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Jerome KIM (M| AMAR A AR S E:

Ot FSIA LI, Dean Junko Lee, the distinguished speakers, guests, it's my
pleasure to speak today at the Chey Institute for Advanced Studies webinar on COVID-
19 on the topic 'COVID-19 Vaccines: What Have We Learned?’ These are my
disclosures. This is the old paradigm and the new paradigm. What used to happen in
the past is shown on the left-hand part of the slide. We would hear about in outbreak.
Newspapers and radio and TV would talk about it. People would become aware of it.
Countries would become aware of it. Funders would become aware of it. By the time
we responded and by the time the companies started to get the wheels going on
vaccines, the epidemic would die down, the TV cameras would disappear, the funding
would disappear. And companies after time after time after time, without enough
funding to carry on vaccine research. We're not really interested in developing vaccines
for outbreaks. And that was the old pattern.

And you saw that almost in the Ebola outbreak in 2014. And that's shown in
red on the upper part of the panel. Oops. Sorry. On the upper part of the panel here,
the outbreak, the Ebola outbreak peaked at about 8 months after the start of the first
cases. By contrast, you can see in blue and actually to a different scale the number of
cases for COVID-19. What you see in the bottom panel here is a comparison of what
happened with regard to the declaration of public health emergencies and then very
importantly, the start of the first trials. So, you can see down here in blue, the first
case reported of COVID-19 and then the publication of the sequence less than a
month later, the development of the first vaccines and the first, the initiation of clinical
trials two months later or actually two and a half months later in March of 2020.
Compare that to what happened with COVID-19. It was 15 months from the start of
the outbreak to the, sorry, the initiation of VSV Ebola virus trial and phase three, and
70 months before the US FDA approved that vaccine. Within 14 months of the onset

of the COVID-19 pandemic, by contrast, we had 10 safe and efficacious vaccines. A
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really remarkable difference and really a very important lesson learned from previous
pandemics.

So, I'm going to sound a bit like Dean Lee here, that there is a light at the end
of the tunnel and the light has a vaccine in it. Or the big questions, though, still remain.
Can we prove that these vaccines work? Because really, we have two to four months’
worth of data at this point on safety and efficacy. Can we make it in significant
quantities? A very, very important question still a year and a half after the start of the
pandemic. And can we use this vaccine effectively in countries around the world? And
can we use the vaccine fairly?

So, with over 300 candidates, actually, | saw a slide yesterday, 317 candidates,
we have 10 safety and efficacy signals, and you can see them shown down below,
divided by the type of vaccine. Lesson number one, we can make a vaccine 11 months
clone to clinic or laboratory to licensure, as we sometimes say, it's really remarkable.
And for a person like myself who's worked on HIV vaccines, where we've known about
the disease since 1981 and we need to this day do not have a safe and efficacious
HIV vaccine, this timeline is remarkable.

The second thing that we've learned, and this is the advantage of working
together, the Coalition for Epidemic Preparedness Innovations (CEPI) started to fund
vaccines within three weeks of the publication of the sequence of the virus, a really
remarkable difference compared to what happened during the Ebola outbreak of 2014.
CEPI-funded vaccines are either through phase three and have been shown to be safe
and efficacious, or there's yet another one vaccine from CureVac and now several
other vaccines, including a vaccine from SK bioscience that are entering phase three
trials now. So, CEPI proved its worth by developing vaccines very rapidly before even
two to three months before US government funding appeared in Operation Warp
Speed.

But, really now getting past the efficacy question, how much vaccine can
actually be made? And, what you see here are projections of amounts of vaccines the
companies reported to UNICEF. And if you can see down at the bottom here, you see
H1-2121, H2-2121. What this means is that the companies that were queried by
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UNICEF said that they could make 12.6 billion doses this year. So, this is data available
on the UNICEF website. If you go to Chatham House, which is an independent source
based in the UK, they also estimated the amount of vaccine that might be available
by the end of the year using the reported numbers from vaccine manufacturers, 10 to
12 billion doses. Well, actually, and if you've done a calculation, 10 to 12 billion doses
is the number of doses we need to achieve herd protection worldwide. But, what we've
seen now is the reality of vaccine manufacturing. Not all companies can deliver what
they promised. And so what UNICEF did was in purple, they've listed the companies
that have WHO-approved products that have reported the amount that they can make.
And, so this might actually be a more realistic number, so that by the end of this year,
we might have five billion doses and by the, by 2022, another 11 billion doses. But,
you can see the projected number for 2022 is 30.2 billion doses, more than we need
to vaccinate everyone in this world twice over.

How is this possible? Since if you think about the big vaccine that the vaccine
made in the largest quantities, influenza vaccine made by a dozen companies around
the world, we make 400 million doses of influenza vaccine. By contrast, we are asking
companies around the world to make 16 billion doses of COVID-19 vaccine in the first
wave. And then, if we need booster doses, if we need variant vaccine doses, billions
more doses. So, what companies have done and | think SK and other companies in
Korea are making contracts to make vaccine for other companies. So, never before
have we had a situation where Merck, one of the major vaccine manufacturers, is
making a vaccine from Johnson and Johnson, which actually has a very small vaccine
portfolio, or Sanofi, a vaccine manufacturing giant, is making a vaccine from BioNTech,
a German biotech company. We have never seen this before, but this is a really
remarkable thing. And | think the Korean government is taking advantage of this,
because companies and countries that can make high-quality vaccine in significant
quantity have an advantage now, as we're trying to scale up global production of
COVID-19 vaccines.

But, manufacturing the vaccine is one thing, making sure that it gets out to all

the countries that need it is another, and every country in this world is threatened by

ﬂ
OpA
ret
1
>
o
=l
2
1
=
om

6/57



COVID-19. But, what we have now is a mechanism for near concurrent partial access
to vaccination. So, typically what happens with a brand-new vaccine is, it starts in the
high-income countries, and after a decade, maybe half of the people who need the
vaccine in low- and middle-income countries have actually received it. We don't have
the luxury of time. So, COVAX was developed and then approved by 189 countries
organized by CEPI, GAVI, and the World Health Organization. 90 countries will receive
the vaccine at no cost, a really remarkable thing. And in the first year they hope to
distribute two billion doses. That number is now higher. It's now over three billion
doses. So, roughly 30% of the need, if COVAX works, can be met in the first year in
countries low-, middle-, and high-income. A really remarkable change and the
advantage, again, of working together if COVAX works. The sad part of this is now on
the bottom. 10 million doses have been reserved primarily by high-income countries,
and the modelling suggests that the high-income countries use that vaccine
exclusively, then, global COVID deaths, now three and a half million deaths currently
will double, seven million deaths from COVID. And we cannot allow that humanitarian
catastrophe to occur. But, on the other side, other than the humanitarian issue, is an
economic one, 49% of the global cost of the pandemic in 2021. That's this year. So,
roughly four to five trillion dollars will be borne by high-income countries, by the
advanced economies if they persist in vaccinating their own populations first without
any consideration of equity. Actually, this was from the National Board of Economic
Review. The Brookings Institute and now the Office of National Intelligence in the
United States have said the same thing. There is an economic cost to not sharing
vaccine.

And finally, on top of the humanitarian and economic crises, failure to control
the pandemic will undermine, will generate mutants that undermine the efficacy of
vaccines. So, a biological crisis as well. We really do need to provide equity in the
distribution of vaccines. A final part of this is, you know, we are getting pretty good
at vaccinating children around the world. 80 to 85% of children around the world
receive the basic vaccines. But, now we're going to have to convert that extended

program and immunization for children into a universal program of lifetime
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immunization for adults. And maybe this will be something that survives the COVID-
19 pandemic, where now the elder get all the vaccines that they need. This is just a
quick view of all the vaccines, the 10 vaccines that have been shown to be safe and
efficacious with their efficacies listed in red and their approvals lifted on the, listed on
the far left-hand side of the panel here. Oops. What this panel, what this slide shows
is and something, again, that we hope will be one of the legacies of COVID-19, mRNA-
and adenovirus-based vaccines, which didn't really have good examples, good
platforms for approved use, now are approved by many regulatory authorities around
the world.

| think one of the other things that we've learned during COVID is the value of
the smaller companies. When you think about it, where are the major vaccine
manufacturers? Pfizer is partnered with BioNTech, which is a biotech company. Sanofi
is still catching up. It's right now making vaccines from Pfizer. GSK did not enter a
vaccine. Merck withdrew and is now making Johnson and Johnson's vaccine. Takeda,
Daiichi, Serum Institute are not really developing their own vaccine. What we're instead
dependent are on AstraZeneca, which is not a vaccine manufacturer using Oxford
vaccine. So, if Oxford is like a biotech company, AstraZeneca is actually making the
vaccine for them. Johnson and Johnson, not a big player in vaccine manufacturing,
but with a number of global health vaccines, a real commitment to global health.
Novavax, a biotech, Moderna, a biotech. The biotechnology companies were engines
for the development of vaccines against COVID-19, perhaps another example of
something that may survive the COVID-19 pandemic.

Now, quick little thing about IP, because there's been a lot of talk. Intellectual
property is one thing and it's complicated. And you can see these are the patents
around RNA vaccines, incredible. But, knowhow is a completely different thing and
this knowhow is far greater and actually far more important than IP for a vaccine. Why?
Because for vaccines, the process is the product. Vaccine manufacturing is a complex
process where quality makes a huge difference. So, the BioNTech process by report
has 50,000 steps. Just releasing the IP is not going to allow lots of vaccine to flood

onto the market in the next six months when we need vaccine the most. This is
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something that if we're going to do, we need to really talk about and get agreement
and alignment on intellectual property waivers. Finally, qualified regulatory agencies
like the Ministry of Food and Drug Safety in Korea are critical. You cannot have
companies not used to making vaccines regulated by organizations that are not used
to regulating vaccines in high quality to assure that vaccines are made reproducibly,
to assure people that vaccines are safe and efficacious.

So, these are some additional questions. And I've talked about them before,
but I'm running out of time. | notice I'm going to go through them kind of quickly.
We haven't really optimized either the dose or the schedule. So, you know that a lot
of the vaccines were tested in one-month schedule. So, at time, zero and time one
month, it turns out that if you space it out a little bit, you appear to get better efficacy.
And this is actually data from AstraZeneca. But, Sinovac has similar data and some of
the other companies are generating data that's very similar. As you space the vaccine
dose out, you get better efficacy. The caveat here is that we also know that in times
when there are very, very significant pandemic threat, that sometimes you need to
generate neutralizing antibody quickly and often the first dose of vaccine does not do
that. So, we're going to have to think very carefully about this. Another part of this is
the correlative risk or correlative protection, a single laboratory assay that tells us
whether a vaccine will work or not work. We don't have a formal correlative protection
yet, but that's going to be very important if we want to speed up the generation of
the second and third waves of vaccine that are coming very soon. It looks like, based
on phase two data, that neutralizing antibody and binding antibody may be very
important, but we don't have formal proof. And that's what the regulatory agencies
want.

Effectiveness. You know, vaccine trials are designed to determine whether the
vaccine protects an individual, but what countries want to know is will this reduce
severe infection, hospitalization, and death? Effectiveness is a very different concept
and is related to transmission. Again, the phase three studies do not study
transmission. They study infection of an individual. And, so in order to do that, we

really will have to design the next version of trials, looking at the effectiveness of
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vaccines in real world populations. Some of that data has already come out. And it's
primarily for Pfizer and AstraZeneca, although there is some Sinovac data. In general,
effectiveness, even for vaccines with efficacy in the 50 to 60% range have been fairly
high, and the 85 to 90%. So, reduction of disease, hospitalization, and death where
it's available, it's really remarkable. One exception here is and it's still preliminary, the
AstraZeneca vaccine by data from Public Health England against the UK and Indian
variants shows 66% and 60% efficacy against infection. It's thought that as PHE collects
data on hospitalization and death, that effectiveness actually will be much higher. But
again, those are the data that we have now. And you can see they're almost all in the
85 to 90% range. Will the vaccines work against variants? And again, in theory, in a
test tube, they all seem to have cross-neutralization or cross-protection. Actual data,
we have some from Johnson and Johnson and some from Novavax. And in fact, there
is protection against variants. But again, will there be effectiveness in real world
conditions? And | think some of the data would support this. Again, we're still waiting
for more information

Safety, benefit, and risk. And | don't have enough time to go into this. But this
is a slide that really goes into what is the true risk of AstraZeneca vaccine. Four cases
in @ million vaccines or maybe one in 100,000 according to some other data is the
risk of hospitalization or death from the AstraZeneca vaccine. Compared to the risk
involved in people who actually develop COVID and have blood clots also or who get
hospitalized, and again, that risk changes with the risk of infection in the society. So,
when the UK was at 400 cases per million, the risk in people who were younger was
more significant than it is now, as the UK is at about 40 cases per million, the effect
of herd immunity and herd protection. There is another wave of vaccines coming
along. They call it Wave 1 and Wave 2 rather than Wave 2 and Wave 3. But, you can
see in the next few months we'll be seeing safety and efficacy data on a number of
new vaccines.

These were questions from last year. | think we have a lot of answers. But, we
still, of course, because we're scientists, we always continue to have questions about

whether we're going to see what we expect to see. So now finally, the perils, the pearls
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and perils. 11 months clone to clinic, but we don't know durability and safety. CEPI
worked, but you know, we still have other diseases for which there is no CEPI
equivalent. No 1.5 billion dollars of investment in a vaccine. Vaccine manufacturers
were able to distribute manufacturing around the world. Can we make vaccines more
vaccines better and faster? COVAX is a mechanism for near concurrent access to
innovative vaccine technology. But, our vaccine geopolitics going to disrupt the
equitable distribution of vaccine. We have a system now to go from pediatric
immunization to lifetime universal immunization. Something like that, we cannot allow
to pass. MRNA vaccines can protect against an infectious disease, but our mRNA
vaccines only for the global haves. And will this technology work in low- and middle-
income countries? Finally, innovation, size, and partnership appear to be the keys to
success. And can we continue to do that? And the flip side of that question is where

are the big vaccine manufacturers? Thank you.
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JECHH O[O ZHo] ST plasmic DNA Of 7[2H5h CHEHE His] A| AT}
mRNA £ 7[8te = of CHMA 2 A[A-RIO XHO|E A7t & O[0F7| EB[1 #2208
?lo] OB EAl= HIQL 20|, DNA S| Z2 MZ WEZ O] DNA 2ZO0| MEE
O|=0f =H9r=2 F5t0] SH7HX| FEFHO| E[OJOFX|Tt transcription IPEE SdiA|
mRNA 7t BHEO{X|A £, O r Off CHEZE AL A 40| OjLEA EL|CE EHHO| 2F
&S 0 U= mRNA S| B2, M= LR M=ZHO0| =ESHA Z|H HZ CHEEE
doig Yo = Uct= OI UASLICE M2t A2 S22 DNA 221 mRNA
SH2 M=o MESHA ZH, mRNA E HESte S2Q| THHE A0 2 & §O|
LeEs AS 227 ol =7t USLICH ESH mRNA 8] EZ2E plasmic DNA E£LCt
S| HEA CHES oAl = AChs FTO| Y0, M ofop7| EEI Hiet
20|, oz ML= barrer 7k 97| W20 MZHOA H= CHEEEZ O FALIL
QojLtn, 7| 20 THHEZ, mRNA 7t MEE 0| GHHAO| 3 A|Zt 0|2 H
4% Yde AS Y = AL, EH&E O[T CHMAO| UH2 24 A2t HE /X7t £&=
A= 2010| £l US|t

JECHH O2{gh RNA 2d=22 22| MU0 =257 YsiM= ot MAo|
ZastL otHe, H2 X|E LI- YAt Moo e, O8I0 EAl= Hieb 20| X3
ATFHME & AAYE O|H HAYS EE=O, microfluidic 2 7[H2E o A3t
7122 ol2{gt X| & LI YXE SEA gUch O2(10 ofd X E L YXp A= CHEF
20 M A7 2HO| £=0l, HE0F X E Lt X7 EF ME LHE O A
=017l= AE EE& cellular uptake O|2t1 St=0H K. O|H 27F0| CHot A7 AEI|
XEMS| A7 DOl £|0jM O|o] HE7L B0| Z[YSLIC 2HEHS| 4HE E2|AtH
O A MAEzte X|E Lt UX7F MLHO| =R0| £|A Z[H, XUe &5 CHE =9
StLEQI APOE 2t St= EHAEO| X|E Lt A O SE0| XA ELCh o[ A
SE0| Lojt K& L QAR o2 APOE CHHES OlAE 4 Ql= MIZE L{O

receptor 2! LDL receptor &} binding & St ZI™, O|ZA MZ L uptake O] LO{L}A
£l O|EA endosome CHOf LNP 7t #3|= &Ef7F EUCH O3H FME, HA
A E B2 W=ES0| 0[0r7|Z oHalX| Tk o|if o|=%t X|&HO| EF5| 2 9
SHAl El=0Hl2. o|=23t X|=0| O] endosome 2 breaking Al7{A cargo & 2! RNA
MZEZ Hrelease g &= AT =AF= 18 7|52 otA UL
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LNP Mol +d 2AF HH, I3 it &E0| 12, 0 =2

w==E 0| O|OF7|5HAl X & antisense 7t 2 =& AL, mRNAZF 2 == U4, siRNA
g2 9d o¥ES0 =9Z = UsHCh I O30e= LUHXeE X[E
component S2l0/&. EAl= HiQ} Z0| Z2AHZF, PEG-lipid, 22|11 structural
lipid 2t StAlE 22X UL helper lipid 2t StAl= 2= JUSLICEH CHE0| OfX|
923t Z40| HIZ ionizable lipid 2IC| K. lonizable lipid 2| 7|2 $HH AHEH Z|H
Z2I0|E0|M EAl= Het 20| LB O 2 jonizable lipid = O] amine head group 1t
lipid tail & S&ESS Sl CrEet orgl 2tojE2|2|F R2[7t +dE &= AL, O|FA
”*':017“ lipid & 2|7t ionizable lipid 2t &FL|CE F4S EX tertiary amine 7|7t
U[L, HE LI 20| U0 A O0|F=Z E-& amino alcohol lipid 2t = FEL|CH G|
O| ionizable lipid 2| £%2 OfU|7} E2X5t= pH Off 2kM ZEI0|M EA|= HiQE 20|
protonation O] E{A{ 0| = SEfQt O™X| g2 EjE LAl ELICh 22N
X357l 0|22 O|8diM NAHZE & M 2 pH ZHO|A protonation 2 A|74A|
YO|22 A THE HEHOIA anion O RNA Q%E D} NESHE CHEA ELICH d2iA
2 pHOM MH2E ot CHA| I E HH AN S8 pH 2 THE= A0| S2%HH K.
1 0lf= B3tEl pH 0| A ionizable lipid 2| charge 7t AFEIX|A| £|10 D HO 2 M X[ &
MotMo2 Fg3tEl B™ charge 7t LtEFLEA LG O30 ol2{st
M NX|7F S22 O|f7t O|=0| Lo =sHs O F0|=d0| L5tHA
T AXtel 0| oMM R2|7F otes MEL 52 #dle X222 0|2
7t glauth 287 Eof YA #Ho 428 & ZFots A Fa5t14a.
o= EEM o o[=0| ™MEHZ M, endosome O A{ ionizable lipid 7F CHA|
2 pH Z2H0AM L0|2= E[HA phospholipid bilayer & & 1A|7| 1, cargo &= 2l

NA £ cytoplasm 2 MZHE ME5t= 92 StA ELICHL
O|H #X X|Z commercial StA available $ ionizable lipid € X7t 2713t
AZ0lH . DA 2A|= BQE 20| ALC-0315 Z2 Z 2 Genevant 0| A| RES st
UL, SM-102 = Arbutus Af, 12|22 C12-200 2 Corden, 2|11 D-Lin-MC3 & Precision
Nanosystems (PNNOAM 785 ot A LICE CF & OFA|ZIX| B & 7| Genevant 2 X[&
Arbutus 0| Al ZHZHEl amino alcohol ionizable lipid Z2 420= COVID mRNA & A10f
Xz @X o880 X ue 248 & o 49 E2|H, AAM M7t mHo[X[0f A
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lipid 2t HZStAIH £ A 21082, 1 0|F 0= A E|A| ChYSt ionizable lipid S0|
WOl EAEUCE DM ML 0| & ATHE of E2|10 +0jM, o7| EA|H CHE
HEH Ol ionizable lipid &2 M7t F 52 #1010 Q A2l X3 AFHOAM 7fest
22k A=H 8. 0] ionizable lipid £ 7|¢e = A& LI (AE 2HEA &[H, O X[H
LI AL 37|12 25| S25HX|S, 017 EAl= Hiep 20| Lt (Xl L& F&Tt
EMotchs 4 & = ASUCE 22 o 7] EA|H O] KC3 2t 22|= A= 21 KK-
E122t2 22|= YXEE LHEO| multilamellar 22 multivesicular 22 E Zt 10 Q&L CL.
OlgfAM O] INP &9 EH2 cargo 222 & O % cytoplasm 22 MET = QUCH=
EZ0| A1Q. E CHE YH= X3 ATFHoM ZHest SEQIHR, 246C10 0|2t
220, 4 E2 R xR AN Q. JefM O A L& FX27F gle A& dense solid
lipid nanoparticle 0|21 =2|11, B 52 & dF3 FHO| Aes 22 LA
[AELICEH i HE0 A7HSHER ionizable lipid 82 MC3 2t =2|+& ionizable
lipid 0|11, O] 2&2 UM ZYLfE| MHE ATHE SHEKX|T SiRNA HEE HHoZ
patisiran O|2t11 St= AM¥O| 70| £/, 2018 HEO0| FDA 3{7tE IOt X|F
4837t Bl HEfRYULICE O 0|0 X|F Genevant 22 d2+= ALC-03152t1 2
ionizable lipid O|Z, COVID #itlS &&25tR Q. BEHL= SM-102 £ 0|&3t1
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7EX] Z|&o] S| Za% 92 Stedr. o7 EAH UBC 21 British
Columbia 2t =2|& CHeo|R. 07l Pieter Cullis M=HO|2t0 A partisiran
HMads Mg M5t & MAGAM 7t BA 371F 224, O is=HHA ionizable
lipid 2t0| 22| 2| & RO| Z7HX| 2 AMM &M 2 =2ES0| CF Arbutus 2 &L CEH 22]12
OtOFE Arbutus = Roivant 2 Genevant € BioNTech 2 1 lipid 7t 7tA & H1I L.
BEL= Arbutus A2 M0 JAELULCH £ COE ZEOF= HEE UPenn 204 2.
Kariko 1==H0[ in vitro transcription 8314 mRNA & BtEA|= & oAl 24
71¢te 2 XM3[7F X|5 mRNA 81 410] 7§ 0] E| LTt J2f Are 7| A 7F L OtLt
SROIIE O] EHYE SHME M3ot =olg = &L o
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& ®HZ injection StA T2, X MH2 M AT LIt [}ELICEH & Lt frozen liquid
dEfz Eg 8 /80| |1 A 5 Xj0|= dtLt= OHO[HA 20 &, StLt=
OpojHA 70 =00, AtEd 7] E0{7F /U= ingredient & EH F 2E0| T
FArgLCE 22 KZF ZH I F el 2HE

Mo 2 H7|0|& BioNTech O] RS ARl 310 XH=

MANMS M UAS| E2XMO| Aoz Hasle Az M= Mzt 8t 91 dz|1

M2 00|HA 70 R0 OFO|LH A 20 ez HF0| E|0{M THS 5ta = 22
20 AL L

S0 79 20 thshM oJok7|E =21 A202 M XIE component =

AA ul 7tX|7t O] 8 & LIC}. off ionizable lipid 7t ZR28HX|= O|0F7| £ E& 1, O TS0
O|Xl O7|= helper lipid 2O|Ct. J2fAM helper lipid & O|X TAX M= At
0| 0|&0| H=0|, DOPE, DSPC O|H =& E0| 0[&&1 JA=Ha. oy =2l EF

AWM= O A& L=gALE etgetstn AH o 28 XHEE ALt oAfE D A
HoXES UL M o7 EAEH 2SS 7(1°|7f Ol 0|21
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Lt RS LH& =27t & HZO| LoLtA LT O T30 =

20 Xl HEEE BtA7|= HElZ 0|80 & g, 1 CHZ0
@Ol &l A= PEG-lipid YLICE PEG-lipid €2 40

St=0 K. 0| L= YUAHE LI /(AR FX|AF =, 2HEYH
=0|F1, 2|1 0|F0| MUoN FXE = JAEE St= &S gL
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el
=2 & A= IA M 7HX|2 L BHE L CE EAl= HEQE Z0[ mRNA, helper lipid 2F
chol, PEG-lipid & & = JA=0H2. mRNA = M|Ljo| FR0] |10 M= Lo ERe ==

A= AIZHO| CHEF Obg AIZFOIM E5& A|ZFLIC O2fM O|Z 7|8te=z =ZOof| CHet
40| YojLt7|= AtE EES| {FELR. Helper lipid & Z&|AHEE 0[0] O|F
Z|gtez oF SetH Mol 8E9| Ch EXot ASLICEH e safety Of7r0fl it

oEl0He %9 ol eI E HdEjne. OO EHHO| PEG-lipid €2 420
MLO PEG antibody & €2 Z %= ULt 2t= AT ZAA7F ASSHM 2k A0,
d2fM X5 PEG E CHMISH=E A7F Abe oA 0| l2{n ot A& LT
3 o[ HEF R2dtd TRt gle A2 AW X2 LH-YUXE s O
PEG 2| &t2H|7} BAHIZ 1% LHQloR. i 2AM X7t mRNA O SOtLt &0
El=X] Olop7|& ER=0 RZHLel % 10 Oo|2z1F, 3Ho[Rte] F2
3010|222 2WO| PEG 7t 0| S0{7HA ELICE 23 H O|HA O[0r7| & E2[H Jai:
2 A otEneEtn MA5td = U=0la. HH 3{7HE &2 PEGylated protein
product 7} A0 2. O|A| Pegasys 211 =2|= 70|, PEGylated QIE{HZL|CE 22fA
B CcdH 7t XXM 2 0|80| &= 0| 22 &2 420 &#NZ S07t= PEG 2
20| 90 OFO|A 2 70| F& Lot JdefAM HFCiLt O] Hep B, C X [2XH= T3
lipidic 5t| dosing O] YO{LtR. A2fM XM3|7t X5 S If PEG &0 HF f2{5t&
22+ Qs AHeke 420] Lo}

OFX[Zte = X2 2EEfM O|0F7|E EEAa. M 4 usdHo| & 433
E=0 O[A OfX| RNA o &t =0 Q. O|HAH EA|H phosphodiester bond &
7|9t2 2 ot backbone & &1, sugar 7F A1 base 7t A=02. 0| RNASE 2 =0Tt
A =0 YO ZLLE Olf= ==AH7F O] 28 ZX|M¥2| -OH 7|& Ar=diAM O]
phosphodiester bond € 7= 12 reaction 0] 20{LtHER. QM| Ct & OFA|CHA| I
27 2EPHE S gd e O SOt LE 27| 20 E2 220 22

sfofF Eie. AFX HAHstE WS Me =g CHEH, Mt S M= A
AS0] O35 BZoH/|7F 889l o/l a. A2l oA HEED s B2
O 22X Z2 420, ¥M d2 B2 A PEd HAES Soi7tK| 1 ot 54 U=
Moz J|Ho| trd A2 d2t5 5t AL L
H, M 2 O 7|7K| Tlst= A2 2 SIS L TE Z AL T
£|Zesre 2 THBrsiAlg 35157
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LArS0| OfEA HAM L7h=X[& F 7HE H| L& o A0 e. fe] A= 27| 22 9T
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Jerome KIM: So, actually | would take the first vaccine that was available and I've
been vaccinated with Johnson & Johnson because it was the first vaccine | was offered.
| think we will all have to take booster some point. And so, there will be additional
information being generated on the mixing and matching of vaccines. | think, this
would be very effective model for the future. Hopefully, you know, we now can
generate vaccine, proved that vaccine works in 10 to 11 months. What we are not so
good at is making enough that vaccine to vaccinate 8 billion people. And we also
don't have mechanism to ensure equity. So, | think if we work on those two things in
the future, developing enough manufacturing capability, to make the vaccine sort of
safe and effective, and also, figuring out better way to distribute equitably, | think we

will make tremendous progress.
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E2|3q1 SLICE XI5 mRNA HA10] AbE ARNS Y22 MELR J85tkl0f /e
S, ZAl ofF 7 |Her 22| 50 EXE €2Z /g2 Y=, Mo S0 2
RNA 7t &S duots A Q0] SARtE FUA =2A2ZM XSof He[H o2
Ael7t ol AEYE ot =2 20| =S LI

Az Hl, A N ZE2 89 42 EE0/1L, Mot =, S5 RNAZ =
WS BES B HSLCL OrY2 X5 71=7t S0l o{EA EX| Z[Cie| A=
0|1, F #HM EE2, RNA = A= HWH FeP8st =20(7] =200 ALHof
SO0I2tS [ 24 AIZH O] HE[Z|7F OfF 0, M2 o= S0/t A O|d X|HE[7]7}
Oftf2 420|AH=R. d2iA O[X Al EE= mRNA & SEHQ XA HEHH=Z HS
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Jeorome KIM: Thank you. So, | think, based on the information we have now, the
leading candidate is the candidate from SK. They're the closest to being in phase 3
and to having potentially the proof of concept information by the beginning of the
next year we heard. EuBiologics also handed in the candidate in phase 2, but we're

waiting for protective responses from that vaccine. So, you know, | think the important
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thing is to recognize right now, it's difficult to test vaccines in final mode in Korea,
because of the lack of infections here. So, depending on what the end point is, if it's
immune response, or if it's a over actual COVID infection. Some other testing we need
to be done outside of Korea which actually makes sense given the fact that for Korean

company to turn a profit doing vaccines, they need to sell outside of Korea as well.
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