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[ Abstract] Clinical research on rare diseases has always faced multiple challenges in clinical research
design and implementation due to small sample sizes of patients, high heterogeneity, and limited research
resources. The rapid development of digital intelligence technology has provided innovative solutions for
rare disease research. This article systematically explores the current status and response strategies of clinical
research on rare diseases in the digital intelligence age. On the one hand, the efficiency of rare disease research
has been optimized through adaptive design, mixed trial mode, and precision medicine stratification methods.
On the other hand, solutions based on digital technology have been proposed to address the practical
challenges of recruitment difficulties and underrepresentation of rare disease clinical research patients, data
management and technical barriers, and insufficient coverage of natural medical history and baseline databases
through digital intelligence technology. By combining international collaboration, intelligent screening, and
remote experiments, a multidisciplinary collaboration and international cooperation, adaptive design, digital
data platform, and patient-centered remote research model have been constructed as the core implementation
strategies. Typical cases demonstrate that digital intelligence technology not only effectively shortens the drug
development cycle, but also significantly enhances patient benefits, providing a replicable practical paradigm
for global rare disease research. The practice of digital platforms represented by the International Rare Disease
Research Alliance and the China Rare Disease Diagnosis and Treatment Collaboration Network has further
verified the feasibility and promotional value of the digitalization path. In summary, digital intelligence
technology has shown considerable promise in overcoming the clinical research challenges of rare diseases and
accelerating the development of treatment plans, providing systematic references for researchers, regulatory
agencies, and patient organizations. It is expected to drive the clinical research of rare diseases towards a more

efficient and accurate future.

[Keywords ] Rare diseases; Clinical research; Digital intelligence; Artificial intelligence; Study design

AR 5 L S SRR A 2021 ) i
BE X, TR A ILERENT 1V, &
PR/ NT 1 JT 0 BIRAEBUNT 14 TSR B
SR — PRI R FE R, (HeEkER N EIN
BRI R 7 000 1, BT TECEE .
TR BRI DR B L B S I I 5 R
PIRRTE, 2% WA 2 W 51697 — B B 2E I
ME S 2 — . AEGE BI RIR I BH AN S it ) kAR
U B AT Y N = o N TN 5 B o o O €7
BAMEHE L, FEOR R oAk

i

Ho

BEE B BOR ISR K S, W IFIEIE
TEILARF VAL . BB AR i BF T
HCWREARE . =308 PN ) SR BEHAR [ 40
NTFEE (artificial intelligence, Al) | #l#§2%>] |
HARTE S AL | fOTRBE RS, S Ay S RCR
ORGSR, NI SR . 42
THIFFRBCR AR R . 4k, BUA e T RS
FIARCE M, AT . @RISR (electronic
health record, EHR ) . LRI F-G 450 Z 0

https://ywlxbx.whuznhmedj.com/

T BEBIERE SHED, DRI T F W
EIINR e b € U S S A A R
W EREM, ALFEERE DR ST
B ARz 48 i OO  , landk T AL
e 2 (1) B AR sl AR A R IR g Bk
[ B A R 22 5 BIMYE S 2ok 98— B b oA 2 22 U5
BAEH G N BCE BRI RS 1 S ARy
Wi, WA SCHHBIT R B AL 583, SEREE M2
& P J5) (Food and Drug Administration, FDA ).
BRI 2 & 45 PR )R ( European Medicines Agency,
EMA ) SEHUAE 2 A i) H SRR (real world
data, RWD ) FUZFEREA, AHOCHE RN HoR
NLHSEAE T HORHESE

A TR BRI BdE T . RWD 35
DA KRS HEBE A1 )2 T, A T e 2 Lo BT 5 e
RREEAE T A kAR Py @ T A QBT TR
ARIHE, FIIRIRIROT AR R TAE G715
M2 o) E . AN AT 1) R R o AR SCHR
BB HARTE T WA Im ROTFE P AR AT, A48 i3
HARSE . BRSBTS A o [F),



910

il ot ST SR, s B A AR ARy i e B
FHMEBOFHRTHIFTERR, B0 5 W AU A e
IRITTE A MR AR 2 AR IS Hr

1 FE R Rt

LRI ARIETE th T R FE RO AR . Bk
5 ABGRTT B AR AN, ARG B X
LA TR e iRox 26 Pk, BFFE A BT T
ZRBIEC ik, XEITRAEA R R
TR IE FPEROL S . 2 1 BES TR R AR
FIE IR RO B, EAEHE R
HHE RGN N RG] X LB T IE AT
FERCR . AT WA A0 A phe A 3L ] 45T T 2
T E SR, AT IR YRR R SR TR
Wl IXLETTIL S P FE R R TG ], 5 24
ARG BE AT H AR, it
WO A SEOR SRy, IR IR RATTTE 1924
RIBATERERS W E T, A AT &
Pt AR A P S
1.1 ENEETSEERR

T PR B R A BT R, 2
T ) R B Sh A o T AT

Chin J Pharmacoepidemiol, AUG. 2025, Vol. 34, No.8

o HoAZO B bR 32 B i R 08 BEARXUR |
TABTIR, ) I PR AR 6 Y B S e S S B
o JktPERG KRS (focal cerebral arteriopathy,
FCA) 22—l Ry LE AR, T
SR FEBUINGR SMERHIE, ARG RERLX IR
( randomized controlled trial, RCT ) #ff 5% ME DA 5K
o MffRPLIX—[] 8, FOCAS 56 R FHEENL . 43
2P 5T DU T, T E AR
br (FCA JPEH R84 ) fE M FEA A, B
FEPPAR S R R IRYT FCA Y7 Pl e&ixis
LT DI 42 252605 BV AT 58 ks, A A%
GBS R R L N 1]
BB — ML S iR (TP AT
XPHRZ ) BOBFFERETT, A O Re AR AR s 4
P AR B LU, IR REAIL AT
T T IOR B2 T U B NS A BELA
WU A1 Ol Zolgensma s —FEE R 7 2, HI
THRYT WS A A 2 LA R —— A RE AL
Z2Y69E ( spinal muscular atrophy, SMA ) . T
HHBUNH SRR, L5 RCT WG EEZ
BRI . ve i e Pk AR, AFSE T AR S U
Wi, IFSIA ML A SR A R, 4R

F1 BRI HEEITERBE
Table 1. Summary of innovative designs for rare diseases

BB ARy

SR y b % i
i Tk P HH IDAZES] -
R BAENE SRR SRR SR, e BT 2% W Sarepta Therapeutios TEDMD  SEHF R SR 8 i) ) 25
[N ESY Gk s WRAMA; giils s ES MM MRS, Ml LA IR
AT LY Wis BEMRREATR ; R 38, WS ERAT R A S e )
R Gritane BRI Hree
X IR AT e s R EH B X IR RAIZE R Zolgensma FERTFIEEEXT S aLM/P L X HEAL
#EARESRCT By B (Vs X/ VA IO s X BT BRI SMA B SC LR T SR
L SRR IR sk APfevretits B, LUP S8 S Xt R

SR HOuH R FRAGFIEEFDA HEfE"
RWD £ {HAEA  RWD TR 4 w5 A Z R PE AR BlbriE e W i AN A FTER 3T Bdim & 5ins, 3
H e 1 Ravwlh M FAEEENEEER A WEER I EDR T R A e R SRR

SRS A5G RWD 4R 55 RAVEIEE L MR i B it

AR S MEE T PR M A
BEMTZ. 2 mEAR EEEESSE; WO SRR ; TTAE EURORDIS 7EZ A m AR il -5 R AR
S ExXE Bt FRFRGIANARE A WiREERAAR R A R R, W, Ko eidT
T 5 B TR AR DR AR R TS SR kTR

ANEEIRCR H AR S
HAWMEYRE MRS s 2 R AR, S ETRNEYRE S0 A bt SE R, fERE
PIRIPIRSERIT . YRR BRETRUGINACE FEIE 9 Bl s BEINN R BT AR i SWiIT R
IV 22 5 K 1) A8 EREART R FEAE SR AHRE AT A FAROTAE"
LS (alsrig RESLZ IR

7Z: DMD. Duchenne L% 7= R B3 ( Duchenne muscular dystrophy ) ; SMA. A HEMZE %5 % (spinal muscular atrophy )

https://ywlxbx.whuznhmedj.com/



HMIRITIRSFSE 2025 £ 8 HE 3455 847

FHAL Y G RCR ARt P Sl X —id R,
Zolgensma ) G HHA IS SEPRIFA 52 1 22 Bl %, B
SRERAI TR 15 1A Fr s, (B854 7 T
IR A HERR AN SR T2k RE P

FOCAS F1 Zolgensma i 50 & 7~ T — F i
RS Ol AR T )7 SN a2 S W R U
DU S P BT A Sl A BERE A &, A RN
X T AEA A FRAR 2 R IE R PR, ik
IR, DU 7 v G Sl A A A
AALRE DX KAEA M, 3B sE# =ik
R, R REAES Rl Ay WA AL 2 1
BB A DR SR AR L Sl 2 DL 1 I R BT S AR ST
TR
1.2 RWDR&&IT

TEFE DRI, BEEA A R AR
A 55 RIAE 25 DLIR R, T RWD 1y 5] A ik 2
PRI T B e T %2 0 AE I RIS o
B RWD A5 #h 78 BEER 70 2 A RCT 3Js i1 AF 55
W, LI A T M R 5 B / s
PEELCSEH FAEYE (real world evidence, RWE )
PR MTRBCR . T RARERME, ISR
R, WS AEY N A (Bluebird Bio ) 7EHF5T B
o BT IMYT I LentiGlobin 3 f2 s, KA T
— RGBTk, K RWD 51448 RCT A1
B X FE A TR A T R G ks
9 RWD, i RFINRGR . AT s, Jr
BARPR A S AR D45 5, il e it 7
Y SR RN 2 IR R 3K S g i v 0L
LR ITRGHATXI G, AU T 45 R R
W, W Eg R 7B E, A, SR
PRI RWD S8 1 BRI PR s B IE, JF
WA ZEE ATt T et e g R
hn4eT HBA I AR S

X MR A B O R S AN U T
LentiGlobin F 4 W #t kA2, & RWD 72 I
o W5 b Y R AL T e, A 5] RWD,
AT TIRER R, R FRAR TR R
ARG EOR, (A e 5 R S T S BRIl R
oo WESEWMRBIRB, RWD A RCEG ]
DIEAG WS BT, Al D 2 DL 4ol iy
SRR SE A = B IRl A T — 2Rl AT Y
PR . X — SRS T35 FDA B9iAn],
b7 IR I R AR T B S 1

https://ywlxbx.whuznhmedj.com/

911

1.3 HFHIE: TEREESEENE
g

A T LR 2 U5 Th & 7 R e
AN, SRR A AL RS AR
AR T KR RS T {8 T 0
B ARG, SR AE T R R
T O SRR PRI | R BRI R B
DRI, ORI S el T 4
P SREE . SRS (WVERSER . B
. SEPEAR ) bR (bR SR A TR S | B
WM, IS UL B SR T
e 0 M L M 5 B A T . SO F B
ST A WA SR AT RO TAY | R R
S S R, LU S T 5
ARG

75 WAGR SR & TR IR g T, 152 T FLp
L. WAGR %5 4 Rty 7 I 3 A
BRSRAE, B KO A2 ™, il
G e I PRI S 7 S SR B
BTG 2P, R, R
AT HCTHR 17 B s, S
G, FT S U SRR B AR,
DA WEE RIS, R RSl
SRR, HEi i B AR el
BEAEERET A, FEIET R H MR PO
B, W T BE . SR A R I T
SRRy ST R St 6 B B TR
SRR, A SRS Bt T T
SRR A, A, BORRAERR A Y eIy S
THRHS RN, T TR R

PRI, SRR A A B 5
f 11 e 5 B e W T A R 25, 4
BT A B AT TR R . AT AL
TBE, PO RESS 25 M A B e A
EITIRL, SRRSO R SR, X
AL TR, TEVENE TR 0
B T IR 1, WAGR £ A EIR S A0 5
BRAEW], SR A SRR R £ R T
RS T AERE. AR LR e T A 5
HORIBE VA IR IS, o 5 B4 0 T B
WAL T ELE 5 LA S I B PR T 32
Koo B ROURR T EHORTE G RBR e 0
T3, LA I R T AT .



912

1.4 BEEZSEVRTNES

REHE PR 2 B O B R T MRS £
HREATIYIZ, IR T 5w A PR 15 15
TN B UL i SR I R o,
FL YRR R TR S 2 A 5 DL A5 v Y
B X — g AR T R AL e R (4
EGFR 8 ALK FEN 5 ) fBFHEAR, Gl Y
pRAEWIRE S o E i, STt T AT A4 R
P, I f TR ReR M.

TEIR B S R vy, ST A i DR A 0 7
B, DI RAE AT SR EA HAR RSB 83 .
XA ADORD T ADE R BEH S, b RFH
T T GE TR . sl X Ay 2 BT
BIF5E P BA BE RS R 138 B AR X 7285 5 fe
SRR, TR 367 AR AR I RE )
WAL, AEPAREYI S I AGE A3 BE 0% S A5
LT, HWOMEAE IR RARSCE . B, BFFEe
GEA R S LT . HE— B AR T IR
Uik R A AT AL AR A AT 3

X — 1 P BB A 23 2 T A ST B e
e, AMUEA T BERARTER, b4 1R
Ui BuRbRest 7/ Avnit 7/ E = AL IRV ST AV s
A BEMIRYT HARAR O BERER, PR BTIRAE P H]
TGRS B PR T AL, X — R RS
TREHUA AT, g T e AR . XK
IR SEB R T AR HE B A A 5 UL AT 5 F 1A o FH T
T TS E SRR RO EY RS, K
BAE R B n] R AR RAROCHE 2 T R Fe T, X
— RPN, KA AR AR BT, b
RE N A PRI A SRR F 58, RIS 5 I
Tl RATFEBEE T B AIBRIHE o

2 N FHEE RN XA

21 BERBEERFRM

SRS T WL I RATESE b e A Tk
iz —, JCHE B oA Y B T HLBCE
A, AR Y S B P % B4 o Duchenne
WLE 72 A R 4E ( Duchenne muscular dystrophy,
DMD ) I RIS T e 22 5, T MiE s 1 5 DLk
W5 R RS S AR I Y & 24 T DMD
S PBARENLRIR T O, B RZ N ILE,
H PRI H, IR T AR T S SRR
W Sl AL G i DA R SR g SRS A

Chin J Pharmacoepidemiol, AUG. 2025, Vol. 34, No.8

(R, (2 R T rhoC 10 BB 55 9 1 LA %
H s B & i ST R n] e, B E SRR
WS, BAFERE 2 AEA IS X
B T R R SRR T W B b B B R
¥&, BREE TXELR AR AR R ]
H1 T DMD S8 & FEARTE B R 8 5 . e e Fl A=
TG PR 45 7 AR i B S Bk, i e 41 551
A RHA T BETC L 58 AR SR A AHE, AT
MRS R A S

Mo —xEE, R I AT REE
WHF & Ft AR, a5 8 E AU BT
RIZ8 ) S AEY BB IO, AL, B85 T
RELRI TR, FLVF R A B i PO B
SEMER TR R AR . X R A — B B4R T
TEEHSERCR, FREGE T B E AR SR
AR, 76 DMD IXBh iy 280 R W, (Z 580
SEE ST AR T W A AR AE B 0 R PR
Aok, BB ARERIE TR, 2EREF N
ARGV ORI T I3, BT R E SRR
RIBEARRIER T Z Ty M, X —F 0 T
TR ST P R AR SR I AL B A T AR,
() F s I8 1 22 056 A A 3l 2 DL 1 L 2 v Y
KHEE
22 HIEEESHARELR2

TEF RO, B S 8 G e S
AT B AZ o SR, IR B S B P R R =
P EACAEAE A T 58 4 1 Y T2 R RO =7
UL & R 85 %2 ( European Joint Program on Rare
Diseases, EJP RD ) A fif X — [n] B L | 5 %L
(S e e i) o I 3 i A T R
£, LA T 300 ZFh IR R ARSCE R, oY
N GORIIG R BE A B4 T 4= 5 i el s e s

EJP RD W OET AR AAREZR . LY
R IR A EE , A5 EHR . L5 |
FI AR S I SE 45 R Lh B RWD . 3 —F- 5 A AL L
BT BAEE TP AE L, il S — B A R
PREAR TR, SCHF T 2O PR RS E EME . B
FNRREBAG R —F &, PR 5 S EdE 5E
Ja, BT B R Oy 5, IF Nk
IR T TR &

SR, A EJP RD 5 W FE SR 44 T R
RAEE S, AR 5 AR AL T i 47
e i#5 22k, H T AN ) FE A LA 7R ahe AR

https://ywlxbx.whuznhmedj.com/



HMIRITIRSFSE 2025 £ 8 HE 3455 847

FERE RIS b R ARARAESS 5, B 0 B A
ML 7E 00, Ak, B AR
A ] A I e o Sl L S ok T A A
M 2. R BRI, EJP RD #EH T 250
BRI RSE, ORI R BRI . FIA
W SCHARAEME T DLRCR F X He BB AR DU O 5K
PER 2 AT sE i 1,

WL EJP RD (%5 01, WX N2 AT
RS TR, AR T A R,
I TR A R AT REE, X R HIRY], B
] B S 5 SR e 2 DL A 5 P S 4 )
RO AR, TR T B ARAREL FZ Ty
PMEAESSIEARE A P S EH . EJP RD 1948
5o R ARk IR R L T RS, IR
SN BB S RN B T Sk 1Y
2.3 BARESEZHEE

FI AR S BT 2 5 DL AFF 9 180 T Ay 2 4 A
W, BB R R RRE DL R G
PR LN B BRI T IR B . SR, LR
B A SR SE IR I A7 B R R R D L BT
JPE e DA BRI SE ME B R BRI, 30 2
FRTE I RBF ST i = RGeS 1. AR XX —
Pkik, FDA 536 ESCHBARIISE T ( Critical Path
Institute, C—Path ) SA/EHNT T 5 WH B %0 L4
P, RN R NIRRT AR
LRI H .

X s PRl o A R T RS . EHR H
RWD, o5 THBH B A RS R . A7 RO &
K AAAEDL . AIFFE N 5T DA S di, o
Bl e PR 28 . AR e I E e
PAFRIE, BN, PR UL, HE
A BE TR S BT A BAR S T B R A= b
B, ek TR R, R, R TIFE
AR BRI R, B Y A SR (5
BN AR = B e i, 3 B R B A 5
PR A —A BT . DL C—Path [ 28 2 B
JE R LR () — SO RIS 2 U S R . i,
TEWTSE DMD I, B0 22 S A1 0 1 240 g =0 00a0
BIAIF 5 A1 B3] T 5 i £8 28 Ty R A 1) S St s )
W, IR T AR U SR, RET
BN UL H AR TR A T A, B i AR
W, BRE T BRI Z . R T R X R —
i) f5, FDA il C—Path 1E7£ 1 3 8 £ () 8 & v E M

https://ywlxbx.whuznhmedj.com/

913

TR RETH , FEDhAARIM . 252w
BEALBIIME, DIBHNIEZ .

X —ZRBIFRW,  F AR SR A 5 DL ik
FEPRNEA T 2. A s T
AR AR SRR, IR BT AT A B VA
TP ARG YRR . BRI, BUA 1l
o JE TR AT AR AN AL, ROR 5 2l )32 1Y
Bt . 27 IMERMBOR T B 51 AKSE% A
SR SBT3 R 5 LA I PRATEZ AR 2 A
AT PR BN e S P i

3 HEURARHILHERE

31 ZERIMESEREE

T LR RIS e L 1 2 LR [ S A BV R
X EERRGE BRI A AR
FE] o 2 DL BF 59X K . (International Rare Diseases
Research Consortium, IRDiRC ) i ot ¥ H £ 1~
FAH XA IR, AR R 4L T P E
. A 2011 AR DIk, ZER B THHES)
F RSN e, HAZ.O BRI R
Y0 FEI A IR =2 DU TG 7 07 SR AT A

IRDIiRC F TAFA K LA BT J5URE £ RS 4l 3L =
AR, A R E TR UM SRR TR A 200
VIR TS P = S R E R E N S P o
R BN kW 2R, #1140, IRDIRC P
T 2 ERNEETMRE SBIRT 6, 15
WE5E N GLRERES U7 ) B8 {2 1 8B B, DAiTek
PRI BT, g Bt gE Al R T A T
XoF 2 L ) AL [T BT HEZR RN AR bR, LABA PR 4
FEIT 5 2 18] K BAREPE RIS SR A nl Lot 78
St IRDIRC 38 o 4 3h e 01 ) A 57 2 I g A
HEARPERVEIREA T, Ese i 54t T OcHE
BEIR P i, AEER s LA SR AT
IRDIRC P T 24~ [ 52 i) $iala 8 & A IR A
= RIS AT A BE S S U i A TG T HE
M PSR AT R T 5. X R EMERLUA
I TSR OR, I B RRAR T B E K AL
R ST T e B A . A IRAT T I 3 Ak,
IRDIRC (9 TAEA il — LB fl. Bilm, ASTE [
FACBIEBRAAR Y | (O3 A A IT & 3% B 7
T Y BOR 22 57, PR 1 SR eI 5 St R 1 5
JIR 3k e A, IRDIRC IF 7E # #F 55 4 18 1) ] B 1B
SO, TR ER R T N TR RE B AR AL 2L



914

PR BT

IRDIRC By S BRR 7R 1 2RI E By
VELEZE DRI vh A B i 5 R T IR
IS — R WFSEHELE, IRDIRC IS Ff T £
ANBEATZW S AT, 5 R A
TE TR EMERRE ™ XA T
FRIRYT HYFESE , 0 Ho A 52 A sl i) [l P
VERRBE T R BRI ARI NS
32 HEBUBREHETS

Hh ) 2 DL K B Bl B A R e T
Bowa T 2V W B E B, BRI IS
SOt T E B SRR P PR TR
UL B E O, 4% EHR . SERAS IR A A& A
SRR, BT — e r BRI Gl Al
HEHEIZIEHAR, 5 RES S IOB AL . 3T
BRI A8 5 i RERBL ) OCHK , RS2 W A1
IR RRAMKE . Flan, A Hr B R B
WIS EBOR LA, I TIRYT AR ™2,

A, FEEZ LRI A T B
YER, RBETGL, 4B A e 5
7 SR, WEERE TIRACE, SRS TEEER
YEAL AN BE AL DR 4 Jy T AT TR i P, B0 PR 3 o e R
BT ARG AR D i P SE ) R, v [ 2 UL
WKW 5 R 178745 8 RE AL BOARAE 57 WA
FHIE R T1, AR W5 34 T
i,
3.3 fiiwzRiIZIt

Sarepta Therapeutics 7F J Ji&€ DMD i J7 25 4
I AR T, SR T B & W B3 (adaptive
design ) , L FEREASE, WERE T
WA T IR E 1 Y DMD B3 i ECR
ARE SRR, ARG E B TRY RCT $2H 1
FEIRPKERL . FE Sarepta BYBEERH, BEN IO
Oy R I P 3 B 08 285 SR sl A5 R R e R 151
n, sE R ERE T, ST BA AT DLSER PEAL
SrROEH, RS B BT SN B A &
I3 I BOCHEZ e bR, BAORYE, 7RidE )
T RTB E L GRS B B YT AR S, B
52 AT BA AT DA #9641 i 26 1k 306 DA 4 I ) A58
P WRIT RO WA (E R sy, AT DLy
BEAR LD RAERT T RCR .

X BT EA D T B EFEA IR
W TR AR I GE A RE A PRARSCHE: . 3

Chin J Pharmacoepidemiol, AUG. 2025, Vol. 34, No.8

BN HE, Savepta 1918 56 15 DU AE 35 56 15 18]
SER, TS Gt 2 R T R M XU o e AT,
36 7 5 A Fe ST T AR B R AR A T4
2530, IR A4 & WAL 7RO T4 . Sarepta
Therapeutics A SZ B R, A6 W 1% TH7E 5 UL
s B mEE . EACE RN T HBRFEL
A PR SRTE E A I, IR R TSR AL
R, OAFE IR TE LWL T HRRFT . X —
1) g At 2 DL I RIS BRI T A MR S
%, M T RGBT E N X A A s Pk R
T .
3.4 BEAFOLHARER

MR % L s 20 21 (Rare Disease Europe,
EURORDIS ) it e f i g =X, h F Um Ao
T S SRR IR T AR . L5
PRAR IR H 1 32 4 T b R, o R AR I
I, TR BRI, I SRR
JrE AP P, EURORDIS HE P i 52 i b 2%
BT THRENS SR, RIS T s bR s
B S RS2 IR

X — BT e 2 A BT A TR AR 7 4
A, SEHLT HRE MR E S B B I B AR
etk U ilhn, HE T LLE AR 2 6 58 R
MM, Joi % AR RS PO, gt R,
FECE M P 2R AR A T e R A, SR A
=g, S AR mEIt s P i
BAA I AL 2 iR LR Bt 1 T L, 5 R (R
SEWITAE , PRI AN R E T LAk,
VBB 18 T 208 5 SRR ey H P S,
AR ST R A R F BRI S5, it —
Bz, EURORDIS i E4 & THRENS 5, &
HIS 5 TREREG, RIS 29 7 i a) RN A8 38 AR
R IR TRz s X ) R R, R A B A
TERMAFRS 502, [, #F58 A
AL T HARDS TS am n 8, b 171k
6 A B 25 RN R A7

EURORDIS M RE LBk, miilniine
i v M LA A P A B ), R BRI 2
Z5HARFER, T T IRRRCR AR
X — AR A A O A A LI AT R L T
o A ERVE T AR IR L T 5 S P,
EURORDIS i g, #27 THRES 5,
7 i T 0 S it ) bR 1

https://ywlxbx.whuznhmedj.com/



HYRITIRFZE 2025 £ 8 AE 34 5% 84

4 BHESRE

BB E AR IR I R TE A T 282
e, feft T RTETARA BT REE . EaE RIBT
FLE RN 75 B e THAA Db SIS &
PO FEAEARTHRCR . LA SRR 46 Je 1
560 R 75 i R B B T R, 2 M
B IL 2 SRS, (AR R SF A A
WAL GEERIAF B4 R A ™ IR . RWD
ReG LR s B AR A S, gt
T TSR R AT

JREROK, BEE BT 6 AR BRI R 1y
AW RE, IR BV 2 BRI B S%
it I INARARFEALAT TS RIBOR s, 5 WL 4t
Selog BE— L NG T IO A, L 2
Paio [N, FEEREERMBAR QWS 2k
DLW FEAT AR R A ST, HEBREA BRI &R 1)
HORSE . SR T T AR . BOR BRI
BT, AMURFIRBT S RIPLIE, SN T
PR SR T ] S AR R R A

FIEMSRAERR A A WIAI A AL T 2257
7 | B2 LIE TR Ui

S0k

1 Mellerio JE. The challenges of clinical trials in rare diseases[J]. Br
J Dermatol, 2022, 187(4): 453-454. DOI: 10.1111/bjd.21686.

2 Napolitano G, Has C, Schwerk A, et al. Potential of artificial
intelligence to accelerate drug development for rare diseases[J].
Pharmaceut Med, 2024, 38(2): 79-86. DOI: 10.1007/s40290—
023-00504-9.

3 Heo YA. Golodirsen: first approval[J]. Drugs, 2020, 80(3): 329-
333. DOI: 10.1007/540265-020-01267-2.

4 Day JW, Finkel RS, Chiriboga CA, et al. Onasemnogene
abeparvovec gene therapy for symptomatic infantile—onset spinal
muscular atrophy in patients with two copies of SMN2 (STR1VE):
an open-label, single—arm, multicentre, phase 3 trial[J].
Lancet Neurol, 2021, 20(4): 284-293. DOI: 10.1016/S1474~
4422(21)00001-6.

5 Thompson AA, Walters MC, Kwiatkowski J, et al. Gene therapy in
patients with transfusion—dependent f—thalassemia[J]. N Engl J
Med, 2018, 378(16): 1479-1493. DOI: 10.1056/NEJMoal705342.

6 Yanis M, Juliane H, Yanna P, et al. The European joint
programme on rare diseases: building the rare diseases research
ecosystem[]J]. Rare Dis Orphan Drug J, 2024, 3(3): 17. DOI:
10.20517/rdod;j.2024.06.

7 Hsu R, Benjamin DJ. A narrative review of antibody—drug

https://ywlxbx.whuznhmedj.com/

10

11

13

14

16

17

18

20

21

915

conjugates in EGFR—mutated non—small cell lung cancer|J]. Front
Oncol, 2023, 13: 1252652. DOI: 10.3389/fonc.2023.1252652.
Park Y, Fullerton HJ, Elm JJ. A pragmatic, adaptive clinical trial
design for a rare disease: The FOcal Cerebral Arteriopathy Steroid
(FOCAS) trial[J]. Contemp Clin Trials, 2019, 86: 105852. DOI:
10.1016/j.cct.2019.105852.

Mendell JR, Al-Zaidy S, Shell R, et al. Single—dose gene—
replacement therapy for spinal muscular atrophy[J]. N Engl ] Med,
2017, 377(18): 1713-1722. DOI: 10.1056/NEJMoal706198.

Wu J, Wang CL, Toh S, et al. Use of real-world evidence in
regulatory decisions for rare diseases in the United States—Current
status and future directions[J]. Pharmacoepidemiol Drug Saf 2020,
29(10): 1213-1218. DOI: 10.1002/pds.4962.

FDA. Framework for FDA's real-world evidence program|[EB/OL].
(2018-12) [2025-05-30]. https://www.fda.gov/media/120060/
download.

Torri F, Vadi G, Meli A, et al. The use of digital tools in rare
neurological diseases towards a new care model: a narrative
review[J]. Neurol Sci, 2024, 45(10): 4657-4668. DOI: 10.1007/
s10072-024-07631-4.

Ozbey H, Boneval C, Kapran Y, et al. Wilms' tumor and
associated malformations; report of two cases with WAGR and
Drash syndrome[J]. Eur J Pediatr Surg, 1996, 6(3): 186-188. DOI:
10.1055/s-2008-1066505.

Chang A, Huang SD, Benjamin DJ, et al. Exploring the role of
digital tools in rare disease management: an interview—based
study[J]. J Genet Couns, 2025, 34(1): e1908. DOI: 10.1002/
jec4.1908.

Takamizawa S, Koyama T, Sunami K, et al. Identification of
barriers to implementation of precision oncology in patients with
rare cancers[J]. Cancer Sci, 2024, 115(6): 2023-2035. DOI:
10.1111/cas.16165.

Hum RA, Dawson J, Lipworth K, et al. Use of big data to aid
patient recruitment for clinical trials involving biosimilars and rare
diseases[J]. Ther Innov Regul Sci, 2020, 54(4): 870-877. DOI:
10.1007/543441-019-00009-1.

European Joint Programme on Rare Diseases, EJP RD[EB/OL].
[2025-05-30]. https://www.ejprarediseases.org/.

Kaliyaperumal R, Queralt Rosinach N, Burger K, et al. Enabling
FAIR discovery of rare disease digital resources[J]. Stud Health
Technol Inform, 2021, 279: 144-146. DOI: 10.3233/SHTI210101.
FDA. Rare diseases—natural history studies for drug development
guidance for industry. [EB/OL]. (2019-03) [2025-04-30]. https://
www.fda.gov/regulatory—information/search—fda—-guidance—
documents/rare—diseases—natural-history—studies—drug—
development.

Jonker AH, Hivert V, Gabaldo M, et al. Boosting delivery of
rare disease therapies: the IRDiRC Orphan Drug Development
Guidebook [J]. Nat Rev Drug Discov, 2020, 19(8): 495-496. DOI:
10.1038/d41573-020-00060—w.

rh [ 55 095 6 BA[EB/OL]. (2018-10) [2025-04-30]. htips:/

www.chard.org.cn/detail/news/28.


https://pubmed.ncbi.nlm.nih.gov/36192346/
https://pubmed.ncbi.nlm.nih.gov/38315404/
https://pubmed.ncbi.nlm.nih.gov/38315404/
https://pubmed.ncbi.nlm.nih.gov/32026421/
https://pubmed.ncbi.nlm.nih.gov/33743238/
https://pubmed.ncbi.nlm.nih.gov/33743238/
https://pubmed.ncbi.nlm.nih.gov/29669226/
https://www.oaepublish.com/articles/rdodj.2024.06
https://pubmed.ncbi.nlm.nih.gov/38107063/
https://pubmed.ncbi.nlm.nih.gov/31614215/
https://pubmed.ncbi.nlm.nih.gov/29091557/
https://pubmed.ncbi.nlm.nih.gov/32003065/
https://www.fda.gov/media/120060/download
https://www.fda.gov/media/120060/download
https://pubmed.ncbi.nlm.nih.gov/38856822/
https://pubmed.ncbi.nlm.nih.gov/38856822/
https://pubmed.ncbi.nlm.nih.gov/8817218/
https://pubmed.ncbi.nlm.nih.gov/38741243/
https://pubmed.ncbi.nlm.nih.gov/38741243/
https://pubmed.ncbi.nlm.nih.gov/38538548/
https://pubmed.ncbi.nlm.nih.gov/32557309/
https://www.ejprarediseases.org/
https://pubmed.ncbi.nlm.nih.gov/33965931/
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/rare-diseases-natural-history-studies-drug-development
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/rare-diseases-natural-history-studies-drug-development
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/rare-diseases-natural-history-studies-drug-development
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/rare-diseases-natural-history-studies-drug-development
https://pubmed.ncbi.nlm.nih.gov/32313251/
https://www.chard.org.cn/detail/news/28
https://www.chard.org.cn/detail/news/28

22

23

24

25

26

916

Wojtara M, Rana E, Rahman T, et al. Artificial intelligence in rare
disease diagnosis and treatment[J]. Clin Transl Seci, 2023, 16(11):
2106-2111. DOI: 10.1111/cts.13619.

Mishra S, Venkatesh MP. Rare disease clinical trials in the
European Union: navigating regulatory and clinical challenges[J].
Orphanet J Rare Dis, 2024, 19(1): 285. DOI: 10.1186/s13023—
024-03146-5.

Hey SP, Dellapina M, Lindquist K, et al. Digital health
technologies in clinical trials: an ontology—driven analysis to
inform digital sustainability policies[J]. Ther Innov Regul Sci,
2023, 57(6): 1269-1278. DOI: 10.1007/s43441-023-00560-y.
Rosa C, Marsch LA, Winstanley EL, et al. Using digital
technologies in clinical trials: Current and future applications[J].
Contemp Clin Trials, 2021, 100: 106219. DOI: 10.1016/
j.cct.2020.106219.

Maria C-B, Virginie H, Roseline F, et al. Framing the European

Rare Diseases field through a structured movement of patient

27

28

29

Chin J Pharmacoepidemiol, AUG. 2025, Vol. 34, No.8

organisations[J]. Rare Dis Orphan Drug J, 2024, 3(3): 23. DOI:
10.20517/rdod].2023.58.

FDA. Digital health technologies for remote data acquisition
in clinical linvestigations[EB/OL]. (2023-12) [2025-05-
30]. https://www.fda.gov/regulatory—information/search—fda—
guidance—documents/digital-health—technologies—remote—data—
acquisition—clinical-investigations.

Hulsen T. Sharing is caring—data sharing initiatives in
healthcare[]]. Int J Environ Res Public Health, 2020, 17(9): 3046.
DOI: 10.3390/ijerph17093046.

Zhao X, Igbal S, Valdes IL, et al. Integrating real-world data to
accelerate and guide drug development: a clinical pharmacology
perspective[J]. Clin Transl Sei, 2022, 15(10): 2293-2302. DOI:
10.1111/cts.13379.

ks H: 20254502 A 21 B BEREH: 20254206 H 21 H
AR R JEI AL

https://ywlxbx.whuznhmedj.com/


https://pubmed.ncbi.nlm.nih.gov/37646577/
https://pubmed.ncbi.nlm.nih.gov/39085891/
https://pubmed.ncbi.nlm.nih.gov/39085891/
https://pubmed.ncbi.nlm.nih.gov/37544966/
https://pubmed.ncbi.nlm.nih.gov/33212293/
https://pubmed.ncbi.nlm.nih.gov/33212293/
https://www.oaepublish.com/articles/rdodj.2023.58
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/digital-health-technologies-remote-data-acquisition-clinical-investigations
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/digital-health-technologies-remote-data-acquisition-clinical-investigations
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/digital-health-technologies-remote-data-acquisition-clinical-investigations
https://pubmed.ncbi.nlm.nih.gov/32349396/
https://pubmed.ncbi.nlm.nih.gov/35912537/

