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7) U.S. Department of the Treasury, ‘Foreign Investment Risk Review Modernization Act of 2018, 2018.8.13.

8) L& AFG(HH), A= X = AH(IMNEZp kR U ANE R B %)", 2019.11.29.

9) The European Parliament and the Council of the European Union, “Regulation (EU) 2019/452 of the European Parliament
and of the Council of 19 March 2019 Establishing a Framework for the Screening of Foreign Direct Investments Into the

Union”, 2019.3.21.
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Il EHE| FDA 21X

M2 BE=Z2E HE)

EGFR SQ15H0] m|Qf X| 2X| JH'ZrAF

Wete WAA O 20224 71E A o
2509r9 9] Al SR WA, ARt
18002 PO 1Y e WS ARG
reRTh, AR A E A AR 8 A (EGFR)E
A gt Bajol Tofshe AR 4150k
Aol A ABoR 1 A5E Al 584
Shijolc}. BGFRO] Seloli H2to] oF 85%%
AR|BH HIAAIEAS 15-20%8 ARk S5
Eeolo]u, £3] Selutet % FotlolelAl 40-
50065 ZHA3kaL ik

(O 1) 3= HIAMZHASXI0AL] EGFR SAH0| 2 HIZ

Ros1  PTEN STK11 MET

RET 1% 1% 1% 079% NRAS
196 ™ \ " 04%
_ \ |/~ FGFR1
PIK3CA - L 03%
2%

&X{: Pathol. Oncol. Res., 07 April 2021

AR FDAOIA 5 HY X5 BAHFLA
S°4 EGFRE EHZ2& ot FAZE
Efo] ZAI7|UOIA|AAN(TKD AL 657t G422
FAAL 2577 AUtk EGFR-TKI= 141, 24,
3NHZ EEh Hxo) oFE2 AMEHAIEE
olgAho.Z 2003 FDA 3|7He wretom,
o|F AgEld, 24t ofxtE g} thain|E o]
=] et thetyl=hg HIEet FURIoIA L Eo]
2 EGFR o] HR2, ol=igt #AA|5A7}
7 o]% A& Aol TES vt o] Ak
SHAIRE 1-24t) EH A=A 9] FHFPE7HS
8-157lLol|l X9, T3t F5=41734] Zo|7} HlIRisHA
UrEReol e HE g FRert Wopk] 474
o] | 5olli= AgH& o] girt.
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GNS-14800{|M2lIatx}/atx a2 xN)}X|

1) GNS-1480
20134, ZHAA vlo] 8|3}t Aekie] R&D]
Aoz HAAsty Qd HAHE A

A AFAS] 1 e 2L HAXEA

Sh 12410 ok AR FEI 5 g 34
oFEA 27oF & WYHNFES2S Tl
Sfef Almeks 29 W AR Qb
ohbEe ol W 9 Hgle] MFHT 5
wokioke] AAAEC) AEe A werd 9
2L oL ARAeIA st 5] g
AR HolS AR 4 Y OFAS Adeor
stk Zolgltt. Hete] A9 wdols A A
gt 25%, o1 31lo] Aupe AN TRl
WASkARE, GA ASE T 9 1241 kgl
AL 19 A% Fob5 oFBAFA0] e
A% BAQAL, YR oRo] ok o] Yioby
wold @Aol Mol A aas} Beket Aol
%k

o)

ojof] A=A A= 7EFES] Target Product
Profile®] 7Fg $83t 2R R HFWTZ(Blood-
brain barrierye & Fiok= 9] S Hit
2013 A AR £ A FEEA
Zt3eolok & 7]12AR1 B (&, EWolo E40]

=52l EGFR o83 % off-target A=40]

(2 2) HAAM2 k0] LM HIg

» Most EGFR inhibitors have limited efficacy for brain metastasis (BrM) due to poor

blood-brain-barrier (BBB) penetration

.34.2% at
one year

24 4% at
diagnosis

.38.4% at

two year

52.7% at
five year

.46.7% at

three year

~50% of NSCLC patients who survived
> 3 years and treated with 1st or 2nd
generations of EGFR inhibitors develop BrM

ZX{: Lung Cancer 2015; 88: 108-111
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2) YH25448

GNS-1480°] =A=HA Ak Bl 7S
Mt 8T SRR T oo FA
OFAEZAY 7L, Stol#}, HEE| A, Fho|oRE,
ofr"EtA T o] A FARA FL ANE Y
e 371 B 7] NSk Al Aol
oRFE] eFE/dol fsittal s AAGAIHCl =
A F2 Fa2r FAso= me- o2
FRo17] miZeltt. SlAre] 2 E Fo Y2
whet GNS-1480-> YH254489] =& Rigkom,
ZIeEdGA BE FH= K A7 (free base)
Ho, 7 AFAT} Bt 9531 kRS PlaiA
Ao 4712 ddtd ALY FHE Fe2
goto] ERE BoAlS, FEHAE, A
] QAA O A 5 IND AlST QA FH1E

ek

E

(R
o
ol

oW 20164 129 AR RE A4 1/24
Algol gt INDE 591 Hott TA] Y472

=

=HolA Jgsl= 275k, 1) =el EGFR

(7 3) HO|XE|| EGFR SIH0| B2t &fH0| SBRY &5

Y HeS 448 10 rmgdig

Osirnertinib 225 mghg

ZX: Clinical Cancer Research 2019; 25(8): 2575
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124 QANEL 2017958 1/24) ok
oF% Ag4o] Lkt 342 o sjgon]
o] YH254489] 1/24F AN EL &2
PEI9LT, B3] YAAY 27] SATA 40mg
@A) 517 BEBTHE 240me)ol AR
ARE0 ATAUS(OHE Kol A thu] 30%

4m

r" ojo % -E

(a2 4) HOIME|HQ| =7| YYAIR

L) Chet EYZA &

Pre After 6 weeks

ZX]: Clinical Cancer Research 2019; 25(8): 2575
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3) 30| ME|'E(Lazertinib)zt OFO|EHE R}
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(33 5) Z0|IXE|'Ht OfDIHIELY X271 W BI= Y &5

Amivantamab Efficacy in Primary and Resistance EGFR Mutations
(am-e-van-tuh-mab) - Primary Resistance
MET = Fully human bispecific (Duobody®) antibody that e O oo E DA o
targets EGFR and MET » lET el
= Has immune cell-directing activity' .
EGFR = Demonstrated clinical activity across diverse =
EGFRm NSCLC? ©
= Granted FDA Breakthrough Therapy Designation :
EG FR for EGFRm Exon20ins NSCLC post-chemotherapy
Lazertinib Efficacy in Primary and Resistance EGFR Mutations
o Primary Resistance
= Potent 3d-gen TKI with efficacy seen in activating wli Em f; beB{-{ o T797hgndr -
* o EGFR mutations, T790M, and CNS disease®* on B eeeen i
-~ TN K';L = Low rates of EGFR-related toxicity such as rash
"N N .
o Lo and diarrhea
= Safety profile that supports combination with
other anti-EGFR molecules

ZX: ESMO Congress 2020, Abstract #2172

(22 6) LASER301 ZlI0|ME|'E 1XIX|SH| 3¢ LHAIRC| RTIMEZT |7t ZAnt

PFS Overall
1.00 A Median PFS (95% Cl)
Lazertinib 20.6 months (17.8 to 26.1)
Gefitinib 9.7 months (9.2 to 11.3)
= 0751 HR (95% Cl): 0.45 (0.34 to 0.58)
=) P<.001
=
B hleee s v ool Wmmenm sy oS e AN N
|
=%
— >
it ]
o i Hu
0.25 i
rir
mH
Treatment —— Lazertinib —— Gefitinib Hu
I 1 1 1 I T T ] I T n'lE
0 3 6 9 12 15 18 21 24 27 30 N
No. at risk: Time Since Random Assignment (months)
Lazertinib 196 179 163 147 125 100 63 29 15 1 0
Gefitinib 197 179 142 110 72 51 29 13 7 0 0

ZX: Journal of Clinical Oncology, 2023; 41(26): 4208
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Hk2 20209 3171S 919t it 34 AR P
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E55]7F 4% (Biological License Application;
BLA)SIZL, BLA AHARIA g AF&2t Chemistry,

2015 2016 2017 2018 2019

2015.07 2017.04
Pre-IND Meeting US IND

202110 2023.04
RIE PLI
2020 2021 2022 2023 2024
2020.06 2022.02 2023.12

Pre-BLA Meeting BLA Approval

2021.02 2023.07
BLA Submission Resubmission

Complete Response
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27)ell A SHSHAE, 202095 A2 COVID
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dEERe A=t AA Aso2 RIES
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57 A AAPE Eesit= 24e WHeH, ol
Complete Response(CR) Letteroll 7]A5tHA]
AARE TR T CROl= DWH4 2.2 BLA re-
submissiong FJ5i4] HesHoF Sh= AR 7145k
o), ¢e]22%= on-site PLI7}F Q3}ch= Flo]
B o)oj A, US FDAY] travel restriction®]
A= AI71E hetete] 2023190 PLIE Z13¥51aL,

2023 129 BLA 511 WISkt

Lessons Learned

4229 BLA IS 5alA D2 lesson E°]

= ¥ 7HE TotA) Sitt
1) Communication

FDA®}O] communication IA 27HA2
HZ¥shd =)k FDA2MS] meeting E= FDAO]
A&k AFCID E= B 9HASE 2T 5
Qltt. FDA2FS] MeetingS Al7HAIeFo] Q171 wi&o]|
Aoz FH[stal, §&FQ H|go] HES
-23jo} i}, Pre-IND/pre-BLA meeting®@} 22
|82 sponsor”| leadingS 3122 agendac] st
IRIFE =0J5taA} Sh= A2} o] gk Atm
THS= A 0 = FH[sflof gttt o]of H]sfA| BLA
review =5°] 5= mid-cycle/late-cycle meeting
5+ FDAS] F510] w|go] XY= == sponsor”}
A FHIoHAl= YRR 7]E g FE3o]
AU AR HE30] Q= 79 FDACIA RS &
= 3o olof thgt FHIE S review & A=
=9 5 3loH, review A 2450 HisiA =

)

=2 5 e 7197

Lesson learned

Communication
+ Agency Meeting:
- Develop clear and concise agenda.
- |dentify key topics, objectives, and
desired outcomes.
+ Regulatory Documents (CTD + Amends)
- Clear, concise, logical and easy to read

Quality by Design

+ CMC starts from R&D

* Risk-based Development and
Focus on critical areas

+ Data Consistency (manufacturing
process, Control of DS and DP) based
on Quality Target Product Profile (QTPP)

i

Develop with the End in Mind
+ Target Product Profile (TPP) as
the start and end
* Know where you are
- Precedents

rﬂ - Look out for change

(internal/external)

Documentation
« If it's not written, it didn't

Q happen
O » Reader/Reviewer friendly

» Tell the same story (logic)

0~
./

= Justification/Rationale with
actual DATA
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Cyber physical systems

Industrial
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&X : Bismark state college, ‘Industry 4.0’
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( Pharma 4.0 ADIEWER| X} FQ M J|& )

ENABLES ENABLES

O B ENABLES
Technology Autonomous 7
Cloued
Artificial Real-Time
intelligence / Intemet of Collaborative
Adaptive Things (10T}
& Data Capture Cantral
Advanced Technaology art Factory

Senzars

Digitized
Manutacturing
Data

1
I

Metworked ii ii

Devices and

<0

Real-Time
Augmented

SINEVNI

()

l_

Machines

((‘ j}) Wireless Communications
Network
(5G ard beyond wireless internet

Cybersecurity

technolagyl

&% : Industry 4.0 for pharmaceutical manufacturing: Preparing for the smart factories of the future
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( Pharma 4.0 A|& 729t HHE )

Precedence Pharma 4.0 Market Size 2023 to 2034 (USD Billion)

$81.64

80
$72.11

70

$63.29
. $53.41
50 $45.11
. $38.13
$32.26

30 P $27.32

$14.17 $16.68 s1i54 I I I
" I I

2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034

[
o

-
o

Source: https://www.precedenceresearch.com/pharma-4-0-market

&% : Precedence Research, ‘Pharma 4.0 Market Size, Share, and Trends 2024 to 2034’
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(Pharma 4.0 =Q 20f A& 2 )
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AMAH 1,487.80 1,746.78 2,052.60 2,416.06
HOH|I= 4,813.46 5,632.47 6,596.35 7,738.24

&% : Precedence Research, ‘Pharma 4.0 Market Size, Share, and Trends 2024 to 2034’
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71 44.7%9) tiE %), o' 24, QABASHAD,
FA 2E, A ST AHIA 7]E 5 8 A9

a9loz 285} 9lck

AFH o g Bu] 2|%o] ZEE A A

ST QoA A8 33.6%), Fd 71e9] wHhe
=Y AL R&D)O et H=52]1 FA]
71913t Ao & HQltt,

Shd, opAjot B AH2 I, L&, =S
SHoR WE Aol ddEH, AF it
TR Ealet ARsslel digt =87 F55al 3lrt.

F9 OE HZE M |=1:
BEHZSE

H7<9] d#4]
1ot AEA2342 FDA
CDEROIA Z#3t “Examples of Accepted
Emerging Technology’d] t# A2, A5
Hj 2] gAbr Ao el Seglo]l BAbst=

A JoFE A=
AL A 2ZH(CM) 0

( Pharma 4.0 |9 AIE A2 )

Pharma 4.0 Market Share, By Region, 2023 (%)

33.56%

24.66%

26.74%

Source: https://www.precedenceresearch.com/pharma-4-0-market

H North America

m Europe

H Asia Pacific

W Latin America

MEA

&% : Precedence Research, ‘Pharma 4.0 Market Size, Share, and Trends 2024 to 2034’

52



—
=

small molecules

( FDA 423} =

| KPBMA Brief Vol. 27

FHWIE 58)

&

Continuous manufacturing of drug substance*

small molecules

Continuous manufacturing of drug product*®

small molecules

Model-based control strategy for continuous manufacturing®

small molecules

Continuous aseptic spray drying

small molecules

3D printing manufacturing

small molecules

Ultra-long—acting oral formulation

biological molecules

Continuous manufacturing for downstream processes*

biological molecules

Pharmacy on demand (a small manufacturing platform for continuous bioprocesses)*

biological molecules

Controlled ice nucleation for lyophilization processes

biological molecules

closed loop bioreactor control

Advanced process control such as predictive modeling for process monitoring and

biological molecules

Multi-attribute method

biological molecules

Next generation sequencing

multiple products Closed aseptic filling system
multiple products Isolator and robotic arm for aseptic filling
multiple products Novel container and closure systems for injectable products

* Continous Manufacturing 22 7|& (& : FDA Examples of Accepted Emerging Technology)

(BESY0 7|Z RIS Y| HI HHFL )

4.0
35
3.0
25

2.0

Cost ($ Million)

1.5

1.0

0.5
0.0

Cost ($ Million)

Facility ( b)

m Batch m Continuous

Cost ($ Million)
o e o
2w s wriw g

L 0.05
L —— 0

Raw Material

(d)

0.005

u Batch m Continuous

0.004
0.004
0.003
0.003
0.002

Cost ($ Million)

0.002
0.001
0.001

~ .-

‘b@%.

0.000

Py
“,

Consumables

mBatch = Continuous

I
; Q.,«’ﬁ

m Batch

Labor

u Continuous

|

& p &
q&’
« f Qf
9

&

ZX : Economic assessment of continuous processing for manufacturing of biotherapeutics(Paridhi Gupta, 2020)
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Table 1: List of FDA-approved commercial products using CM elements [6]

Cystic fibrosis Vertex 2015

Orkambi Lumacaftor, ivacaftor
Prezista Darunavir
Verzenio Abemaciclib
Symdeko/Symkevi Tezacaftor, ivacaftor
Daurismo Glasdegib
Tramacet Tramadol, paracetamol
Trikafta Elexacaftor, ivacaftor, tezacaftor
Dolutegravir Doluegravir
Fluticasone Fluticasone ropionate
Duvrog Daprodustat
Xofluza Baloxavir marboxil
Tazverik Tazemetostat
Cibingo Abrocitinib
Imjudo? Tremelimumab

Cibingo Abrocitinib

Breast cancer Eli Lilly 2017
Cystic fibrosis Vertex 2018
Myeloid leukemia Pfizer 2018

Cystic fibrosis Vertex 2019

AMlergy relief GSK 2019
Renal anemia GSK 2020

Follicular lymphoma Eisai 2020
Mopic dermatitis Pfizer 201
Hepatocellular carcinoma

Refractory atopic dermatitis Pfizer 2022

Janssen (J&J) 2016

Janssen (J&J) 2018

GSK 2019

Roche 2020

AstraZeneca 2022

£7 : ISPE 2023 Volumn 43, Number 4 ‘Continous Manufacturing’

]

o2 A, 2000t EE A935st 9 slslust
O] AoFAtAo] H-8E]7] Al&Fste], 20115 E
Al =g Atoll 2-8E%13 FDA, EMA, PMDA,
2 A|oFSJAL So] T AEAFS & A
A=l

o
A

U ox of

il

AEAETH A DA HEe] flenz,
HEH|- RN A -olF Al o wd 4 A
9 A 2| Aadtoto] PAko] BlEE}](Lead
Time}& 971208 dSAIIth £3], A% 2ofA
7P & Q4 Q79 M Fasteto] 4
Aol 7193k} Paridhi Gupta®] d+tof w2
AEAZBHL 712 wiX37 thn] A HEoA
83%, A oA 73% vl-8E B =
Zo g YePg o, MITC| Pharmacy on Demand
I Z2AEf|A+= Ciprofloxacin AR 342 Fol&
WG 2719 o= FHste], durd 4
FAIGFHA 48)2] A4S K el v k.

29 Aokt A&AzEY B Al
A% Z7sla Qeh. =A<kt (ISPE)
20239 HAo] wEw, 2022474 157

JoE] A%AZT Yol SAHYOH, =3
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2018E+E] 2020¥714] FDA 4521 2]2-Z2] 60%7}

AeAzgH 0 AZEUh

AEA| 2T (CM)E Bof ARzt 9Jok=2] FDA
|z 291 A= HElA jil(Vertex)2] Orkambio]tt.
HE)X it 20159 Orkambi AIZFO.2 20184
Symdeko, 20194 Trikafta® &2 W40z

SRAWSITE. GEAZ} 7t HEA jifo] ALA| 237
A|A"E AR SR 2T AlFE A d7
Aoz AAH A=-F-A=(End-to-End)
AlA"loZ 71E Hﬂi] ik Hpalo] g glom 23t
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(LGS ASMETE £ it D HYTEL 7|8 7HAH L HESH 71E )

" Leot: ZAt A ZAl B
= HESH HiX| 33 HiX| &
1. M= HIE (%, LG HHX| 7|& 63 110 110
2. HIZ MAbd (E/m?) 710 370 500
3. HIE 2k (%, LG Method) 99.6% O & 99.30% 99.50%
4. Eta MZE (%, LG BiX| 7|F) 46 162 100
5. OlL4X| A2 E (%, LG HiX| 7|F) 34 120 100
EX : Webzine, ‘BH7|£2| S, M| 2= I8t THAM A HE 7|S Ny
29 AI7FS 70%H T8 A= ool
* C-SOPS Research Consortium : HAEHZEHO| 28 ARt K|
So] A} jit(Pfizer)Q] Daurismo= A|FA} ZEA| HES HUS 9o 012 Rutgers [HEtS F4IQZ FDA, HAL,
ThaFe AEA|Z A 7]%0] E9]-SolHEe. Afo]ct o172 S 167} 720 AOlBHs B2
S}o)A} it A4 E3KContinuous Mixing) 7]&3}
PCMM{(Portable, Continuous, Miniature, Modular) U oA= [Galslo] AEAIZRTA 7|< =YY
AHE 7Hte g AKA 2T FS 4F3Her LS WLtk LGEER 202349 35 2359
Edstd=d, FAZIES 1Es] |5tk AEAZTH QIS 2= & JofF A8 it
TALAES S5t AXTES AASHATE o] AAS FE5Iei. dEsF7E 37 A
ol Al 3o A} jit= C-SOPS(Structured Organic AZzAo] B3} Aoj= A|AEIY A SEFAA T
Particulate Systems)*@} -2 HHA|9] HIERIE 7]‘ ?l & LA BFEA Ay 5

Ao, 2022 oju] 7kaA AEAR Ve
H%FGM,E* &S 46% EHAL, olUA] ARE

-lN' ofr

43 ggsls 5 FDA 9 97 WEAET e
Ao w pEslo] AEAETA 714 7T 74

N

( QAEMZ0M HEIISS QIBXIS 7|&2t ME: YT (Anurag S. Rathore, 2023) )
Supervised Unsupervised Reinforcement
learning learning learning
Continuous Categorical Variable not Continuous Categorical
variables variables available variables variables
Classification ( lustering \ssucntlnn Optlmu'mun

Type of
algorithm

Type of
variable
—

Purpose of
algorithm

\ .

v MLR
e ¥ NLR PCA
g E v LR v Naive DBSCAN K-means Q-Learning v SARSA
gE @ v PLS bayes. Hierar- ¥ LOF \/ Genetic
8 gu v SVR v Decision chical algorithm

o ¥ ANN trees clusters
v LDA
\
83 '
g E * Predict value Predict data type Discover Discover Optimize the Generate
- of unmeasured or identify inherent data relationshi r design Ol' recommended
variable tlmngesll'nults structure inside the dsta trajectory strategy
Trends in Biotechnology

&7 : Anurag S. Rathore Artificial intelligence and machine learning applications in biopharmaceutical manufacturing
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ZX : Cognex, ‘How Al and Machine Vision Improve Pharmaceutical Product Quality and Yield'

34% TEo 2 WHe 5 S 154 oV =3t

L A FEA 2 A (ICH)2 Q13
7lol=akelo] 7ute]o] ALA|ZZA o] A, 7

p=4 O )
ol a3t YFo] vidE v, FF AEARTH

=92 B 7kt Agolrh,

F0 oI E M= HEIE2  KpMICh
HEola(A) 28

A|QEAAof A Al 7]&-S Ao, AAITRRE A%,
Arg5} Al S Aubze] IHoljA] S8 2 9lom,
AlzgollA= wlolE 71Hte] 9,]/3@;@ Agre 3
57 FAs), £ e, 28 I 5= AT

u]=+9] FDA CDER2 ‘Artificial Intelligence
Boto] Al7]&o]
AAAZOIA S8E = U= BoFE T TEAA
AA A 2ALY, 115357 A°I(APC, Advanced
Process Control), 374 mYEF I AgA],
Edt HUEHYSOZ AA5HL 10, Anurag S.
Rathore(239)= 712 A5 EH=E Aol A
U3AE 71&0] E&E 5 U TR AR AFE

At

in Drug Manufacturing =

AR, 9894 H|A(Deep Learning Vision)
71EL 9okE A XIPYoA TS S 9= AT
AxZro g gAlste] 4 EAE Haslshs

Agrt. w4l vlAn ged GueEe A

( DESEHO(APC) 7I=AH )

|qiy£ \!CONTROI STRATEGY IMPLEMENTATION
l- —

ACTIVE AND AUTOMATIC PROCESS CONMTROL,
REAL TIME MONITORING OF PROCESS VARIABLES,

OPERATE WITHIN ESTABLISHED RANGES,

FLEXIBLE CMA & CPP WITHIN DESIGN SPACE,
QUALITY CONFIRMED VIA REDUCED TESTING.

TIGHTLY CONSTRAIN MATERIAL ATTRIBUTES,
TIGHTLY CONSTRAIN PROCESS PARAMETERS,
TEST END PRODUCT QUALITY.

REAL TIME MOMNITORING OF QUALITY ATTRIBUTES.

COAT - Cually

utet Flaw (%)

Prea
P1 Spea:
Praa

A EsREREEEEFYEEREL]

B Constraint management within
design space

1 Mar 19 10.23 83290

Z7X : Applied Materials, ‘Advanced Process Control for Pharmaceutical Manufacturing’
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The Role of Machine Learning in Enhancing APC

Predictive Maintenance

: fﬁ- Quality Control

—D Energy Efficiency

Anomaly Detection

Process Optimization ‘“ o

Soft Sensors Fault Diagnosis

Adaptive Control

&X : Faseter Capital, “Advanced Process Control: APC: Beyond the Basics: "

AR 24 A, 2 A%, 2PEY 0F 55 A, Al 7|8t 71 374 Alol(Advanced Process
AR b, 7|29 &Y AAED 2 A&Eel  Control, APC) 7€ ARTHS HAICR
AEAS AFEY d2, detolde jitEl Lillys  EUEHPST, 23 4L I

upo]d A4k AE3t, Flip Seal A8, M4 80l 5 2400, 34 MedS ﬂé\—dro}"’ 49| S
TRt 2ol vl AARLE A8ote] Alxabdolx]  fAlok=t E8E. dE A& 98719 pH,
HAS £ Qe AES 2] Adstn A 2% A B 5 *E‘*Pki TUERsk, At
F49 dHAE AT EN FYmot HAFE olF At FH 2ol Y mElulHE 38
PIAZ Alojgtct, ul= FDAC] whad, ofg] 29 A|At

Ol

( HIO|22I2FE MIZ0M2| CIXIHER =Y 0fIA] )

Plant simulation Plantanalysis |, s Flant °pﬁm‘ia_ﬁf.? —
== ! Lu u u Cell line selection, = - SV
Flowsheet, Design space, I e medium 3 / //
mechanistic, sensitivity, H I M u M optimization, ST R
hybrid and validation e productivity and " o
data driven economic analysis | r quality, process k - /
model ' L . scheduling e

Virtual plant

Inoculation  Seed cultivation  Cell culture  Productrecovery  Capture Virus Inactivation  Polishing Formulation

ZX : Digital Twins in Pharmaceutical and Biopharmaceutical Manufacturing: A Literature Review
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v oc o

Al 37 oj)% 2t

HEY  WEEEYEISTg bR NO B0 KA1

EX  ROYE| B2E, HEMA BES] 25 HALA| CII\ Het olEIr

APC 714 B3] AL B24S Fehsh st glom,
B 7] ZwoHE 2 4TS W gl
AR, HAg

EQ(Digital Twin) 7]&<2 44|
A2FHS 7 &Ho] Adsto] AAzto=z

gl

o
e Bt AR S 714z,

7%
AEA 2 AT 2ot AFidoNA Az
g4l AT

2 zEstn gk dAE EU 7|48 33

B8 UARIOR S BAste] HH o] 3%

242 £250, 349 F T 5 Yk ol4E
_]

Apdof APdstal sid Wjle Xﬂﬂlﬁiﬁ} 017‘3:— S3h

GSK iit(GlaxoSmithKine Pharmaceuticals)=
qAd EY 7|&S E-8oto] WAl Az T4
AXZE B4 9 A EFolAS &85kl it oSt

&L 34 F WY F5T olie AxHoR

58

Agsto] du] S-S Faolehal A4t 5844
Lol § $93 9&2 311 Ut} GSK iit:
olgjgt YAEESY 71&S o B T A A0
Aoz 53 Ao, WAl AiE Igel=
283 AL 7M1 ok gk Il
o0l HAE Ed 7|eS 7Nt oF vEpH A
HEE FASAT FLWA7|AR DS
Bl = oH, HMI 4% AlolE Bl ARl
AAREO =2 Aofalal, mhE glofelg Ao
Fste] AIE &3t d&5gE Alsste], £

PEIQQ) b BB B4 B WA ol
A1) 88 4 QIS B Bt

A, 74 71€(Virtual Reality, VR) 9A|
AlekatdollA 378 wSat F4 T, BE4 Tl
TS = A Fa glon, 53] AlxE49
T GMP A4 279 ol S55H7] Skt
HRto g SgE| Y gtk VRS @4 Hto] AlRtE=
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The solution

+ Daployed 500+ Meta Quest 2
headsets to rew operatars.

+ Created Virtual Twins'
cf production ines.
+ Translated a 100-page

document into VR training.

+ Leveraged Meta Quest haptic
and hand speed tracking fer
behavioral trainng,

EX4 : SlOIXE, TIXE E2S ARSI T HHIS 218 2l LS

et

SlolAtjit= 2149 WH 717 FQt wAl YA
848 skl el VRt tiRE EY Ve
LA 202100l mIAIEEO] oF 49 5,0009F

Yo F10) BEA ot ] FHMAPE AL

VR £ZEJolS 283 Zgso] @] 11?:16}11
OJ’ELE khj] qu_l,]. x%u] nJA 7SS /\]-xioﬂ

oj5Y 4 JEE FYrt. o]F Bl 3 7t &
AZEE TEs1a AE] 58438 =t Slolrk= oln
20189°] Meta Quest VR FEARS EQl5t0] W&
VR W82 &0l AAAES] @4 FAAEE oF 40%
oEgh et qlot

—_ =

B3, AA BT E A 3] (Parenteral Drug
Association, PDAR= InnerSpace Inc.2} @2lsto] VR
=279 E8oto], EU-GMP Annex 191 BAIE
Q2 Ao W5 kst g3k ° = AlFskaL ik

VR 7|&& Tt 15 THE gol 3 43

Au] gARS, A S S5 P 5 Rt A
49 $4 7142 B89 4 ek UXY =93
Adelo] 34 dolelS Fstoz AgdoldE 71

AL VR S0IA AL, AIS 55 dolel
Hoto] B4 oIS 34 TRHL AT 5

A 71&3te] A 7hs/d= A

=28 x|t A

0(4

SRS QAT A 878 FEshok she

EAA, Ad71ee Y5 YA E HeEst
A et A Aol d4Hon, 8
A A7 S =

98 Fol=etelst w1
SIS o} ¥Hs ARl 19 AAE Hlelsti
oI,

u]=- FDAE CDERQ] Emerging Technology
Program(ETP)¥} FRAME InitiativeS S5 A7 |&
L9 FA6HL Qik. ETP= 7190l 84l 71&&
Mok 271A0IA A B84 silasta,
ALA 2ol Al 7IRE 574 e, "gAE EH
59 7€ H8S A3t} FRAME Initiative=
AzxFHY F4% 28482 =017l A 71&
FEe ] AE Adeh A AR e =Y

S5k ) 238 257 9

49 9}%7@ (EMA)L Innovation Task
Force(ITH)Z ot A7]&d A& N 27]
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