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Digital Biology vs. Analog Biology

www.bioflux.eu

3/24

EKONOMIPRISET 2021
THE PRIZE IN ECONOMIC SCIENCES 2021

David Card, USA Joshua D. Angrist, USA Guido W. Imbens, USA

"fér hans empiriska bidrag till "fér deras metodologiska bidrag till analysen av
arbetsmarknadsekonomi” kausala samband”

“for his empirical contributions to “for their methodological contributions to the analysis
#nobelprifﬁw‘” economics” of causal relationships”

-2 ES AR AFSIS 0] LATIBH olatA g BIO|EFY|Bto 2 xa-
“Causality(2'2/H =/ 2 vs. Directed Association”

4/24
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* NIH Big Data to Knowledge(BD2K) Initiative (2014)

BIOMEDICAL BIG DATA EXPLOSION

NIH National Center for Biotechnology Information

DATA STORAGE
Sorpydits (]

Types of BD2K Awards

Enabling Data
In 1993 fiton ) Utilization
1 CD-ROM ¢ e Analysis Methods
and Software
In 2014 could fill Enhancing
400 MILLION Training
4-drawer filing cabinets Centers of

Excellence

m Big Data to Knowledge (BD2K) is an initiative of the National Institutes of Health

5/24

Hio| 22| = C|0|E S&

setHEE o

* NIH Strategic Plan for Data Science (2018. 6.)
* FAIR Principles from NIH Data Commons Pilot Phase

National Library of Medicine

Twenty Eight Years of Growth:
NCBI Data and User Services

e/ Weebdey (Maont)

Figure 1. Growth of NCBI Data and Services, 1989-2017 Credit: NCBI

6/24
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* NIH Science and Technology Research Infrastructure for Discovery,

Experimentation, and Sustainability (STRIDES) Initiative (2018)

AWS

2l

/ GOAL:

Robust cloud
capabilities with
standardized
cybersecurity
controls and
extensive ATO
inheritance

NIH

Target Outcomes

+ Optimized network connectivity from NIH to cloud providers
+ Applied cybersecurity controls (ATO)

Optimized cloud environments with assistance from the CSPs
+ Extended federated login and Identity and Access Management services

7/24
Hio|22|& Lo|E S/E St 7L &
» Korea Bio Data Station (2020)
'l EEEER B
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General Data Protection Regulation

This pr is co-funded
G D P R U by the Horizon 2020 Framework
= Programme of the European Union

Global Alliance
for Genomics & Health

Collaborate. Innovate. Accelerate.

@ Organizational Members ° Countries

Machine Learning Ledger
Orchestration for Drug Discovery

AMGEN Wi
(b @ Petoger @ Jan;senj’
MELLODDY U, NOVARTIS s

PUBLIC PARTNER:

TNER

4
tellas AstraZeneca

W IKT @ S Kubermatic
~nadWs ’
= o J @oww

imp = [l efpia

9/24

CIXIE M=

BIOINFORMATICS s ret

E-CELL: software environment for whole-cell
simulation

Masaru Tomita', Kenta Hashimoto', Kouichi Takahashi®,

Thomas Simon Shimizu'-3, Yuri Matsuzaki', Fumihiko Miyoshi’,
Kanako Saito”, Sakura Tanida', Katsuyuki Yugi®, J.Craig Venter?
and Clyde A. Hutchison llI?

ILaboratory for Bioinformatics, Keko Universiy. 5322 Endo, Fujisawa, 252, Japan and
27he Institute for Genomic Research, 9712 Medical Centor Drive, Rockvill, MO 20850,
USA

Recoved on May 1, 1908, revised on October 16, 1906, acoeptnd on Noverre 2. 1066

KA
£ 127 genes}

Sagcs o ned

L™ o b b b o Sl

10/24
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Integrated glucose-ghucagon-insulin PBPK
model

0 200 400 600 800 1000 1200
Time t [min]

C|X|= 214 CODA

Gs
T
lGlc UDP-’GK
ATP
}g‘ P "f'C PP =PPASE=P 2P
ADP ute
Git? GiPI = GKIP GOP ¢= NDK =P GTP

ATP ADP ATP  ADP

Q —rt UDP €= NOK = UTP
F Y Fri2eP, )
are~__| P ATP  ADP
D
v

ATP,
}— AK = 2 ADP
AP -»>

m_n

F (o
Drug A = Heart L Blood
Type 2
’ diabetes
Drug B
Molecular Cellular / Tissue-level Organ-level network Wil bicdy
interactions network

-15-
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@ DrucBans Combinational Drug Effect Prediction

®MHM Output
EndoNet @@gy 5070547k pevmmep
HUMAN PROTEIN ATLAS a
w | 9 N

Traditional Chinese Medicine Information Database

hasqc ey :’L_G—F—f_e@_oh
Genomics ' CODA ’ v
Metabolomics -
Proteomics SRESBa KIS ' J

Human Studies

13/24

CODA System

Virtual Body Model Biological Network of Simulation

Patient Information

14/24

-16-



2021 BIO FUTURE FORUM

i HI_O I 9 I] I EI.I EE Pax Technica AICH K-HI0I2

CODA System

iogics Networt o Semuizson

BEg : BCICICIoE 3 BEE - O

Diological Network of Simulation

BEE - - R . ) () () W) )

CODA System

Biological Network of Simulation

Biologica! Network of simulation

BEa

Biological Network of Simulation

BaEE = = Y [ 5 ) ) 8 3 CEL : BEEEEE

-17-
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CODA System

B8 e Comporants - Mt  Stagtn

O pemon n
0 poms ,,
0 = »
O e n
. e o
0 o
[ == “
0 s “

© =

FEAge ZHdAM /M= 7|20 Cfet Ch=H = F

» BioModels.net (www.ebi.ac.uk/biomodels-main)

[ [ —
= o ==
) —
Manually Curated Non-curated Auto generated GO Chart BioModels Parameters
1,040 models 1,305 models 833 models 1,132 classes 542,964 records

TR ———

s 750 mage Nt 0 Sy cycopod o o e e K1GE

g o e KO PATHRAY Do

Tt e S b freed b o s et s oty . b o bk by WOLZ

iopereialdedora oo bt

Fowin | Gt
Modeis published in the literature
Browse cunated models
* Browse curatad modets using GO

Browse curatad models using
Taxonomy

Browse noncursted models

PathaModets

Submit a model

i P R s T 2 e
gBBSRC| i oSy 3

mn o G e St -~ -

18/24
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BT-IT =& T 2 MAE Ed MASSH 2=

RECURSION =20=
pharmaceviicals A continuous, iterative loop of "biology and bits
where wet lab biology experiments are executed automatically and

RxRx1 datasets

384 well-plate

# Select and design compounds
ReChem

One cell type+ one siRNA
(distinct genetic condition)

“The 6-channel fluorescent
microscopy images”

Find optimal compound  Experiment parameters

nucleoli mito  golgi

Representation learning
! ReRun
-Distance between organelles «

o
b
L] 1
L 1
iy
L |}
]
i
it RePredict ReScreen
(512X512X6) 1 [ s
$9
nuclei  ER actin i :
t
E.G) HUVEC i | Effect and off-target Generate images
! 5 ReAnalyze ReScreenRun
oo -
v
-Size of cell ' 5
;
v

-Shape of nuclei

5 million images of human cells per week
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Concont

32

| k" [H: §|.'6;!-_C_)_I C_)F% Substance use disorder ®
B Opioid use disorder 9
. 9 o [e)] =1
2*‘” EH - /g)‘ Egl =) Chronic i ®
« 3 k” EH: [:l xl Eé‘ |EI‘I| : E XI-/IOFE__!'Xl EX‘" Alcohol use disorder  emm—()
Schizophrenia  com—()
e El X| EE-l X] Exﬂ Anxiety (GAD)  emmil)
- SWE 0|88 57 J|uto] WY oy, B2, oomson 0, =@
XI 27 I % Bipolar emmi)
Posttraumatic stress disorder  en——()
e reSET/reSET-O (Pea r), %%/OI' Ed %%, Acute and chronic pain  eem——()
2017/2018 FDA &¢I Morsine em—0
Multiple sclerosis ()
* somryst (Pear), 282 HS, 2020 FDA 52 s
6’ \’/ Y M Iiritable bowel syndrome  enmm—()
,‘/ \ P ‘ g Specialty gastroenterology *
/ @/ - d , Oncology *
\-@ { f'%' A’ Cardiovascular  swi)
2 7 / N

https://peartherapeutics.com/science/prm'ipeline/

= Home Aedic /0 i
Digital Health Center of Excellence
Subscribe to Email Updates £ share in Unkedn 3% Email | & Print
Digital Health Center of = 2y - Content current as of:
Excellence Empowering digital health stakeholders to advance health care 12312021

Regulated Product(s)
Medical Devices

Our goal: Empower stakeholders to advance health care by fostering responsible and

high-quality digital health innovation.

22/24
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3?;,. KiEpaymmimasy
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25 |oT xIT, Al 71& €D TR MEME X IT, Al 71&

M| ZH| IS, &% 10~207H 4 e/ A E’dglf'z- 2{;})12 »

228 25 52 24 T60% O¥S HR

AP 2 B U1 el 45% 2 B <IN =)

30-51

Ho|2= — 2|, 02-07 )
=2 4Ee| 02| oAty 18-35 CIES (16%)
A
FHE= HO|2E BIG 3 2119 274, ozos
SHI= XI1= QA= 06-15 - ofLix| %)
SiLIZ EE |ES : & ot
W Low estrmate
Shorter Medium Longer 7 lEtI f,?,:, )
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Ao o|ze} D2 YU E

Ao o7
One Treatment Fits All

W » () — i —
ojEY o2

Cancer patients with : /
More Personalized Diagnostics

Wl o=t
N e

Cancer patients with Blood, DNA, .
4. colon cancer Urine and Tissue Analysis

o2 U HOZF FHE[0] Y

N HEAE QE} BobHA BTN
w oLemA g ME |
ot RRIAF A AL l . i

weren 14 wol x wolan wol | e @A

2ol g WEE NlaHE 2 |
Cancers 2018, 10, 349 4
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UTE g 4SU 384

Oestrogen
dependent
Abl-like kinase
< dependant
2
2 g EGFR dependent
23
O
] HER2 amplified
w ® '8
3 s ALK-inhibitor :
£ g responsive
= =
- 3 DDR defective [iEREIgel]
2 2
B E BRAF mutant SMZE
g
&

ERn

EAYEESE 2R

Nature 526, 361-370, 2015

gauxtel SR of2| Yol w
ALK (n=42) I ) E A No. Yus::s
— T | el L k

ROST (n=29)

23
FGFR2 (n = 24)
FGFR3 (n=23)
NTRK3 (n = 10)

PRKACA (n = 9)
NTRK1 (n =8)
STK11 (n=6) {2

ERBB2 (n=5)
MET (n=4){2
CDK12 (n = 4) i
AKT2 (n = 4)
RPS6KB2 (n=2)

RIPK4 (n =2)
PLK2 (n=2)
FGFR1 (n=2)
U5 AL 4] Q1 A1 9 4k 2L R 2 A 7 X}
ASAHANTIMZ AN LA Z AU MA I HE
WS gHad NS g N fuud San
EOQAE S wE & ststE Z
i 5 g T og 2
Nature Med 23:703, 2017 o St
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ZH 1} foe defsel (BXMAESY Z38Yel 71E)

ASMEE-ZHEH 3L (Homologous recombinant-deficiency)
A3uake), =gl FEet qurel Haol FglMdelsiiatol =

2HH QM XHE BRCAT, BRCA2, ATM, ARID1A, BAP1, CHECK2 S 1571 0|4}
PARP XX x| 20] BtS

MSI-High E= MMR-ZE S
o RFELjarel ChENS Y S ABTANM T2 2 (HOo|Y EHXIO| 5% LY Q)
o Hl7|Q Qubob ZEAMOL SO M EEX|0H ZHQISIA LIEHL

AHIAK| =0 50% BHSE

L HO|EE (Tumor Mutation Burden)
. oK 20| M2 EXAE S

BE Mo|Y nEY BRH= FHAEMO| L

ool EArE =S TTH (GlAl: HS)

FIEESEREE

Sampling / Fixation / Processing
.
Histo-/ Cytopathology
2 A
| T
- 7|
| Grade | o elxt
.
H Qo] =Xt ZICH
-
— P Erlotinid
G Alstinib
. \ Osimertint
l‘ul‘l.'h\ Wy!
(__FusoniHC&FISH ] Crizotinio
= Ceritinib
-
- Lorlatinib
A acs
[ PD-L1 testing Nivolumab
- - Pembroiizumab
RS =
AT 3 Durvalumad
- s

X&: Shim, H. S. et al, 2017
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S|7tX| 2 N|C] S50 YAAIEHe Ty

FDA-recognized biomarker for an Level 3B (11%) Level 3A (7%)

FDA-approved drug in the same indication Level 2B (9%)
Lovel 2A Standard of care biomarker for an
e FDA-approved drug in the same indication LGVB' 2A (2%)
Level 28 Standard of care biomarker for an Level 1(7%)
FDA-approved drug in another indication

oy

gHe
clinical evidence 7YY
Level 3A btomarker as being predictive of drug =43
response in the same HaFE
C clinical evidence ma X}%‘t}l o ‘é:
R biomarker as being predictive of Other (63%)" ot 2’;
drug response in another indication e ; ﬂg',
B o
FDA-recognized biomarker for an S H}X|C}H OF X 7
FDA-appmaaarugmmesamemalcanon SURE /RS 7F +
Standard of care biomarker for an olut K| C] OF T B
Akl FoA-approved drug n the same indication | = f 21 EF +/2F RIS 7 +
Standard of care biomarker for an QlH}X| Cf OF =
Lovel 28 FDA-approved drug in another indication LRTICH +/9FR| &7t 21
clinical evidence the

Level 3A momamer as being predictive of drug
response In the same
C clinical evidence the
[EE RSB biomarker as being predictive of OFX| 5|7} At RICHH ZAHES
drug response in another indication

SITIS{7} Wl TEHY 27A2E

Nature Med 23:703, 2017

BEog AlCHe] M22 4AIY C|xt

> X2 I 2ChYol Bigk MEEM - EEXE
> HEYH X2 Hio|20tA 7|8t
> §8 H|'0|2'3|'71 %’é; kXt enrichment0| = B2 H| 21t

> *HE% °|:I¢3U\|°.:.4 EW?_': Basket trials, Umbrella trials,
Master protocol trial, Platform trials
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Master protocol trial, Platform trials

> HE RE 22 0¥ YHBEUM AR THs
> et ote] 17 XS Sof BT, B KU (Y He sgHoz
g7t 75
> 578 signal pathway Of Ciot Y2 E 215 7ts: EfZUIte| TN Ay
3
> & 7HA O] 89| BHX|=2X E& FO0{7t 7ts: Lt KT HOIE
=z 7t
> GEA™ &9 7|88 0|1 Of7| 2|AE SXE2FE X oo
Cist e ES b
1
alo oio| & A
HUolg Alel ol
o
< RH4lo] Hoj chef 21 Alofat. ~MEE ExpUBSE x| A et 2.7
 EXLEE XS ZY PO Hojstn 4lof . AFTEM EA Anto oSt 2o SSA T
g et =2
CESXEBTNL HNOINBYMS | . AVH OIS 20| oS AUAHS Y A
- BRES Aot oluA o Mo E HE, ¢ HSRAESARGELH
. RRAlo| SXESOIA| A M| X=X S Sojstnxt
S st ol
AYUR
AR :
/ . MZ2 WEnjst Zofo| 27} xhalo| ol matet ui|
o Xyl Do ME HIH0|E{7t RS, O[E] 0| Z7t2] ZY=0| &[0 AS.
UMM O|ES 49 E Tfetstn X & + R 20| Tt 28YE 7 ALA I E
dzxzEnozEnE AuNgEF  SHMB
34 ol H AN 5 - B7io|g Mol AYWHS MO o7
- U =0 et TR AX =5 2T HHWHA =
E4H31
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UE IA FE YRTH EM E8E: SCRUM-Japan phase 1-2
n=11,156: 02/2015 - 06/2019)

i @
More than 240 participating institutions pan-cancer panel oro 7] A 7|5t IND SEia AMAE S5
R ; (0CP) analysis Umbrella type 35 studies s
214 20core * ' pe ot 5,416
= ke i X AN E 4,608
AEN FE 19 HYYMN = 808
At FE 16 Aspr|et 5,740
NE 369
A 35 o 1441
2% 9
oz 2,788
2l 67
o 116
Gl (CRC,
S Phase | / basket type 21 studies g 652
- RETTER 75
s 2 [ .
I = AENFE 7 = &
e AR FE 4 A 11,156
@ = w—n 7 =
e

EEE — [sEREN — [2ENEEy &

SCRUM-Japan platform2| Y &A|H : 6771 S5 LMAH (May 2021)

O umbrella study for LC: 24 trials O Phase I / basket study:21 trials O Nation-wide 25 IITs network
j[rgetene e S (K Target gene total SIT I 5
ot 4 1 3 NTRK(+ROS1) 3 3 0
ROST 3 3 0 ROS1 1 0 1 - mu -.E-lﬂl
L ) 2 2 NRG 1 1 0 Have F—
HeR2 4 1 v | BRCATHRR A i 5 o G LR RE
| orgn [Tt | ot | e | o
MET 5 4 1. | RET 2 2 ° — -
| EGFR 2 1 1| IoH R 1 o i Keoul) | i
BRAF 1 1 0 HER2 | 3 2 1 [ o | Twet | m\ | phase | mmﬂlm‘ m“m
KRAS 2 2 0 FGFR | 10 9 1 e & W wac e mvmm u /A€ Lo el L]
| \ . nsac Ax wan "
PI3K/AKT/mTOR 1 o 1 -4 \
i T JEH T 1 L L] N A alectini. "
s = | £ M | 2 ° 1 mac 3 inetd 0
Kaas [ 1 0 ol om «ac mGATIOn g0
O umbrella study for GI & other cancers 11 trials PK/AKT/mTOR | 3 3 0 e Ui ~ ac HeR Trabspectursmab 1|
| e ——— — o Tl .
e ———
RET 1 1 o | Total | o | = s L - Gl eH ]
= 3 2 2 ‘ MAC HERm  TOMI :: : TAS10 :
FGFR 1 1 o | O Total:67 trials e o ;
| mer 1 0 1 Total SIT L | WGC e T2 "
\ o oew L Cabmiee 1
BRAF 3 1 2 67 6% 21 Okayama-U (1) P ?ﬂellﬂ \ 2
= 5 - = . : oo |t | ot e | Lo —
T *mostly done as a global study $50cH R (SO (18] | 8
Total 1 6 5 e e G i

O fXXt 0| matched 2

=
PN |
S

A" 2%} (Feb/2021)
7|Et 37| 7|Et DS

394 240 153 31% 818

*Jan 2020 E A|Z}
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KOREAs —
ENE -

Master model

BNl ©
L o
2017 J 6-'2 Accelerated Appiicaticn g
Uz ArA T
2 1 MASTER
=22 o @ Korea's Precision Oncology Inttiative
¥FLYE N A=Y s e

Equal Access & Quality

HaM HOI3 U S3 2P|

K-MASTER AT 2 XX

Q«)MASTER ‘
o Husle NG A aE Y A Aol

K-MASTER AtgH

o0
g

GloJEf 22|
QA3

LGN

F‘ Coordinating Center |— 299049
-It1|74A|-g|- QlAFA|E 9|

A Ilﬂ——\

o
o
F 1k

Ay
O X O X A1 &1 Al | Ol Al =1 Ol Al SHx (=] g O
eanE Lo e (Ran | |Gy |sanne | maw | |ddos | ASSEF
HO|ENE BEEME | 29E TAE | SANAY | XA axe =] 16
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(Repositioning/Repurposing)
JHYUolF 7|4 AYAIE 207, 11 E
A ST oA W M S

- IND 371 0], NDA 171 0] %

Y A 24 Z2HA BALH
(MEBICA)

THUO|T HAFEAAH (P-HIS)
-AY RUEE YN AEL 75
~3Uol|= ol XA SFAA
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8N &M AF5E 3 HE (2021. 10. 8)

s Fal %
ot 2312 2341 ]
et 1,409 141
H Q¥ 1,132 113
G 884 8.8
oE, gy 556 5.6
|3 % ¢ 545 55
FERY 481 48
A /et / Satet 398 40
uat gl 9ok 396 3.9
izt 352 35
g 204 20
Laket 157 1.6
Al ok 163 1.6
S43F 148 15
1385 80 0.8
edicl 81 0.8
7|EtY S 734 7.3

10,022  100.00

tRMA Ho| 2 HERXZ 7t &K S (08 OCT 2021)

24 o|z| 10,022 Y| X| 2 75 HO|
ZaEn A 9,629 AKT ERCC2 MET E14 PMS2 HER2 amplification
ol s ojm|gls ATM ERCC3 MLH1 POLE  MET amplification
ATR ERCC4 MRE11A PTEN RICTOR amplification
Ho| 1
— : BRAF ERCC5 MSH2  RAD50 NTRK1 fusion
Oncogenic HO| 5,770(59.9%) | BRCA1  FANCA MSH6  RAD51  NTRK2 fusion
E 54 7= .
:;31{ 12 7t 3,601 (37.4%) BRCA2 FANCC MUTYH RAD51B NTRK3 _fus.on
= BRIP1 FANCG NBN RAD51C RET fusion

CDK12 FANCL PALB2 RAD51D ROS1 fusion
CHEK1 FGFR3 PARP1 RAD52 ALK fusion

9513857 CHEK2  HER2  PIK3CA RAD54L MSI high

MSI-H 2.5%) EGFR  KIT PMS1  IDH1  TMB high
913/7,288

TME-H (12.5%)

* 4HH o|O| o F: ClinVar2t OncoKB 7|4t 241

20
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K-MASTER 2! Al &

No. 45 Sxp EPISHXL ofH| 2017 2018 2019 2020 2021
KM-00 2E 1¥€e 10,000 2324 2324
KM-01 MSI-H ®=Z% 33 MSI Avelumab =i——-"4 e
PIK3CA, Akt, S&E=
’ = jyor . Akt, iroli e
KM-02 E2E nEet 25 PTEN Sirolimus
y ot EGFR, ALK Gefitinib
Ll 1% X ALK TKI ol
KM-06 ZE T 48 dDDR Nivolumab
Het Gefitinib
K07 HxoH 22> EGER Pemetrexed
KM-08 2E 1¥e 20-100 MET Tepotinib eE———
HER-2 + PIK3CA, Akt, Herzuma
KM-10ARS 2oip: B PTEN Gedatolisib
HER-2 Herzuma
-C + Treatment of
KM-10B "oy 119 PIK3CA e i ton c=
=
KM-11  Easor 43 HER-2 SHunE °
Herzuma
Single nucleotide
KM-12 Al ot 45 varations (SNVs) and PDRO001
copy number changes
K-MASTER & A &
No. %43 xt4 EPIQERL OFH| 2017 2018 2019 2020 2021
KM-13 I 67 EGFR, HER2 Varlitinib, Paclitaxel -_——
HER-2 2d :
KM-14 o5 Aot 27 HER-2 Herzuma, Paclitaxel =————————— 1
oy RS ey o ——
KM-16  y1x0] 48 HER2 Faslodex, Zoladex
KM-19  Hg 152 g Pembrolizumab je=——————
= it e —
KM-20 nxow 1o - (INCMGA00012)
LEAOH
KM-21  Saef 4251 BRCAQ) Oregovomab T —
KM-22 EHZETY 50-65 PIK3CA Alpelisib, Xeloda _
odlot
KM-23 Eg?:, 68 HER-2 Neratinib _
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K-MASTER PORTAL : 2 &/S 84| H|O|E{ =& 7|8t O|O|E| 37 EE A|AH

‘ ‘ v Data Explorer ‘

v Repository |\’ Detailed view
e
Search BRARVE0OE person

a0
o W e
NN s v W EEEEGECRE o
—— %) - T
e v WG o

o E— N o

MATCH-MASTER: 24t S HA| #Ho| Zat 2|7 A|AH DES}

[ ¥ Patient’s detail information ‘

l ¥ Clinical supportive system ‘

24
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- 1998~2001: St=HBESIAH, HAE ALH
- 2001~2004: Columbia University,
-2005~2008: gt=44
- 2009~2020: o= HSSIATH, REXSS|=ALH, HYCHA
- 2020~2iX}: St UHSSIATH, Z7PLBHAYEARAE, WEY

- 821
-1088~1992: MSLHahn O|A=58F SHA
-1992~1994: MSLHahn OjA=8F MA}
-1094~1998: MSLHahn O|A= 58 HiA}

- YH(eY, SHE )

- Cancer Research, Nucleic Acids Research, Oncogene,
Trends in Cancer, Briefings in Bioinformatics, Bioinformatics &
210 H =z &7t
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Medicenna, a mid-sized clinical-stage immunotherapy company, is on a
“| mission to combat the world's toughest diseases. One of Medicenna's most

promising molecules is MDNASS, a targeted therapy to treat recurrent

Glioblastoma (rGBM). (GBM is one of the most aggressive forms of cancer

with very limited treatment options.
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Celsion’s OVATION 1 Study with GEN-1 in Ovarian Cancer
Shows Strong Progression-Free Survival Treatment Effect
Utilizing Medidata Synthetic Control Arm

Potential Synthetic Control Arm™Savings

$61.0-75.8

e

Cost per Patient

.
replaced

2

Total Cost $12-1.5M

5

Control Arm™ may reduce

3610 758K
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“We are extremely impressed
with the high quality of the
matched data from the
Medidata SCA,” said Michael
H. Tardugno, Celsion’s
chairman, president and chief
executive officer. “Using a
SCA for a portion of the

study will reduce costs and
should improve the rate of
enrollment as patients will
be more likely to receive
GEN-1 rather than
placebo.” (March 27, 2020)

The full press release can be viewed here.
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Medicenna Provides MONASS rGBM Clinical Program Update
Following Positive End of Phase 2 Mesting with the U.S. Food
and Drug Administration (FDA)

“We are extremely impressed with
the Acorn Al team for providing a
scientifically rigorous rationale for
the design of an innovative
registration trial incorporating an

external control arm for the

treatment of recurrent glioblastoma

(rGBM) with MDNASS.

The FDA’s acceptance of this

unique design, will expedite
completion of the Phase 3 trial in
o rGBM allowing earlier access of
MDNASS for a disease with poor
prognosis and high unmet need,”
said Dr. Fahar Merchant,

- President and CEO of Medicenna.
— (October 15, 2020)
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Results of a randomized control arm are replicated by a synthetic control arm (SCA); a case study in
non small cell lung cancer (NSCLC)

EXPLORING WHETHER A SYNTHETIC CONTROL AR! FRIENDS
HISTORICAL CLINICAL TRIALS THAT MATCH BASE
AND OVERALL SURVIVAL OUTCOME OF A RANDOM

CASE STUDY IN NON-  CHARACTERIZING THE USE

CELL LUNG CANCER  oF EXTERNAL CONTROLS FOR

AUGMENTING RANDOMIZED CONTROL
ARMS AND CONFIRMING BENEFIT
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Therapeutic Innovation & Regulatory Science (2021) 55:1019-1035 DI A ICH Guideline

https://doi.org/10.1007/543441-021-00302-y

The principal methods of determining who will be

REVIEW ® : 4 .
e in the control group are by randomization
e
‘ i i orby selec
The Use of External Controls in FDA Regulatory Decision Making population separate from the
Mahta Jahanshahi' @ . Keith Gregg' - Gillian Davis' - Adora Ndu' - Veronica Miller? - Jerry Vockley® - Cecile Ollivier* - opulation treated in the trial
Tanja Feanolict Shafo Salc external or h al control).

Received: 15 December 2020 / Accepted: 5 May 2021 / Published online: 20 May 2021 Extern: a] ( historical ) control
©The Author(s) 2021
Eroups, regardless of the comparator

Abstract Table1 FDA and ICH regulatory guidance discussing the use of external controls treatment, are considered together as the fifth
e re e Tile Dute type because of serious concerns
lowever, y Final draft HE ice ‘lfff'&'f; g;‘%:lp and related issues in clinical trials—also published as an FDA final  July 2000 & May 2001 (lbOut th(’. ﬂbﬂitl OSllCh trials to
Feb 2010 ensure comparability of test and
Final GHI: expedited programs for serious conditions May 2014 . =
control groups and their ability

Final GIT: duchenne muscular dystrophy and related dystrophinopathies: developing drugs for treatment — Feb 2018

Final GIT*: use of Bayesian statistics in medical device

Draft Rare discases: common issucs in drug development (Revision 1) Feb 2019 CARE I .

Final G expedited Programs for regenerative medicine therapies for serious conditions Feb 2019 to minimize important biases

Draft Gil: are diseases—natural history studies for drug development March 2019 makin this de sin usable on ! ] in
Draft Gl interacting with the FDA on complex innovative trial designs for drugs and biological products  Sept 2019 =

Final GI: adaptive designs for clinical trials of drugs and biologics Nov 2019 unusual circumstances.

Draft Gfl: demonstrating substantial evidence of effectiveness for human drug and biological products Dec 2019

Final Gil: human gene therapy in rare diseases Jan 2020
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All- of- US [Precision Medicine Initiative Cohort] :

TQUE (75%,
45%), 20199 7|= 1/5 HAXt S ‘=f=

All of Us Research Program Investigators. (2019). The “All of Us” Research Program. New England Journal of Medicine, 381(7), 668-676
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Table 1. Data Available to Researchers from the All of Us Cohort.*

Data Source

Current sources

Health surveys

Physical measurements
Biospecimensy

Electronic health records

Digital health information

Details

Initial surveys include information on sociodemographic characteristics, overall health,
lifestyle, and substance use, with subsequent modules covering personal and family
medical history and access to health care.

Per-protocol measurements include blood pressure, heart rate, weight, height, body-
mass index, and hip and waist circumferences.

Blood and urine samples are tested for DNA, RNA, cell-free DNA, serum, and plasma.
If blood specimens cannot be obtained, saliva specimens are obtained.

Initial capture of structured data includes billing codes, medication history, laboratory
results, vital signs, and encounter records from health care provider organizations.
Records will be expanded to include narrative documents. Pilot studies are testing
data collection through Sync for Science and other health data aggregators.

Data can be captured from compatible participant-owned devices such as Fitbit. Pilot
studies of other devices and linkage to health apps are being explored.

7tElE HI0IE 2] ZFOf @Y,

x
e
F3 oz 1¥ Wa

Future sources

Health surveys

Bioassays

Health care claims data

Geospatial and environmental

data

Other sources

Additional modules, including surveys regarding social behavioral determinants of health,

are under development.

Pilot studies for genotyping and whole-genome sequencing are expected to begin by early
2020. Additional pilot studies of bioassays are planned.

Systems for the use of claims data, including billing codes and medication data, are under
development.

These data include geospatial linkage to measures such as weather, air quality, pollutant
levels, and census data. Assays and sensor-based measurements of exposure are under
consideration.

Voluntary contributions of data from social networks (e.g., Twitter feeds) and additional
biospecimen collections are under consideration.

Addi |

ilable-at-hitps://: hallofi dat

P
T Types of biospecimens are listed in Table S3

\ MR SCAN

] | HHECG

MR. BURKE

f &f
in the Supplementary Appendix.

All of Us Research Program Investigators.
(2019). The “All of Us” Research
Program. New England Journal of
Medicine, 381(7), 668-676.

Medical Twin / Medical Metaverse
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> 2| o|E{2Q] LHZHH =3

1. The Use of Algorithms (2112|Z2| AL8)

2. The Opacity of the Processing (¥2|2] EFH4)

3. The Tendency to Collect “All The Data” (2£ HIO|E{E +H3l2{= A

4. The Repurposing of Data (H|0|E{2| 2|HZH)

5. The Use of New Types of Data (M 22 HE°| Cj|o|E| AlE)

= EX: I ICO Big data, artificial intelligence, machine learning and data protection.
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*H0|Z HO|E && 7I0|=atel, JHAFYELES 9| / EA=KRIE, 2021. 1

UN Special Rapporteur on the right to privacy
_ 57 HlojE{oj ciet et

(Draft Recommendation on the Protection of Health
- Related Data, Council of Europe)

15.9 W&ty AT 50| 3{83H= 42 HIOIE & [ AE(Xhel 22| THAM M2g & =
H3xH(TTP)2| ZH Y1t & O|FO{X|= H|O|E 2| ZFENE|= /HAZGEFH | 2l A 7|2 H Xt

75 E2517| sl o|=|ojof & Z=X| F o 7HX|O|C}.

15.9 Where scientific research purposes allow, data should be anonymised and where research
purposes do not allow, pseudonymisation of the data, with intervention of a trusted third-
party at the separation stage of the identification, is among the measures that should be

implemented to safeguard the rights and fundamental freedoms of the data subject
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clinical data

Figure 3 Schematic of the honest broker handling processes at AMC for (A) clinical and human biomaterials data and (B) clinical and public
data.

Choi, H. J., Lee, M. J., Choi, C. M., Lee, J., Shin, S. Y., Lyu, Y., ... & Yoo, S. (2015). Establishing the role of honest broker: bridging the gap between
J, 3,e1506.

protecting personal health data and clinical research efficiency.
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Honest Broker?2| &gt

The roles of honest brokers operating at 10 other representative institutions, including both human and

system (computer-based), were analyzed for comparison with the AMC in order to extract optimal roles of

honest brokers. Optimal roles were determined for the following functions:
(1) sufficient de-identification of clinical data (Boyd et al., 2007);
(2) sufficient independence from any form of study team (Rothstein, 2010);

(3) thorough examination of secondary use of clinical data for purposes restricted to those approved by

the IRB (Benitez & Malin, 2010);

(4) and (4) efficient provision of de-identified data to researchers (Patel et al.. 2007).

Choi, H. J., Lee, M. J., Choi, C. M., Lee, J., Shin, S. Y., Lyu, Y., ... & Yoo, S. (2015). Establishing the role of honest broker:
bridging the gap between protecting personal health data and clinical research efficiency. PeerJ, 3, e1506.
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Validation time

Monitoring results of the anonymity verifications performed by the ABLE system at AMC.

Choi, H. I, Lee, M. I, Choi, C. M., Lee, 1., Shin, S. Y, Lyu, Y., ... & Yoo, S. (2015). Establishing the role of honest broker: bridging the
gap between protecting personal health data and clinical research efficiency. PeerJ, 3, €1506.
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Choi, H. J., Lee, M. J., Choi, C. M., Lee, J., Shin, S. Y., Lyu, Y., ... & Yoo, S. (2015). Establishing the role of honest broker: bridging the gap
between protecting personal health data and clinical research efficiency. PeerJ, 3, €1506.
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Raw MRI Data Defaced MRI result

from ADNI

3D rendered

Figure 2

imensional (3D) volume rendering of magnetic resonance images (MRI). showing the raw and distorted

images from the Alzheimer’s Discasc Neuroimaging Initiative (ADNI)

Jeong, Y. U., Yoo, S., Kim, Y. H., & Shim, W. H. (2020). De-identification of facial features in magnetic resonance images: software development using deep
learning technology. Journal of medical Internet research, 22(12), €22739.
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2) BRO| Apr| B8 M A4t 2EFS 7

HEZ-Z9|(Broad Consent) 6| &

7t EES ATUARIE 150 52 Hel YoM RSO oj, E= YoLE o B HES My
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7|31 7kxof g2 8. O[2{et 7|2lE S0 2O 25t SO|E 1%t HEs 7|F0| U woTt XS,

@ & (Information) e 23|
@ =X| (Comprehension) (Informati | (Compreh
on) _ension)
® A& (Voluntariness)
A

(Voluntariness) -

= Reference:

> HEE B31M(The Belmont Report), CH &%t 25 & 9|8 82| #%| 1} X| & (Ethical Principles and Guidelines for the Protection of
Human Subject of Research), C. 22, The National Commission for the Protection of Human Subjects of Biomedical and Behavioral

Research, 2017.
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UNESCO

Report on Big Data and Health

= |nternational Bioethics Committee (IBC)

? = The IBC considers four measures to be crucial for

International Bioethics
Committee (IBC)

protecting individual rights and fostering public

sugvESnBC 24r17e REV 2 good while recognizing the unavoidable loss of
Ongmdl English

control by individuals about the use of their data

REPORT OF THE IBC ON BIG DATA AND HEALTH

Within the framework of its work programme for 2016-2017. the S a:
st B oo o RS S TG ecrgen . sdrons in times of Big Data:
the topic of Big Data and health. including but not limited to the issues of
sent, data etc.

At the 22 (Ordinary) Session of the IBC in September 2015, the
Commitiee established a Working Group to develop an initial reflection on
this topic. The IBC Working Group. using email exchanges, started
preparing a text on this reflection between OCtober 2015 and May 2016. It
also met in Cologne in May 2016 to refine the structure and content of its
text. Based on this work, the IBC Working Group prepared a preliminary
draft report which was discussed during its 23™ (Ordinary) Session in
September 2016. As a follow-up 1o this discussion, the IBC Working Group
started to revise the preliminary draft report bétween Seplember and
December 2016. C Working Group met in Spain in March 2017 to

—

Governance (71H H2)

. Education (11 §)

for comments. The draft report was then revised based on the comments
received. The final draft of the report was further discussed and revised
during the 24™ (Ordinary) Session of the IBC, and was adopted by the
Committee on 16 September 2017

This document does not pretend to be exhaustive and does not necessarily
represent the views of the Member States of UNESCO.

capacity building (3 & T%)

AW oN

. benefit sharing (0|2} 3-8)

UNESCO Report on Big Data and Health

» “Z E9| (Broad Consent)"22| = F&t

broad [IV. Ethical Aspects, IV. 1. Autonomy and Consent]

» ZZ E9|(Broad Consent)= "S£5t AH0| 273t S
(Informed Consent)” =& "7 M| & &2|(Specific Consent)"2t
HCHEl= 7H'E0] ofdl, 22lo| §EE e = = 7tss
¥ 2|o] A (range of possible research)d| S2|3t= %

* Condition: Governance & Safeguard
(of, 23 22 HE)

specific
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O|=, Common Rule £9| (Broad Consent) 3|8

= “Broad Consent” is an (optional) alternative consent process for use only for the storage,
maintenance, and secondary use of identifiable private information or identifiable bio specimens

for future, yet to be specified research.

= If a subject refused to provide broad consent, it was proposed that this refusal would need to be

recorded by the investigator to better ensure that the subject’s wishes would be honored.

Revised Common Rule: Federal Register, Vol. 82 No. 12 (January 19, 2017)
.116 (d) _ Broad consent

O]=t, Common Rule o| “ZE A" (Statement of Refusal)

STATEMENT OF AGREEMENT

I say yes. The broad consent has been explained to me, and | agree to give my broad consent to the future researc
uses of my identifiable information and identifiable biospecimens. My participation is voluntary, and | may withdraw
any time without any penaity or loss of benefits to which | am entitled.

Your Printed Name

Legally Authorized Representative’s Printed Name (if applicable)

Your Signature or Signature of Legally Authorized Representative

STATEMENT OF REFUSAL

1 say no. The broad consent has been explained to me, and | do not agree to this broad consent.

Your Printed Name

Legally Authorized Representative’s Printed Name (if applicable)

Your Signature or Signature of Legally Authorized Representative

= DHHS OHRP (Office for Human Research Protections) Template
» https://www.hhs.gov/ohrp/sachrp-committee/recommendations/attachment-d-august-2-2017/index.html
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The potential subject must be informed of the right to refuse to participate in the study or to
withdraw consent to participate at any time without reprisal. Special attention should be
given to the specific information needs of individual potential subjects as well as to the
methods used to deliver the information.

WMA DECLARATION OF HELSINKI - ETHICAL PRINCIPLES FOR MEDICAL RESEARCH INVOLVING HUMAN
SUBJECTS
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% @

"2 AFHER7L 2R
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["42]] Dynamic Consent

* is a new approach to consent that engages individuals in decisions about how their

personal information should be used.

* 1) is a personalised, 2) digital communication interface that enables two-way

communication between participants and researchers, and 3) puts participants at

the centre of decision making

Kaye, J., Whitley, E. A, Lund, D., Morrison, M., Teare, H., & Melham, K. (2015). Dynamic consent: a
patient interface for twenty-first century research networks. European Journal of Human
Genetics, 23(2), 141.

[5H Z*40] E 7 Dynamic Consent

Researcher
N In
Recruitment \ Informed Consent \ Follow-up / Retention
collection cnline v o

[ St o :“_ ¢ = “Dynamic Consent" 2 7+53t s 2%

§ = / / H

g e esds H 1. X} 2F (Participant recruitment)

| |

E i bt ol S 2. ZEB MYo| 2ABH 59| £F (Collection of Consent

£ Revewed consent E

¢ g 3. HOXt ]X| (Participant retention)

£ > Consent Management £

Electron, standardized across research shes

é’L Corfmedrogh ety s §| 4. =9 2| (Consent management)

\/I Research Participant |\/

Fig 1. Dynamic Consent's contribution to phase of research

Budin-Ljesne, I, Teare, H. J., Kaye, J., Beck, S., Bentzen, H. B., Caenazzo, L., ... & Javaid, M. K. (2017). Dynamic consent:
a potential solution to some of the challenges of modern biomedical research. BMC medical ethics, 18(1), 4.
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Dynamic Consent in Practice

Rare UK Diseases Study (RUDY) | QIE{4l E3E = HOox 22 S5 (g L 22 ) => ¢
- U of Oxford 7|8t 5| A gt T HY F 2F => HETA &Y

ZA AT
CHRIS (Cooperative Health OHd Aot ZAL Stz | = HHO| 2B 0)A Dynamic Consent 2= At
Research in South Tyrol) Study | &5t &3 = Interactive consent webpageZ HT& 0| Xt=
_ Italy Biobank ol = HE IR
Platform for Engaging ZOIRF AL7| £ OjO] | = Rz EItStD 42 o MEf (@
Everyone Responsibly (PEER) _ | B =%, 52[0j| C}2t H =00t 20| Jt5)
US DHHS o7 7|8 3 = AA M3X M-S 2 Af AE

Dynamic Consent in Practice _ 23andME

= Dynamic Consent (CH&Xt2| R o|of| CHst MA|ZF T2t / HAIZE S| B H2)
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[CHO|LI2] =2|] Dynamic Consent Interface

H UK National Health Service (NHS)2| “Care. Data. Initiate”

Figure 1.
j M

Dynamic consent interface. The origin of the image is from HW
Communications and the University of Oxford.

Back to start Clear Next

Williams, H., Spencer, K., Sanders, C., Lund, D., Whitley, E. A.,
Kaye, J., & Dixon, W. G. (2015). Dynamic consent: a possible
o solution to improve patient confidence and trust in how
electronic patient records are used in medical research. JMIR
medical informatics, 3(1), €3.

*k Home Help
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01. PATENT THICKETS A

1995 2000 2005 2010 2015 2020 2025 2030 2035

A three-decade monopoly: How Amgen
built a patent thicket around its top-
selling drug

The biotech company has earned more than $70 billion from sales of Enbrel. Patents protecting it will
keep copycat competition at bay until 2029.

November 1,2021 + By Jonathan Gardner

p: io i P i Source: Jeffrey Wu, National Chengchi University in Taiwan, for article "Into the Woods: A Biologic Patent Thicket Analysis * in the Chicago-Kent Journal of
monopaly-biosimilar/609042/ Intellectual Property. Key patents identified from Amgen annual reports filed with the Securities and Exchange Commission.
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01. PATENT THICKETS A

A patent thicket is “a dense web of overlapping intellectual property rights that a company must
hack its way through in order to actually commercialize new technology;” or more simply put:
“multiple patents that cover a single product or technology.”

Core Patents

. The dashed circular area is the necessary scope of patent
Peripheral Patents “clearance” for generic or biosimilar entry. That is, the
patents (circles) within in the dashed circular area are
those that will block generic or biosimilar entry and are
thus considered the ‘core patents.” The other drug
O patents outside of the dashed circular area only cover
aspects of the drug that are not necessarily essential for
generic or biosimilar entry. These patents are thus
termed ‘peripheral patents.” Examples of ‘peripheral
atents” include patents that cover drug polymorphs that
Necessary Area of Clearance for gre not appruvel',d by the FDA, dew‘ci'g t;at :ssist in
Generic/Biosimilar Entry administering the drug, or methods to monitor or predict

the treatment of thedrug.

Jeffrey Wu & Claire W, Cheng, Into the Woods: A Siologic Patent Thicket Analysis, 19 Chi, -Kent J Intell, Prop, 93 (2020) 5

01. PATENT THICKETS A

M Type | Patent Thicket: Patents that are more inventive, and less prone to double patenting(patents
that do not have claims overlapping with other patents)

MW Type Il Patent Thickets: Those that are less inventive and more prone to double patenting(patents
that do have overlapping claims with other patents)

" Type I Patent Thicket
Type II Patent Thickets

= Type II Patent Thickets
Stacking Obstacles

Jefirey Wu & Claire W, Cheng, Into the Woods: A Biologic Patent Thicket Analysis, 19 Chi, -Kent i intell, Prop, 93 (2020) 6
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01. PATENT THICKETS A

Humira®'s Patent Portfolio Visualization Enbrel®'s Patent Portfolio Visualization

oComposition of Matter o Treatment
oManufacture mFormulation

oComposition of Matter o Treatment
oManufacture mFormulation m Other
mOther

Jeffrey Wu & Claire W, Cheng, Into the Woods: A Biologic Patent Thicket Analysis, 19 Chi, -Kent J, Intell, Prop, 93 (2020)

01. PATENT THICKETS A

Humira®'s Active Patent Counts by Year

<Core and Peripheral Patent Counts of the Selected Drugs>

U.S. Market Entry (2002)

Active Patent Count
o
3

40
Brand Drug Drug Core Patent | Peripheral Total 2
Name Category Count Patent
Count 0b%§’\p§h%&{‘/\h\b\%,s,{‘\‘,\?,\‘?,\?.,?,:vmi
Humira® Biologic 93 61 154 FTIFTTFTTT TS ST TS
Year
e an® : : ” 2
Rlnlkall BlOIDglc 43 "7 80 ‘@ Humira Active Core Drug Patents OHumira Active Peripheral Patents
Revlimid® Small- 29 44 73 160 S
Molecule 140 Enbrel®'s Active Patent Counts by Year
Enbrel® Biologic 6 41 4 5 120
2 100
Lyrica® Small- 7 38 45 Z 80
Molecule @ 60 U.S.Market Entry (1998)
Eliquis® Small- 3 3 6 2 40
Molecule 20
0

=} N > $ ] D O o O i
) ¥ > ) Qv \2 J
9 \Q:a '\,@ ,\9“ v\.ég"\? O S SR S

Year

Jeffrey Wu & Claire W, Cheng, Into the Woods: A Biclogic Patent Thicket Analysis, 19 Chi, ~Kent J, Intell, Prop, 93 (2020, = Enbrel Active Core Drug Patents O Enbrel Active Peripheral Patents
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01. PATENT THICKETS A

<HIAH|L|o} CHStw (UPenn) 5122 Ti2]: 1037 - Core/Peripheral Z&h>

1) RNA CONTAINING MODIFIED NUCLEOSIDES AND METHODS OF USE THEREOF

US 60/710164(2005.08.03 2}&¢!) — PCT £¢(PCT-US2006-032372(2006.08.21), WO2007-024708)
2) RNA PREPARATIONS COMPRISING PURIFIED MODIFIED RNA FOR REPROGRAMMING CELLS

US 61/267312(2009.12.072}&¢) » PCT £¢(PCT-US2010-059305(2010.12.07), WO2011-071931)

©

EIE KR ”»P WO CN N BR CY ES HK HR HU IL LT NO PL PT SG SI TR M
2021 0 | © 1 0 0o [ o 0 0 0o | 0 0 o[ 0 0 0 0 0 0 0 o [ o 0 0 0 1
2020 | 0 1 0 0 0 [ o 0 0 1 0 0 0 0 0 2 0 [ o 0 0 0 [ o 0 0 0 | 4
2019 | 0 1 1 0 0 | 0 0 0 0 | o 0 0 | 0 0 0 0 0 0 0 0 | o 0 0 0 | 2
2018 | 0 | 2 0 0 0o [0 0 0 2 | 0 1 0 0 1 1 0 0 0 0 0o [0 0 0 0 | 7
2017 | 0 | © 0 0 0 | o 0 0 1 0 0 0 0 0 0 0 | o 0 0 0 | o 0 0 0 1
2016 | 0 | 3 1 0 0 | 0 0 0 0 [ o 0 0 [0 0 0 0 0 0 0 0 [ o 0 0 0 | 4
2015 | 0 | 2 0 0 o [ o 0 0 1 0 0 0o [ o 1 0 0 [ o 0 0 0 [ o 0 0 0 | 4
2014 | 0 | 2 0 0 0 | o 0 0 0 | 0 0 0 | 0 0 0 0 0 0 0 0 | 0 0 0 0 | 2
2013 | 0 | 2 0 0 0o [0 0 0 0o [ o 0 0 0 0 0 0o [0 0 0 0 [ o 0 0 0 | 2
2012 | 0 | 3 0 | 4 1 0 1 1 3 0 0 3 2 0 0 1 1 2 0 2 [ o 0 1 0 [ 23
2010 | 3 2 1 4 202 0 1 1 1 0 2 2 0 [0 2 [ 0o 2 2 3 1 2 2 0 | 35
2006 0 1 0 3 1 0 0 0 0 0 0 1 1 0 0 1 ) 1 0 1 i 0 0 1 12

= 0 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6
M | 3 [25 | 4 | 11| 4 | 2 1 2 7 1 1 6 5 2 3 4 1 5 2 6 | 2 2 3 1 [103

-140-



A ‘ 2021 BIO FUTURE FORUM

\ / HI‘O I 9 [i I EHEE Pax Technica AICH K-HIOI2

01. PATENT THICKETS A

Stacking Obstacles

@ 280M2| ==Y

- The risk of losing litigation rises as the number of patents-in-suit increases. (zachary Silbersher, What Are the Lessons from Boehringer's Settiement
with AbbVie Over Its Humira Biosimilar?, MARKMAN ADVISORS (May 17, 2019))

- The patent owner would merely need one single patent claim to be valid and infringed to receive injunction relief, whereas generics
or biosimilars would need to overcome layers of obstacles to achieve the freedom to operate. This fact makes patent thickets able to
provide “multiple patent lives” for the drug it covers and results in a lower possibility for the drug's biosimilar or generic to be
commercialized.

@ HI2(Cost) X AlZKTime)

- Even if we attempt to use the widely appraised lower-cost method—Inter Partes Reviews (hereinafter, IPR)— to cut down patent
thickets, it would still be very costly, if at all feasible.

- At its peak, AbbVie has 92 active core patents covering Humira®. According to studies conducted by Patent Progress and RPX, the
median cost to reach an IPR final decision is $250,000. (2rs: Baiancing Effectiveness vs, Cost, RPX (2016))

- The mere existence of patent thickets increases the patent monitoring costs and time for biosimilars and small-molecule generics.

@ Y= (bargaining power)

- Besides forcing settlements, patent thickets may also provide more bargaining power when negotiating settlement options with
contenders.

Jefirey Wu & Claire W, Cheng, Into the Woods: A Biologic Patent Thicket Analysis, 19 Chi, -Kent i intell, Prop, 93 (2020) 17

02. PATENT STRATEGY A

Single patents
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02. PATENT STRATEGY A

X 532 S50 T2
Annual Chinese Purchase of IPR Services under the Current Account, All Industries, 2000-2017

USD million - The first important element of global

30,000 interaction for Chinese companies is the
outright purchase of IP from foreign firms.
25,000
- The purchase of IP from foreign firms is
an important component of the catch-up
process of Chinese pharmaceutical and
biotechnology companies as they have
15,000 relatively little self-developed IP in certain
areas, which makes patent acquisitions a
prerequisite for expanding into global
markets.

20,000

10,000

5,000

0
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

Source: State ini ion of Foreign

US-China SiotechReport (2019) 13
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01. Al trend in medical

Technology life cycle of Al-medical-related patents Number of Al-medical-related patentsfiled by domesticand

foreignin the top 10 countries or regions

2017 0,
550 1200 CForeign patent filing 1o
500 &zDomestic patent filing
1000 ~e-Foreign patent filing rate [ 120% o
450 g
400 96% _96% 96% 100% &
. 800 g
2 350 2 -
£ 300 g [-80% §
3 5 600 1 a
8 =0 H Lo B
= 200 z 2
=]
400 4
150 r 40%
100
200
" |_| [_| ﬁ F20%
Olion 0 G I s O B
0 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 US WO CN EP JP AU CA KR IN 1IL
Number of assignees Target country
Yang Xin et, 3, Life Sciences Volume 1, 021, 100006 The ificial intelli inmedical: A is, 15
01. Al trend in medical \
Main assignees of Al-medical-related patents
No  Assignee Organization Type Country/Region origin  Patent Quantity  Patent Cooperation Quantity ~ Partners
1 University of California University USA 79 42 3
2 Berg Pharma Enterprise USA 62 0 0
3 uBiome Enterprise USA 62 0 0
4 NantOmics Enterprise USA 61 0 0
5 Roche Enterprise Switzerland 54 13 3
6 BM Enterprise USA 37 0 0
7 YouHealth Enterprise Cayman Islands 34 34 2
8 Philips Enterprise Netherlands 32 0 0
9 Pandya Ashish A Individual USA 32 [ 0
10 Prometheus Lab Enterprise USA 32 7 1
11 AP-HP Hospital France 31 31 10
12 HeartFlow Enterprise USA 30 0 0
13 Gritstone Oncology Enterprise USA 29 0 0
14 CNRS Research Institution ~ France 27 27 7
15  Cireca Theranostics Enterprise USA 26 13 3
16 INSERM Research Institution  France 25 25 10
17 Sera Prognostics Enterprise USA 25 0 0
18 Yale University University USA 25 4 3
19  Eastern Virginia Medical School ~ University USA 24 [ 0
20 Intel Enterprise USA 24 [ 0
21 Osio Enterprise USA 24 o 0
22 Stanford University University USA 24 2 3
23 Medtronic Enterprise USA 23 0 0
24 SIEMENS Enterprise German 23 0 0
25 Bio-Rad Enterprise USA 22 21 5
Yang Xin et, al, Life Sciences Volume 7, 2021, 100006 The dical: A 16
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01. Al trend in medical

Temporal evolution of patent applicationsfor the top 25 assignees

Assignee S
University of California 180 s i
uBiome
Berg Pharma
NantOmics
Roche 212618
IBM LAC IR AR Xk )
YouHealth
Prometheus Lab 36@s3 839
Philips
PandyaAshish A(@ @D 1 883 1} 1}
Assisance Publique Hopitaux|
HeartFlow
Gnitstone Oncology
CNRS
Cireca Theranostics
Yale University 102 4 2
Sera Prognostics
INSERM
Stanford University @ o
Osio
Intel 1@ o2 i 2
Zastern Virginia Medical School
SIEMENS 1
Medtronic 1 3 1
Bio-Rad a2 i

The patents of majority assignees have been filed
mostly since 2011.

For Pandya Ashish A, Intel, and Eastern Virginia
Medical School, the patent applications are in the
top ranks of quantity. Nevertheless, the patents of
22 these assignees in the Al-medical domain are all
24 filed before 2008, indicating the lack of
subsequent re- searches.

)
- o

Yang Xin et, al, Artificial Intelligence in the Life Sciences Volume 1, December 2021, 100006 "The ificial imtelli inmedical: A

01. Al trend in medical

Evolution of patent collaborative net- works in the Al-medical field

Parameters of the collaborative network from 1973 to 2019.

Periods Node Edge AverageDegree  Network Density — Network Diameter
1973-2004 208 68 0.654 0.003 2
2005-2009 145 48 0.662 0.005 2
2010-2014 271 132 0974 0.004 3
2015-2019 829 265  0.639 0.001 4

Each node stands for an assignee, of which the area has a positive
correlation with the total patent quantity of the relevant assignee. The links
represent the cooperative relationships among the Al-medical-related
patents, of which the thickness demonstrates the collaboration strength
between two assignees, that is, the quantity of co-ownership patents.

The number of nodes and links is increasing, but the growth rate of nodes is
higher than that of links, leading to a downward trend of density in the
cooperative net- works. Because Al technology in the medical field is still in a
rapidly developing stage, and the cooperative groups are small and unstable.

2010-2014 2015-2019

Yang Xin et, al, Artificial Intelligence in the Life Sciences Volume 1, December 2021, 100006 "The ificial imtelli inmedical: A
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100 JHAIBICD, Mg 2n2|F0 HEel= FAXQ HFE Z2IUat
nj2to[E{S Yol M| 2|xACt. IDP(intrinsic disorder prediction),
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03. PATENT ISSUE A

Al technology has become a digital armament in the development of new drugs, vaccines, diagnostic methods, and forecasting programs.
Many patent law implications arise from Al innovations, suggesting the inapplicability of the current patent law to Al-made inventions and
creative Al systems.

W Obviousness

- The person having ordinary skill in the art ("POSITA") standard has posed obstacles in determining patentability of
Al inventions. The obviousness is viewed from the perspective of a POSITA, who is a “hypothetical person who is
presumed to be aware of all the pertinent prior art.” However, in the Al context, it is unclear who is the POSITA.

W Written Description and Enablement

- The unexplainable features of Al even puzzle its developers, thus an ordinary person who is not involved in the
development of Al system will have a much harder time being enabled by the written description. No matter how
detailed a description of an Al system is, it may be deemed unclear or not enabling considering the complex nature
and unexplainable nuances of the technology.

m Utility
- The unexplainable features of Al may bring doubts about how the Al system generates the resulting solution. If a
skillful person is unable to decipher the mechanics of the Al system, the person may not be able to effectuate the

proposed object of the invention.

Shiomit Yanisky-Ravid and Regina in, Summoning a New Artificial Intelligence Patent Model. In The Age Of Pandemic (2020) 22
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Horizon Scanning :

EMA Regulatory Science to 2025

Advancing regulatory science in the EU - new strategy adopted - European Medicines Agency
EMA has published its Regulatory Science Strategy to 2025 today. The strategy provides a plan for advancing
regulatory science over the next five years, covering both human and veterinary medicines. It comes in

response to the dramatic acceleration of the pace of innovation in recent years and the need for regulators to

@ https://www.ema.europa.eu/en/news/advancing-regulatory-science-eu-new-strategy-adopted
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