding S protein Repeated vaccination takes place
responsible for reproduction and is of coronavirus gets into a cell in 21 davs

used to transport genetic material
from another virus that is being . cCELL CELL

vaccinated against into a cell. \/
The wvector does not pose any hazard ‘_‘1\‘ /—

to the body. The vaccine is based on

an adenoviral vector which nmnormally

causes acute respiratory viral

infections ADS

SARS-COV-2

ADZ2Z6
GENE CODING GENE CODING
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THE SPIKE
CONSISTS
OF S PROTEIN
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The body svynthesizes 'S protein , The vaccine based on another
iNn response, the production adenovirus vector unknown
of immunity begins to the body boosts the immune
response and provides
for long-lasting iMmMmunity
ADENOVIRUS ADENOVIRUS
VECTOR 1 VECTOR =
ADZ28 ADS
A gene coding (S protein of SARS-COWV-2
spikes is inserted into each vector. . .
The spikes form the “‘crown” from which The use of two vectors is a unique technology of the Gamaleva
the virus gets its name. The SARS-COV-2 Center making the Russian vaccine different from other
virus uses spikes to get into a cell adenovirus vector-based vaccines being developed globally



Which is the scientific approach to define the term DRUG ?
WE SHOULD BE AWARED ON TERMINOLOGY SUCH AS
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Aodalela papUaKwWVY
Meteykpltikn mapakoAovOnon




YHMANTIKEZ HMEPOMHNIEX

1848

To teplodikO Lancet CUAAEYEL OTOLXELX TIOV CLPOPOVV 6TOV BAVATO
a00evoug LETA amo avaloOnoia.

1906

H Opoomovdiakn Yrimpeoia EAEYX0U TPOPIUWY KAL QAPUAKWV TWV
HIIA, amattel v ‘Kabapotnta’ amnd TPoouUIEELS TwV
POPUAKEVTIKWYV TIPOLOVTWV.

1937

211§ HITA ava@epovtal 107 Bavatol Aoyw AavBacuevng xpnong e
SLEBVLAEVOYAUVKOANG YL TNV SLKAVTOTIOM 0T TNG COVAPAVIAAULONG.




1959-61

Kataotpo@ikd amoteAéopuata TG BaAtdouiong pe peyaAtepo
T0000TO otnV ['eppavia.

1962

Z1is HITA n vopoBeoia amaltel TNV TEKUNPLWOT TNG ACPAAELNG KAL
OTIOTEAEOUATIKOTN TG TWV PAPUAKWV TIPLV TNV KUKAO@POPix TOUG .

1964
To Hvwpevo BaoiAelo kaBiepwvel v
1967

Ztov [laykoouio Opyaviopo Yyeiag dSnuovpyeitat to Alebveg
[Ipoypapua TapakoAoVONoN G TWV @APUAK®Y LETAE TNV KUKAO@OpPLX
TOUG OTNV ayopd.
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H &1e§aymyr) RAWVIK®OV pedetav arotelel ) Baon yia ) diepeUvnon thg ac@aieiag Kat
G AMOTEAECPRATIRKOTATAG IOV QAPUAKEUTIKAOV TPOIOVIOV Tou rpoopilovial ya
avBpwrtvn Xp1 o).
I'ia to A0yo auto To VOPOoOeTIKO MAaiolo Mou Ti§ opifel MPEMEL va £1val Auotnpo
Kdl KO1vo o€ 0Aa ta rKpatn-péAn wng Evponaikng Kowotntag, £€tol oote va
6ieuroAuvetal n a§loAoynon Kai va npoaocmnidetal n ac@aidsia twv Evponaiov
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Meta 1o NEPAG TOV RKALVIKOV

KYKAO®OPIA NEOY HEAETAOV yia TV £yKpion

$APMAKOY STHN ATOPA | TnS KukAo@opiag @apparou
yvopifoupe moAAd...




...0AAQ unapxouv Kat aAAa nou
MPENEL va diepeuvnOdouv

Otav nepaocetl otnv

KAWIKI TIpAdn..




PAPMAKOEIIATPYIINHZH

EINAI O ENIZTHMONIKOzZ TOMEAZ TH2 NAPAKOANOYOH2ZH2 TH2
AZDAAEIAZ TON DAPMAKQN KAOGQZ KAI TQN AIAAIKAZIQN TIA
THN EAAXIZTOMNOIHZH TOY KINAYNOY KAI THN BEATIQ2zH TQN

OEPAMNEYTIKQN ANOTEAEZMATQN AMNO TH XPHzH TOY2




1

Kivéuvo

Y KOmOg TNG PuproKOETAYPLTVIONG

Na ©Swao@aldicer ottt vywa Ta
KURKAO@OPOUVTA (PAPHAKA, TA OWEAN
UNMEPTEPOUV TOV KIVOUV®OV

« AogOceveig
 EnayyeApatieg Yyeiag

¢ PAPPUARKEUTIREG ETALPELEG
« Opyaviopoug PApHAK®V

EXEI ZAN XTOXO

Tnv tovtonoinom TV vE®V aveTIBOUNTOV EVEPYEILDV

Tnv aceain ypron Tov EopUAK®Y HE TNV TPOANYN TV ALE

Tnv 16vpomoincN TS ACEAAOVS YPNOTS TOV POPUAK®OV GTNV KAIVIKT
TPAEN (Kol 6TIC KAVIKEG LEAETEQ)

Noa dtac@aiicel OTL 0 GLVTAYOYPAPOV Kot 0 acBeviig £xovv OAN TNV
AmOPOLT TN TANPOPOPNOT Y10 TNV AGPAAT] XPTGT] TOV QPUPUAKOV




ADR (ANETMIGYMHTH ENEPTEIA ®APMAKQY): EINAI OPOZ
MOY TEPITPADEI TIZ ANENMIOGYMHTEXZ APNHTIKEZ
2YNEMNEIE2Z 2XETIZOMENEZ ME THN XPH2H AEAOMENOY
DGAPMAKOY.

SIDE-EFFECT (MAPENEPTEIA) MIMNOPEI NA AMTOAOQGEI 2AN
OPO2 MNOY XAPAKTHPIZEI KAl MIMOPEI NA OAHIH2EI 2E
AMNOTEAEZMATA AMO MH KATAAAHAH H MH OPOH
AOZONOTIA H AIAAIKAZIA KATA THN XOPHIHZH TOY
OAPMAKOY. MIMOPEI NA ANOAOQGEI KAl ME TON OPO
IATPOTENHZ" AIOTI MMOPEI NA O®EIAETAI ZE IATPIKO
AAOOZ KATA THN OEPANMEYTIKH ArQrH




A

A.E nou 8ev aveupiorovtal 0€ RKALVIREG PEAETEGQ
MPLV TNV KUKAoO@opid ToOU (PAPHAKROU:

A.E pe pakpa nepiodo AavOavouoag Kataotaong

A.E nou spgavidovial Jeta ano parpa €éKk0eon oto @apparo
A.E A0Y® PHAKpAG OUCCOPEUONS

A.E A0Yy® RKAKNG XPNoNng I KATAXP101g TOU (PApPRAKOU

A.E mou pipouvtal OuUXveg nadnoeig

Atopa ouxva anorAciovtat ano ti§g KAwvireég peAéteg (pn
NMANPNS AVIUIPOOWIIEUCT Tou NAnOuopou), onwg:

Néot

Atopa pe ouvaroAouBsg nadrosig
HAKloOpEvVol
* RapSronabdera
T'uvaikeg pe pikpa nawdia * vepponaOeia
s nratonadsia
'Eykueg
ATOpa PE EYRATECTNHEVI (PAPPRAREUTIKY] AYWOYR

ApKetEg eOVIREG Opadeg




Opiopol pe Baon tn NopoBeoia:

AVETLOUUNTT) EVEPYELX: [Lot ATIOKPLOT OE Eva @APUaKO TToV elvat eTtBAaBric Kol akovola.

YoBapn avemOUUNT EVEPYELA: 1] AVETLOVUNTY EVEPYELA TIOV ETILPEPEL BAvaTo, OETEL o€
Kivéuvo ™ (wn Tou aoBevolG, ATHLTEL VOCOKOUELAKN VOONAELX 1] TTAPATACT) VOGOKOUELAKNG
VOOonAElaG, odMnyel o€ POVIUN 1] ONUOVTIKY avamnpla 1 avikavotnta, 1 eK@PAleTal Ue

oLYYEVH avwUoAla/Slapaptio SLAMAACEWS.

M1 QVOUEVOUEVT] QVETOVUNTT) EVEPYELX: ] AVETLOVUN TN EVEPYELX TNG OTOlOG I VO, N
oofapOoTnTa 1) TO ATOTEAECUA OEV VAL CUUPWVA PUE TNV TEPIANYN TWV XAPAKTNPLOTIKWY

TOV TPOiOVTOG.

METEYKPLTIKY] UEAETN) AOQ@UAELAG: OTOLASNTIOTE WUEAETN) OXETIKA WE EVA EYKEKPLUEVO
@APUAKO, IOV SLEEAYETAL UE OKOTIO TNV AVIXVELOT], TO XAPAKTNPLOUO 1) TNV TTOCOTIKOTIOMON
EVOG KIvOUVOU ac@oaieiag, v emiBefaiwon Tov TPOPIA ao@AAEING TOV PUAPUAKOV 1) TN

LETPT O TNG ATOTEAEOUATIKOTNTOG TWV LETPWV SLayEIPLONG TOV KLvSUVOU.
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KATHI'OPIOIIOIHXH TQN ADR

TYMNOL A TYMNOL B TYNOX C TYMNOLX D TYMNOL E TYMNOL F

ENTAYEHMENO ATIOTEAEZMA AOT'Q
®APMAKOAOTITKO XPONIO TEPMATIEMOY
AHOTEA;EBS?EAEZMA AMIOTEAESMA ! @EPAIIEIAX
KAOYXTEPHMENO AIIOTYXIA GEPAIIEIAX
O®PEIAOMENO XE ATIOTEAESMA
IAIOXYT'KPAXIA

XPHZIMH OPOAOI'TA OPQN THZ ®APMAKOENAIPYINNHzZHz

*OPEAOX: XAPAKTHPIZEI THN AIIOAEAEII'MENH OEPAIIEYTIKH AZIA ENOX I[TPOIONTOZ

*KINAYNOZX : EINAI H ITIGANOTHTA NA YITAPZEI BAABH, KAI XYNHOQX EKOPAZETAI AN % H O AOI'OX THXZ
EM®ANIXHXE ANEITIIOYMHTHX ENEPI'EIAX

*BAABH: H ®YXZH KAI TO METE®OXZ THX BAABHZX. AEN IIPEIIEI NA XYT'XEETAI ME TO RISK

*EFFECTIVENESS: EINAI OPOX IIOY EKOPAZEI THN EKTAXH XTHN OIIOIA AEITOYPI'EI ®@EPAIIEYTIKA 'ENA
GAPMAKO KATQ AITO ITPAI'MATIKEY 2XYNOHKEY (KAINIKH ITPAKTIKH, 6yt KAINIKEX MEAETEY)

*EFFICACY: XPHXIMOIIOIEITAI AN OPOX IIOY EK®PAZEI THN EKTAXH XTHN OIIOIA AEITOYPI'EI
OEPAIIEYTIKA'ENA ®PAPMAKO KATQ ATTO IAANIKEY 2XYNOHKEX (KAINIKEX AOKIMEY)




Emtittedo coBapotntag

EIIIITIEAO XOBAPOTHTAX A.E

ETumtédo coBapotnrag

EmBefAnuévn n un Sta@opomoinon ot BEPATEVTIKY AYWYT UE «OTIOTITON»
yw AE @dappaxo.

AAdayn ot SocoAoyla 1) 0TI GUYXVOTNTA XOPNYNONG TOU QUPUAKOV,
Xwplg TV VUmapén avtidotov 1 BepamELTIKNG AYyWYNS Yl T
OUYKEKPLUEVA CUUTITOHATA.

EmiBefAnuévn aywyn (mpdcobetn ywx tnv avrpetwmion twv AE) 7
SLAKOTIN TNG XOPNYNONS TOU PAPUAKOU.

YymAotepo emimedo @povtidag.
[IpokAnon poviung PAGPNS otov acBeviy 1 ONUAVTIKNG OLUOSUVAULIKNG

aoctabelag.

Apecan Euueca £XoVv WG amoTéAeTUA To Bdvato Tov acHevoUg.

* To emimebo 1 wg 3 agpopouv A.E pe pikpo Oeikin ocofapointag, evw
uynAo 6eiktn coPfapotntag sp@avifouv ot A.E 1ou katnyoplorotouvial otd
ernineda 4 wg 6.

* Ref. Pediatrics Vol. 118, (2), 2006




H ®APMAKOEIIATPYIINHZH XTHN E.E
OYXZIAXTIKA AIAXEIPIZETAI AITO TON
E.M.A O OIIOIOZ EXEI THN
YIIEY®OYNOTHTA THX AIATHPHZIX KAI
ANAIITYEHY BAXHYX AEAOMENQN I'TA A.E.
YTHN E.E. TO ZYXTHMA KAAEITAI
EUDRAVIGILANCE KAI ITEPINAMBANEI
BAXEIX AEAOMENQN I'TA A.E. TOXO XTON
ANGOPQITIO OX0 KAI XTA ZQA.

OI KANONEZ ITOY KA®OPIZOYN TON OPO ®APMAKOETIATPYIINHEH ME BAXH TO
KEIMENO T'IA TH EYPQITAIKH STPATHTIKH I'TA THN ITPOLTAZIA THE YTEIAZ
(BpuSeAAeg 5-12-07)

[TEPINAMBANONTAI

KOINOTIKO KQAIKA TIA TA ®APMAKEYTIKA ITPOIONTA TIA AN®PQITINH XPHZH

TIZ PYOMIZEIZ TOY EYPQITAIKOY KOINOBOYAIOY KAI THE EYPQITATKHE EMITPOIIHE I'IA TA
KENTPIKQY ETKEKPIMENA ®APMAKA

TIZ TPOIIOIIOIHZEIE THE EYPQITAIKHE EIIITPOITHE
EYPQITAIKEY OAHTIEY




AIEONHX CTYNEPT'AXIA £TO IIEAIO
THYX $PAPMAKOEIIAT'PYIINHZHY

H AIEONHZ ZYNEPI'AXIA £¥TO ®GEMA THX
DGAPMAKOEIIATPYIINHZHY YITOXTHPIZETAI AITO TO
INTERNATIONAL Drug Monitoring Programme MEXA

AITO TO OIIOIO > AITO 80 XQPEX ZYNEPT'AZONTAI MEXQ
THY WHO KAI ANA®EPOYN H ENHMEPQNONTAI T'TA
ADR . H E.E EXEI EIIIZHY TO AIKO THX XYXTHMA
ENHMEPQXHX

Upsala Monitoring
Centre

i

OI ZYNEPTAZOMENEZXZ XQPEX
ENHMEPQNOYN TO KENTPO
IIAPAKOAOY®GHZHX ADR TO OIIOIO
BPIZKETAI ZTHN UPPSALA KAI OI
ANA®OPEX ZXETIKA ME TA ADR
KATAXQPOYNTAI ZE AIEONH BATH
AEAOMENQN THZ WHO.

International Society of
Pharmacovigilance

i

H International Society of
Pharmacovigilance ([SoP) EINAI
AIEOGNHXZ MH KEPAOZKOIIIKOX

ETIIXTHMONIKOZ OPTANIZMOZX KAI
EXEI AN £TOXO THN
ETIIXTHMONIKH ENHMEPQXH *E
OEMATA AZPAAEIAY TON ®PAPMAKQN
ZE OAEZ THX XQPEX




Svupuva pe uia poopatn ueAetn (Rottenkolber et. Al ,2011), SramotwOnke
0Tl

TO ALECO KOOTOC Yia TN Beparmeia piag avemOvuntng evEPYELag avEPYETAL OTA
2250 € yia kaOe acOev).

To OLVOAIKO AUECO KOOTOC LITOAOYICETAL OTA 434 ekatouuvpla € 1o Xpovo.

A0 auTtd, T0 20% TV AVEMOLUNTOV EVEPYEIWV UITOPOLV va stpoBAe@Oovv
kat va e€otkovounBotv 87 ekatopuvpia € 1o Xpovo.

Tu deLXvouv oL LEAETEC...

H peA&tn eAafe xwpa ammo 1-1-1995 wg Ti¢ 31-12-2004 oto Miller Children’s
Hospital, Long Beach, California.

AmtoteAéopata:
Kataypagprn 1087 A.E

O meproootepec ALE tponABav amo tnyv xpnon aviiPlotikov (e101kotepa amo
JEVIKIAALVEC, Kagpaioomopiveg kol favkouvkivn) kat ntav ovvnOwg rmec.

Ao mo1oug ponABe autr) n Kataypaen;

To 89% T1wv avapopwv Twv A.E TTpayuatorroinénke
ATTO paApPHAKOTTIOIoLGS, TO 10% ATTO VOONAELTEG.




/ NEA NOMOOEXIA IT'TA THN PAPMAKOEITATPYIINHXH

U

Me Baon v Odnyie 2001/83/EK (Evporaikod KotwvopfovAiov) tov Xvupoviiov g 6n¢
NoeguBpiov 2001 nepi Kowotikod Kmndwka yia ta @dpuoka wov tpoopilovtatl yio avOpomivi
ypnon, apbpo 101- 108 ) pe Pdon v omoio dnovpynbnke n Emtponry @opudkomv yio
AvBpomivn Xpnon kot M op.ado cvvtoviopov, Ba mpémel or Emutponéc avtég va didovv
EVOPLOVICUEVEG AmAVTNGELS o€ OAOKANPN TV 'Evoon oyetikd pe ta BEpata ac@arelog tomv
Qapudkmy Yo avBpomvn  ypnon, ue  Paon 1  ovotacelg e Emrpomig
D appoxkoemaypvTvions-AoAoynong Kivovvov 1 omoio, amotelel véa Emitponn pe Paon
tov véo Kavoviepdo EE apOp. 1235/2010 tov Evpomaikod KowvofovAiov kot tov
>vpPoviiov e 157 AexepPpiov 2010.

O KANONIXMOX 1235/2010

A@opa 6TNV QOPUAKOETOYPVITVION Y10 PAPLOKO aVOPOTIVIE XP1ONG KOl TPOTOLONEL TOV
Kovovioro 726/2004 mov agopd 6TV YOPNYNon AOE®V Kol ETONTEIS KUKAOPO PTG PaPUAK®Y
avOpOTIVNIG ¥pNoNS Ko ToL Kavoviopov 1394/2007 yia ta pappoka mponyuevey Bepameidy

Enmiong
Exd60nke Oonyia (2010/84/EE), tov Evpomaikov KovoBoviiov kot tov ZvuBoviiov tng 15
Agxeuppiov 2010 yia tnv tpomomoinon, 06ov apopd otnv PopUoKOETEYPOTVION, TNG 00N Yiag
2001/83/EK mepi Ko1voTIKoO KMOIKO Y10, T0 pAapuaka Tov Tpoopilovtal yio avOpmmvn xpnon.




A

Andovpon @apudkwv (otig HITA, and to 2000)

Lumiracoxib 2008
Aprotinin 2008
Tegaserod 2007
Ximelagatran 2006
Valdecoxib 2005
Pemoline 2005
Rofecoxib 2004
Levomethadyl 2003
Rapacuronium 2001
Cerivastatin 2001
Trovafloxacin 2001
Amineptine 2000
Troglitazone 2000

HtraToTogIkOTNTA

Ne@poToIkdTNTa KAl KAPdIOTOEIKOTATA
loxaipiké eTTeIcodIa

HtratotogikéTnTa

AeppaToAoyIKEG aveTTIOUPNTA CUPBAvTa
HtraToTogIkoTNTO

Opdéupwon

O@avatneopes Appubuicg

Kivouvog yia Bavatngopo BpoyXOdoTTacuo
PaBdouudAuon

HtraToTogIkOTNTA

HmratoTogIKOTNTA, AEPUATOAOYIKEG QVETTIOUUNTEG EVEPYEIEG.

HtratotogIkoTnTa

[Na kdmola aAAa @apuaka TTEPLOPLOTNKE 1) XP1ON TOL ATIO KATIOLEG OUASEG aoBEVWV 1)
AAAEav ol evdeiels Toug- Alooetpovn (Alosetron)

Mepikd @dapuoka amtoocVpONKAV KAl EMAVAKVKAOQOPTGAV UETAH ATTO KATIOLEG ETILITTAEOV
UEAETEG Kol PETA TNV AP ESIKWV HETPWV ACPAAELNG — Natalizumab amocVpOnke To 2005

Kol ETavakvkAo@opnoe to 2006




/7 Méxpt tov ZermépfBplo tou 2004, 20.000.000 acbeveig eixav AdBer o
eappaxko Pogexkodipmn. Me peom opo 100.000 aoBevov ot oroiot
avepepav rpoPAnuata kapdiodoyika n eykepalika emneioodia, to 20-30 %
oOnynOnke otov Bavaro.

H Po@ekodipnn xapakinpioOnke o¢ @Aapluako—Kartaorpo@n otnv 1otopia
tov H.IT.A , io00g Kat 0AOKANPouU To KOGHOU.
O1 tpeig COX-II avaoctodeig Valdecoxib, Celecoxib, xat Rofecoxib

KaAurttouv 10 8% otig avapepopeves A.E  oto ouotnua Adverse Event
Reporting System (AERS)/ FDA .

Ta arotedéopata ard v xXprjon v napanave COX-II avaotoAewv
agpopouoav toulaxiotov Noookopelakr) riepiOaAyn.

Il
Source: Adverse Event Reporting System, USA FDA, 2004 Q1 to Il O
2006Q4. o
o |
84 Pogexo&iumn
[e] o
LU OaAidopisn Zemtéufprog 2004

Askastia 1960

dapuakoemaypvTVNoN
To "mondrd" g Oaiidopiong.

K «H PAPMAKOENAIPYINNHZH EINAI KAOHKON OAQN MAZ2!» /




Epepaypa tou
Muokapbiou wg

AvermmBuuntn Evepyela.

Katnyopiomnoinon
pe Paon v
nNAkia tov
TEPIOTATIKDV

Katnyoptomnoinon
pe Baon 1o @ulo

Apaotkn Ovola Rofecoxib Celecoxib Valdecoxib
—————— ———
HEocReiion 17.519 1634 1047
puokapdiov
IRRRERRENERED LY LY
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Kalvotopec Oeparelec

KuttapoBepamneia
Foviblakn Oeparmeia
AvocoBepareia



EUROPEAN MEDICINES AGENCY

SCIENCE MEDICINES HEALTH

EMA/6865/2015
EMEA/H/C/002450

NepiAnyn EPAR yia To KoIvo

Holoclar
ex vivo dloykoUpeva autoloya avBpwniva enibnAiaka KUTTapa KepaToeidoug

nou nepiExouv BAaoTokUTTAPA

To napov yypago anotehei cuvoyn Tng Eupwnaikng Anuoaiag 'EkBeong AElohoynang (EPAR) Tou
Holoclar. Enggnyei Tov Tpono pe Tov onoio o Opyaviouog a&loAoynoe To ¢apuako npoToU €ionyndei Tn
xopnynon adeiag kukhogopiag atnv Eupwnaikn ‘Evwon kal 31aTUNWOEl CUCTACEIG OXETIKA WE TOUG OPOUG
XPNonG. Asv anogkonei aTnv napoxn NPakTIK®V CUMBOUAGV yia Tov Tpono xprong Tou Holoclar.

la NpakTIkEG NANPOPOPIEG OXETIKA HE TN XPAon Tou Holoclar, o aoBeveig npenel va oupBoulelovTal To
@UANO 03nYIWV XPrOoNG Nou CUVOJEUEl TO PAPHAKO M) va ENIKOIVWVOUV HE TOV yIaTpo 1) TOV (papuUakonolo
TOUG.

Therapeutic Indication

Treatment of adult patients with moderate to severe limbal stem cell
deficiency (defined by the presence of superficial corneal
neovascularisation in at least two corneal quadrants, with central corneal
involvement, and severely impaired visual acuity), unilateral or bilateral,
due to physical or chemical ocular burns. A minimum of 1-2 mm? of
undamaged limbus is required for biopsy.

What is Holoclar and what is it used for?

Holoclar is a stem-cell treatment used in the eye to replace damaged
cells on surface (epithelium) of the cornea, the transparent layer in front
of the eye covering the iris (the coloured part).

It is used in adult patients with moderate to severe limbal stem-cell
deficiency caused by burns, including chemical burns, to the eyes.
Patients with this condition do not have enough limbal stem cells which
normally act as a regeneration system, replenishing the outer corneal
cells when they get damaged and when they age.

Holoclar is a type of advanced therapy product called a ‘tissue
engineered product’. It consists of cells taken from the patient’s limbus
(at the edge of the cornea..dkpn tou kepatoeldoug xitwva) and then
grown in a laboratory so that they can be used to repair the damaged
corneal surface.

Because the number of patients with limbal stem-cell deficiency due to
burns to the eyes is low, the disease is considered ‘rare’, and Holoclar
was designated an ‘orphan medicine’ (a medicine used in rare diseases)
on 7 November 2008.



HOLOCLAR

EUROPEAN MEDICINES AGENCY

SCIENCE MEDICINES HEALTH

Tissue Engineeriggg

« EMA/6865/201
* ex vivo dloykoupeva autoloya avOpwriva ertBnAtoka kUTTApO
KEPATOELOOUC TTOU TIEPLEXOUV BAOOTOKUTTOPA
»stem cell-based therapy

» QVTLKOTAOTOON KATECTPAUUEVWV Ki-
KEPATOELOOUC

> LETPLO EWG ooPapr) PAACTOKUTTAPLKN OVETIAPKELA TOU The st and oy EMAspproved st
okAnpokepatoeldouc oplou

»ynpovon N Eykauvpa (...xnUKo)
...Orphan Medicine/Drug...

> HOLOCLAR



Holoclar® Manufacturing Process
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e Tpomoc Xpnong?

* Mnxawviopoc Apaonc?

* OdbeAn/Kivouvol (Cost-Benefit Ratio)?
*Eykplon?

* Métpa Aodpaleiac?




EUROPEAN MEDICINES AGENCY

SCIENCE MEDICINES HEALTH

EMA/449620/2017 EMEA/H/C/002736

MepiAnwn EPAR vyia TO KOIVO

Spherox

ogalpidia avepwnivwy, aAUTOAOYWV, OXETICOMEVWY HPE TN OegpeAila ouoia

XOVOPOKUTTAPWYV

To napov g&yypago anoTeAei ocUvown TNG Eupwnaikng Anpooiag 'EkBesocong A&ioAovynong (EPAR) Tou
Spherox. EnegEnyei Tov TpOno HPe TovV onoio o OpyaVvIoHOog a§ioAoynNoe TO pApHAKO mMpoToU €ionNynBei Tn
Xxopriynon adsiag KukAogopiag ornv Eupwnaikrf 'Evwon kal d1aTUNWOEl CUOTAOCEIG OXETIKA E TOUG OpouUg
XPNONG TOU. AEV ANOCKONMEI OoTNV NMapoxn MPAaKTIK®WV CUHMBOUA®Y yia ToVv Tpono Xprong Tou Spherox.

MNa NpakTIKEG NMANPOEPOPIEG OXETIKA HME TN ARQWN Tou Spherox, ol acBeveig npgnsl va cupBouAsedovTal To
PUAAO OodNYI®WV XPNONG N va €nikolivwvoUV LE TOV vIAaTpO N ToV (pappHakKornolid Toug.



SPHEROX

O

EUROPEAN MEDICINES AGENCY

SCIENCE MEDICINES HEALTH

» eVAALKEG
»TIEPLEY
» EMAVOPB e



SPHEROX
O

EUROPEAN MEDICINES AGENCY
SCIENCE MEDICINES HEALTH

e Tpomoc Xpnong?
* Mnxawviopoc Apaonc?
* OdbeAn/Kivouvol (Cost-Benefit Ratio)?
*Eykplon?
* Métpa Aodpaleiac?
™
Q.



EUROPEAN MEDICINES AGENCY Strimvelis is the first ex-vivo stem cell gene therapy to treat patients with a very rare disease called ADA-
SCIENCE MEDICINES HEALTH SCID (Severe Combined Immunodeficiency due to Adenosine Deaminase deficiency), a rare disorder
caused by the absence of an essential protein called adenosine deaminase (ADA), which is required for
the production of lymphocytes. Children born with ADA-SCID do not develop a healthy immune system
so cannot fight off everyday infections, which results in severe and life-threatening illness. Without
prompt treatment, the disorder often proves fatal within the child’s first year of life. ADA-SCID is
MepiAnwn EPAR via TO kKoIivd estimated to occur in approximately 15 patients per year in Europe.

EMEA/H/C/003854

Strimyvelis

KUuTTapilkKOo KAAoOMHA EHMMAOUTIOMEVO JME auToAlAova CD34+ kUTTapa, rnou rneEpliexel
CD34+ kUTTapa SIaHOAUCHEVAaA HE PETPOIIKO (pOopEd, O ONnoiog KWOIKOMOIEI TNV
avOpwrnivn aXAnNnAouxia cDNA ADA

To napov £yvypagpo anoTeAsi ouvown TNG Eupownaikng Anpoociac 'EkBsong AioAoyvynong (EPAR) Tou
Strimvelis. EnegEnNvsei Tov TPOMNMO HE TOV OMNMoio o OpydVIOHOG aSIoOAOYNOE TO pAPHAKO rnpoTtTouUu sionNynNBsi TN
XOoprRynNon adsiag KuKAo@gopiag ornv Eupowrnaikr 'Evamon Kkal S1aTUurnOoOEl COUOTAOEIG OXETIKA HE TOUGg Opoug
XPHNONG. AEV ANOOCKOMEI OTNV MNMAapoxrn MPAKTIKWYVY CUMHMBOUAMY YiAd TOV TPpOno Xprnong tTou Strimvelis.

Na NPakKTIKEG MANPOYPOPIEG OXETIKA HME T XPNon Tou Strimvelis, ol aoBseveig mnpEensel va cupdBouAsdovTdadl To
PUAANO OSNYIWV XPRNONG NMNou cuvodsUsl TO (PAPHAKO N vd EriKoiIvwvoUuyv HME TOV viaTpo | TOoV (pdpHAKOrnoio
ToOUuG.



STRIMVELIS O

EUROPEAN MEDICINES AGENCY
I

H

SCIENCE MEDICINES HEAL

« EMA/CHMP/249031/2016

* Kuttoplkd KAAOUO EUTTAOUTIOMEVO UE auTOAoya CD34+ kUTTOpa, TTou
neplExel CD34+ kuttapa SLALUOAUCHEVA UE PETPOILKO POpPED, O OTIOLOC
KwoLkomolel tnv avBpwritvn aAAnAovyia cDNA ADA

» OVTLUETWTILON TNG coBapric cuVOUAOUEVNC AVOCOOVETIAPKELOG AOYW OLVETIAPKELOLC
NG amnapwaonc tng adevoaoivng (ADA-SCID)

» ADA gival ouolwdouc onpaciag ya tn dtatnpenon Twv Lylwv AEUdOKUTTAP WY
» oTaviwg eMBLWVOUV yLa TIEPLOCOTEPO ATTO 2 TN

»oe aoBeveic mou dev pmopouv va umtofAnBoUV o€ PETAUOOXEUOT LUEAOU TWV
00TWV

» KUTTAPOL TN TIPOEPXOVTOL ATIO TOV LUEAO TWV 00TWV TOU (6Lou Tou aof -~

...0Orphan Medicine/Drug...




Gene Therapy for ADA-SCID
Patient with toxic
level of adenosine  Growing the T Infecting the T cell Human
+ deoxyadenosine cells in culture with LASN ADA cDNA
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EUROPEAN MEDICINES AGENCY

SCIENCE MEDICINES HEALTH

STRIMVELIS

* Tpomog Xpriong?
* Mnxaviopog Apaonc?

OdeAn/Kivbuvol (Cost-
Benefit Ratio)?

‘Eykplon?
Métpa AodpaAeiac?

Treatment

The treatment is personalized for each patient; hematopoietic stem cell
(HSCs) are extracted from the patient and purified so that only CD34-
expressing cells remain. Those cells are cultured with cytokines and growth
factors and then transduced with a gammaretrovirus containing the
human adenosine deaminase gene and then reinfused into the patient.
These cells take root in the person's bone marrow, replicating and creating
cells that mature and create normally functioning adenosine deaminase
protein, resolving the problem. As of April 2016, the transduced cells had a
shelf life of about six hours.

Prior to extraction, the patient is treated with granulocyte colony-
stimulating factor in order to increase the number of stem cells and
improve the harvest; after that but prior to reinfusion, the patient is
treated with busulfan or melphalan to kill as many of the person's existing
HSCs to increase the chances of the new cells' survival.

Side effects

The most common side effects in clinical trials were pyrexia, increased liver
enzyme levels, anemia, neutropenia, hemolytic anaemia, aplastic anaemia
and thrombocytopenia.




GLYBERA
O

EUROPEAN MEDICINES AGENCY

SCIENCE MEDICINES HEALTH

* EMA/670094/2015

e /1 1

* TUTApZALlOC.A g

ooola TayKpeaTitdag
»avuotnpen dlatta xapunAn o Autapd ofEa

»000evelc SlayvwoBEvTeg KATOTLV KATAAANAWY YEVETIKWY EEETACEWV
»epdavilouv aviyveuolpa enimeda AUTOMPWTEIVIKAG AUTAONG

...Orphan Medicine/Drug...




HERCEPTIN
O

AEDICINES AGENCY

MEDICINES HEALTH

Targeted Immunotherapy
* EMA/981900/2011

e TPpaoTOU{OUMAUTIN
» KOVLC ylal TNV Mapookeur] StaAupatog mpocg €yxuon (evotaiaén)
»SLaAupa yia urtodopla Eveon
»Bepamneia popdwv Kopkivou
S TIPWLHO KOPKIVO TOU POoTOU
¢ LETAOTATIKO KAPKIVO TOU HaoTOU
+* LETOLOTATIKO YOOTPLKO KOPKIVO
»otav €xeL amodeLyTeL OTL 0 KapKivoc epdavilel «umepeékdppaon tnc HER2»
, , , , IDPVGPDPDA
»1/4 xopkivwv Tou paotoul + 1/5 yootplkwy Kopkivwy

HUMANISED ANTIBODY



Herceptin is targeted therapy for HER2+ breast cancer

In praclinical
studies, Horceptin
was shown to
attach to HER2

receptors

A normal number of Too many HER2 receptors Herceptin may stop
HER2 receptors send send more signals, causing the HER2 receptors.
signals telling celis to cells to grow too quickly  from signaling the
grow and divide cell to grow

Targeted therapyis a type of medicine that is designed to attack specific cancer cells and can affect normal cells.
Normal cells also have HER2 (just not as much), so HER2-targeted therapies can also affect normal cells and can
cause side effects, including serious side effects.
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Kawotopa Qappakevtika Mpoiovra:

H mpwtn scmotnUoviK] nNUEPSa Y@ TA KAWVOTOMX @APUAKEVTIKA TPOIOVTH
TPpaypHatoTomOnke 6to Aovdivo otig 3 Amtpidiov 2009 kot SopyavwOnke anoé tov Evpwnaiko
Opyaviopo Pappdkwyv. (EMA) H nuepopnvia avtr) anoteAel 0poonpo kat onpatodoTel TNV véa
KatevOuvon yla TN OgpaATEVTIKY] TTIPOCEYYLOT] TWV VOO®WYV, TOV TTPOCAVATOALCUO TG OTOLNG

Ka00pilouv oL VEOL TOLELG TNG GUYXPOVIG EPEVVACS KL TNG TEXVOAOYLXG.
H véa smiotnuovikn Tpoodog otV KUTTUPLKY] Kal poplakn) Bloteyvoloyia odqynos otnv

avdmtuin mponypivwy OspamEwwy, OMw¢ 1 yovidiakil) Oepameia, 11 COMHATOKUTTAPLK)

Oepamela KoL 1) PNXAVIKT] TOV LOTOV.

AUTOGC 0 TIPWTOEPQPAVI{ONEVOC TOUENG TG PLOTATPLKNG TIPOCPEPEL VEEC EVKALPLEC Y TN

Oepamneia a6OEVELOV KAL SUGAELTOVPYLWV TOV AVOPWOTILVOV CWLATOG.




Tt elval n Bloteyvoloyia;

Bloteyvoloyia yapaktnpiletal n texvoroyia twv BloAoylkwyv SLEPYACLWV
LE XPNOY OPYOVICUWYV, YIX TNV KATOOKELYN 1| TAPAYWYY) XPNOUWV 1)
EUTIOPLKA OELOTIOMCLUWY OVOLWYV, KABWE KAL YLO TNV ToPOXT] UTINPECLWV
TPOG OPEAOG TOV aAVOPWTOL.

H Blotexvodoyla otmnplletal KuplwG O TEYVIKEG KAAALEPYELAG Kol

QVATITUENG TWV ULKPOOPYAVIOUWY KOL OE TEXVIKEG AVUOCUVOVAOCUEVOU
DNA.

O 6pog Broteyvoroyla XPNOGLUOTOWONKE YA TPWTN POPA ATO TOV
Ovyypo Kark Ereky to 1919, yia va meprypapel ™ «dadikaoia
TAPAYwWYn¢ TPOIOVTIWY A0 AKATEPYAOoTA VALka ue 1 fonbeia {wvtavwv
0PYQVIOUWV».

H Blotexvoloyia avadeEpetal Kal 0TOUC OPOUC

< y I

Biological Biological system Biomedical
engineering engineering engineering

Kal ECOPTATAI ATTO TNV XPNOoN Kal TNV €QAPUOYI TWV TTPOIOVTWY TNG
BioTexvoAoyiag




2€ TL XPNOLUOTIOLOVU LLE TNV BLlotexvoloyla:

TAN00G EQAPUOYWV OTIG ETOTNUES VYELXG ‘ AVTIKATAOTAON LOT®V
OTNV TIPooTACia TOV TEPBAAAOVTOG TPAVUATA TNG OTIOVSVAIKNG OTNATG,
OTN YEwPYLa, 0TV KTNVoTpo@ia kKat ot Blopnyavia.

EYKQUUATO KOl KapSLaKeG Tabnoelg

Kako1n0eLg voool- Kapkivog

ElGlKOTﬁpa Ta AgLTovpyla opydvwy - ATTOKATACTAGCT
bl 3% BAactokuttapa
S HUEAS TWV 00T®V - HETAUOOYEVOELG
elval yproa otnv Avayevvntikn latpikn l

HmopoLV va Bepameloovy Ta 00TA amd BAGBES eite Adyw NALKIAG E(TE AOY®W ATUXNUATWV
AVOYEVVTON KAL STULOVPYLA VEWY 00TWV KAl SOVTLWOV

1N Bepamela TwV VOoWV

ATIOKATACTAOT) KATEGTPAUUEVOU KOPSLHKOU LOTOU KL TOU VWTLAIOV HUEAOV

AVOYEVVI 0T EYKEPOALKWV KUTTAPWV




BIOTEXNOAOIKA ®APMAKA

Biotexvoloywka ¢adpuaka: @Ddppaka Twv omoiwv n Opactikn oucia eival
BlotexvoAoylkd Tmpoidv, TOU TAPACKEUALETAL | TPOKUTTEL amo €vav {wvtavo
OPYQVLIOUO KUPLWC HE TNV XPRON TNE TEXVLKNAC TOou avoouvduacopévou (recombinant)
DNA kot AAAWV BLOTEXVOAOYLIKWVY HECWV (VEVETLKN UNXOVLKN)

YriokaBlotolv 1 OUMMANPwWVOUV HLlad dUOCIK TPWTEIVN TIOU TOPAYETOL OTOV
avBpwrivo opyoviopo

> 400 okevdopata o€ KAWLIKN XpAon: -y

) Opuoveg (Augntikn oppovn, owpatootativn) Pharmaceutical

2 Napayovteg mRéng (nmapiveg, avtiBpoupivn) Biotechnology ’
1 Awportowntikot kat avéntikol mapayovteg (EPO, G-CSF) ™

) mAbs (anti-TNFs, rituximab, herceptin)
) EpPOALa, wtepdePOVEC ,IVTEPAEUKIVEG




Pharmaceuticals vs. Biopharmaceuticals (1):

Size (MW)

Source

Form

Dispensed by

Example

Pharmaceuticals

Small (<1000)

Chemical synthesis

Generally oral solids

Usually retail pharmacies

Lipitor (anti-cholesterol)

H Ca2*

F CH3
Q \NI CHa [Hzo}s

DOZZES

LIPITOR
MW = 558.64

Biologics
Large (>10,000)

Cultures of living cells

Often injected or infused

Often by doctors or hospitals

Herceptin (breast cancer)

HERCEPTIN
MW =
185,000



Pharmaceuticals vs. Biopharmaceuticals (2):

Acelylsalicylic acid 1gG1 antibody
Small molecule Biologic medicine

21 atoms > 20000 atoms

P P 4
Tre



OEPANEYTIKH MNPOZEITIZH THZ P.A

DISEASE MODIFYING ANTI-RHEUMATIC
DRUGS (DMARD:s)

PAPMAKA THXZ
KATHI'OPIAY TQN DMARDs

AZATHIOPRINE, CICLOSPORINE A,D
PENICILLAMINE
GOLD SALTS, HYDROXYCHLOROQUINE,
LEFLUNOMIDE
MTX, MINOCYCLINE, SULFASAZINE,
CYCLOPHOSPHAMIDE



http://en.wikipedia.org/wiki/File:Rheumatoid_Arthritis.JPG

OEPANEYTIKH NPOZEITIZH THZ P.A ouvexela,

Avtipetonon: BloAoyixkoti MAPAYOVTEG (nrovorAwvika
avtioopata nov prdorkapouv tov TNF 1 tov untoSoxea IL-6)

Tooo o€ KAWLKO 00O KOl O€ EPEVVNTLKO £TITESO £XOUV
XpnoLpormnornolnBel pexpl ocnuepa cav otoxoL otn P.A:

TNF-a (Infliximab, Etanercept, Adalimumab, Golimumab,
Certolizumab pegol)

IL-1 receptor (Anakinra)

T-cell costimulation (Abatacept)
CD20+ B cells ( Rituximab)

IL-6 receptor (Tocilizumab)

o€ cuvouaouo pe MZAD n per 0s YAUKOKOPTLKOELD)
SAANIES ‘EAeyxoG TOoU BLOXNULIKOU KATOPAKTH

DODAEFMONQAEIX E A HECW TWV KAOTIOLOWV YL TNV SLaKOT

NOZOYS nopaywyng IL-1B

BIOTEXNOAOTKA

Noavotexvoloyia + Blotexvoloyia
OAPMAKATIA ¢ hnitzler

syndrome

114




Avoooyovikotnta: acPpalela BLoteXVOAOYLKWV

bappAKwvY
AvVOoOyOoVIKOTNTA elvau n
Sduvatotnta TPOKANGNG f' 3 0/
0LVOOOAOYIKAC avTiSpaonC i
Ta  Blotexyvoloylkd  dappaka Antlge
OMOL&IOUV QPKETA e eVOOYEVELC F ‘"L’.if,"..f’,i"“
NPWIEIVEQ w °""°°"

B cells

To avBpwrmvo  aVOOOAOYLKO Mactivated Ty agu%gltlgd
ocUoTNHO eivat WSLaitepa \3 ' °""°°" N
OTLOTEAECUOTLKO otnVv Q holer J \'
avayvwpon  twv  dtadopwv e °°""“°° ) ey
avapeoo. ot  efwyevelc  kau &‘ \’ °2‘;};§°

gevdoyeveic mpwteiveg

Ot  SladopEc uropel  va
TIPOKAAECOUV OVOOOAOYLKEC
avtbpaoelg (cuvinBwc akivouvec,
gVLOTE OUWC coPBapEc)

*‘“ 4:

memory
cells

. 4 |
antibodies 7

memory
helper
T cells

matures
oloxic
cells

nonspecific
killers




Immunogenicity
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»

YY>THMATA XOPHITHZHZ OEPAMEYTIKQN
BIOAOTIKQN MPOIONTQON

H auvéavopevn 6waBeoipotnta otnv ayopd OepameuTikKwV BLOAOYLKWV
npotoviwv (8nA. BrotexvoAoylkwv GopHAKWY) ONMWE TIPWTEWVWY, TIENTLOLWVY
KOl OLVTLOWMATWYV, MPOCPEPEL EVA ONUOVTLKO OTTAO GTNV OVILUETWTILON TWV
VOOWV VW N 060G XOPNYNONG TOUC OIOTEAEL GNMUOAVTLKO TOMEQ EPELVVAC TOCO
ylo ta Akadnpaika I6pupata 6co kot yia tnv QapuokeuTiky Blopnyoavia.
2 NUOVTLKO TPOBANUA ATTOTEAEL N ATIO TOU CTOMATOC XOPHyNon ToUG, HLa Kol Ta
Oeparmevutikd avutd Tmpoiovta OSuUokoAa OSiamepvolv TNV erPAveLd TNG
OTOMOTLKAC KOWAOTNTAC Kol YEVIKA TIC BloAoyilkec pepBpavec. H svawobnoia
NG SOMNAC TouC Kal Kuplwe TN dtapopdpwaonc touc, odnyel oe SLAOTIACELC TWV
TMEMTWOWKWY  OeopwyV, TPWTEOAUON, ofcidwon K.o HE QMOTEAECUHA TNV
oUCOoWHATWON, KABilnon Kat TNV NPOKANon avoooanokplong. Ta moparnavw
npofAnuata onuatodotouv TNV evalocOnolol TwWV HOKPOMOPLWY OUTWV OE
oxéon Me T ovupPatikd Plodpactikd poOpla Kol aralttovv  wblaitepn
METaXELPLON Kol eMAoyn TG 080U xopriynong toug, Aappdavoviac un ‘oY
KoL TNV ToxXEla KABOPON TOUG OO TO NTOP ME QMOTEAECHA VA QTTALTELTOL
aroAvta eAeyxOpevn SocoAoyia.

9

BiBAioyp. K.wvoTtavrivog Agpétdog, ‘PapuakeuTiky Navotexvoloyia’'. Baolkég apxég kal e@appoyég ‘Ekd. Mapiaiavog 2014
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MINAKEZ ME BIOTEXNOAOTIKA ®APMAKA

Daoelg avantuéng ano Tou otopatoc (oral) xopnyoupévwy BLOAOYLIKWY BEPATIEVTIKWY
npolovtwy ta onoia Bpiokovtal o€ KAWVIKEG SOKLUEC

Etapeia IIpoiov ®don avantoéng
Emisphere Technologies Salmon calcitonin KAivikn ®aaon
Emisphere GLP-1 (Glucagon-like | KAivikn ®aon |
Technologies/NovoNordisk | peptide)

Emisphere Insulin

Technologies/NovoNordisk

Biocon IN-105 (Insulin conjugate) KAivikn ®aon 11l (lvdia)
KAivikn ®aon | (H.I1.A)

Fosse Bio-Engineering | Insulin KAivikn ®aaon

Development Ltd

Generex ORAL-LYN™ (buccal insulin | Eykekpiyévo  mpoidév  vyia

spray)

TTwANOn otV ayopd o€
TTOAEG XwpeG. [leipapaTiko
TTpoiov o€ H.IT.A

9
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A

Elontveopevec (inhaled) dappakotexvoloylkeg popdEC LVOoUALVNG

Alkermes Inc.

Etapeia IIpoiov ®daon avarToEng
Pfizer EXUBERAR Amdovpon Adym  youniov
TOACEDV
Novo Nordisk AERXx R Awxomry oe Khviky ®ddon
11
Eli Lilly and Company & |AIRR Insulin OloxAnpavetar 1 Kivikn

déon 11

MannKind Corporation Technospere R Insulin | Khvikny @aon 1l oe H.ILA,
System Aativikny  Apepikn Kot
Evponn
Baxter Recombinant human insulin | KAwvikn ®don |
inhalation powder
(RHIIP)based on Baxter’s
proprietary PROMAXX
formulation technology
Ventura &  MicroDose | QDose insulin EvOapuvtikd amotedéopata

Technologies Inc. EIOTTVEOLEVTC WWGOVMVYTG
TPOKELTAL VO, AVOKOIV®OOUV.
[Ipoomtikn KAMVIKOV
LEAETOV.

9

BiBAioyp. K.wvoTtavrivog Agpétdog, ‘PapuakeuTiky Navotexvoloyia’'. Baolkég apxég kal e@appoyég ‘Ekd. Mapiaiavog 2014

N




A

(nasal)

OeparmevuTikad BLOAOYLKA TTpOIOVTA XOPNYOUMEVO ATIO TNV PLVLKA KOWAOTNTA

»

Etapsia

IIpoiov

Ieprypo@i] Tov TPoiovTog

Sanofi-Aventis

Kryptocur R

Pwikn yopnynon  Luteinizing-

Hormone-Releasing  Hormone

(LHRH)

Novartis Miacalsin R Pwviky  yopniynon salmon
calcitonin

Unigene’s laboratories/Upsher- | Fortical R Pwvum — yoprynon salmon

Smith laboratories, Inc. calcitonin

Ferring Pharmaceuticals, Inc. Desmospray R Pk yopnynon desmopressin
(avérloyo ™m¢ 8-arginine
vasopressin (ADH)

Sanofi-Aventis Suprecur Buserelin (ayovietic g
LHRH)

Sanofi-Aventis Suprefact Buserelin (ayoviotig NG

LHRH)

KBlB)\loyp. K.wvoTavtivog Agpétog, ‘PapuakeuTikr) Navotexvoloyia'. Baoikég apxég kai epapuoyég ‘Ekd. Mapioiavog 2014




‘Patent expiration of biopharmaceuticals

Pioneer Indication(s) EU patent/market USA patent/market
company exclusivity expires exclusivity expires
Genentech Growth disorders Expired Expired
Abbott Ischaemic events Expired Expired
Eli Lilly Diabetes Expired Expired
Genzyme Gaucher disease Expired Expired
AstraZeneca Ischaemic events Expired Expired
Biogen / Hepatitis B and C Expired (France) Expired
Roche 2007 (Italy)
Serono AIDS wasting NA Expired
Eli Lilly Growth disorders NA Expired
Amgen Anaemia Expired 2013
Roche Anaemia Expired NA
Genentech Acute myocardial infarction Expired 2005
InterMune Chronic granulomatous disease Expired 2005, 2006, 2012
(CGD), malignant osteopetrosis

Genentech Acute myocardial infarction Expired 2005, 2010

. HIV Expired 2006, 2012

Anaemia, leukaemia, neutropenia Expired 2015




Reference Product

Somatropin
AvOooUVSLAOUEVN QUENTLKA

MPWTEIVN

Omnitrope® (Sandoz)

Genotropin® (Pfizer)

Valtropin® (BioPartners)

Epoetin alfa
EpuBpornountivn
TexvoloyLa
avaouvvdoacuévou DNA

Epoetin zeta
EpuBpormountivn
TexvoloyLa
avaouvdoaopévou DNA

Filgrastim
TexvoloyLa
avacuvdoaopivou DNA

Av&non twv oudetepoPAwv

Binocrit® (Sandoz)

Humatrope® (Eli Lilly)

Epoetin alfa Hexal®

Abseamed® (MAP)

Silapo® (Stade Arzneimittel)

Retacrit® (Hospira)

Eprex®/ Erypo® (J&J)

Biograstim® (CT Arzneimittel)
Filgrastim Ratiopharm®,
Ratiogastim®, Tevagrastim®

Filgrastim Hexal®,
Zar2|o® (Sandoz)

Neupogen® (Amgen)




fll M

2ZUVTOUN OVOOKOTINON TWV VEWV POPLIAKWY EYKEKPLUEVWY OTTO
FDA n pe Betikn elonynon ywa eykplon amo tov EMA to 2013

2013 : 81 @apuaka pe BTk €lonynon amo tnv CHMP.
2012 : 27 @appaka pe BeTikn elonynon amno tmv CHMP, tepimov 6ca kot to 2011

ATo Ta VEa @apuaka pe BeTikn elonynon amo tv CHMP yia to 2013, ta 38 siyav
EAPUAKOAOYLKA SPACTIKEG OVCIEG IOV ETALPVAV EYKPLON YA TPpwTH @opd ( 35 1o
2012), 20 yevoonua (Atyodtepa Twv TPONYOLUEVWY ETWV, 45 kat 57 yia to 2010
kat 2009, avtiotolya). Octikn elonynon eixav 4 Blo-opoeldn ek Twv omoiwv Ta VO
avtiypaga tov infliximab (Pwpilaomn kat pevpatostdn abpitida). Emiong to mpwto
OepamevTikO gUBOALO Ylot TOV KOPKIVO TOV TPOOTATH Tov €xelL N8N eykplBel otnv
Apepkn kot €xel OeTikn €worynon amo v CHMP (Provenge, TO 0Ttolo £X&L autologous
mononuclear cells ATMP) T0 HOVO UEXPL ONUEPA UE EVOELEN YLA TOV UETAOTATLKO
KOPKIVO TOV TIPOOTATN.

27 vea @appaka (New Molecular Entities) T0 1/3 Ttwv omolwy glyav véo unxaviopo
dpaong (First-in Class) EYKEKPLLEVA YIX KUKAO@OpPLX atto TOV FDA.

OEPATIEVTIKEG  KATNYOPIEG TWV @APUAKWY OaUTWV Eval: OYKOAOYLKA, TOU
QVATIVEVOTIKOU CUOTIUATOG, AVTL-UKA Kol Stafntn tumov 2.

O BaBuog kawotoplag eivat VYMAGG, VW OL TTWATCELS AVAUEVETOL VO EETTEPATOVYV
TO £va SLOEKATOUUVPLO SOAAAPLAL.




US Sales of Leading Biological Products and Earliest Reported Years of Patent Expiry

Earliest Reported Year

Drug Product Type Company 2011 US sales ($ mil) b K L Ekp ity
Humira (Adalimumab) Monoclonal antibody Abbott $3,531 2016
Enbrel (Etanercept) Monoclonal antibody Amgen $3,507 T ()
Remicade (Infliximab) Monoclonal antibody J&J $3,474 2018
Neulasta (Pedfilgrastim) G-CSF Amgen $3,316 2015
Rituxan (Rutuximab) Monoclonal antibody Biogen $3,005 2016-2018
Epogen/Procrit (Epoetin alpha) Erythropoetin Amgen and J&J $2,854 2013
Avastin (Bevacizumab) Monoclonal antibody Genentech $2,662 2019
Lucentis (Ranibizumab) Monoclonal antibody Genentech $1,767 2019
Herceptin (Trastuzumab) Monoclonal antibody Genentech $1,656 2019
Avonex (Interferon beta-1a) Interferon Biogenldec $1,558 2013
Rebif (Interferon beta-1a) Interferon Merck $1,056 2013
Aranesp (Darbepoetin) Erythropoetin Amgen $986 2024
Neupogen (Filigrastim) G-CSF Amgen $945 2013

Source: IMS Health; Epogen, Procit, and Aranesp are based on 10-K SEC filings given extensive rebates provided to dialysis centers and hospitals notcaptured inthe IMS audits.

Note:

1. Enbrel's patentexpiration was widelyreported as 2012, but based on November 2011 issued patent, Angen now claims protection until 2028.

2. Other top selling biologic drugs including the insulin products Humalog, Novolog, and Lantus, may lose protection from key p atents by 2016, but were approved through NDAs and are
eligible for approval under an abbreviated pathway through the Hatch-Waxman process.




MPOZOXH!

Ta Bro-opoeld1) Tpoiovta S&v elval yevoonua.

To kAaowko mapaderypua TS floicodvvapiag Sev pmopet va
EPUPLOCTEL o€ TIPOIOVTH BLOAOYIKNG TIPOEAEVOTG.

BLo-oposeLdn * evoonpa

o

ATro 10 2004 utrapyxel avolkt diafouAeuon artro Tov EMA kal odnyieg
( ) yia TNV dlaxeipnon Twv PIOOUOEIdWYV QAPUAKWY E OTOXO
TNV dnUIoUpYia VOPOBETIKOU TTAQICIOU yIa XPrOoN ATTo TOUG EYKPITIKOUG UNXAVIOUOoUG

Kal TTou 6a a@opd oTnv ACQAAEIa TNV TTOIOTNTA KAl TNV OTTOTEAECHATIKOTNTA TWV
TTPOIOVTWY AUTWV.

Ref. International Conference of Drug Regulatory Authorities (ICDRA), Seoul 2006.....global regulatory
consenseus and guidance on biosimilar products.



http://www.ema.europa.eu/

O WHO og obényla tou ywa tnv aélohoynon twv OMOEIAQN BIOOEPATMEYTIKQN
MPOIONTQN (Biosimilars), TO 2010, ANAQEPElI THN AZIOAOTH:H ME BAIH TA
QYZIKOXHMIKA XAPAKTHPIZTIKA KAI TA KAINIKA AEAOMENA TIA THN EIKPIZH
AAEIAZ KYKAODOPIAZ BIOOMOEIAOYZ OAPMAKQOY

Ta Bro-ouostdn mpoidovta eivat séaipetika SUokolo va eivai opota KAI AAYNATON
NA EINAI IDENTICAL (TAYTOTHMA)
H Svokodia apopd otV eMavaAnPiuoTnTa mov ocxETIJETAL UE TNV AELTOVPYIKOTITA
TOUG

H semavainyuotnTa tng AELITOVPYIKOT) TAC TAPOVOLA{EL SUOKOALEC aKOUX KAl
UETAéV TV TAPTISwY Tapaywyn¢ Tng idiag Biounyaviag kal yix T@ IpwTtoTUTTa
BLoteyvoloyika poiovta /




Different process = Different product

Similar to snowflakes, biosimilars from different manufacturers
differ from their originator biologic medicines and from each
other.

Original biologic Biosimilars




ug Discovery Today* Volume 17, Numbers 1/2 « January 2012

ELSEVIER

The regulatory framework of biosimilars
in the European Union

g
:
;
:

Paola Minghetti', Paolo Rocco’, Francesco Cilurzo', Lucia Del Vecchio? and
Francesco Locatelli?

" Department of Phammaceutical Sciences ‘P Pratesi’, Universitd degli Studi di Milano, via G. Colomba, 71-20133 Milan, italy
X Department of Nephrology, Dialysis and Renal Transplant, A. Marzoni Hospeal, Via dell Eremo 9, 23900 Lecco, Italy

One final issue is that of substitution and interchangeability,
where the term “substitution’ means automatic substitution at the
dispensing level, without affecting the freedom of physicians to
change a prescription on the basis of their knowledge and clinical

data, under their own responsibility. Without the knowledge of
the physician and patient consent, substitution should not be
permitted, because in addition to clinical concerns, it could lead to
difficulties in monitoring safety profiles of products compromising

pharmacovigilance programs.
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Blo-opoeldn

KAIvIKEG pEAETEG

[evoonua

o

Ol KANONIZTIKEZ AIATAZEIZ I'A TA BIOOMOEIAH PAPMAKEYTIKA

NMPOIONTA

4

Napadsiypa anoppung
Bloopoetdoug

COMPARABILITY EXERCISE

3

Tov loUALo 2011 o EMA (CHMP) aneppue 1 Bloopoeldeg

“ MOIOTHTA
% AZQAANEIA
% AMNOTEAEZMATIKOTHTA

KOl QTIECUPE 3.
L comparability exercises of Alpheon # Roferon -A

(reference) yia Bepaneia nmatitidag C.
3 formulation of Human insulin as biosimilar

formulation of Humulin

Ol MEAETEZ 2YTKPIZIMOTHTAZ (COMPARABILITY EXERCISES) ANADEPONTAI
3THN OAHTIA TOY EMA THZ EMITPOMHZ EFKPIZHZ NPOIONTQN

ANOPQMINHZ XPHZH2

Ref. Drug Discovery Today, 17 (1-2), 63-72, 2012 ; Clinical Therapeutics, 34 (2), 400-418, 2012
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A

0 poAoc T™NC PapuakevTIKNC Blopunyaviag

Ol  ouppoxlec  avapeoa  OTI(  CUMPATLKEC
dapuokoBLlOpNXAVIEC Kal TIC eTalpeiec Blotexvoloyiag
dev eival kalvoupylo GaLVOUEVO. ZTNV TTPOCTIABELA TNG
va YeULoeL Toug adelouc GaPLIAKEUTIKOUC aywyous TNG,
n Big Pharma €xeL ta teAevtaia xpovia otpadel o€
KOLVOUPYLEC eTALPELEC BloTeExVoAloyiac.

**OL koAooool Tnc DapUaKEUTIKNC Blopnxaviog €xouv
emidoBel o kaBe eldbouc ouvepyaoia, amo CUUHUOXLEC
yla tnv €kdoon aOELWV HEXPL TIC OVOLXTEC £EOYOPEC
LLLKPOTEPWY ETALPELWV. Exovtac Opwe emiyvwon Twv
coBapwv TOATIoUIKWY Sladopwv avapeoo ota Suo
eldn €TOLPELWY, EXOUV WC TWPA ATTOPUYEL TIC MEVAAEC
e&alyopec.

4 )
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20 February 2014
EMAS275542/20132
ommittes for Hurg

Medicinal Products (CHMP)

Agreed by Biosimilar Medicinal Products Working Party [EMWP) January 2014
Adopted by CHMP for release for consultation 20 February 2014
Start of public consultation 25 March 2014
End of consultation (deadline for comments) 30 June 2014

The proposed guideline will replace "Guideline on immunogenicity assessment of biotechnology-derived
therapeutic proteins' (EMEA/CHMP/42832/2005)




