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Abstract

ibility and certain targeting properties, can effectively deliver bioactive cargo to recipient cells and regulate their

EVs (extracellular vesicles), as natural nanoscale bioactive carriers with favorable biocompat-

functions. These biological features of EVs make them promising candidates for innovative drug development. This
review provides a comprehensive overview of the historical development and contemporary advancements in EV-
based therapeutics, encompassing fundamental pharmacological mechanisms, clinical application potential, and key
challenges in industrial-scale translation. Accumulating evidence indicates that EVs possess unique therapeutic ad-
vantages in neurological disorders, cancer immunotherapy, and tissue regeneration, with several candidate products
having already advanced to clinical trial stages. However, the industrial translation of such drugs still faces multiple
bottlenecks, including difficulties in standardizing the production process and quality control systems, as well as the
lack of comprehensive regulatory guidelines globally. This article systematically reviews the development pathway
and current translation status of EV-based drugs, proposes a development strategy based on the QbD (quality by
design) concept, and discusses key considerations in non-clinical research to align with regulatory requirements. Fi-
nally, it calls for collaborative efforts among scientists, entrepreneurs, and regulatory authorities to jointly advance
the development of innovative EV-based therapeutics, enhance the drug evaluation process, and promote product
translation, thereby pioneering a new frontier in drug development.

Keywords  extracellular vesicles; clinical translation; quality control; regulatory science

41 i /M FE L (extracellular vesicles, EVs)/& H4H
L3 WA BT I OUUE &5 e B g oK kL, N
HEFEE A %R (ribonucleic acid, RNA)
MR AU 45 2 Fh A YEYE R . EVSA R & H
JEHIR), HELEDRREN S, HH, 8/F
Jh R BEA YR 2 (A5 B M. ARYE EVsHIAE
FHLEIANE], EVS] 20 NP2 . —Zid it i i 2R %
B ZEIE . ORI AR FELCRIAE 2950 nm~1 pm);
T3 5 Y BT B 2 M9 (mudtivesicular body,
MVB), MVB-5 G il & 5 B RLAE 2930 nm~150 nm

RAMIAAR . (AT R 2, MVBH] 5 HAR 2 i 25 5
TR, DR E SN P EVsE
A5 R A GH ML AR B0 25 0 22 R S R AR 1) g
AN REA R0 o 0 A5 L 5 B AE Y 1K) 22 R AR ) e
B, 3 PR S B SR AREBUR PR LR & 2 A A
IR 73 1 1O%E L, O R BRI T T I B 254
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The first directly Published the first Reported the
observed EVs Discovery of immuno- phase I trial results first phase I trial
using electron modulatory activity in of a DC-derived Released of the data for engineered
microscopy by B cell-derived EVs by exosome vaccine MISEV2014 EVs (exolL-12)
WOLF et al. in 1967 Raposo et al. in 1996 in 2008 guidelines in 2014 in 2020
JanY ) JanY ) /AR M) /AR ) /AR ) /AR
/ N4 / N\ / N\ / N\ / N\ N
In 1946, CHARGAFF Exosomes were Ratajczak et al. The 2013 Nobel The first therapeutic Initiated phase III
and WEST observed discovered and identified EVs Prize in Physiology agent based on natural clinical trials for
particles in blood named by the as carriers for or Medicine for EVs (AGLE-102) entered ExoFlo in 2022
plasma, now defined Johnstone genetic information discoveries in clinical trials in 2018
as “EVs” etal. in 1983 exchange in 2016 vesicle transport

regulation

El EVsA¥IXRAE
Fig.1 The development history of EVs-based therapeutics
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W2 TR 1% AR, R EVsE AL R
() 2 3ok G 5 B T RE T o 2 Tz, 2 T U AL
I TRZE EVSTEME RGU500 FRTT I 71, BLHE N
A QI TERRI . BRI ER W (Alzheimer’s
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E Vs 1 38 o 10 i o 2 7 0 T 05200, gk A 4 48 98 0
J7 O3 {3 b i 22 e B L A i AR BRI 22 B AL R 5
BITPER . b4t @it EVsiFAT TR s, 7T
HE— 2SR EV PR [ MEFR T 2R . N, fhEk
i Y8 P i 278 772 K T (brain-derived neurotrophic
factor, BDNF)/aimiR-210BY 555 4 4 T IEVs, fE
% S5 2 (R 3 Gl L AP ok 2 v 300 400 ) R 22 Ty e A 2 5 X
ETG ; 24T K9 55 ¥ £ [ (rabies virus glycoprotein,
RVG) &1 1) 7] 78 57 41 ffl (mesenchymal stem cells,
MSCs)KIE I EVs, &35 55 T EVsXtt ADR R/
) o B ] 1 00 B R A, I AT T L i E
EVs?E A8 4% 6k [ 9% B (human immunodeficiency
virus, HIV)AH G 28 19505 B0, i R BT HTARES
TR B 22 Bl FR XA 22 2R G R R I HE B
BT I,
2.2 fEIE
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B IEPURE 259« W R 40 B K U SN A A (dendritic
cell-derived exosomes, DEX) & & 3= B4 A &5 M
2 AR 1/1128 (major histocompatibility complex class
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of differentiation 81, CD81) A& ME L, A
A R EOE fE f 4081, 238 TollBE A2 44 3(Toll-
like receptor 3, TLR-3)ECAAZ1 ¥ DEX, B W&
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U SN =238 =N S K AR (YRR VIN I i
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N T AT RS EVsH LG R 7L, 84
P “exosome” B “extracellular vesicles” yoEid], 7
ClinicalTrials.govii 4 E AT KRG ER R . B2
202546 H 25 H, LR H AR SR Im PR B 7T 71050, Hrh
13750 BAEPRZR EVSF T V6T 1098 77, I8 a5 PR
RGP (10 COVID-19). 0 ML B (A Tk 20
W) HPEE RGP IR 2 s ) LA B %
RGP (RIS R ) TR G (N4
R W g IR MR B IRIE 2 ) Btk 5 B
G (U B R AR A, RS 2 AN, IR R
GUERT T & Hed s, 1521.90%, HRA RS R
LN (18.98%) M ATL: R G057 (10.95%) (K 2A) .
FEREFERT BT T, 27T 78K BRI FERT B, 43.1%
FRITIE 72 A0 T 530 T Bl A 7T B, 15.3% 805t 2
2 HE N TP B & Bl RS (1 2B), b 735
7T HE NG RS (R 1) Horb, fEFR [, JLIF R
43U IT(KR2) -

EAAEE R, IH 163G R 7T TR
EVs{E RN 2GS BRI N . Ho, 2700 i 38 (5 %
5y Wi IR K R A 7T, 8 R A )RR EVs
AR ZE T R B FIRI7 45 498 (NCT01294072)
1A FENE 795 (NCT04879810) . Hi 4y 14358 77 I
LTI TR EVs RIS (2 3). i, LA
EHNHE T E RIS ERIANIT R T — 3 & T CD24
B A TR R IA 1) 29340 i kI EVsZ54 (EXO-
CD24), JF1E 2Py 5 38 25 A 1 B8 o %2
MR BPERAT T RV PI(NCT04969172,
NCT05947747. NCT04902183. NCT04747574).
oA AR R 1 SR s 45 R FH EVsiE i #8832 Ldlr mRNA
BT 2 v BE [ BE I E (NCT05043181) ik

A: EVsZIWIRPRIE RIAE 7> K401 &) B: EVSZIl R FEb B Gt it 14 o

KRAS G12D siRNAZ[KJfT7 KRAS GI12DRAE A%
T 1k JE i (NCT03608631), i#i% miR-12475 77
S I ik 26 o (NCT03384433), LA K A% RN 3
CD3#1 CD19%i4& ) MSC-EVsiaTT B & /MEVA T Sk
B i [ 975 (NCT06890494) .

MNAH MR A BE, AR 4TI PR 7, MSCsk
VR N ) 2R i SR LK AN ¢ BU R o 2 4
1 70%, o DL SRR B ok IR 14 18] 70 5T T 4 i
NE. BRI RIE EVsah, HoAth 2R T2
MM EVst R 4 N8 H MG IT s J1. 1l
n, [A) I e RS ) — T PR 78 IEAE VR A N5
FR 2 T2 O R VR ) EVs(NouvSoma001) 35 77 ML #f£2
ARl 20 R I A T 2RI A AUk
PR R T . EATEENE, NERZ
41 o K% EVs(human induced pluripotent stem cell-
derived extracellular vesicles, hiPSC-EVs){E A1k
A 7 R B o AR R S 24 ST R T SR KA
B[R 22 Mol REE bt e T R A 2 A e A
AR A6 P AN R B 2 B 5T A0 A 42 N B
SR 0 TR T — TR I N HE IR 1 SR A 1
(22 e HMEIR IR )8 A R AR 2 M s PR
JL (NCT05886205). £5 7R, AR AT 25741
KA R FAFE™ HA RFA, HMERYILE
PEo F34b, hiPSC-EVsTE 2 AN MAE I JE T I
PRIFIT, CLFERE R B 9 (NCT05969717) ) L2 i
S V% 7% (ChiCTR2400091107) . a: e ifr 1 i 26
H1 (NCT06138210). AIHAE (ChiCTR2500102199).
Je PR R R R R R 2 (NCT06810869)
&, ERESRIG R, YR B AR IA R FH4E
B EAREMS A, —RIE T AT
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== Respiratory system diseases

= Cardiovascular diseases | Early phase I
=3 Nervous system diseases [ rhasel

= Musculoskeletal and connective tissue diseases [ Phase /11
= Digestive system diseases 1 Phase 1l
== Endocrine, nutritional and metabolic diseases O others

== Diseases of the skin and subcutaneous tissue

== Others

A: statistical classification of clinical indications for EV-based therapeutics; B: distribution of clinical trial phases for EV-based therapeutics.
&2 £ T ClinicalTrial.gov (& Z2025-06-25)% i BIEVsZAYIR R4 R
Fig.2 Clinical outcomes of EVs-based therapeutics based on ClinicalTrials.gov statistics (data cutoff: June 25, 2025)
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Table 1 Clinical trial information for extracellular vesicle/exosome-based therapeutics in phase II/III and phase I1I studies

NCTS 5L H & RAE WH KkEE BB PiR/EISE: AR K&

NCT number Study title Conditions Sponsor Phases Study start Study completion  Study status

NCT05354141 Extracellular vesicle Acute respira-  Direct Bio- Phase 11T 2022-07-01 2025-08-31 Recruiting
treatment for ARDS tory distress logics, LLC
(acute respiratory distress syndrome
syndrome ) (extinguish
ARDS)

NCT04761562 Use of autologous plasma  Otitis media Univer- Phase II/11T 2021-02-14  2023-09-30 Unknown
rich in platelets and extra-  chronic, sity Medi- status
cellular vesicles in the sur-  tympanic cal Centre
gical treatment of chronic ~ membrane Ljubljana
middle ear infections perforation

NCT06539273 Exosome treatment in Androgenetic,  Yeditepe Phase 11T 2024-01-01 2024-05-05 Completed
androgenetic alopecia alopecia University

Hospital

NCT02138331 Effect of microvesicles Diabetes mel-  General Phase II/I11 2014-04 2014-09 Unknown
and exosomes therapy on litus type 1 Committee status
B-cell mass in TIDM (type of Teaching
1 diabetes mellitus) Hospitals

and Insti-
tutes, Egypt

NCT05216562  Efficacy and safety of exo- SARS-CoV2 Dermama Phase II/I11 2021-07-01  2022-12-30 Unknown
some-MSC therapy to re- infection Bioteknolo- status
duce hyper-inflammation gi Laborato-
in moderate COVID-19 rium
patients

NCT05413148  The effect of stem cells Retinitis TC Erciyes Phase 1I/I11 2022-08-05  2023-12-15 Unknown
and stem cell exosomes on  pigmentosa University status
visual functions in patients
with retinitis pigmentosa

NCT05126758 A study of deramiocel Myocardial Capricor Phase IIT 2022-06-22  2026-12 Active, not
(CAP-1002) in ambula- infarction Inc. recuriting
tory and non-ambulatory
patients with Duchenne
muscular dystrophy

2 HEMXEVs/IMNBERIERIRIE R
Table 2 Clinical trial list of EVs/exosomes in China

NCT EVsKJ5 TERAE T H Kok HEHM

NCT number Source Conditions Sponsor Study completion

NCT06598202 MSCs Amyotrophic Lateral sclerosis Xuanwu Hospital, Beijing 2026-05-30

NCTO05787288 MSCs COVID-19 pneumonia First Affiliated Hospital of Wenzhou 2025-01-23

Medical University
NCT06825572 MSCs Liver failure Third Affiliated Hospital, Sun Yat- 2026-09-30
Sen University

NCT06612710 Human-induced neural ~ Ischemic stroke Tongji Hospital 2027-11-30
stem cells

NCT06620809 Human-induced neural ~ Neuromyelitis Optica spectrum disor- Tongji Hospital 2027-11-30

stem cells

ders
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NCT number Source Conditions Sponsor Study completion
NCTO05881668 MSCs Liver failure, acute on chronic Third Affiliated Hospital, Sun Yat- 2025-04-30
Sen University
NCT05940610 MSCs Acute-on-chronic liver failure, acute Third Affiliated Hospital, Sun Yat- 2025-10-01
liver failure Sen University
NCT06607900 Umbilical cord mesen-  Alzheimer’ disease, Parkinson disease, =~ Xuanwu Hospital, Beijing 2028-08-31
chymal stem cells Lewy body dementia, multiple system
atrophy, Fronto-temporal dementia
NCT06890494 Engineered mesen- Leukemia Beijing GoBroad Hospital 2026-12-31
chymal stem cell line
stably co-expressing
surface CD3 and CD19
antibodies
NCT05808400 Umbilical cord mesen- ~ Long COVID-19 syndrome Huazhong University of Science and ~ 2025-02-15
chymal stem cells Technology
NCT06253975 Human adipose tissue Wound heal Shanghai Ninth People’s Hospital 2025-12-31
Affiliated to Shanghai Jiao Tong
University
NCT05326724 Acupuncture-induced Post-stroke dementia, acupuncture China Medical University Hospital 2025-07-31
Exosome
NCT05475418 Human adipose tissue Wounds and injuries Shanghai Ninth People’s Hospital 2023-10-15
Affiliated to Shanghai Jiao Tong
University
NCT05043181 LDLR mRNA-overex-  Familial hypercholesterolemia Tang-Du Hospital 2026-12-01
pressing bone marrow
MSCs
NCT06932393 Unknown Hair loss Guangzhou Bio-Gene Technology 2028-04-30
Co., Ltd
NCT06853522 Umbilical cord mesen-  Ulcerative colitis Shanghai East Hospital 2028-04-04
chymal stem cells
NCT05871463 MSCs Decompensated liver cirrhosis RIGLD (Research Institute for Gas- 2023-12-11
troenterology and Liver Diseases)
NCT04544215 MSCs Drug-resistant Ruijin Hospital 2025-03-01
NCT04276987 MSCs Coronavirus Ruijin Hospital 2020-07-31
NCTO05158101 Allogeneic adult Stroke The Foundation for Orthopaedics 2026-02-01
umbilical cord derived and Regenerative Medicine
MSCs
NCT06810869 hiPSCs Stable vitiligo Second Affiliated Hospital of Wan- 2026-11-17
nan Medical College
NCT06138210 hiPSCs Acute ischemic stroke Xuanwu Hospital, Beijing 2025-08-30
NCT05152394 Allogeneic adult Parkinson disease The Foundation for Orthopaedics 2027-01-01
umbilical cord derived and Regenerative Medicine
MSC
NCT06896747 Mechanically engi- Thin endometrial lining, female infer- Tang-Du Hospital 2027-03-31
neered stem cells tility, intrauterine adhesions
NCT04213248 Umbilical cord mesen-  Dry eye disease Zhongshan Ophthalmic Center, Sun 2023-12-01
chymal stem cells Yat-sen University
NCT05738629 PSC-derived MSCs Dry eye disease Second Affiliated Hospital, School of  2025-02-01
Medicine, Zhejiang University
NCT05559177 APC-tumor chimeric Recurrent or metastatic bladder cancer ~ Shanghai Pudong Hospital 2023-09-01
cells
NCT04313647 MSCs Healthy Ruijin Hospital 2020-07-31
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NCT* EVs K5 TERIE T H Kok Ay
NCT number Source Conditions Sponsor Study completion
NCTO03437759 MSCs Macular holes Tianjin Medical University 2021-12-30
NCT04602104 MSCs Acute respiratory distress syndrome Ruijin Hospital 2023-01-11
NCT05152368 Allogeneic adult um- Peripheral neuropathy, trigeminal The Foundation for Orthopaedics 2026-01-01
bilical cord stem cells neuralgia and Regenerative Medicine
NCT05969717 hiPSCs Atopic dermatitis Peking Union Medical College Hospital =~ 2025-06-30
NCT05886205 hiPSCs Refractory focal epilepsy Peking Union Medical College Hos- ~ 2025-11-13
pital
NCT04388982 Allogenic adipose Alzheimer disease Ruijin Hospital 2022-08-01
MSC
NCT06919380  MSCs anti-MDAS positive dermatomyositis- ~ Guangzhou Medical University 2027-05-31
associated RP-ILD, rapidly progres-
sive interstitial lung disease
NCT06245746 Umbilical cord mesen-  Acute myeloid leukemia, neutropenia, ~ Wuhan Union Hospital, China 2027-02-01
chymal stem cells anemia, thrombocytopenia, infections,
bleeding
NCT04356300 MSCs Multiple organ failure Fujian Medical University 2030-09-01
NCTO02957279 Dendritic cells Sepsis Jinling Hospital, China 2017-10-01
NCT06221787 Umbilical cord mesen-  Melasma Fujian Medical University Union 2026-07-01
chymal stem cells Hospital
NCT06677931 Umbilical cord mesen-  Melasma Fujian Medical University Union 2026-08-01
chymal stem cells Hospital
NCT04850469 MSCs Sepsis, critical illness Children’s Hospital of Fudan Uni- 2024-12-31
versity
NCT06697080 Umbilical cord-derived ~ Androgenic alopecia Nanfang Hospital, Southern Medical =~ 2024-12-28
mesenchymal stem University
cells
NCT06599346 MSCs Mucositis, chemotherapy-induced The General Hospital of Western 2025-09-30

mucositis, radiation-induced mucositis

Theater Command

B 5 (Food and Drug Administration, FDA)
HEHE , W T R FH Tl il 14 i 2 R T TR Tb/ a1
PRIRES , A5 35 T4 MRIR EVsAPITE #h & B0 iR
I A [T I R B o 7E 1370 5T, 4535
Wt 8 2 WO AN /B AR BRAS , 27 TS0 A2 58 B 2%
IERE, FR MR R T ARBERES (BFERESE.
iz, BHEURERK). LR, X
H TR TS . NCT0552301 18 51T
fily 7 8] 7057 40 B A AR B 1R 2 AR ST 2
JLHASE T 1000 B (Lt ofl, Hikam). FrfiE#
FRAZ IR, EEHZ 20K, RUEFARFMH.
NCTO04491240%F Fo L4055 1 301 &, Horb 20471 4%
ZEVSMNSEFNGTT, 1001452 2 HFET. &
HHBE30OR G, KGR R FA KA, 57 B3R R

FRRSUE o I A2 30 R 5 I 2 e A i i <6 2% o
(INCTO0431364 74 78 FAL 1 1A 78 i T4 EVSIR
FALFIR 224t JLghN 240 | 23 3252 55
B BIREZY, WEETR . AUIE B ARA i = 77 4L
RS 1) B S 0 BT 28 . NCT0385784 17
Fi B E PG B KR 5 1 48 B >R U5 EVS(UNEX-42) %
KU = L 22 4k, Rk sk i i 420k 78
PANK 3 v, 2490 B 42 20 pmol g /kgif
7, W R 22 AR YT« Ry 1) B3
IUIRFENESE I 98 A RS, 1483 AR ™
EARFHM . NCT0449324240F 57 4 ExoFloy™ i -+
16T COVID-19(1) TG RS . 45 3 7, ExoFlo
TEFTA 320 (n=68) i 52 Pk R 4F, A K AT A ™
HEARFM. HREFGITH (n=34)/L, Exo-Flo
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BEAR S AR T XU, H RTiZ 7 b HE N T I R
Fto NCT034067801R5 PN 1 AU -0 ULERAH M 1)
EVs(CAP-1002)H T-16 97 FL IRILUE FRA RAE 1) 2L
PERI 22 4o VRIT H(n=8) B LA (n=11)IEIRTS
FIRFHNE. AR, HF =42 EE BT
T AH DR Ik B B (L A 148 2 3 R 7 e s R
1EYRYT ), ToK M BAE B Ath 88 N R F 4, 6K
TR

BT OHRGE IR RIS S A, A T 4e a7,
EVSTEIG AR B e 30t A0 S5 1) 22 4 14 R 52 14 4
fiE, H HAE Z PR B R I B2 1R TTIE 7
B & BRI R 5 0 EV s AW 22 WL TR %%
EVs{E RN —F B A R4 R LA RT Se 8 816 T 2
VI & , IEFEANWT SR AL BRI 7 (1 SR BRI, $h B L
FsES . HATHABE MR S 0 OB 5 K
P Ak 1) B G R E TR YT R, T HE
AR5 SRR T o R H ol N HESE T

4 EVs#APpy =l 1kt &
KR EVSITIE G R EEAL, AT i %
Polko LK, 2T LS EVSRIEIRIL. difk

L2 H PR THRITR R (R3)-
4.1 Lk

HRESRIE EVsI) BT T 2 AFE MR 7= 53557
EiEWCEE . EVSHAD G I S A A g i DDA Ok
D] I 326 9% 5 S A IO R D5 0 7 B B B R A B R R
o JEARHN A (U MSCs A1 A 41 i ) ) A= 9 2 s
PE AT REAFAE B A4 T8 22 57, RIAER B A — A, A
[k x4 i 2 1) B A P IR FT BEAFAE 22 57 o AHEEZZ T,
hiPSCstE A EVsHI BRI B 22 07 TR 5 (3R
4). H5E, hiPSCsH] A H PR ET ARIE 1 14441 iy
SE AR, 8T B s S R g
WP, MRSk B FRAR 1 4 e B 5 FLk, hiPSCs B
AR EIREEETRE ), ATAE ARSI B 77 0 4 R
RMIRS N Z 17 7L BE ; PR, hiPSCsH 5 T
ST B T A AL B 7R, bR HEAL AR EVsE
P67 ReE TR A ORIE ; SRS, hiPSCsRIRTEVs
B 2P R T, A AR K Rl F (transforming
growth factor-beta, TGF-B). T4l il K+ (stem cell
factor, SCF). L& M Bz 4K K- (vascular endothe-
lial growth factor, VEGF)Z. hiPSC-EVsfgig /5
Z AN IR IR, S 2 AR, KRR .

=3 EETIZEVs/AMNHMERIGERIRE =

Table 3 Clinical trials of genetically engineered extracellular vesicles/exosomes

W H
Study title

Conditions

NCT=
NCT number

T H KA

Sponsor

TRALHE A

Engineered

WETERT B

Phases

NCT05043181 Exosome-based nanoplatform for

Ldlr mRNA delivery in FH olemia

NCT04969172 A phase II randomized, double-
blind, placebo-controlled study to
evaluate the safety and efficacy of
exosomes overexpressing CD24
to prevent clinical deterioration in
patients with moderate or severe
COVID-19 infection

Safety and efficacy of Exo-CD24

in preventing clinical deterioration

NCT05947747 ARDS
in patients with mild-moderate
ARDS

NCT04902183 Safety and efficacy of exosomes COVID19
overexpressing CD24 in two doses
for patients with moderate or se-

vere COVID-19

Evaluation of the safety of CD24-
exosomes in patients with CO-
VID-19 infection

NCT04747574 SARS-CoV-2

Familial hypercholester-

COVID-19 disease

Ldlr mRNA Tang-Du Hospital Phase I

CD24 Eli Sprecher, MD Phase I1

CD24 Nano24med Phase 1T

CD24 Athens Medical Phase 1T

Society

CD24 Tel-Aviv Sourasky ~ Phase I

Medical Center
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NCT5 W H & AR TR AT T H Aok WHFERT B
NCT number Study title Conditions Engineered Sponsor Phases
NCT03608631 iExosomes in treating participants KRAS NP_004976.2:p. KRAS G12D siRNA M.D. Anderson Phase |
with metastatic pancreas cancer G12D|Metastatic pan- Cancer Center
with KrasG12D mutation creatic adenocarcinoma,
pancreatic ductal ad-
enocarcinoma, stage [V
pancreatic cancer AJCC
v8
NCT04173650 MSC EVs in dystrophic epider- Dystrophic epidermoly- COL7COL7A1 Aegle Therapeutics ~ Phase I/I1
molysis bullosa sis bullosa
NCTO05843799 A study to evaluate the safety and Healthy superrepressor [kBa ILIAS Biologics Phase I
tolerability of ILB-202 Inc.
NCTO05375604 A study of exoASO-STAT6 (CDK-  Advanced HCC (hepa- STAT6 Codiak BioSci- Phase I
004) in patients with advanced tocellular carcinoma), ences
HCC (hepatocellular carcinoma) gastric cancer metastatic
and patients with liver metastases to liver, colorectal can-
from either primary gastric cancer cer metastatic to liver
or CRC (colorectal cancer)
NCTO05078385 Safety of extracellular vesicles for ~ Burns COL7COL7A1 Aegle Therapeutics  Phase |
burn wounds
NCT03384433 Allogenic mesenchymal stem cell Cerebrovascular disor- miR124 Isfahan University Phase /11
derived exosome in patients with ders of Medical Sci-
acute ischemic stroke ences
NCTO01159288 Trial of a vaccination with tumor Non-small cell lung MAGE-A1, MAGE-A3, Gustave Roussy, Phase II
antigen-loaded dendritic cell- cancer NY-ESO, Cancer Campus,
derived exosomes Melan-A/MARTT (all Grand Paris
MHC-I
restricted peptides);
MAGE-A3,
MAGE-A1, MAGE-A3,
NY-ESO,
Melan-A/MART] (all
MHC-I
restricted peptides);
MAGE-A3,
MAGE-A1, MAGE-A3,
NY-ESO,
Melan-A/MARTT (all
MHC-I
restricted peptides);
MAGE-A3,
EBV (MHC-II-restricted
peptides)
NCT04592484 A first-in-human study of CDK- Advanced solid tumor STING Codiak BioSci- Phase I/11
002 (exoSTING) in subjects with ences
advanced/metastatic, recurrent,
injectable solid tumors
NCT06890494  Clinical study on the safety and Leukemia CD3,CD19 Beijing GoBroad Early
efficacy of BITE-EV in relapsed/ Hospital phase I

refractory acute B-cell leukemia
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ARt AR A B EAE L, J9hiPSC-EVsR ] T
2P IR TT SR A 7 RS B SR

NHROR EVs T & — 3, @RS TG 4
MofE 2 R BB . BRAEA B R g0 4h, RAR 48 Br
N2 i B R 9018 25 (International Council for
Harmonisation, ICH) Q5D#5 g ) e At AH K8 S
JE ST A 6 T BB A I Al I8 TR S
ICH Q5BH5 Fa % 4k PR S ak #) i AR i 47 0 A1, 05 4
IO P2 S it A A 4 0, DU PR A 7 BT FH A0 B 1) B 4y
M. BRE 2. DAVIDAESIFRH T 40 Es 7= 10
JOALE PR S EhR e, 3RS AT I i o ) 40 i
PRt 7R F 304

Y B RS 75 2 A AR IR B2 B S B VST i s A=
R EEMC . AR, Z2Md R4 MR IR AR
PIEARFN T Z AWK, 5140 3D3G FRHA CIFAE D)
SN A F G T RS X TR R H AN SE
PLARAT I R A A0, I Ja b BRI IA) L B
i IR [) R Y8 6 i (T 5% 9% R ) 1) ) 2 ok PR A1 A AR ik
Ao ARG OB A AR KIS L iE
LR SRR P BE Ak 2 00 B 5 T ORI Eam e
fEBE A AT EVS IR %, A X M7 :URES i
IR EVSI R, (HA2n] e e B HAth R 1Y
FIEVSTO T R 75 T2 AR H /6 2 78 4 VPl H )
EVsi & 520, K55 ST A2 W 57 0 1t A 2% o3 40 1k
(UnAEEVSHIURL I (5 LU )& TH 1254k

TR EVsFE BN AYA RS W, HU
S RO W e = I T Nt B 411 B Y e
BT A GKFIORL , N BEVs & AR i s 3 17—
I ERRAR BT R, KA. B,
KB, WA, REGFBMIGH . WK
A BE B L Ty v 4 G ok b R — P a2 Al
JRLU77 AT 53 A A i SR AR A LI N 2R, TR
H#5EVSRUThRe /N . H2, H ATt
KBRS A FIRZE B B . FF H., YA T B &
1 0 235 ) 3 AN T AR 52, 22 20 FE R JG 0 7 i

A B [T Bt A 77 i ) i 428 7 ok B R R B

4.2 Tl

T EVsRIE TG 7% BI04
WA 2RI, )7 NIrAifb LR 24 . EVsHI i
AP MRS A IR T A S SRS eE . HAT
WHAEAFEEEEO. BEREEO. BTAH
B, SRRZEHTSE . 20204F, ISEV™IE M SRt

Iy B2 A N — TUER X EVs 73 B AR AE 77 1
WA, SRR, HE 20194, 8 & OE Rl
FHZATIE 60%, T H 20164F LK, 5528 e th ik 1
fifi F SR B 2E N U, 7E T UL AR e v 3 T
A5 2 Mhalifb g LA & EVSIAE = R4 fE . 4
an, fEEVs M2 A b, Al I g 0 7 ST R
ai P , B S R H DT IR) RS JE (tangential flow filtra-
tion, TFF)& & 2 P ik 4l A HoR (PR ES 728 i i
FF 5 7 A2 4 (3 R S 2 i ) i — B AR
SR L2 ReLIAE G B 02 000657, 1 i
5t 5 A B A0 S gt SR T AR EVsI
afifl Az e e, 9 dE e SR E AT S I S A R
B HFREVS®. tbAh, a5 2 1 (poly-
ethylene glycol, PEG)JTIE A4S Gl s By 032, T
i) £ S A4 i 10 T 4B BRI EVs S5 A6, V9T Atk
Jili4i 1% /ARDS®Y . —Hp T 20K A 0.22 um ZE ik
BRUE R AT WG, Bl 5 R FH 500 kDa#l B 73 1 &
(%) U7] [ Y7 A 0 JBE 0 i J7 4 SR U () EV sk AT 44k
s, FHTI6097 S S 5™,

H A, LA 5 — 7 VR [N SE I i 2 5 5 v 43
o O BN S0 SR M B 4
PR, (BAFEEVSBIRY R EE . Bl &, ikl 2
7 R SR R M 45 I 8 9, A5 T Tk g R AsE AL,
AEe DR, Rl TV T A E S . AU
PES IR, AEORUES™ i 20 BRI VE IR [R]85 2 r Il
K.

5 EVsZ#limREE (LE eI ke
51 BEBRBRHTE

JAE EVSTE I PR AL b JE 30 H B i T 5L, (H
HIF R A 22 Bk ARABISEV AR 5 SLR,
BT EVSIRIT 7 N A . REHL B 4H ik
PRHIRIREVs. AN E i R 7 W 1) 2 R S0 4 g SRk
TRIRIREVs. S H e J DR 40 0 1) & A e B DR =)
1) EVsHIE N 254185 2 40 i ix A & Y e E 24 5+
HIEVS®. SR, AS[R] E SN X B 7 1 ML S
EVsI B F A G —. X T RAREVs, EHFE
AR, IR, RSN . IR EVSIENIGIT
251, Higgr EHGRAR T — D M E D T,
A EVSA S KA G ED T o TR 24 b 2 )
(European Medicines Agency, EMA)¥ KR EVs{E N
TR RIS T AR AR I, BRI TR R 2y A
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Table 4 The key advantages and challenges of using hiPSCs vs MSCs for EV production
o L 4
HTECAE L _ MSCs hiPSCs
Aspects for comparison
Source of the donor Placenta, umbilical cord, etc. A single cell

Method of donor acquisition

homogeneity and stability

Overwhelmingly allogeneic

MSCs exhibit high heterogeneity
The efficacy of exosomes derived from MSCs

Autologous/allogeneic

Single source, stable passaging, scalable produc-
tion, and homogeneous characteristics

beyond passage 6 declines significantly and

may even produce opposite effects

Manufacturing complexity

Challenges in CMC
Safety Clinical validation
Regeneration potential Limited

Lack of standardized processes

Standardized and scalable manufacturing process

Clinical validation

Strong

fil it o X Tl TR F B, M EVsHETr “H 4 "%
FRINS, TZEVsZ i 5 & EMAXT B RIVETT I 5 3, ]k
HXl 9 Ao iiR 97 #5% (advanced therapy medicinal
products, ATMPs). WIS IEIEY)RAE T HAXLIR,
& BUfIsiRNA, 54 ZEVsIUA & T ATMPs. FDA
Je LA S EAN 55T HR 0 (center for biologics
evaluation and research, CBER) EL i € , RIRHI. K
ZEAB N SN AA 77 i K A 9 A ) B BT
H A2 5 A1 S 7 25 08 P JR) (Pharmaceuticals and
Medical Device Agency, PMDA) £} 2225 1 2 X EVs
MIPPAl R, AR 5 RS 1 4 B R R 1 R S8 EVs I
VE N8 i%E RS kA A VI ERE 4 73 [ EVsHR
A, SR B e R DR 2 M 1 A e SR R PR A
EVsIHIONFERGTT ™ m . 1Ak, 20256 H 10H,
Hh ] ] 55 2 i M B B R 24 T VP | R (Centter for
Drug Evaluation, CDE) & A i1 A FFAE 3R & LA H 4
S EVSZINATMPs i 5 7 &7,

KT BVs 2y s B B 227 b3z,
TEF= R SR B, B WO R 3 1Al AH G I B AL
a5 7 i PR 23 S v L, AR AR 2 il o R R R A
KT
5.2 BRZFREREYEFRRITIER

H T, EVsIAE= 5t & 70 /i &35 il kb
BT RIHEARSR FEN, 77 2 M haiEF 2 %A
ZUR R MR HEN, 775 GMP(Good Manufactur-
ing Practice)brd IR A= 7= J2 EVs kAL 1) 5
fitie SR, T EVSRIREM Z A, AHERIEME.
BTG, B, MESHENER, 357
HRmrERm. TR EISBCRIER EVs,

it 3 g 37 Jo R T AR A0 L T DAAE — 2 AR LR
REVsH R Bt HEZ T, MY a4 9h554R40 i
IR RIE R EV's, FoR U5 BT & 4% i 475 A A AR 47 fifd ok
IRiFe WAk, T4tk T2 HB2 I EVsai 5
AR, AL BARBEN SRAT = A BV, HA]
REFRAR ™ it VR YT ORI 3870 & (] % 2
F) A REZ 5 240 i BV AR T 8 3 e ™, AN R ) B
M A A . DR, kB AIE p Al T 2075 %
PTG B 7T O NORE , 22 A AT R AT
PRAIE 25 B 22 4t KU 2% 5 () IR BRI 7 o 1) A2 27
T

MISEV2023(Minimal Information for Studies of
Extracellular Vesicles 2023) NEVsRAEFEAE | kAR
M, EAR HETE 2 M EVsIRAE kA3 %, (22
HRITETF B AAAAE—E R RBRTE. Fln, EVs
IR EEMVKLAZFR AR BRI, AN 7] 2R 28 B B 4655 4 [ B
st FRRGE 00 45 SR 222 S Y A, S A ) R B R 150 %, 0F
(] — e i A I R R AP AE G v 2 22 5 70 JFEL
E AR I BRI 1R W 8 TS TE ik X 73 EVSHIFE EVs
RORL . DRI, 75 245 A HAR T VR PG 77 i Al
51 0 2o A ) 3 TRV PR R ABR EVsIBE 5 4, i il Aer
DN RA IR BT Je UKL B AR AL, R0 o b B IR 4
R FRIUREL (5 LG P2, (HG2, JEEVSBURL ] GE A 2
AR A MRS MR sy, e e . T /AMA
k2 RS N TR SR RS DAk N
BOTAEAFICH Q25 S RN, Rk wm it
BEAN, BEIEE 2> vk T R U BV s 5 58 BOBURL ) £
B 0] B FF AN TE A HERR Y, A% B 7 VA BRAR I B R
JE 58 B EV s B Al A8 5Ll R E VS TR X 73 TF . 53
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—J71, BT EVsERNURI S 2, Harka@EHm
EVsTE PN J7i%, FF R E 75 BRI & RORE A 254
1E HHL#] (mechanism of action, MOA) & & i K
EVsIE R 77 [FIR, I Ref% i€ EVsH ]
RevEVERCSY, FF RS LAZ o S A V. A B
THEVs/2 il 2 Fid Ve o RAEIRTT R, 4R
B X6 AN 7 B 73 92 ST R % e i A AL 1) AR 1 O
Wik

6 EVsZiilaRiL LIRS

EVsZH 1 R 5% A4 i 75 2 22 B[R] 15 A ik
BRI R R . MR TR S, EVsE
YITEA RS D B R 2%, Hom & R 1597 8L
AN SE AT A, AR PR 45 7 T T I 3 22 EEPkA
R, 7E25909F R BB B, 51\ “QbD B, g7
M CQAs ZI I PR fe 1% TLUE 4R 8% , WA B T ik
2y ARG RE . RS ST RPN, BAERIE RNORE . 45
27 FIB IR R T A&, A B T8 SRR IR
W TR BB 7 R T, Qg 3 55 08 NORE AH O 1R 5
YT R G iE I 45 2577 2. R, SR F RO 1Al
THR = 5 CQAs, 1T R 3 AH B ) 5T & VT
Wik, BT RS EE (g e A, f£48
R B RFAHM L2t . R
MISEV202345m , EVsi it R IEA . Kift.
WRKE. BARSGE. BASE. freRkiisd
Y. Dheetksr ¥ (W E . miRNA)E. HAr, &
S Fa bR BRI 75 1 ] 22 BUAT £ AR /8 TR
KA HIRE AR T JE I ToxtT EVSFrA K@ 1, an
WURLIRBE . 4lRE . AEWETE, TR 4 G Rtk
TEREIE Y I 7 VE AR I A 4, SEIRT AR AE 1) 22 4
FERAE, FFAERE ICH Q2(R1)XF /0 #r J7 12981 3R
RIS T, BORA IR R AT EENE; F4b, BN
MNP X EVs I B E R EE , Al B
MR AR o 7B SR F=ad FE e, 7= i A R A
AT BT RE . Al R RS 44T
AR . (R, HEER LS BE) (B 1 )
AIREXT EVsThRE A EE R, o & 4k i vl g
55 A IEPE . BEAh, R0 B R A X DL SE B
EVsMEAEEVsA e A& . DN R EIRA
PRIT IR AN RN 22 AR, M A8 HLAL) 5 1 A A
SRR T 252 S A hRAE, DAERBR I PR FH 2 %2 4

XFTEVsAW AR I IR B 55, s s ik 4

R EEEIINE . EAERAYARIRIR 2
SR CEc P ik = R D Bl el 7/ bl e oy i U ]
BEXFEVSZ5Y), WU IE R R 5 iRk S
I PR ASE FH B A S A% 78 70 18 E Bt Sh A0 46 1 1) &
P PMDARFEZ i1 QI 7 EVsHlFRIET 2
FIT AR Ho2z A XU BRI AR A, LI #E 2 4 X
IR, ANESRIT R B A I AL F R AT, JF HoaT R
TE—Fhsh Py e (BLIE WG 4 3 ) b AT BEPE T T .
IR RIREVSTEIRIKAE /N T 6N H , MITEH TS
ARG RT 7T . BhAh, H1 T H AT EVsHl 7R AR N
WA LAMER 2 B, — AN ZER R G 78 B 70T
R HEE /254880 )12 /2530 (absorption, distribu-
tion, metabolism, excretion/pharmacokinetics/pharmaco-
dynamics, ADME/PK/PD)#JHff 7t 5. K¢ sil e NJE R
EVs, i NV R B, PPA A A 7 0 22
YRR o X T RIREVSAR A 73 Af 1056, AN 18R H ] il
Ji X EVSHEATARIC, #A] REIIG 1% S i AR 3 2 5
S, M58 2 M OITEZ XIAE. 72588
o, R ATEE T XU 3R a8 o b SR, 45 S Bk
] RLEL A BT SN, )2 AR IR PRI FE 5 S (A 85
Jily B 70 07 AR £ B 5 M LA DR KRV I, A2 L R
(TR N1 7 AR et 5 NNy SR Y
H il , 7& ClinicalTrail.gov /M % i3 A EVsAH
Kl PR IG R 1 10035, (EAX 2 5% i RBIT 78 A A
TGS R . RIS i R E A 1 2 AL X
(et EVs 250l R N B A B3 . 514, ££
1l € Wl RAIE 7877 G, 500l 2 1 IR AR S (first-in-
human, FIH), L2085 T B A v RS S, # & HALR
Ti R, BAEAIIRTE . 45 24 A) b B R B i, DA
TRBR 2R 2 IR AV HAD T RO 22 4tk .

7 GEiLERE

KREEIR RGBT EVsTE NG IT P25 il
W FE 20 I PRAR R B B A I ) B bk e, 87 4o
T EVSTE Il R B U R B 5. SCERIEIRTT T
EVsHUEALA P2 AR R R IV, FEEIAT T 28T
I AR R I GBS . H R, 2 AU = 5
LMW ENELE S VPR R, IS P P o 2R X 25 1
2) 7 EVsZyWIHIAE T K 5 AL BERR, A S 3
TF Rk Z W B AR VA R

JEEE A K, N T % fE (artificial intelligence, AI)
5 #L#%2% >] (machine learning, ML)F A (7R £ R4
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L] - GRS SRR R TT -

Y6 N BV s 254 I Ry SR dm M 4B 0, e 2
XTI R AE ST R B SR . AIREE AL EVs
S0 B 4 R A S (B A R A RE AL
TR 2H), PRis R 5 R i R T R B EE T A % 1)
T @ R A AR S . BN, 8 ML R F
AFEARGNM . B 7R %04 NI EVsIAE D3 AR
P, AR S R EE T & ES N R L2
etk SEEHEE Th RS EVs RS HE If e AR A 7
SRIM, X — 25 A i I B ik« 2 ol 2 B b i AL AN
HERAEYE L, BV R AR S 01 R S K
B, EUE. A MISEVARE IR P8 ok, &
BT R TR B R ATBL Y (explainable Al, XAI), BA
T A2 M WL T 24 O A R WL A1) R o ) 11 35 B
LR, TR ALGE B R I EVSOLE 259 1) 2 4 1l
A 8

BAUB V=05 07 5 WS P 5% 77, 3t
A HERE EVs A 77 T & bRl . AL J7 310 8138 M
WS R, I EVsZ Pt R #1405
BRI, N Z R IR IT SR ALE R T R 5 A
128
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