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Noninvasive diagnosis and pharmacotherapy of metabolic dysfunction-

associated steatotic liver disease
SUN Danni, HUANG Yong, ZHANG Jiabao, WANG Pei(Department of Pharmacology, School of Pharmacy, Naval Medical
University, Shanghai 200433, China)

[Abstract] Metabolic dysfunction-associated steatotic liver disease (MASLD) is the most prevalent chronic liver disease
globally, encompassing the entire spectrum of fatty liver pathogenesis. It progresses from simple steatosis to metabolic-associated
steatohepatitis (MASH), involving injury and inflammation, with or without fibrosis, ultimately leading to cirrhosis and
hepatocellular carcinoma, which affects approximately a quarter of the world's population. Liver biopsy remains the gold standard
for differentiating MASH from steatosis and assessing advanced fibrosis. However, its limitations, including costliness,
invasiveness, and sampling bias, have spurred the development of noninvasive diagnostic techniques. In addition, there are no FDA-
approved drugs for the treatment of MASLD. Enumerating noninvasive diagnostic markers that have the potential to replace liver
biopsy were summarized, and the current treatment options for MASLD were discussed, with clinical trials designed to evaluate the
efficacy and safety of single agents or combination therapies to halt or reverse disease progression, which could provide new
insights for the clinical diagnosis and treatment of MASLD.

[Key words] metabolic dysfunction-associated steatotic liver disease; metabolic associated steatohepatitis; biomarkers;

pharmacotherapy

FRIGHAH B W5 T (MASLD ) 2 T L35 il
P S fc 5 DL IR PR, TR 1 M I A P ) 2 A
TEZR o MRS g 7 A P 1 8 Sk 040 0 98 RE 1Y
PR B 107 PE T 26 (MASH), fE 85 R RE 2T 44k, e
LR ] LA K Oy 1 Ak R0 A0 M o Bk #
2021 4, 4= BR MASLD 19 & & B0 %R £ 455 3
32.4%, HHMTERZE ETHY . MASLD (1 & FeAMY

[E£TiB] BERAKRFFES(82274030); FIFTIRAH AR Z
514:(21XD1424900); _F i HsE 1141 (19SG32)

[1EE® ] N FHR, B+ BF 5% 4=, Tel: 17339163898, Email:
sdn132529@163.com

[BEEE] T8, B, WA 0m, #5507 ) O i A 23
FREIZ5 1%, Tel: (021)81871203, Email: pwang@smmu.edu.cn

SRR N 2 KO PRI (T2DM) 28 VIAH 3¢, 5 4140 ity
Ia TR N AR SRR 1 RURG S I tia A DGR

SR TR G T 2R 114 R e — ol X
I Bi% . IR RS —E TR, F -E R
RERSI TR B0 H LRGSR IERT, BTk 241
2 HINN, TT RE R A B i RAEPT . N 4145y
WM | MIEREIRE . BRI R LSRR F R
L R A 2 B AT, SRR UE AT 208 19 &2
AR, RIEA SRR AEERRDTI 2R, WAl fes
SEPRWI AR A,

JHF3 #6212 W MASLD B9 445 U, 5 25 i As
R AT . AN P E A2 A s B T P36 S A N R 1)
SN . H I C 36 FDA SR H TR YT


https://doi.org/10.12206/j.issn.2097-2024.202403049
https://doi.org/10.12206/j.issn.2097-2024.202403049
https://doi.org/10.12206/j.issn.2097-2024.202403049
mailto:sdn132529@163.com
mailto:pwang@smmu.edu.cn

RS SRS 2024 4E 10 H 25 H 42 103
412 Journal of Pharmaceutical Practice and Service, Vol. 42, No. 10, October 25, 2024

MASLD 254, R T IR2Wikric iz
Wi MASLD FYUHERA R, X Y R 09 25918 P IT 9 J8
Tt

1 iZHT MASLD B &R =

1.1 X% MASH 5 3465 b %169 de i 47 &4

M E A 18 (CK-18) 241 A T A br &),
TE MR TR R e BER A B V)% . MASH f&
L35 B S T A CK-18 (i HE R R X 43 B4 I i
PRI MASH e A= Wibric ). CK-18-M30 J
Bt(CK18-M30) Fl CK-18-M65 H Bt (CK18-M65)i2
Wr MASH f4 #E 3 1 & 0.75 F11 0.82, CK18-M65
ZWIERAPE R =D, SR, B CK-18 ANBER
U8 DX 43 B4l g J A8 14 F MASH, K CK18-M30,
WA AL AR T 2, A4 R 1 2Rt
L bR AR R R KBS I, REAS D
$E75 MASH Wi Wi e 14, Cao S8 ST 1 i
I MASH A 1B 8, W 45 TN /e 24 (ALT) | IfiL /)N
M. CK-18 FIH I =R (TG) &5 &k, 2 WrifEai b
4 0.92,

E sk R B EE RN RN 2456 HE N
(Mac-2BP) &Rt B & H 22—, 127 MASH

B HER R 0.8161, Mac-2BP £l & FFHE 4%
E M St R, /& MASH 2871 MASLD
BB AR AL 0 U B AR W RR B . e e
Ak fih 2k 25 11 A1 Mac-2BP 1] 443 591 350 0 T 40 i sk
P R LR 4E AL, & TR Y 32 ] TR R 2
MASH R HERGPE A 0.85°), Mac-2BP #li 5k 5 44
& (M2BPGi) F1£F 4k 4L 4 15 %4 (FIB-4) B¢ & i H fiE
TR 1 ZE TN MASH 4 55 85, ELAA B i
BEP T A

ALT VB E SR ALTESIELR A 30% LA F
8¢ ALT /KK T 40 IU/L, UM TAHLURGE . A
HOEFR, ALT KW 2 MASLDTE ghPEF43 sk /b sl 2F
AEAL IR B F AR bR, 15 25% (1) 5215 D5 A2
Pk R 19% ) MASH 835 175 ALT /K4 F
IEH VLR X e s 5 ALT/KSE- T i Bl g
PR A G E T 2 2 Y B, sk il
I ALT AJZ12 8 MASLD 551X 43~ B. 48 fig 15 48 14 il
MASH AR AE Y in i) . A, ALT /KF
TEH (R B2l I A8 M 2 5 R MASH g B 21 4 Ak
YRR, 2 1 2 BT A Z 1 5 MASH
WA AE DR BRI R S

F1 5 MASH BHIRXHEIREIFITS R 5

PRiCYI £ FR il TR (%) (%) WHoE B
CK18-M30 0.75 5 81544 MASLD#H
CK18-M65 0.82 5 81544 MASLD#HS
ALT. [fi/MR. CK-18HITG 0.92 89.0 86.0 13944 MASLDH #+51 4 (i HE AR
Mac-2BP 0.82 1274 MASLD & #®
FEEHEEL PR A FIMac-2BP 0.85 81.1 79.3 1244 MASLD Y
ALT. PGB R A 0.91 95.0 82.0 146 MASLD & 114
ALT, REAHEREILHLH R E A 0.83 8644 MASLDH #1%
TR i N3 0.85-0.87 1724 MASLD 1)
MASH3-5} 0.79 77.4 70.7 3184 P EEUIMASLDIERZ IFE K 1 321K 17
MASH ClinLipMet 3743 0.87 85.5 72.1 31844 [F SEIMASLDEZ TG K iy B2 ik & 17

1.2 %% MASLD 4 4£4Lt9iF 5 4 %

FIB-4 P41 K14 @R 254 5 1/ Mk
THE LB H5 % (APRD 1743 . MASLD £ 44k (NFS)
TE4r A1 BARD $F-532 J LR X 43 B 0 41 4 Ak 1 157
Vo> 248, 12 W MASLD 8 2 41 4k A i e 43 1)
4 0.84, 0.77. 0.76 1 0.84, FIB-4 P43 Fl1 NFS A
I 2 A 00 G B 2 A %) B A T B, i IR ]
PLAR HERR MASLD i % B 1 47 4k . FIB-4 Al
APRI PF431E 8\ MASLD (% £F4efbis hrp HA

5 VR T O (L, B A0 D /D I T AR A O A IR
U, M2BPGi 5 FIB-4 3435 4 i F 7T DL HER
JHF2F Ak LA 8 95 9 S B0 I /N 45020
LI G (AST) AP T, X e 28 2+ FIB-4 48
HCHm A

JLUE NI, FIB-4 PF43 A1 NFS ¥R 65 % 1)
SR MR AT AL A2 W RE S A, AR R R
BE P S RN S 11431 BB 94020, R RE TN MASLD
BE D E AL I RERE IR 9 & A=Y APRI



2k SRS 2024410 H 25 H 424 55 10 0]
Journal of Pharmaceutical Practice and Service, Vol. 42, No. 10, October 25, 2024 413

3N A ZF AE AL 2 W R S AR X R . BARD T
a0 A A AT =K A NN e 2 7 LY
il TENTENG IR . B, B PEsr REA W
k.
1.2.1 ADAPT #4531 FIBC3 ¥4

I 284 Jg J5E T o (PRO-C3 ) 2 TIT 251 e I 1 i e
et/ RN S (TR NS o X e S WA ] P e i 2
(FEA R AN S 2 AN 1 BN Sy 1P A B A
T2DM H1 34575 A K WF 5% . Daniels M H: [7] 55 & B,
PRO-C3 Jf& MASLD £F 4 £k 53 i) il <7 7] (51,
55 AT B I PR A8 o QN AR | O PR R I/ T E5OR
454 # 57 1 ADAPT 143 76 155 MASLD i1 H #
4L T APRI. FIB-4 F1 MASLD 4T 4k 4k 1T
43124, Boyle P L #EST T 4§ PRO-C3 #EIN Y
FIBC3 iV-4r, 2 Wit 14 5 ADAPT -7 AL, 1
T 2oph i A9 PRO-C3 ., FIB-4 L HABZEIIE2 £
g5, HREALIRA i ABC3D 4341 47 #H 24 1412 e
HEWPE, B LENG IR T 2 .
1.2.2 FibroMeter

FibroMeter i2 Wt MASLD i 3 @ & 27 41k 11
HERTE N 0851, ‘B AR A FibroMeter 2 AL
WA (V2G) . FibroMeter i 31 45 il Wi B 584 Bl 4%
(VCTE) Al FibroMeter MASLD W #% 1 T MASLD
M Il PR 12 W, FibroMeter VCTE 11412 W 1 1 3%
=P, BYR FibroMeter MASLD J&%7 151%F MASLD
Y, {H7E 2 B MASLD £ % W 10 2T 4 1k i)
FibroMeter V2G 55 B 471
1.2.3 SR FEF LT 5

JEL LR BRI T 2T 454k, (OELF ) ¥E43 7] 5 3 #a ¢
G R PEAL A2 S, & 0 T Al R S 5 28 A
4:4k (ELF)¥E4> 7E12 Wi MASLD (& 2F 4e b A
MBI WERYE . LAk, SRR . BRI R IR
B, T R M PR k2SI I BE 37 46 . AST/ALT
F 3 I/ INVER AT B 1 A S R T B R G
HZS A el ELFPE/r iz Wi bERE B =™, ELF 3
5312 Wi MASLDE & - 4E AL HERR % 5 FibroMeter
V2G FHI, BT NFS Hl FIB-4 TE432,
1.2.4 HepaMet £ 4EfL 1143

HepaMet £F 4 {L -4 (HFS ) AN 2352 H & 4R 0% |
B JBTa F8 5 W DRI B e 2 L 5 0,
—RBE TN MASLD fB 3 3% 41 4k b & 5 T2DM
IR TR T 1%, BEfS 4 FIB-4 P41 NFS 11
25 RN BB R N 30% FE IR E] 20% B,
HFS 5 JHF I A 52 000 £ 45 5 BB 08 HL T 00 e 30 27 4
FERIASH 2 25 R AR 73 SRS BRI —2FPY, S5 BRET

S BUAR =2 B 138 25 58 S VR FE 50% Y MASLD
FBE R B T Ak Ak, 12 W R R AT 98% 7,
A 2F Nk, RS HFS (475 9394 Bl fE mT DU F
HEBR eI 2F 44k, B 5 H AP 7 RGEAH H A W
A, B 1) BE P T AR ) A R LZE MASLD
FBE AR YR AL h AR AT TA B AT L2 W R D,
KT HFS R S HER A2 W a) R i — PR R .
1.2.5 FibroTest -5

FibroTest(FT) - 43 1l il MASLD £ & £ 4k b
BB HER = T FIB-4 A1 BARD, (H AR 3% 5T
NFSP, 2016 4E, EASL i K48 F A M, FT PE407E
HEBR MASLD H 2 £F 4k 7 i B nl 422 1
ZWIHERRMEDS SR, — I T8 205 0 R Gi 45
WRINH, HAE 26 MASLD H 3 i 35 21 4k Ak R 5
21 YAy TH A REAA BRET, 75 iF — 2R T S Al
FT W e . FT W0 S8 HR LAEAE 5 BT
AT AR PE R R, O FT P40 I AF e
B, BAREPRIG RIS G 2 T 28T FT 9741
RIEERE M o2, G RE A MEIRE AL 317 T
PRiEAl, $Em T ROR, (BAFETE T AE SR A 2 3L
FT W4 i 8 i s 45 R 22 57, 2 — 2l
T A W00 8 11 T 1) A AT M R, B DR SR 1 o
i
1.3 MASLD &4 W ¢ R ka7 %

U Rk SR IC A RGC 4RI
TR BT (5 2), 5 H Rk Ly AR A 15 2]
WA PR B, R RE VR I it MASLD ik #A4:
MR k. EAEk, SR s g, &
PR 2 2 F i 8 G W0 A 24 % oy TR T IR TE
MASLD 12 Wi Fl 6 HH 25 4 £k b e B T 347 g
Sto BEAN, FET AN TR RERIMLAR > () B
W & ok, Bl > Bk e ER 0 0 45 & 2R A
5 PRI A T R o, A AR 1 =22 ] A A i AR
AHEATIR, JCHSETE 3B = e BRI

2 AT

2.1 AR#t¥ets
2.1.1 2o Ak il A 14 B ) 0 3% R (PPARs) ¥
S

PPARs i 1 % s 5 BR B Qi A0 L RS 3R
WAL Jefb 5 2 Fp RS e . WFLsh®+ PPAR
WK% H PPARa, & Fl y 204, IR I PPARa 3 5h
UL 2 AT DA RIE YT e I =R RE , IR 7 40
Jitd s eIk A PPARY W] ATSCRE R A 5 2 AUk
Al‘ﬁz[39'40]o



2R S

2024410 H25 H #H42% 10l

414 Journal of Pharmaceutical Practice and Service, Vol. 42, No. 10, October 25, 2024

®2 SBREIAHECTUNEXRIITS R

RS MR ks (%) Rt (%) T AR
0.72 >2.0 75.0 65.0 6124 MASLD#E#>65%
s AL o RS ENASLD
APRI 0.77 %Eifs ?g:g 2‘6‘:(1) 68774 MASLDH #19
0.72 >0.12 71.0 68.0 614 MASLD#> 65 %2
NS 0.84 <—1.455 72.0 70.0 93924, MASLDH#Y
BARD 0.76 ) 76.0 61.0 77914 MASLD##1
0.87 2814 MASLD R P
ADAFT 0.80 >6.16 78.0 69.0 5174 MASLDH %24
FIBC3 0.89/0.83 449 MASLDH %
ABC3D 0.88/0.81 449 MASLD P
FibroMeter 0.85 1514 MASLD#H: #029
FibroMeter V2G 0.89 83.0 84.0 157644 MASLD##1"
FibroMeter MASLD 0.82 0.59 65.0 86.0 161644 MASLD# %"
FibroMeter VCTE 0.94 0.67 70.0 93.0 15464 MASLDH#12"
ELF 0.90 1864 MASLDH #2
HFS 063 0.7 7 301 22 AMASLD I
Hepascore 0.81 0.37 75.5 84.1 242 MASLD M
0.80 0.47 60.8 89.8 2424, MASLDH # 1!
Fibro Test )
0.77 0.30 72.0 69.0 21034 MASLD#H#L"
RIS — BT B PPAR-o/y DR,  WIRERS RS T2DM & A4 IR | 0 AT BT I
AE0% 25 R AR & H il =R ICAE Y T2DM AR I MRBT™,

IR TG A, S 25 AE D B O 2 e F TR )7
MASLD. BfHLXTESZES B R, F 4 mg VDB 85141
I MASLD 83 16 J8 5, B M ALT K-
JFRIE R 7 2 L e 82 22 HRHT RN S Dk ks AR AL i g
SRR D EUEY . BRNFZ XTSI
() TG PRI I IEFE R SR A

$7 Je 2= i (IVA337) j& — 172 PPAR i sl 71,
X} 3 Fft PPAR WAL B AP B rh & fEH . — 3
11 b B RIRIG H, MASLD 35K 96T 24
J&, 1 200 mg F1 800 mg 7 Ht A TVA337 7 2% fift
MASLD H &AL 4efbBab . 2005 —1 44k
BBt %A MASLD &AL FIZE M MASLD H-i% %
D LA AR BT R T B, ax i
45 5 A e MG R 6 p 1F— 25 PR 4 TVA337
AIVER, 125555 H R EAE RS T (NCT04849728) .
IVA337 j&:ME——/NREHS I8 MASLD JIf-ole5 i
ek M5, BA B RRITIE 1.
2.1.2 IR R AR 1 s

Bl v LW 25 A IR 1 (GLP-1) 378 T % L 40 i,
REASAE T I & 2 RO I 5 24T, B2

e o —Rh K&k GLP-1 2518, 11 Wil
PRI b, BB B K32 1.8 mg A48 ik 48 JA
Jii, 39% [ MASLD JHiR, 9% A4 H BLer 4
R, AN B R AR/ EAF AR TR Y, &
T RS 5 — 56 [ FDA HEHEVA Y7 IR ki K
R GLP-1 Z R shs . G R IE S, B A
KEFUEST 0.4 mg RS KRR I 425 MASLD
RE AR, AL A B A,

2.1.3  ENER X ZRA BRI )7

RNTER X 2 (FXR) J&— R I H IR 05 52 14,
S50 R A R iz FE e, 2 5ok
LA YRR A, B DR A4 FXR $#3)h
Flo PPAL B DL JEER X MASLD & - £F 44k 5 i 1
T A3 PR S 36 2 28 58 1, R R IR 25 mg B0
HHAR, 18 A~ HJF, 22.4% By B F k8] T £F 4 (L1
Z/0E 1 PR B MASLD %ALY H R, BTIE
LV UEEST, SR, A B 5N R A IR 25 mg
BA D1 R R X 47 44k 2 ~ 3 9419 MASLD % 3k
VU KT 5 Ak, A7 5 2 25 901 S 40 7 XS, 55
[l FDA F 2023 4F 5 H k4648 1 B3 DL IHERIG T



2k SRS 2024410 H 25 H 424 55 10 0]
Journal of Pharmaceutical Practice and Service, Vol. 42, No. 10, October 25, 2024 415

MASLD #_E iR P,
2.1.4  HUIRBEEE SZAK B kBt sh )

FEOPR i 5 2% 38 o R IR IR B 1 L TG /K-
JIEL 1 B2 K S RERE TG A it A7 AR 35 R 52 i i 2L
W4 5 R E K- B RE AR . 5 RRMER
A, HUR IR Z 1R B(THR-B) 25 REAE K#AI
MASLD B MIEER IR . BB R & %, 755
JIE Wi 48 Ak, 2 1 v 5% MASLD, H #if 1E 78 MASLD
(Al PR T ARG rp A IR

Resmetirom 2 — F & X FFIE . HAG BE £
THR-B a7, Al E G E A5 E N
5 W RIXIHIE S T 5 RBE R 3 558
% A% BFl - «B {55 [ K 1 ok 203 MASLD™,
— I A3 36 JE AU SE K IESE T Resmetirom A [
ik MASLD & BIFRERG T, A RO K2 N
s EERY A B SR AERE, £E T E RS R
Z 0 ETHE A IET T 0 36 M IR
JEASR, B BRIk Resmetirom 80 mg 5% 100 mg,
IG5 B4 58 B T MASLD I RBF 58 A0,
PR3 i ) Resmetirom #FEERE I MASLD &
(98 BLRRAE, &4t | 22 Mk R AP, HaieH
FDA B 2300 T 245 0B 25 i v ool e pi ke
L,
2.1.5  ZMEAHEE A BRALEHM S

L sh ¥ AT A FRILEE(ACC) 1 2 Ak
U R M Sk A g 42 (DNL) (1 FR 3 i, ACC2 855
SRR B ALY R BE AR A BE S e R Il 1 T
1@[5510

PF-05221304 J2& — 87 B 1) ACC1/2 # il 711,
FLA BT it 32 P R AT 22 1 28 Ak, REAS AT i SR
5 300 3% B9 F I DNL 3 #2059, MASLD B # 4% 3%
PF-05221304 {647 )5 IL7E TG 2 77 & O 1 T &,
55 PF-06865571 kA& i I fig 08 2% fif 13 TG M7+
O H 2T MASLD 2% HFRE g 7 & 107,
5 WHF 7 K R L ok JHF R ) PF-05221304 % AT
JIE DNL 7= Az A58 4040 il 2 75 v LA BH 1k R BRI A 1Y)
TEIR TG Fhim o 4558 8w, #4301 - BE DNL 3
T (<<80%) 1y PF-05221304 7| & 1% A 4% 2 M 25
25 24 h IfLTE TG /K-, #8454 il i IE DNL(58%
1 73%) 2 DA 3 RGP iR B VRS R BRI I i AR
,ri[SSJO
22 Hfiuiets

LT AL T 22 MASLD %9 E R AR . —
I b B R HLIX 5 K T Belapectin 7 MASLD,
JHFREE LR ) 5 ok v P B R T RORN & A, R

& B 2 Ji i — K 2 mg/kg Belapectin, 8 mg/kg
Belapectin 5% B 7 I fp2k 1 4F 2L 40, ANFE AL
PRAH 2 8] A K R 0 B8 B (HVPG) | 2R 4EALFNIE
PR HENR I I IG shiEor E B 225 5. SR, fEC
B ERIK I 7k B 2 43 B, 2 mg/kg Belapectin
REfEI /D B HVPG FIER Ik il ok 19 & ™, Hag
i A 1= — 352 11 b/ TR AL AU S5 (NCT04365868)
IEFEHA T, B B2 Belapectin ZEHil MASLD
JHAE A R0 A K 5 T A P RIORN 2 Ak

23 ANp#ES5AT

£ MASLD Bt it v, S A NS s m
AP AR B E EBIR ARG . 4EE &K E REE N
% MASLD =ERE PR AR 8K g ALT K-F-FZH
R0 T BTN ATT A= 4 O TR AT AT e (PTXO)
AERZ 5 MASLD fE A 81201,

AR (SEL) 2 PR {55 750 1(ASK-1)
FEBEPEIN SR . AT ASK-1 38 [ AR i
A2 #E MASLD Fy BURRAE TS & 280
W] SEL 2378/ MASLD 8 3 (1 JF£F 446, 4K i,
T30 S 6 I o B I 45 SR Y, AT R T AR
B B E A AR R R, SUE AR N A 4
Y iR T B0 ASK-1 HIHI5RIAS JE LL el 36 21 41k,
24 KEHRAH

YT MASLD AL A 52 24k, -G R I7 1Y)
ML B AME AT RE S0 T3 — 25 90iR 97 . ilan:
B DUNRER 55 BTG A At T 6 7 FH g i ek 4 T - 1)
RE S AR MASLD FZF 24k 28 3 s i fff ] 28
DURR R 5 | B2 A9 P2 B2 i 2 1 R Tt v )5 /N BRL
BRI v ] R AR 5 6 R IR A fol FH AT 1 s
HIHT MASLD &P BRG R S & K. Cilofexor
FN (Y ) Firsocostat X} MASLD 5|:E A%, i 4 4
bR 321 R AT, B DRI AS M | SR AE )
fb2F . IMiE ALT A AST ZAKFHUS T 5 Rkl

3 i

YT MASLD AR AL ) 52 2% e 3 2
FIRASE, A1 LA T 2 — i iy A ic 4, — 4l bRic
W Re) T 1 T 43 R G0 0T R i e B 3 1 S s EEBR
Ao BRIALT 4L H B MASLD £85I & 9
1) e N 2, HLA R B O ] o) R
4t FIB-4 Fil NFS 451 LIXF MASLD &3 #1744
o DU LAHE R W 27 Ak Ak f8 3, B EA T HAT S PR
TM{E R PF-5> R 58, A FibroMeter, ELF, Hepascore
FFT, 3XRF Y TR A5 4G 12 B3 3 0 A KR 2>



2R S

2024410 H25 H #H42% 10l

416 Journal of Pharmaceutical Practice and Service, Vol. 42, No. 10, October 25, 2024

JHF 38 K6 R 0 P, o s 2 A A 2 AN T B 4
TR

AR B BT 35 [ FDA L E 0 TR YT
MASLD 254y, {H— 3k AT A I PRI A 259
41 Resmetirom, B DI AR A7 Je 2 i AR A A2
). AN, BEA FHZE1E MASLD BYIGYT LR i
TGRSR . RSNk, W20 I I R I
IR T SR ORI S R I PRASCR, FEE B H A
5 57 fff JF RSB AR JR . 2R ST 6 I 2 240 B
MR K

S EMN TR eSS & A2 Wi B AR50
FEARAMRE K REAE BRI IE L, MASLD B 25936
S R — S Rk R R 2R S A5 A, RSk,
MASLD % 2% i &I AL T A 1R 2 K i 2 ik, 575
XEEHLEI T 5 A9 AH B AE X MASLD IR YT 2%
I,

(&% k]

[1] RIAZI K, AZHARI H, CHARETTE J H, et al. The prevalence
and incidence of NAFLD worldwide: a systematic review and
meta-analysis[J]. Lancet Gastroenterol Hepatol, 2022, 7(9):
851-861.

[2] LONARDO A, LEONI S, ALSWAT K A, et al. History of Non-
alcoholic Fatty Liver Disease[J]. Int J Mol Sci, 2020, 21(16):
5888.

[3] DAY C P, JAMES O F. Steatohepatitis: a tale of two "hits"?[J].
Gastroenterology, 1998, 114(4): 842-845.

[4] BUZZETTI E, PINZANI M, TSOCHATZIS E A. The multiple-
hit pathogenesis of non-alcoholic fatty liver disease(NAFLD)
[J]. Metabolism, 2016, 65(8): 1038-1048.

[5] LEEJ, VALI Y, BOURSIER J, et al. Accuracy of cytokeratin
18(M30 and M65 )in detecting non-alcoholic steatohepatitis and
fibrosis: A systematic review and meta-analysis[J]. PLoS One,
2020, 15(9): ¢0238717.

[6] YANGM, XU D, LIU Y, et al. Combined serum biomarkers in
non-invasive diagnosis of non-alcoholic steatohepatitis[J]. PLoS
One, 2015, 10(6): ¢0131664.

[7] CAO W, ZHAO C, SHEN C, et al. Cytokeratin 18, alanine
aminotransferase, platelets and triglycerides predict the presence
of nonalcoholic steatohepatitis[J]. PLoS One, 2013, 8(12):
€82092.

[8] KAMADA Y, FUJII H, FUJII H, et al. Serum Mac-2 binding
protein levels as a novel diagnostic biomarker for prediction of
disease severity and nonalcoholic steatohepatitis[J]. Proteomics
Clin Appl, 2013, 7(9-10): 648-656.

[9] YOSHIHIRO K, MASAFUMI O, HIDEYUKI H, et al. A novel
noninvasive diagnostic method for nonalcoholic steatohepatitis
using two glycobiomarkers[J]. Hepatology, 2015, 62(5): 1433-
1443.

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

KIYOAKI I, SUMIDA Y, NAKADE Y, et al. Mac-2 binding
protein glycosylation isomer, the FIB-4 index, and a combina-
tion of the two as predictors of non-alcoholic steatohepatitis[J].
PLoS One, 2022, 17(11): e0277380.

MA X, LIU S, ZHANG J, et al. Proportion of NAFLD patients
with normal ALT value in overall NAFLD patients: a systematic
review and meta-analysis[J]. BMC Gastroenterol, 2020, 20(1):
10.

MOFRAD P, CONTOS M J, HAQUE M, et al. Clinical and his-
tologic spectrum of nonalcoholic fatty liver disease associated
with normal ALT values[J]. Hepatology, 2003, 37(6): 1286-
1292.

TORRES D M, HARRISON S A. NAFLD: Predictive value of
ALT levels for NASH and advanced fibrosis[J]. Nat Rev Gas-
troenterol Hepatol, 2013, 10(9): 510-511.

NEWTON K P, LAVINE J E, WILSON L, et al. Alanine
aminotransferase and gamma-glutamyl transpeptidase predict
histologic improvement in pediatric nonalcoholic steatohepati-
tis[J]. Hepatology, 2021, 73(3): 937-951.

ZHANG Y, HE H, ZENG Y P, et al. Lipoprotein A, combined
with alanine aminotransferase and aspartate aminotransferase,
contributes to predicting the occurrence of NASH: a cross-sec-
tional study[J]. Lipids Health Dis, 2020, 19(1): 1-7.

TANWAR S, TREMBLING P M, GUHA I N, et al. Validation
of terminal peptide of procollagen Il for the detection and as-
sessment of nonalcoholic steatohepatitis in patients with nonal-
coholic fatty liver disease[J]. Hepatology, 2013, 57(1): 103-
111.

ZHOU Y, ORESIC M, LEIVONEN M, et al. Noninvasive de-
tection of nonalcoholic steatohepatitis using clinical markers
and circulating levels of lipids and metabolites[J]. Clin Gas-
troenterol Hepatol, 2016, 14(10): 1463-1472.

XIAO G, ZHU S, XIAO X, et al. Comparison of laboratory
tests, ultrasound, or magnetic resonance elastography to detect
fibrosis in patients with nonalcoholic fatty liver disease: A
meta-analysis[J]. Hepatology, 2017, 66(5): 1486-1501.
SANYAL A J, RATZIU V, GOODMAN Z, et al. 507 APRI and
FIB-4 index scores can enrich for subjects with fibrotic non-al-
coholic steatohepatitis(NASH)in clinical trials - the CEN-
TAUR trial data[J]. Gastroenterology, 2016, 150(4): S1037-
S1038.

MCPHERSON S, HARDY T, DUFOUR J F, et al. Age as a
confounding factor for the accurate non-invasive diagnosis of
advanced NAFLD fibrosis[J]. Am J Gastroenterol, 2017,
112(5): 740-751.

AMPUERO J, ALLER R, GALLEGO-DURAN R, et al. Signifi-
cant fibrosis predicts new-onset diabetes mellitus and arterial
hypertension in patients with NASH[J]. J Hepatol, 2020, 73(1):
17-25.

KOGACHI S, NOUREDDIN M. Noninvasive evaluation for
nonalcoholic ~ fatty liver disease and  nonalcoholic
steatohepatitis[J]. Clin Ther, 2021, 43(3): 455-472.

DANIELS S J, LEEMING D J, ESLAM M, et al. ADAPT: an


https://doi.org/10.1016/S2468-1253(22)00165-0
https://doi.org/10.3390/ijms21165888
https://doi.org/10.1016/S0016-5085(98)70599-2
https://doi.org/10.1016/j.metabol.2015.12.012
https://doi.org/10.1371/journal.pone.0238717
https://doi.org/10.1371/journal.pone.0131664
https://doi.org/10.1371/journal.pone.0131664
https://doi.org/10.1371/journal.pone.0082092
https://doi.org/10.1002/prca.201200137
https://doi.org/10.1002/prca.201200137
https://doi.org/10.1002/hep.28002
https://doi.org/10.1371/journal.pone.0277380
https://doi.org/10.1186/s12876-020-1165-z
https://doi.org/10.1053/jhep.2003.50229
https://doi.org/10.1038/nrgastro.2013.138
https://doi.org/10.1038/nrgastro.2013.138
https://doi.org/10.1038/nrgastro.2013.138
https://doi.org/10.1002/hep.31317
https://doi.org/10.1186/s12944-020-01310-x
https://doi.org/10.1002/hep.26030
https://doi.org/10.1016/j.cgh.2016.05.046
https://doi.org/10.1016/j.cgh.2016.05.046
https://doi.org/10.1016/j.cgh.2016.05.046
https://doi.org/10.1002/hep.29302
https://doi.org/10.1038/ajg.2016.453
https://doi.org/10.1016/j.jhep.2020.02.028
https://doi.org/10.1016/j.clinthera.2021.01.012

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

RSt SRS, 20244 10 H25 H 424 10

Journal of Pharmaceutical Practice and Service, Vol. 42, No. 10, October 25, 2024 417
algorithm incorporating PRO-C3 accurately identifies patients [36] EUROPEAN ASSOCIATION FOR THE STUDY OF THE L,
with NAFLD and advanced fibrosis[J]. Hepatology, 2019, EUROPEAN ASSOCIATION FOR THE STUDY OF D, EU-
69(3): 1075-1086. ROPEAN ASSOCIATION FOR THE STUDY OF O. EASL-
NIELSEN M J, LEEMING D J, GOODMAN Z, et al. Compari- EASD-EASO clinical practice guidelines for the management of
son of ADAPT, FIB-4 and APRI as non-invasive predictors of non-alcoholic fatty liver disease[J]. J Hepatol, 2016, 64(6):
liver fibrosis and NASH within the CENTAUR screening popu- 1388-1402.
lation[J]. J Hepatol, 2021, 75(6): 1292-1300. [37] VALIY, LEE J, BOURSIER J, et al. FibroTest for evaluating
BOYLE M, TINIAKOS D, SCHATTENBERG J M, et al. Per- fibrosis in non-alcoholic fatty liver disease patients: a systematic
formance of the PRO-C3 collagen neo-epitope biomarker in review and meta-analysis[J]. J Clin Med, 2021, 10(11): 2415.
non-alcoholic fatty liver disease[J]. JHEP Rep, 2019, 1(3): 188- [38] SPANN A, YASODHARA A, KANG J, et al. Applying ma-
198. chine learning in liver disease and transplantation: a comprehen-
CANIVET C M, COSTENTIN C, IRVINE K M, et al. Valida- sive review[J]. Hepatology, 2020, 71(3): 1093-1105.
tion of the new 2021 EASL algorithm for the noninvasive diag- [39] STAELS B, BUTRUILLE L, FRANCQUE S. Treating NASH
nosis of advanced fibrosis in NAFLD[J]. Hepatology, 2023, by targeting peroxisome proliferator-activated receptors[J]. J
77(3): 920-930. Hepatol, 2023, 79(5): 1302-1316.
VAN DIJK A M, VALI Y, MAK A L, et al. Systematic review [40] RIGANO D, SIRIGNANO C, TAGLIALATELA-SCAFATI O.
with meta-analyses: diagnostic accuracy of fibrometer tests in The potential of natural products for targeting PPARa[J]. Acta
patients with non-alcoholic fatty liver disease[J]. J Clin Med, Pharm Sin B, 2017, 7(4): 427-438.
2021, 10(13):2910. [41] ADAMSL A, GEORGE J, BUGIANESI E, et al. Complex non-
GUHA I N, PARKES J, RODERICK P, et al. Noninvasive invasive fibrosis models are more accurate than simple models
markers of fibrosis in nonalcoholic fatty liver disease: validat- in non-alcoholic fatty liver disease[J]. J Gastroenterol Hepatol,
ing the european liver fibrosis panel and exploring simple mark- 2011, 26(10): 1536-1543.
ers[J]. Hepatology, 2008, 47(2): 455-460. [42] JANIR H, PAI V, JHA P, et al. A multicenter, prospective, ran-
STAUFER K, HALILBASIC E, SPINDELBOECK W, et al. domized, double-blind study to evaluate the safety and efficacy
Evaluation and comparison of six noninvasive tests for predic- of saroglitazar 2 and 4 mg compared with placebo in type 2 dia-
tion of significant or advanced fibrosis in nonalcoholic fatty liver betes mellitus patients having hypertriglyceridemia not con-
disease[J]. United European Gastroenterol J, 2019, 7(8): 1113- trolled with atorvastatin therapy(PRESS VI)[J]. Diabetes Tech-
1123. nol Ther, 2014, 16(2): 63-71.
AMPUERO J, PAIS R, ALLER R, et al. Development and vali- [43] GAWRIEH S, NOUREDDIN M, LOO N, et al. Saroglitazar, a
dation of hepamet fibrosis scoring system-a simple, noninva- PPAR-0/y agonist, for treatment of NAFLD: a randomized con-
sive test to identify patients with nonalcoholic fatty liver disease trolled double-blind phase 2 trial[J]. Hepatology, 2021, 74(4):
with advanced fibrosis[J]. Clin Gastroenterol Hepatol, 2020, 1809-1824.
18(1):216-225. [44] FRANCQUE S M, BEDOSSA P, RATZIU V, et al. A random-
CHONG S E, CHANG F, CHUAH K H, et al. Validation of the ized, controlled trial of the Pan-PPAR agonist lanifibranor in
hepamet fibrosis score in a multi-ethnic Asian population[J]. NASH[J]. N Engl J Med, 2021, 385(17): 1547-1558.
Ann Hepatol, 2023, 28(2): 100888. [45] LIQ X, GAO H, GUO Y X, et al. GLP-1 and underlying bene-
AMPUERO J, ALLER R, GALLEGO-DURAN R, et al. PS-200- ficial actions in alzheimer’s disease, hypertension, and
the combination of HEPAmet fibrosis score and transient elas- NASH[J]. Front Endocrinol(Lausanne ), 2021, 12: 721198.
tography shows a high diagnostic accuracy in predicting ad- [46] ARMSTRONG M J, GAUNT P, AITHAL G P, et al. Liraglu-
vanced fibrosis in NAFLD[J]. Journal of Hepatology, 2019, tide safety and efficacy in patients with non-alcoholic steatohep-
70(1): el33-e134. atitisC(LEAN): a multicentre, double-blind, randomised, placebo-
HIGUERA-DE-LA-TIJERA F, CORDOVA-GALLARDO 1J, controlled phase 2 study[J]. Lancet, 2016, 387(10019): 679-
BUGANZA-TORIO E, et al. Hepamet fibrosis score in nonalco- 690.
holic fatty liver disease patients in mexico: lower than expected [47] NEWSOME P N, BUCHHOLTZ K, CUSI K, et al. A placebo-
positive predictive value[J]. Dig Dis Sci, 2021, 66(12): 4501- controlled trial of subcutaneous semaglutide in nonalcoholic
4507. steatohepatitis[J]. N Engl J Med, 2021, 384(12): 1113-1124.
MOSCA A, DELLA VOLPE L, ALISI A, et al. Non-invasive [48] LIY,JADHAV K, ZHANG Y. Bile acid receptors in non-alco-
diagnostic test for advanced fibrosis in adolescents with non-al- holic fatty liver disease[J]. Biochem Pharmacol, 2013, 86(11):
coholic fatty liver disease[J]. Front Pediatr, 2022, 10: 885576. 1517-1524.
MUNTEANU M, TINIAKOS D, ANSTEE Q, et al. Diagnostic [49] YOUNOSSI Z M, RATZIU V, LOOMBA R, et al. Obeticholic

performance of FibroTest, SteatoTest and ActiTest in patients
with NAFLD using the SAF score as histological reference[J].
Aliment Pharmacol Ther, 2016, 44(8): 877-889.

acid for the treatment of non-alcoholic steatohepatitis: interim
analysis from a multicentre, randomised, placebo-controlled
phase 3 trial[J]. Lancet, 2019, 394(10215): 2184-2196.


https://doi.org/10.1002/hep.30163
https://doi.org/10.1016/j.jhep.2021.08.016
https://doi.org/10.1016/j.jhepr.2019.06.004
https://doi.org/10.1002/hep.32665
https://doi.org/10.3390/jcm10132910
https://doi.org/10.1177/2050640619865133
https://doi.org/10.1016/j.cgh.2019.05.051
https://doi.org/10.1016/j.aohep.2022.100888
https://doi.org/10.1007/s10620-020-06821-2
https://doi.org/10.3389/fped.2022.885576
https://doi.org/10.1111/apt.13770
https://doi.org/10.1016/j.jhep.2015.11.004
https://doi.org/10.3390/jcm10112415
https://doi.org/10.1002/hep.31103
https://doi.org/10.1016/j.jhep.2023.07.004
https://doi.org/10.1016/j.jhep.2023.07.004
https://doi.org/10.1016/j.apsb.2017.05.005
https://doi.org/10.1016/j.apsb.2017.05.005
https://doi.org/10.1111/j.1440-1746.2011.06774.x
https://doi.org/10.1089/dia.2013.0253
https://doi.org/10.1089/dia.2013.0253
https://doi.org/10.1089/dia.2013.0253
https://doi.org/10.1002/hep.31843
https://doi.org/10.1056/NEJMoa2036205
https://doi.org/10.3389/fendo.2021.721198
https://doi.org/10.3389/fendo.2021.721198
https://doi.org/10.3389/fendo.2021.721198
https://doi.org/10.3389/fendo.2021.721198
https://doi.org/10.1016/S0140-6736(15)00803-X
https://doi.org/10.1056/NEJMoa2028395
https://doi.org/10.1016/j.bcp.2013.08.015
https://doi.org/10.1016/S0140-6736(19)33041-7

418

2R S

2024410 H25 H #H42% 10l

Journal of Pharmaceutical Practice and Service, Vol. 42, No. 10, October 25, 2024

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

CHANG Y, JEONG S W, JANG J Y. Recent updates on phar-
macologic therapy in nonalcoholic fatty liver disease[J]. Clin
Mol Hepat, 2024, 30(1): 129-133.

KANNT A, WOHLFART P, MADSEN A N, et al. Activation
of thyroid hormone receptor-f improved disease activity and
metabolism independent of body weight in a mouse model of
non-alcoholic steatohepatitis and fibrosis[J]. Br J Pharmacol,
2021, 178(12): 2412-2423.

WANG X, WANG L, GENG L, et al. Resmetirom ameliorates
NASH-model mice by suppressing STAT3 and NF-kB signal-
ing pathways in an RGSS5-dependent manner[J]. Int J Mol Sci,
2023, 24(6): 5843.

HARRISON S A, BASHIR M R, GUY C D, et al. Resmetirom
(MGL-3196)for the treatment of non-alcoholic steatohepatitis:
a multicentre, randomised, double-blind, placebo-controlled,
phase 2 trial[J]. Lancet, 2019, 394(10213): 2012-2024.
HARRISON S A, BASHIR M, MOUSSA S E, et al. Effects of
resmetirom on noninvasive endpoints in a 36-week phase 2 ac-
tive treatment extension study in patients with NASH[J]. Hepa-
tol Commun, 2021, 5(4): 573-588.

WANG Y, YU W, LI S, et al. Acetyl-CoA carboxylases and
diseases[J]. Front Oncol, 2022, 12: 836058.

BERGMAN A, CARVAJAL-GONZALEZ S, TARABAR S, et
al. Safety, tolerability, pharmacokinetics, and pharmacodyna-
mics of a liver-targeting acetyl-CoA carboxylase inhibitor (PF-
05221304): a three-part randomized phase 1 study[J]. Clin
Pharmacol Drug Dev, 2020, 9(4): 514-526.

CALLE R A, AMIN N B, CARVAJAL-GONZALEZ S, et al.
ACC inhibitor alone or co-administered with a DGAT2 in-
hibitor in patients with non-alcoholic fatty liver disease: two
parallel, placebo-controlled, randomized phase 2a trials[J]. Nat
Med, 2021, 27(10): 1836-1848.

ESLER W, ROSS T, BERGMAN A, et al. PS-109-Partial inhi-
bition of de novo lipogenesis with the acetyl-CoA carboxylase
inhibitor PF-05221304 does not increase circulating triglyce-
rides in humans and is sufficient to lower steatosis in rats[J]. J
Hepatol, 2019, 70(1): €69.

CHALASANI N, ABDELMALEK M F, GARCIA-TSAO G, et

al. Effects of belapectin, an inhibitor of galectin-3, in patients

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

with nonalcoholic steatohepatitis with cirrhosis and portal hy-
pertension[J]. Gastroenterology, 2020, 158(5): 1334-1345.
HOOFNAGLE J H, VAN NATTA M L, KLEINER D E, et al.
Vitamin E and changes in serum alanine aminotransferase levels
in patients with non-alcoholic steatohepatitis[J]. Aliment Phar-
macol Ther, 2013, 38(2): 134-143.
ZEIN C O, YERIAN L M, GOGATE P, et al. Pentoxifylline im-
proves nonalcoholic steatohepatitis: a randomized placebo-con-
trolled trial[J]. Hepatology, 2011, 54(5): 1610-1619.
NELSON C H, ETCHEVERS K, YI S, et al. Pharmacokinetics,
safety, and tolerability of selonsertib, an apoptosis signal-regu-
lating kinase 1(ASK1)inhibitor, following first-in-human sin-
gle and multiple ascending doses in healthy subjects[J]. Clin
Pharmacokinet, 2020, 59(9): 1109-1117.
LOOMBA R, LAWITZ E, MANTRY P S, et al. The ASK1 in-
hibitor selonsertib in patients with nonalcoholic steatohepatitis:
A randomized, phase 2 trial[J]. Hepatology, 2018, 67(2): 549-
559.
HARRISON S A, WONG V W, OKANOUE T, et al. Selonsertib
for patients with bridging fibrosis or compensated cirrhosis due
to NASH: results from randomized phase III STELLAR
trials[J]. J Hepatol, 2020, 73(1): 26-39.
POCKROS P J, FUCHS M, FREILICH B, et al. CONTROL: A
randomized phase 2 study of obeticholic acid and atorvastatin
on lipoproteins in nonalcoholic steatohepatitis patients[J]. Liver
Int, 2019, 39(11): 2082-2093.
CHOI Y J, JOHNSON J D, LEE J J, et al. Seladelpar combined
with complementary therapies improves fibrosis, inflammation,
and liver injury in a mouse model of nonalcoholic steatohepatitis
[J]. Am J Physiol Gastrointest Liver Physiol, 2024, 326(2):
G120-g132.
ALKHOURI N, HERRING R, KABLER H, et al. Safety and
efficacy of combination therapy with semaglutide, cilofexor and
firsocostat in patients with non-alcoholic steatohepatitis: a ran-
domised, open-label phase 1l trial[J]. J Hepatol, 2022, 77(3):
607-618.

[(WFsEE] 2024-03-22 [fEEHEH] 2024-07-08

[ARXHmE] AN


https://doi.org/10.1111/bph.15427
https://doi.org/10.3390/ijms24065843
https://doi.org/10.1016/S0140-6736(19)32517-6
https://doi.org/10.1002/hep4.1657
https://doi.org/10.1002/hep4.1657
https://doi.org/10.3389/fonc.2022.836058
https://doi.org/10.1002/cpdd.782
https://doi.org/10.1002/cpdd.782
https://doi.org/10.1038/s41591-021-01489-1
https://doi.org/10.1038/s41591-021-01489-1
https://doi.org/10.1053/j.gastro.2019.11.296
https://doi.org/10.1111/apt.12352
https://doi.org/10.1111/apt.12352
https://doi.org/10.1111/apt.12352
https://doi.org/10.1002/hep.24544
https://doi.org/10.1007/s40262-020-00878-y
https://doi.org/10.1007/s40262-020-00878-y
https://doi.org/10.1002/hep.29514
https://doi.org/10.1016/j.jhep.2020.02.027
https://doi.org/10.1111/liv.14209
https://doi.org/10.1111/liv.14209
https://doi.org/10.1152/ajpgi.00158.2023
https://doi.org/10.1016/j.jhep.2022.04.003

	1 诊断MASLD的血清标志物
	1.1 区分MASH与单纯脂肪变性的血清标志物
	1.2 诊断MASLD纤维化的评分系统
	1.2.1 ADAPT评分和FIBC3评分
	1.2.2 FibroMeter
	1.2.3 增强型肝纤维化评分
	1.2.4 HepaMet纤维化评分
	1.2.5 FibroTest评分

	1.3 MASLD无创诊断的未来前景

	2 药物治疗
	2.1 代谢靶标
	2.1.1 过氧化物酶体增殖物激活受体（PPARs）激动剂
	2.1.2 胰高血糖素样肽1激动剂
	2.1.3 法内酯X受体合成配体激动剂
	2.1.4 甲状腺激素受体β选择性激动剂
	2.1.5 乙酰辅酶A羧化酶抑制剂

	2.2 纤维化靶标
	2.3 氧化应激与凋亡
	2.4 联合用药

	3 结论
	参考文献

