e

RWD/RWE [ZB89 % RARIGAE

— FDA OAFREREEN & 5Tz
AW -BE~D7J0—F

2026 &£ 4 A

H X &8 £ T ¥ % £
EXaHEEE R BKFHETS

2025 £ #WMHEEARIIT+—X 9



R T2 oo evereee ettt 3
R = OO U O OO U U O U U U TP E O RO U U E O T U U U O T OO U T O T O U U OU PO U PR U PP OE PR OU U TPTRURTPP 4
22023-2024 H-0 FDA DOAKGEFFITET ..oooovoeeeeeeeee e 5
2.1 TR TTUE oot 5
2.2 PSR - R BRI DRI « BFM oo 8
2.2.1 FEA R BB AN O FH IR DTG T oot 8
2.2.2 BB ZRTE FTEBI oottt 12
2.2.2.1 (D) : Primary evidence / Supportive evidence & L CIiEMA SN TV B HEH............ 12
2222 FHIQ) : RBROT—4 v —2 L L TCUIEM LT 0, SHlIE B 02 4 MR
TEFH L TUN D oo 16

2.2.2.3 HHI(3) : FDA I RWE Z HW 72 HEE & 13380 T 28, RWE OFFHFEHFIO X 9
LZFLZ D B oo 17

2.3 FBER et 18
3RWD % H D 2 < B R T BT DT oo 19
31 FHAETTE ot 19
3.2 FREIE L oot 20
32,1 TEH UToBET & FUHIRAE oot 22
3.2.1.1 TOKEMIZALION ...eouvvivieiieciieciieeeeeette ettt e et et e et e e e e aaeeebeeabeeaseeaseesseesseenseesseesseesseeaseenseenseenseenns 23
3.2.1.2 DIGIAL EWIM.ueetiiiieeiieeiieeiieeteeteete et e eteeaeeaeeeteeaeesaeesbeesbeensessseesseensesnsesssesnseensesnsesnseensesnsennns 24

3.2.1.3 LLM/NLP + Target trial emulation (TTE) ......ccccoeoieiiiririeieieneeeeeeeee e 26

3.3 B et 27
B BB W IT ettt 28
5 BB TUHR v 29
(YN o) 1S 1 T L. PRSPPI 32
LT AN o) 157 1 £ RO UURUPRPRPTO 32
LI N o) 153 1 e TSP 34



s 5 gL TV WREL GEh) L CTWZRWERHL (HAGE
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11.Retrospective data collection (f% A & DT — X INLE)
12.Seasonality of outcome (77 k77 L DZEH i)
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RERSTEXL L B2 —XHMAFZOER, RIEMEGEE

(IBD) Z x5 & Uiz AR ZAF9E 28— RO - it
WrifF%t (Study of a Prospective Adult Research Cohort with IBD :
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palovarotene £ NHS 72> HAHAAIL B I
72t DThH D, G S ATV CIH
BIVEITFE O DIV SRS THIMED
RENT,

2 — VS EER TR 5 HE OIS FHITH
BHOD, YEENR A DRE RS, B
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B & A U< RBRAEREE TITh 7z 720,
RWE & H WG L I/ Sz &
ARy g0
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23BE

AL, 4 F THEAORAEN 71 STV e h o 72 2023-2024 420D FDA TD RWE Z H»
T ARRFF 2 BFEICHE L2 b O Th D, F—TU— FRETIE, 23 FHIT RWE BAFIH ST
Wiz, =, F—T— RREE L THRIMEREIZEZY U, TR R 7 B 7225 o 7o 38 A 0 i
HIE55 7 RWE OIFH Z8E L TW-b DD, FDA & ® Type C meeting |25 V. RWE (2 X 5 Hi
IFTEY)TIE72 <, RCT ZFE T N&E L DORMPRINTZZ &b, FEEH LK KR PG T
— X2 RWE Z & O FIZHFE L7234 (COLUMVID) & AF(EL TV,

JPMA 73 2019 4RIC 32 L 7=, 1987-2019 4FZ %5 & L7 BRIOFHA TiE, %4 kI 28 Al
RWE % FWW = F 1 238 & AT 5 31, 7=, Purpura & DA Tri, 2019-2021 45 % TOHIR A,
Substantial or primary evidence & L C RWE 28 U B34, 2019 4223 3. 2020 4E1% 4. 2021
R 1EATHD Z ERRESNTND 2, —F ARFHAEIZ LD . 2023-2024 47T 11 3EHI7S Primary
evidence (2023 £ : 7, 2024 4 : 4) L LTHWOHTEY . HIMEMICHH Z LA LMNE RS
7z. ZUE. RWE iG] 0w OTEFAb, H 24 R O BT A DO T ANKHIRT A BT A 5
DOBEfEZR ST X0 FEEENNESESCAH B AT LT, il RWD @R TE 5 L 9|
ST ZEB 1 OOERTHL EEZEX NS, —FH T, R LoflK) - [RFUZOWTIL, Purpura b
DFATHRTH U TN A ARE, BINAAL T A BAMEOT —ZIUE, KR DIFTER
L3 FDA 76 OFHIlFR & LT b TR Y 2, AFHA THAM L 7243540 RWE (2B 23
BR Bl - BRI L b RE AW o T,

PEFIT RWE OIEH & W 2, BB E T a2y, VIMPAT O & 28 B O BN o
Loz, EKR T COH®RERE %, EHR & TTE 7 L— AU — 7 LIRS K RHERR O T1E O
Ha b W AGRERI BT, ZOFEFIL, BICH 72 RWD Z#IRT 57217 T < |
U723 BT A v - R FEATE T 5 2 & T &R \ZMit %2 5 %5 RWE Z Al T& 285
STELIEZRLTEY, FETREATHD,

Flo, TIVETORERRIL >0732 T, ARBHFE T RWE Z2HMED 5 WITL RO FE T2 5 /46
JERY7e T 7 A (Primary / Supportive evidence) & L TIEMT 27— A0 M@E &40 CTuvie, AR
BT, FHEEE O EHRIIEN T 572 L, RBRT A o ORWAERR S DIZT 572012
RWE 23MEM Szl H Boho7z, —J T, SOHONOS @ X 512, XEHEED NHS Z 4%t
BIEE LTHWESE T, EE R DMK L ITWEREE TR CAR =031 2RO
“. FDA 73 RWE L3RRI RWGEENH D Z LB 6L 72572, SOHNOS @ NHS % FMH%f
FEREE L CHWERRIE, AROBRREDOZET VAL LTUIBRASR TV SR, SEOHEG]
D EHIZ, RWD OINEEREEIC L - TIZ RWE S IFBD 20 E MW S G2 2 L IFEERMAETH
59, BE, ICH E23 (FZIED RWE FIIH]) 2 OBEA ST D23, S2b B bz HO 1
12 RWD/RWE D EFD AR — BB 2 )5 OFFAlhi O — BVEDOHITFIZ /20 #5252 L TH Y . ICHE23
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T RWD/RWE DEZRMEEL SN D Z L3 lifFS D,

ABEIOFHAE D FDA OAGREA THW G2 RWE 1ZW T b 6 2O 5Bk LK - BRA
IMFAET 2 W T, ERREHE - BENERI L. KRATROZEZ I TV, 2D &M
5. RWE ZAGRHFEICHWDERIZ, RCT D X 578 TREETE 72/ TE RV L0 ) FHili Tld7e <,
B EOHIK - [RAZEfE L 72 BT, BISESBON TV AR, FIF LT —% Y —Z fijhr
Tk, BNTRE R PARAMINCELR M5 Z LICRET OV ENDH D, £/, RWE X, A%
PR RO T T ADOHTRICHR B L TR Y, FHCADREBS/NRO X9 7 BRI X
HEETUANZ LWDETORWE OFBREMNEE L 25,

3 RWD Zl Y & EHMFHRWICET SHE

2FET/RLIZIEY . RWE OFFAFEHIIH 2 TV b b oo, RWE ZAIH T2 72 OB Lol
) BEITZ . TOMRKO—2L LT, 1| EOHRTIHRRTZL DT, Al 0T VX L OHFHHY
BN EIE S TR0, FRCAR AL 21X U & Lz AL OS5 O Hog B A 58 LT
%, L)L, RWE ZfltH9 % ECHEERYav A THD [F—2INE), IF—FEp/EE], T
FHENT T, EO X O MR - BE SN TWS D, Fix OMBHIRY RFE TR IIEE L
720N, T, 2020-2025 4 O ERIRBIFERCERIRIIZED 3B T, RWD O [F—2 Ik, [F—4 /%
RRAEER) . THEEHAEAT) (CBE LT FOBA e Bl @ AR & 2 DR OBEE A A LT,

M1 REAE
AT, BIRPHR PRI ZE D385 T, RWD O 17— 2Nt || (55— 2 AR/ e | T EHiR
Bri 2B LT imFER OGN AN T e —F Wt axtg & Ui, HEOHE %X 4 12
RUTe, ZART T4 —ARND RWD “ChaI TS DO REFINE 2 32 2 72 A &/ X—T ORI OHET
%I RWE ZAIHT 2 ECcoEERT v A ([F—2IE] | [ — 2 ER/EH | THEHRIT))
DAL wikT 5 2 & PR SUS DM & 72 D e e 7 7 o — T AR E TE D K
912, PubMed ® MeSH F— U — R & AW TR 2B L7z (3 6), MiFRYE1T PubMed %
AV, 2025 4F 5 H 27 BRFRTRER SN TV Dam Akt g & Lz, fhil L7zfmsE, #1 F
Ve PERORA T ) —=2 T EFER L, RWD O [F—XINE |, [F—ZAp/Ee) . TFEHET) 12
B3 5503 E 9 OB EOFMM AT o 72, 20k, il L7im o b EAfIcT 2% —0
—REfMH L, @Y — (IF—2IE), (77— 2 Ap/E8) . TFEHRT)) BICBEd 2% —
U— RERELEZ (£7), @HY—Y, @HY—ICBE#ET 3 —U— 8, JEENR7 7 a—5
DRI THFET 2 SCa BIE L FEoehs B & BB X & OB 2 IR E L7z,
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):H/**/)]IJ F—U— K%
MR L. Fata gz ke
PubMed7)> & i 3 % fili % Q %
A
V= ——
v —
v
‘ HATHE RE RS % R\ R G R T
SRR TR D AU THERD 2
TERL (3%5) A —= 7 & E Q

4. REFHEOPE

# 6. AFE TRV XEBRRE

( “real-world data” OR “real world data” OR “real-world evidence” OR “real world evidence” OR RWD
OR RWE ) AND ( “Artificial Intelligence”[Mesh] OR “Machine Learning”[Mesh] OR “Natural Language
Processing”[Mesh] OR “artificial intelligence” OR “machine learning” OR “natural language processing”
OR “large language model” OR LLM OR tokenization OR tokenization OR “digital twin” OR NLP ) AND
( “Clinical Trials as Topic”’[Mesh] OR “Drug Development”’[Mesh] OR “clinical trial” OR “clinical trials”

OR “drug development” OR “clinical development” ) AND (“2020”[dp] : “2025’[dp])

KT AWETHYE LI T 5B —VITEHELLF—U—F

v — F—U—F

T —H e NLP. Social media, EHR, SNOMED, Data repository, Al, ML, wearable
sensor/devices, automated registry, Tokenization

T — X Ak R Social media, EHR, ML, LLM (Generative Al). Digital twin, EDC, ML,
synthetic data, AI, ML, NLP

e a T FRAT EHR. Target trial emulation, causal inference. latte knowledge graph differential
privacy, federated learning, imaging RWD, computational drug re-purposing, Al
ML

3.2 AEHKR

HEFERO 70 —F v — b &K 5 ITR Uiz, 229 SO STHIRSRIC L D S, &k
SR L T, FTo

vy

7

IZ 36 #
I SR O EFEE A Appendix 2 D e 3% 2 (ZHEH L 7=,

A RO TG [F =2 7 — 2 R TREHRIT] OF v — Mz 58 %
fRRd o 2 ENRF S N D AN O T, HARDERKBARE B TERPLH S TOHRWEIN, 50
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TR L O P CTHENZF—T — R & L TRNOEINZEE L, 17— ZIUE), 7 — 2 AR/ P
D— 2 TlE, B BA%E 5> B ClE Tokenization & Digital twin 2 3¢E L7=, [#EH#ENT] O —2 T
. [F—=2IE] bER, ARIOFIHR ORI TELL bz, KBEEFEET /L (Large
Language model : LLM) /HAS 7548 (Natural Language Processing : NLP) + [K5HEGm (4B,
RRHEFHOTTH TTEIZIEH) OMAGHEEZEE L,

Record identified from Pubmed: n =229

A 4

Screened
Total (n=39)

Excluded Total (n= 3):
AR A At Mot L A
DWTAUTHEE LRV (n

”

ATt e 42
Total (n= 36)
T HUIUE (n=13)
TS A RAEEL (n= 14)
HLaTARAT (0= 9)

5. EFHMER OFMEANRICBET S5 7 —F ¥ —F
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3.21 B LI-Hiff L FI AEE
3.2 TEE L7-H (Tokenization, Digital twin, LLM/NLP +[X $H#Ei5) % RWD O[5 — X [WE—F — X A/ H-HEHT ) O3 207 ek 2
<y B LA A 6 1ZR LT,

TS IOER HEE LTS

L7 —5
e IEEEEEREEERE —~ —
LETET= > A=
= > [=
EHR/EMR = = = o o
[ wrros || mssa | B e EEEH / Tokenization
R
etc. ﬁ;ﬁft?—lﬁ Ewém o s T—Y
o . Post-| i
ExCel BB NI IDBATR TS (Orieinal) REL g (Postorocesnd
SO B, AU T — ki
ISl T~ F—FOER JeE T
s ESEE FHLR—I -
i LLM/NLP + RIStz
etc. | [ || [ | FEANT—H \ (Ex. Target trial emulation)

etc.

/ [=T-1T-
HEERERET. TOFETRHIMENE L T—Y ﬁ‘ —_— [ > =
(#):2')—7 2 PDF. &7, Eff. B, 7 G
U —7—5%) — N

. .5 NETREATEA Vi - N, E{%ﬁ@?'—g
ST BRI ATA DER- MTARE B wElF—s
SR .
-I|I|I'l- W, INT etc.
BRT—4

e ™~
LLM/NLP Digital twin

6. AFRAETHER LieBKiFoFEHRAT—
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3.2.1.1 Tokenization

3.21.1.1 BE 3

Tokenization |%. I AIF#®Z#UNCEHE T 5720, Ar[ R S LiiE 2 H L <. [R—@EA
D~y F o7 WFEIHN D728 D [Token] ZHID HTHHIETHL (K7, Zhicky, ®ig
L7 —4% Y —Z (Ex.RWD [AEO@#AE7Z1F Tide <. KRB + Claim, FFRUER +Registry) T
& o> THREFUIZHR/NRLE RG> TOIURX, 7—F Y —2AOHEREZ FEBLT 5 Z L3 Alhe
L7720 RWD OIED—>TH 5, HRVEMIZKLERIERR ORNREEZ R 2 2 &L 23RS
L%, Token DERIE, 1BH ., BF =2V 7 ¢ NEMREREREE T CEM N D720, FIHEIEAIFEHR
Wled Z L | BRRBEDOBMAFEIT 2 Z LN FREREIN Th 5, Token AERKITIX, 7
— & Y —ZATEANO#ANT (Bx. A4FEA B, MR, BEFS2E) Z2HL, 7—% YV —RIZBk%
72< . [AC Token ZAANDFEEICHID K THZ LN TE S, BHR-EICHEET VEBEHT S
R~ F o7 EFRALT, BAZ - EIE5HZ ENAHEL 72> T D3, Tokenization H {73
FEEIN & U CoEBER b D TR <, MAEDOE LEAFEROMMEIZ L - Tid, B E8EF LD

HLEERS Token DFBIMEANE N2 L DVRBEN TV D, 25 & [[lkE L CHSEE D&\ Tokenization %
Fhi 3% 7212, Al —ff A\ CTHEE D Token (multiple token) % Ff7-H T, fERM~ v F 2 7 Z4T\,
FEE DR EZz X > Tnd,

Z® X 91T, Tokenization % FHV % Z & T, RWD 721 T72 <, RCT & RWD OF — ¥ Z3#fE L |
RCT O X 5 7 EBRERBE D . HEKREREE F & T KRB EICLERERE R E 325 2 LA ATHE
T %, —J77T, Tokenization Z 2% Z & T, [FHRENH R D720, EADHRY X7 Mo
%2 HIEEIDM, Eckrote i, fHADFEEIZ DU T, Tokenization D 7' 1 & A THEFE i
DU AT IR0, BT AENES 2 B LIERERMN 2 R4 25 2 & T, BEEFEET S Y
AT PEENERNZ EZREL TS 3, RICFHEIC KV FED Y A7 BIFIET 2 5B, 7
— R AX T HHEOWNE T (Bx. a7 2V —ICEEXWZ D) MADOT T A v
— 5D U A7 BN TN STV D 34,
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55 e

ELAMRIEE Token
XXX ~Token 1 : AF4BE1

T
-Token
T
T

Tokenization
(FERERICHESE)

% 1 XXX
~HFAE  YYYY/MM/DD
AER ¢ XXX

EF : XXXXXX
“EEES XKXXXX  etc.

%%A_

ki :
Token4 : 438833

o 2 —— 29 s
- 0 —— &9
.mKQ.____ 8%
. Tokenlc&3<
[ ] -/ F—5Y— 2D
— —_— =10 o — H =
FED .? R—BADTYF 7 i BHEA

F—sy—21 F—5Y—22
(Ex. ERERSIER) (Ex. Claim)

B 7 . Tokenization DS

3.21.1.2 FFHAEM

A BIDFHAT G I & 7> Tokenization DEAiT 2 e Z L 3072 BARRGNI 200 72,
MESNDIEHAER L LCiL, ORWD ONY F— 3, QEMMRBERE 70 N AR,
@FMERR T VA TOREEROMED 3 213H 5, ORWD O F—3 2 Tk, 5 RIOFE
lixt G5 OFRLTHH H DD RCT & LT, [EREWFIH (Healthcare Resource Utilization: HCRU)
DT —4 % EDC (\Z AT 25D Tid72 <, Tokenization DFEAfi & VT Claim 7> 5 BN S 5 535
BIBTFEL TS B, /o, ORMNZEHRE 7Y M AOMIICE L Cix, 4 £ CEMiIc
FWIR 7280 & e m) 72 i m sl & SR 6D T 7223, Tokenization & V5 Z & C, BH DORIFE4 B
MCE LEEEOmWT —F YV —2 (Ex. ABBRRIAZ BT 27200 L7 b7 —4 B %
BERT 272D OANT — %) L OEFEEFREICT 2 Z LRI SN TV D B, @M RT A
COBEHE FOMRITBE L TIE, RWD Z Il R L 35 X 5 2 o3BT ¥ 1 » T,
WEIFIED T 72 2 T2 DI L ATREME DN 52 TR T & 22Vl 23 & 5 28, Tokenization & V5 =
& T, RBRIEEET, RCT & RWD MRS STV D IERIZ AW T, BE S RO/ EMGE % FEh+
LT LIRS TND 3,

3.2.1.2 Digital twin

32121 #1 &

Digital twin (X, RWD @ [F—XEp/FH | OFFEO—>ThHD THMIS LT —Z ORE
SRREGIARE ] Ik L T, BMICAE LT —2&2&k L, HAAT2 2 L2 EICT 55 ch
%, Digital twin £, BLIEMRORIS T AT L&A LICHBL LI2ET v E LT, RAFM72R
THNT — 2 LB FIE WD L O RO Fr il 2 b OZ KoL T — 2 2T 7 /Wb L. (AR 72

24



W T — & AR 4l TdH 5 3, Digital twin Z W72 EEERBRO CARTIE, 778 R £
(TEHER IR A 52T 256 OBEN - BEROLEZEE LT, REBREHRORE & &bl
DEINHBET 0T Ial—varT52ERTEDL, ZNHDYIab—raitdiy, |
HWRBE T2 7 7 A V& AR L, historical control arm OREZES, WA 23N IEVE 2 | C KT IRERIZE
DU THNTSE, WRERTEDOL S BB LWL NTRT L2 LML s Y, ZnAbo
i T, FERREABR O GBI THOIER O FRICH WS TR Y . BRRRER 2RO )M 2 B
TLZEPREENTND Y, —ﬁf\%%v&w®D@MWm%¢&¢é:&m\%m%vx
TALRRY BT BB AREEE BEEAOREELRD, ZROEROEELZTD
7o, HEEIHMRETT MR, THREOEBNRKE <, THREEIMES 720 5 20554
HET LTS Y,

3.21.2.2 FFHAEM

Digital twin (ZB89 2% 5 & LC. EMA C Unlearn. Al ££A3B8% L7 TwinRCT &\ 9 Digital twin
% V72 Prognostic Covariate Adjustment (PROCOVA) & W9 FiEN I TV D (X 8 &M
3638, PROCOVA (%, Digital twin (22D WoftatFiEE LT, BlflY /23 5 C o1 Tliisdt 2 5
i, A%hE i SN EREREFIED 1 > THY . RBEHROUHELN L Z LI nT
W5,

FIEOME X, FI1DIZ, ML Gl EDRET — 2D, MEEEOIER T (Ex. 77 &R)
TOT YU M LETUTLETNVERE - RRET 5, RET VL BRRBRICHEA AN DIL-&
WBRE OBEE RT — X ANT, TRTOHEBRE IOV THIRIRE T OBTER 22807 O 71
(Digital Twin) %152, =Dk, EBIZHENE L7~ RCT OYERFBE T4, Sttt o Beps <
Digital twin |2 X W L= TR TPHIA 27 2 AW CHERREEZITO, IREDREHEET D Hik
Thsd 3, WHELE <, TRIETAEZBRE - BREE LT Y2 & EERORBROMATH Y & %
SiFH LT, BREVEOHRSST — 2 DO7 72 AMEOHIE (7B ZEOXLNA[RE L 725, FEA
IZ. EMA 7> 5% H & 3172 Qualification opinion 25258 % 3839, F 7=, A RIOFHMixR DG LTI
VN3, 2025 4F 11 BT, BEICHE T L7 BRI 2 44 12, PROCOVA Z il S % Z & T, Digital
twin ZERBIRDIE S D& DRV > TN A XOEBICF 5925 2 & BEME AV TS &
. BRREBRORbosFE LIS TG 40,
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[ stmercr) |

S S

af —— B0

ERPREABRDOWERE [UEIES O] ﬁ“”g—*ﬁ((ﬁ) J
gEER(R—2%07) T

l EHEBEHESI

ANDAS ey Z
) - g%ﬁﬁ%ﬁia;rlr:ﬁ%ﬁ@;m
EAEE DTEFHFARITICE
jren (BBEFOTFH) () BHERBEDLHIFAL
. ®
etc. SR DEHERE D
Deep Digital twin(DT)
BEOBET—5 Learnins

] 8. PROCOVA DR 4041

3.2.1.3 LLM/NLP + Target trial emulation (TTE)

32131 81%

LLM/NLP & K BRHERR 2 N2 U TR e Bl Tk e gy, RWE ZAIH 35 BT, TAK, A
L7eWERR EEE R T — 2 BN IGETE TWRW], [F =2 RNl oA 7 A EE
TERW] EWIHFREEZ MR T 272018, ZROOHINEZHAEDEDL ZENAETH D, K6 D

WY LLM/NLP Z T, 7 F 2 MOEIg e EOIMIENT — 2 b E T, MBI yK BT —X
FIE L, T Lo 0T — 2 &I L BT REHER & W O 022 FiEe v, 3Bk - fig
Wratlizsr 22 U, 92 2 AR L 72 5, RIARHERRICRI L CUT4E, RWD & W72 BLEF5E o
REICHLT Db DA77 L—LT—2 L LT, TTE BRE SN TWD, TTE X, BELOH
D RRM WA 2 G282 77 7 ~T7 v 7 RCT & FERERBR L B 2, ZaaFIH AlhE
RBERT — 2 VT, ATREZR IR Y BURAYICAL (Emulate) 257 7'm—F 245 L, 1RAVRERD
7o hangkdted . ENEFIHTRERBISE T — 2 2 HOTHRMICER T2 v 2 B 7 e
T ANOHERR SN D, M, Fukasawa D DOFmCIZ5ED 2, Al & RIRHEGR OAEA G DOEIL, RWD
O ITF=HIE, R BNT THEHRIT) TERERERMMESIT LR 5oHh Y | SEOFHERI RO
LTH, I 2 2OFEMiEMAGDE RGN RLONTZ, — T, TTE 7L —AT—7 %,
BT A ANTERRT 2N, T AR TR TAHTES LN, T—FZDHDODRANLAEL
DA T A g PbRT 5 b DO TIEARW 42, 5T, LLM/NLP & TTE 7 L — AU —7 &l
BDOELIHBITENTY, AT L7 —% V=215 5 TR BREH O LBEN S 5 I ED
DIT7RNZ &2, MEPLETH D,

3.21.3.2 ;EASEHI

Mayo Clinic Platform ¢ EHR % JHW\\C, &2 Ffi 4172 Phase 3 #A5k (Ex. WARCEF 7 :
Warfarin vs Aspirin O FLEGERER) S FFELATRED & A L 725a STl b7 — #7210 ¢l B
R OFRGEFESRICBI L CH, NLP & W) ALOTIED 1 &AW, BERFEREAME LZ, 20H
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&L TTE 7 L — AT — 7 206> TRRNT 2 FEii L. FERR D BRIRERRIZ e E M 7 & ONTHER O F7 1)
PEA BB Lo FHR S D B, 2SAGEE CIIIEELT — % OIERADBEA TV DA, A EIOFHix
LOFHSUIEHFFNIFE L0 b OO, RWD 5 Bl 728 ik 2 15 5 72 D12 iE, BT <o NLP
D Al ZFfEL/Z BT, TTE 7 b—AU—27 O X ) RN RHGR 2 EAH ST & L ERENT
WD M ZOMIZH, TTE 7 L—A T — 7 % AV TA £ TRCT THA S Tt eLsh 2 i
KT HEBRTOT—2EEM LT, T+ 252 & T, e RIcBET 2 2eEicEld 5+
DIRTET VAR Yy v 72D D T ERYIFFSNTND 4,

33BE

ARl FRSCRAEIS TIEMH & 72 2 el 72 7 T a —F 2 RET L, MR E R DEIN A IRE L CREM
ICHRAET D 2 & T RRRBRSCEE R IE D 0B ¢, 15— Z UL | [ — & LRG| THERHIRAT |
DENEND Y — 2 THEHFMHMNRHNONTWD I ERHLNE 7o Tz, AREER L-HT &
MWD Z & T MBERIEFIECIEE R A O R Z ik U, &0 7 2 2 NS E Lz BT
BN REHET 2 2 LRSS, ZHUC XY, FDA OEKRFEFFHIAE (2.2.1 . Appendix 1
Z[) @ Limitation T EALIZSH AN o 72, FRRASHKE | RIAEASHES, a2/ L,
WO R HEE L, ARBFEOERREIZ RWE REVEH LT WEREREICRD LEXS
ns,

— 5T, AENER L7z 3 2OHIFE HAR~NEAT 2 ITITERE S F(E L T 5, Tokenization (2D
WL, BOKZ OIS T — 25 I B D BR B S A TV D ISkt L, B AT B LB
LEBEOORNOPEHETH Y, BHY R, HEREMEFEDOAT =7 RV A—b GO TR 5
i RSN R CH D, Eio, BHARIZAK DB O X ) el NG WAL LIS O 1 EE TR
HIZT — & OEFENFREL 72 5> TV D RWD ZERWT, BRI A SRIGEE L, [EAG®Z S
to7 — Z R L2 572 DIFIARANDORIERGEZET 2R bHENPLETH L, BHRORER
E LT, HHRERIARE T CREEMFLEENR R DT — 5 V) — A D% Fhid 5 FiEN%
FTohd, E7o. 20254 12 A 5 HICiE, SOEEFRENRAL U, IRHAER L T O RWD 721
T, BAEFBHENRET 548 DB Th, RA(LTOFRIHMATEE & 72 D IEHRIL (i <
7z, Zhuc kY, FIHTE ST —Z ORIEORE (BELMT., RAMT) ZIER LN
12 BT —H Y — A OHEFERELTWD, — T, WHRERSEEEICLEIIE - TR,
— WA O EFEBIRI OB A e T 0 T AR, FIHEMOFEEREOAM, T—H I
£ FNERICET 2 HBIRRENET N D, BRTH N OEAEE X, RWD 21575 2
EDT T RTFVA OB HIATL Cilgam ¥ STV D0, 2R BICET 2w 7210 T <,
BRI FERL 2 — A — R T HdEma EO L Z LR EEEETH L,

Digital twin (Z2WTiX, Fex DHILIRY | AARDEERABR-SCARHFFHE A~V bz BIRRY e
BNITFAE L2V, IS O 5I21E, Digital twin 213 U6, HEE o FikE, oo & b 8T
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— X OF M EBICRE KFT D, HRHER E U CERIAH 2 8% L7-7 — ¥ % Digital twin
ELTHATHRT 27201203, EEHE ., ERIXORI TH 5, Digital twin (2 & HFERZZT
TERLOKREGFEA1T5 Z L 1%. Digital twin (2 X 2 FERDMEHE TE 200 E 0 ) 25
WAELD DAREME L H Y, ERA~OUHLLEIC/RDTHA D, —FH T, Digital twin D HIDTE
& LT, PROCOVA @ X 9 IZBEAF ORGRER & i £ DORFIRRER T — ¥ F A A G b TR
5 liE, EE L THIEMEEENME, BflN R L L THEUEITRN B2 5D,

LLM/NLP +E REHEGRIZ DN TUE, REHEGROFIEL Y & LLM/NLP TED X )17 — & I

THEZERT 20 E W) ARREICR D LEZBND, KT, EFAINLT VAT ARERE
WY AT LR X —[HTHEL - SN TS ANEENRD R, FRF—_" X —TbHIH
S LB FHINT DEHEDN AL A ANEALTWDLTZD, 1 OOFT/VOMA T, x5
BRI HROH &g b A2 Ehid 25 2 &%, BEMICRETH A H, dEEERE Y I2ES0
7= hERI IR ERARHARE] OMEE 2 LT D720 DB T I VT OERELEORGC, 1F duig ik
WEOREE P TRDOITND N, D OMFHER CEREEE VR LT WERE TH 5 L FIFFIC
TWRFI & R U7 BRI R - T — 2 SOATER R O AR GHI DWW T — A — R 2 K
ICRFT R&ETH A 9,

— T, RRBROBEREETIZ, BATSH LLM OIEANEE > TV 5, 4 H R KEFEZLERLT
BIRBEEE T, £ 1,800 £ DT —Z1Zxt LT LLM & H\W CIEEE LT — &7 O E (L 25 90%
OIFETEB LT B, ZOWIEL LT —& 250, mEICFERFEF D 3 DOIEBR CHEMES DA
7)== T ERER LT ARG 2 AT S, 20 0 b IEFRITHE & 7o T2 BE D 27 4
Wy ZA LY —REBFEY 70— h A2 NI BEHAETEEBRFE B BE T DR IRFER O plih - B2
REFTHD, ZOLIIT, RWD & LLMNLP ZflAG0E 5 2 L T, =7 » ADRIHRCRHIR
PHIE DRk % 22 TIEMZHE L TS ZERARTH 2,

H AR CHBA T 2 AR SRR RBRICHA L 7adicid, BR8Nz, R
FEFTOLF 2T M) =P A = XTI - EfEa#ET 5 2 L b HEHETH L L EZX D,
HLETOFHMEZE T Tl <, BN —2 7 —2%BE 2. BARTHEHAT 5 ETORERYGE A
EEEPEY D Z LT, HIZ RWE DMPROEBHGFHICANEA S0 2 LB IfF S L5,

4EbDYIC

ARRFEY TIE, FDA (28125 RWE % H\W - AGE B EHIFHA 72 DO, BEIRBARCHR AR 78
D4 EFT, RWD O [F—2 L) 15— 2 A k@8, THEHRT) (2B LT, S e i o
FIRTL & AR BT O R A S LT,

TKFBHFEFBITIL, RWENRED L S RWD ZHWT, ED X5 7B, T FESEH S
TWDNERRFER, ZEEZEZBNTHHIN TV ZEBH LN 2o, 2N HORE
225, RWE [IARHFEICBIT 227 A0 E LTEATH L bOD, ZDOFIMIZIE Gold

28



standard |IF7ERT, WIE, HAI 70 77 A0, TU M LAEEEE X, BOIZHTxt S5 T
HMLBENIG D ZE BT,

FOFTROEAT Tl 2020-2025 A0 ERIRBAFECER AW FEIZ B 9 2 5@ 3T, Tokenization, Digital
twin, LLM/NLP + TTE Z RV LI THEZE &L fE S 2l A L7, 2 b OB T BRI 4 b
FIELTRY ., A CIEHAEZRFT 272012, BE~O#R-OE B O MRS SR 2 20T
EhHe, HRMICENTW NS AR H D, BEITE HHE L TEHFEZED . BlHNE LS b
REMRAI IS AR L, BLHIS R - oM CRENREmE DT I ENEETH S,

I 2 SOEZE U TCHRA7, #7-7 RWE KON RWD O GEEZEIC, iEZ 7Rk
L. EHEGEFFE T RWE 2SEA < EH SN OBREDO R EBUCEHB L TV & 72Uy,

5 && 3k

1. FDA, Real-World Evidence, https://www.fda.gov/science-research/science-and-research-special-
topics/real-world-evidence (Accessed on Mar 5™ 2026)

2. Cave, Alison, Xavier Kurz, and Peter Arlett. Real-World Data for Regulatory Decision Making:
Challenges and Possible Solutions for Europe. Clinical Pharmacology and Therapeutics. 2019; 106(1):
36-39.

3. PMDA, UEKRHGEFIZBIT D LY A MY OIERICET 2 EARNE 2 T7] 1250 T,
https://www.pmda.go.jp/files/000239821.pdf (Accessed on Mar 5% 2026)

4. Togo, Kanae, and Naohiro Yonemoto. Real World Data and Data Science in Medical Research: Present
and Future. Japanese Journal of Statistics and Data Science. 2022; 5(2): 769—781.

5. Vaghela, Shailja, Kaniz Afroz Tanni, Geetanjoli Banerjee, and Vanja Sikirica. A Systematic Review of
Real-World Evidence (RWE) Supportive of New Drug and Biologic License Application Approvals in
Rare Diseases. Orphanet Journal of Rare Diseases. 2024; 19(1): 117.

6. Feinberg, Bruce A., Ajeet Gajra, Marjorie E. Zettler, Todd D. Phillips, Eli G. Phillips Jr, and Jonathan K.
Kish. Use of Real-World Evidence to Support FDA Approval of Oncology Drugs. Value in Health.
2020; 23(10): 1358-1365.

7. Alipour-Haris, Golnoosh, Xinyue Liu, Virginia Acha, Almut G. Winterstein, and Mehmet Burcu. Real-
World Evidence to Support Regulatory Submissions: A Landscape Review and Assessment of Use
Cases. Clinical and Translational Science. 2024; 17 (8): €13903.

8. Bachinger M, Jankowski MA, Kesselheim AS, Kriiger N. Real-world evidence in drug approvals at the
European medicines agency. JAMA Netw Open. 2025; 8(11): €2542041.

9. Okami S, Shimotsumagari K, Sadatsuki Y. Evolving real-world data and evidence use for new drugs and
regenerative medical products approvals in Japan-an analysis of the 6-year trend. Clin Pharmacol Ther.
2025; 118(6): 1405-1421.

10.Feinberg, Bruce A., Ajeet Gajra, Marjorie E. Zettler, Todd D. Phillips, Eli G. Phillips Jr, and Jonathan K.
Kish. Use of Real-World Evidence to Support FDA Approval of Oncology Drugs. Value in Health.
2020; 23(10): 1358-1365.

11.FDA, Real-World Data: Assessing Electronic Health Records and Medical Claims Data To Support
Regulatory Decision-Making for Drug and Biological Products, https://www.fda.gov/regulatory-
information/search-fda-guidance-documents/real-world-data-assessing-electronic-health-records-and-
medical-claims-data-support-regulatory (Accessed on Mar 5% 2026)

12.FDA, Real-World Data: Assessing Registries To Support Regulatory Decision-Making for Drug and
Biological Products, https://www.fda.gov/regulatory-information/search-fda-guidance-documents/real-
world-data-assessing-registries-support-regulatory-decision-making-drug-and-biological-products
(Accessed on Mar 5%2026)

13.FDA, Considerations for the Use of Real-World Data and Real-World Evidence To Support Regulatory
Decision-Making for Drug and Biological Products ,https://www.fda.gov/regulatory-information/search-
fda-guidance-documents/considerations-use-real-world-data-and-real-world-evidence-support-
regulatory-decision-making-drug  (Accessed on Mar 5" 2026)

29


https://www.fda.gov/science-research/science-and-research-special-topics/real-world-evidence
https://www.fda.gov/science-research/science-and-research-special-topics/real-world-evidence
https://www.pmda.go.jp/files/000239821.pdf
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/real-world-data-assessing-electronic-health-records-and-medical-claims-data-support-regulatory
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/real-world-data-assessing-electronic-health-records-and-medical-claims-data-support-regulatory
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/real-world-data-assessing-electronic-health-records-and-medical-claims-data-support-regulatory
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/real-world-data-assessing-registries-support-regulatory-decision-making-drug-and-biological-products
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/real-world-data-assessing-registries-support-regulatory-decision-making-drug-and-biological-products
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/considerations-use-real-world-data-and-real-world-evidence-support-regulatory-decision-making-drug
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/considerations-use-real-world-data-and-real-world-evidence-support-regulatory-decision-making-drug
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/considerations-use-real-world-data-and-real-world-evidence-support-regulatory-decision-making-drug

14. Hennessy, Sean, Yoshiko Atsuta, Sanna Hill, Lembit Rago, Juhaeri Juhaeri, and Council for
International Organizations of Medical Sciences (CIOMS) Working Group XIII. Real-World Data and
Real-World Evidence in Regulatory Decision Making: Report Summary from the Council for
International Organizations of Medical Sciences (CIOMS) Working Group XIII.
Pharmacoepidemiology and Drug Safety. 2025; 34(3): 70117.

15. Asano J, Sugano H, Murakami H, Noguchi A, Ando Y, Uyama Y. PMDA perspective on use of real -
world data and real - world evidence as an external control: Recent examples and considerations. Clin
Pharmacol Ther. 2025; 117(4): 910-919.

16. Wang, Shirley V., Simone Pinheiro, Wei Hua, Peter Arlett, Yoshiaki Uyama, Jesse A. Berlin, Dorothee
B. Bartels, Kristijan H. Kahler, Lily G. Bessette, and Sebastian Schneeweiss. StaRT-RWE: Structured
Template for Planning and Reporting on the Implementation of Real World Evidence Studies. BMJ
(Clinical Research Ed.). 2021; 372: m4856.

17. Wang, Shirley V., Anton Pottegard, William Crown, Peter Arlett, Darren M. Ashcroft, Eric I. Benchimol,
Marc L. Berger, et al. HARmonized Protocol Template to Enhance Reproducibility of Hypothesis
Evaluating Real-World Evidence Studies on Treatment Effects: A Good Practices Report of a Joint
ISPE/ISPOR Task Force. Value in Health. 2022; 25(10): 1663—1672.

18.1CH, ICH M14 Step4 Final version,
https://database.ich.org/sites/default/files/ICH _M14 Step4 Final Guideline 2025_0905.pdf
(Accessed on Mar 5"2026)

19.1CH, ICH E6(R3) Annex2 Step 2 draft guidance,
https://database.ich.org/sites/default/files/ICH E6%28R3%29 Annex%202_Step2 DraftGuideline 202
4 1024 _0.pdf (Accessed on Mar 5 2026)

20.1ICH, E23 EWG Considerations for the Use of Real-World Evidence (RWE) to Inform Regulatory
Decision Making with a Focus on Effectiveness of Medicines -Final Concept Paper
https://database.ich.org/sites/default/files/ICH E23 EWG_Concept_Paper MCEndorsed 2025 1112.p
df (Accessed on Mar 5 2026)

21.FDA, Drugs@FDA, https://www.accessdata.fda.gov/scripts/cder/daf/index.cfim (Accessed on Jan 16"
2026)

22.FDA, New Drug Therapy Approvals 2023 https://www.fda.gov/media/175253/download?attachment
(Accessed on Mar 5" 2026)

23.FDA, New Drug Therapy Approvals 2024 https://www.fda.gov/media/184967/download?attachment
(Accessed on Mar 5"2026)

24.FDA, 2024 Biological License Application Approvals https://www.fda.gov/vaccines-blood-
biologics/development-approval-process-cber/2024-biological-license-application-approvals (Accessed
on Mar 5%2026)

25.FDA, 2024 Biological License Application Supplement Noteworthy Approvals
https://www.fda.gov/vaccines-blood-biologics/development-approval-process-cber/2024-biological-
license-application-supplement-noteworthy-approvals (Accessed on Mar 5% 2026)

26.FDA, 2023 Biological License Application Approvals https://www.fda.gov/vaccines-blood-
biologics/development-approval-process-cber/2023-biological-license-application-approvals (Accessed
on Mar 5% 2026)

27.FDA, 2023 Biological License Application Supplement Noteworthy Approvals
https://www.fda.gov/vaccines-blood-biologics/development-approval-process-cber/2023-biological-
license-application-supplement-noteworthy-approvals  (Accessed on Mar 5" 2026)

28.FDA, FDA use of Real-World Evidence in Regulatory Decision Making https://www.fda.gov/science-
research/real-world-evidence/fda-use-real-world-evidence-regulatory-decision-making (Accessed on
Mar 5% 2026)

29.Skoff TH, Blain AE, Watt J, et al. Impact of the US maternal tetanus, diphtheria, and acellular pertussis
vaccination program on preventing pertussis in infants <2 months of age: A case-control evaluation.
Clin Infect Dis. 2017; 65(12): 1977-1983.

30.Fong SL, Utidjian L, Kaur M, et al. Safety of intravenous lacosamide in hospitalized children and
neonates. Epilepsia. 2023; 64(9): 2297-23009.

3G, BRORE., HEE, etal. U 7 LT —)L K5 —Z OAGRHFEFHICBIT 5 B ko BiE
Hiill & R RS 258, 2021; 11(1): 27-41.

32.Purpura CA, Garry EM, Honig N, Case A, Rassen JA. The Role of Real-World Evidence in FDA-
Approved New Drug and Biologics License Applications. Clin Pharmacol Ther. 2022; 111(1): 135-144.

30


https://database.ich.org/sites/default/files/ICH_M14_Step4_Final_Guideline_2025_0905.pdf
https://database.ich.org/sites/default/files/ICH_E6%28R3%29_Annex%202_Step2_DraftGuideline_2024_1024_0.pdf
https://database.ich.org/sites/default/files/ICH_E6%28R3%29_Annex%202_Step2_DraftGuideline_2024_1024_0.pdf
https://database.ich.org/sites/default/files/ICH_E23_EWG_Concept_Paper_MCEndorsed_2025_1112.pdf
https://database.ich.org/sites/default/files/ICH_E23_EWG_Concept_Paper_MCEndorsed_2025_1112.pdf
https://www.accessdata.fda.gov/scripts/cder/daf/index.cfm
https://www.fda.gov/media/175253/download?attachment
https://www.fda.gov/media/184967/download?attachment
https://www.fda.gov/vaccines-blood-biologics/development-approval-process-cber/2024-biological-license-application-approvals
https://www.fda.gov/vaccines-blood-biologics/development-approval-process-cber/2024-biological-license-application-approvals
https://www.fda.gov/vaccines-blood-biologics/development-approval-process-cber/2024-biological-license-application-supplement-noteworthy-approvals
https://www.fda.gov/vaccines-blood-biologics/development-approval-process-cber/2024-biological-license-application-supplement-noteworthy-approvals
https://www.fda.gov/vaccines-blood-biologics/development-approval-process-cber/2023-biological-license-application-approvals
https://www.fda.gov/vaccines-blood-biologics/development-approval-process-cber/2023-biological-license-application-approvals
https://www.fda.gov/vaccines-blood-biologics/development-approval-process-cber/2023-biological-license-application-supplement-noteworthy-approvals
https://www.fda.gov/vaccines-blood-biologics/development-approval-process-cber/2023-biological-license-application-supplement-noteworthy-approvals
https://www.fda.gov/science-research/real-world-evidence/fda-use-real-world-evidence-regulatory-decision-making
https://www.fda.gov/science-research/real-world-evidence/fda-use-real-world-evidence-regulatory-decision-making

33.Eckrote MJ, Nielson CM, Lu M, et al. Linking clinical trial participants to their U.S. real-world data
through tokenization: A practical guide. Contemp Clin Trials Commun. 2024; 41: 101354.

34. Walters C, Langlais CS, Oakkar EE, Hoogendoorn WE, Coutcher JB, Van Zandt M. Implementing
tokenization in clinical research to expand real-world insights. Front Drug Saf Regul. 2025; 5: 1519307.

35.NajafZadeh M, Fernandez Oromendia A, Burcu M, et al. Linkage of clinical trial data to routinely
collected data sources: A scoping review. JAMA Netw Open. 2025; 8(4): €257797.

36.Terranova N, Venkatakrishnan K. Machine learning in modeling disease trajectory and treatment
outcomes: An emerging enabler for model-informed precision medicine. Clin Pharmacol Ther. 2024;
115(4): 720-726.

37.Vidovszky AA, Fisher CK, Loukianov AD, et al. Increasing acceptance of Al-generated digital twins
through clinical trial applications. Clin Transl Sci. 2024; 17(7): €13897.

38.EMA, Qualification opinion for Prognostic Covariate Adjustment (PROCOVAT™)
https://www.ema.europa.eu/en/documents/regulatory-procedural-guideline/qualification-opinion-
prognostic-covariate-adjustment-procovatm_en.pdf (Accessed on Mar 5% 2026)

39.0ldeland J., Beuermann J., Ecker C, Digital twins and PROCOVA — a compromise for HTA?
20240625-digital-twins-an-procova-38pt.ai (Accessed on Mar 5% 2026)

40.Wang D, Florian H, Lynch SY, et al. Using Al-generated digital twins to boost clinical trial efficiency in
Alzheimer’s disease. Alzheimers Dement (N Y). 2025; 11(4): €70181.

41.STAT, RCTs with prognostic digital twins overcome the limitations of external control arms
https://www.statnews.com/sponsor/2022/11/09/rcts-with-prognostic-digital-twins-overcome-the-
limitations-of-external-control-arms/ (Accessed on Mar 5 2026)

42.Fukasawa T, Shinozaki T. Target trial emulation : A framework for strengthening causal inference in
observational studies. Jpn J Pharmacoepidemiol/Yakuzai Ekigaku. 2025;(30.e4):30.e4.

43.Li X, Rajaganapathy S, Hu X, et al. Emulating clinical trials with the Mayo Clinic Platform:
Cardiovascular research perspective. medRxiv. 2025. [https://doi.org/10.1101/2025.03.19.25324271]

44.Berger ML, Ganz PA, Zou KH, Greenfield S. When will real-world data fulfill its promise to provide
timely insights in oncology? JCO Clin Cancer Inform. 2024; 8(8): €2400039.

45.Hu Y]J, Said JM, Cheong JLY. Rethinking medication safety in pregnancy and infancy: How target trial
emulation and real-world data bridge the evidence gap. J Clin Epidemiol. 2025; 181: 111747.

46. )2 AT, ERIEFO— A2 ET DIEHERE O,
https://www.mhlw.go.jp/content/001601149.pdf (Accessed on Mar 5 2026)

47. PR fERR - BEPRERISHEE S5 ), ERIREIE MORE A OHEEICRE T o MRt (B 1E) &
B2 S % omETOHED FIZ-D T, hitps://www8.cao.go.jp/iryou/studygloup/20250903/pdf/s-2.pdf
(Accessed on Mar 5" 2026)

48. ENL R FENRIRENL R, 7L R ) U —2R,
https://www.thers.ac.jp/news/upload/d8e794920b1 fe5¢c825¢cefb3f059d215¢.pdf (Accessed on Mar 5%
2026)

31


https://www.ema.europa.eu/en/documents/regulatory-procedural-guideline/qualification-opinion-prognostic-covariate-adjustment-procovatm_en.pdf
https://www.ema.europa.eu/en/documents/regulatory-procedural-guideline/qualification-opinion-prognostic-covariate-adjustment-procovatm_en.pdf
https://www.ecker-ecker.de/application/files/6117/1930/6077/Poster_PSI_procova_final.pdf
https://www.statnews.com/sponsor/2022/11/09/rcts-with-prognostic-digital-twins-overcome-the-limitations-of-external-control-arms/
https://www.statnews.com/sponsor/2022/11/09/rcts-with-prognostic-digital-twins-overcome-the-limitations-of-external-control-arms/
https://www.mhlw.go.jp/content/001601149.pdf
https://www8.cao.go.jp/iryou/studygloup/20250903/pdf/s-2.pdf
https://www.thers.ac.jp/news/upload/d8e794920b1fe5c825cefb3f059d215c.pdf

6 Appendix
6.1 Appendix 1
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PR Category Number %
HIEE A& RIS 16 69.6%
SEISIENL 7 30.4%
W IE Oncology 3 13.0%
Biopharma 20 87.0%
g%ﬁﬁ;ﬁgi % 11 47.8%
%4 12 52.2%
T4 = Claim 1 4.2%
EHR 2 8.3%
Registry 6 25.0%
Linked RWD 0 0.0%
Research 11 45.8%
Other 1 4.2%
Unknown 3 12.5%
T —2IWES 15 | Primary data collection 12 50.0%
Secondary data collection 9 37.5%
Hybrid data collection 1 4.2%
Not described 2 8.3%
FIH HHY Primary evidence 11 45.8%
Supportive evidence 9 37.5%
Disease context 2 8.3%
Other 0 0.0%
Not described 2 8.3%
fRMT F1E Descriptive 1 4.2%
Comparative 17 70.8%
Not described 6 25.0%
FDA 525D RWE | Giive 12 52.2%
(2B % LR o
Negative 5 21.7%
Not described 6 26.1%
Limitation Not described 5 14.7%
Hypotheses were not pre-specified 2 5.9%
Resi i
) :r?fgsild(i:r(l);foundmg / Unmeasured 7 20.6%
Insufficient statistical power 4 11.8%
Outcome misclassification 2 5.9%,
Limited generalizability 2 5.99,
Differences in index dates and/or follow-up 2 5.9%
Missingness 1 2.9%,
Same subjects are included across RWD 1 2.9%
Heterogeneity within the disease 2 5.9%
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PR Category Number %
Difference in outcome 1 2.9%
Retrospective data collection 2 5.9%
Selection bias 3 8.8%
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Rethinking Medication Safety in Pregnancy and Infancy: How Target Trial Emulation and Real- N Sy . .
World Data Bridge the Evidence Gap e target trial emulation
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Advancing the Use of Longitudinal Electronic Health Records: Tutorial for Uncovering Real-World 5 fRp EHR. causal inference,
Evidence in Chronic Disease Outcomes * LATTE. Knowledge graph
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Natural Hlstory and Real-World Data in Rare Diseases: Applications, Limitations, and Future 5 I R TR NLP. Data linkage
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Data: Systematic Scoping Review
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conditions within electronic health records
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Real-world data: a brief review of the methods, applications, challenges and opportunities T — 2 T differential privacy, federated

learning

Applications of quantitative social media listening to patient-centric drug development T — Z N quantlta§§;]fe;?§;al media

Anomaly De.tectlon Algquthm for Rqal—World Data and Evidence in Clinical Research: I R TR EDC. Registrics. ML

Implementation, Evaluation, and Validation Study

Unlocking the potential of synthetic patients for accelerating clinical trials: Results of the first I R TR Synthetic data, AI. EHR,

GIMEMA experience on acute myeloid leukemia patients i ML

Modeling tumor size dypamlcs bqsgd on real-world electronic health records and image data in 5 R imaging RWD. ML

advanced melanoma patients receiving immunotherapy

Using wearable sensors and machine learning to assess upper limb function in Huntington's disease T — Z I wearable sensor/devices, ML

Lessons on the use of real-world data in medical device research: findings from the National = NLP

Evaluation System for Health Technology Test-Cases

The future of medicine: an outline attempt using state-of-the-art business and scientific trends T — KR R Al, ML

Application of machine learning methods to bridge the gap between non-interventional studies and

randomized controlled trials in ophthalmic patients with neovascular age-related macular T — 2 T ML

degeneration

Optimizing Clinical Trial Eligibility Design Using Natural Language Processing Models and Real- = NLP

World Data: Algorithm Development and Validation

Using Social Mgdla asa Spurce of Real-World Data for Pharmaceutical Drug Development and 5 Social Media

Regulatory Decision Making

A nationwide registry for recurrent urolithiasis in the upper urinary tract - The RECUR study S automated registry

protocol

35




Xk A b W — F—U—F

p e . . . . EHR, Computational drug re-
Identifying indications for novel drugs using electronic health records T — ST purposing
Improving Clinical Trial Participant Prescreening With Artificial Intelligence (Al): A Comparison of i
the Results of Al-Assisted vs Standard Methods in 3 Oncology Trials i Al ML, EHR
Evaluating the robustness of an Al pathfinder application on eligibility criteria in multiple myeloma S AI pathfinder

trials using real-world data and historical trials

36




ERERETMERE 2020 £ MBMRERETFT—LI

BErERE
BAA—F4 V) —A &t W% B+ (U —%—)
T AT 7 AR At i L (7 V) —4—)
O =¥ KiEsF /. (BT IU—H—)
O* 7 & b7 B xRt o A (7 V) —4—)
O TyvUasbHRatt frd ELAK
= HEPE S BURMTSE AT B il
750« AI AT T A US4 W I (~2026.1)
O  BYU 7HHEgkAS (URE I
SPIN I S e il &
O HARR=YUH—o TS DERS R B (~2025.8)
O A =R E¥ % (FAT 4T V—F)
£ H R At (~2025.9)
© T v U4 BREH s (2025.11~)
Yoy 7y —v kRt KF Rak

O+ KR DOIERE A > 73—
* L REEOY T — A —

. 3
e R H TR A TV RS A
24
FIEIESS S I 7 Hid 7 7 —~ Rt
et Z B WS & 7 7 A PRt

BLEDBPEMERIC Y72 1 | EARAFIZE RS RARRIE B b N AR O A7 ST
2R IR LE T,

37



	RWD/RWEに関する系統的調査 
	– FDAの承認申請事例と革新的技術を用いた課題へのアプローチ
	2026年  4月
	日  本  製  薬  工  業  協  会
	医薬品評価委員会  臨床評価部会
	2025年度　継続タスクフォース 9 

	1 背景
	2 2023-2024年のFDAの承認事例調査
	2.1 調査方法
	2.2 調査結果 - 評価対象薬剤の選定・評価
	2.2.1 評価対象薬剤の活用用途の背景
	2.2.2 特徴的な活用事例
	2.2.2.1 事例①：Primary evidence / Supportive evidence として活用されている事例
	2.2.2.2 事例②：試験のデータソースとしては活用していないが、評価項目の妥当性確認に活用している事例
	2.2.2.3 事例③：FDAはRWEを用いた申請とは認めていないが、RWEの活用事例のように見える事例


	2.3 考察

	3 RWDを取り巻く革新的技術に関する調査
	3.1 調査方法
	3.2 調査結果
	3.2.1 注目した技術と利用経緯
	3.2.1.1 Tokenization
	3.2.1.1.1 概要 33
	3.2.1.1.2 活用事例

	3.2.1.2 Digital twin
	3.2.1.2.1 概要
	3.2.1.2.2 活用事例

	3.2.1.3 LLM/NLP + Target trial emulation (TTE)
	3.2.1.3.1 概要
	3.2.1.3.2 活用事例



	3.3 考察

	4 おわりに
	5 参考文献
	6 Appendix
	6.1 Appendix 1
	6.2 Appendix 2


