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ABSTRACT

Objective: To review the clinical utility and diagnostic accuracy of non-invasive liver fibrosis
assessment using the PRO-C3 biomarker and the ADAPT algorithm in patients with metabolic
dysfunction-associated steatotic liver disease (MASLD).

Methods: Literature and clinical studies from major international guidelines (EASL 2024, APASL
2025) and multicenter clinical validation trials were synthesized to evaluate the diagnostic accuracy
of PRO-C3 and the ADAPT algorithm compared to liver biopsy and other non-invasive tests.

Results: PRO-C3 directly measures active fibrogenesis by quantifying the N-terminal propeptide
of type lll collagen cleaved by disease-specific N-protease. The ADAPT algorithm integrates
four accessible inputs: PRO-C3, patient age, diabetes status, and platelet count. In a European
multicenter validation cohort (n = 683), the ADAPT algorithm achieved superior area under the
curve (AUC) compared to PRO-C3 alone: 74.3% for significant fibrosis (F2-F4), 80.3% for advanced
fibrosis (F3-F4), and 85.4% for cirrhosis (F4). Leveraging a high specificity strategy (ranging from
80.4% t0 90.0% at corresponding cut-offs 0f 9.0, 10.0, and 11.0), ADAPT effectively minimizes false
positive rates associated with initial screening markers such as FIB-4.

Conclusion: The PRO-C3 biomarker integrated into the ADAPT algorithm represents an advanced
and highly specific non-invasive tool for staging liver fibrosis in MASLD. It provides a reliable
second-step screening solution that optimizes clinical resources and prevents unnecessary
transient elastography (VCTE) referrals.
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TOM TAT
Muc tiéu: Téng quan gia tri lAm sang va hiéu nang chan doén xa héa gan khéng xam 4n bang chi s6
PRO-C3va thuat toan ADAPT trén bénh nhan gan nhiém mé& lién quan dén réi loan chuyén héa (MASLD).

Phuong phap tim ki€m va téng quan tai liéu: Téng hop di liéu y vén tir cdc huéng dan lam sang
qudc té (EASL 2024, APASL 2025) va cac nghién cttu xac thuc lam sang da trung tdm danh gia tinh
chinh xac ctia PRO-C3 va thuat toan ADAPT so vdi sinh thiét gan va cac chi s6 huyét thanh hoc khac.

K&t qua: Chi s6 PRO-C3 phan &nh truc tiép qué trinh xd hda gan hoat dong théng qua viéc dinh
lugng pro-peptide dau N cla collagen loai lll dugc cét bo bdi N-protease ddc hiéu. Thuat toén
ADAPT két hgp 4 thong s6 dé tiép can gom: PRO-C3, tudi, tinh trang dai thdo dudng va s6 luong tiéu
cau. Trong doan hé xac thuc da trung tdm cla chéu Au (n = 683), thuat toan ADAPT dat dién tich
dudi dudng cong (AUC) vugt tréi so vdi xét nghiém PRO-C3 don déc: dat 74,3% déi vdi xa hoa dang
ké (F2-F4), 80,3% ddi vGixa héa tién trién (F3-F4) va 85,4% ddi vdi xa gan (F4). V4i thiét k& dat d6 dac
hiéu cao tir 80,4% dén 90,0% & cac ngudng cat tuong ng (ngudng 9,0; 10,0 va 11,0), ADAPT gidm
t6i da ty & duong tinh gia clia cac sang loc ban dau nhu FIB-4.

K&t luadn: Chi s PRO-C3 tich hgp trong thuat toan ADAPT 4 giai phap khéng xam &n uu viét giup
danh gia chinh xac mirc dod xo hoa gan & bénh nhan MASLD. Sy két hgp nay déng vai trd then chét
trong quy trinh sang loc budc 2, gitip sang loc bénh nhan phi hgp dé lam Fibroscan (VCTE) va tranh

céc can thiép khong cén thiét.

Tir khéa: MASLD, MASH, PRO-C3, Thuat todan ADAPT, X0 h6a gan khong xam &n.

1. DAT VAN DE

Bénh gan nhiém mé& lién quan dén réi loan chuyén héa
(MASLD - trudc day goi la bénh gan nhiém mé& khéng do
rugu - NAFLD) dang tr@ thanh mot thach thirc y t€ cong
dong nghiém trong trén pham vi toan cau [1, 10]. Ty l& hién
mac MASLD trong dan s8 chung da gia tang nhanh chéng,
udc tinh tir 25% vao ndm 2016 lén hon 30% & thdi diém
hién tai va van ti€p tuc c6 xu hudng tang cao [1]. Su bung
phat ciia MASLD lién quan chat ché vdi sy gia tang cua
bénh dai thao dudng tuyp 2 (T2D), béo phi va céc rdi loan
tim mach chuyén héa khac [1, 3]. Tai Viet Nam, mot nghién
clu hdi cliu cét ngang trén quy mo l&n d&i véi ngudi khdm
stic khoée dinh ky cho thay ty |& hién méc bénh gan nhiém
m& lién quan dén chuyén hoa lén t6i 29,31%, cho thay day
la mét gdnh nang bénh tat lé&n nhung chua duge nhan thic
day dd va can c6 céc can thiép chinh sach khan cép.

Trong s6 cac bénh nhan MASLD, khoang 25% sé phat
trién thanh viém gan nhiém m& lién quan dén r8i loan
chuyén hoa (MASH) [4]. Day & mot thé bénh hoat déng
d&c trung bdi tinh trang viém tiéu thly, phinh to t& bao
gan va xo hda gan [4]. Udc tinh cé khoang 19% bénh nhan
MASLD c6 biéu hién xo héa gan tién trién, thudng dién
tién tham lang khong triéu ching [4, 5]. Dang chua y, mic
d6 xo héa gan giai doan F > 3 la yéu t6 du bdo quan trong
nhat déi v@i cac bién chirng lién quan dén gan va ty L& tlr
vong chung ctia bénh nhan [5]. Ngoai ra, khoang 1/3 (35%)
s6 ca ung thu biéu md t& bao gan (HCC) lién quan dén
MASLD xay ra trén nén gan khong bi xo gan; cac trudng

*Tac gia lién hé

hop nay thudng dugc phat hién tinh c& & giai doan tién
trién, dan tdi ty & s&ng sét thap hon dang ké so véi nhém
dugc chan doan sdm nhd tam soat dinh ky.

Sinh thiét gan b&ng kim qua da tir lAu da duoc coi la
tiéu chudn vang dé phan loai giai doan xo hda gan [5]. Tuy
nhién, phuong phap nay cé nhiéu han ché ¢ hitu nhu tinh
chatxam lan gy dau ddn, nguy co'tai biény khoa, sai s6 lay
mau, sy khac biét trong dién giai két qua gilra c4c nha giai
phau bénh, va chi phi thuc hién cao [5]. Do d6, sinh thiét
gan hoan toan khong phu hop cho viéc tam soat dién rong,
chan doan ban dau va theo dai dinh ky trén s6 lugng L6n
bénh nhan MASLD [5]. Thuc trang nay dat ra yéu cau cép
thiét vé viéc phat trién va (rng dung cac cong cu chan doan
khoéng xadm lan (Non-Invasive Tests - NITs) cé do chinh xac
cao, dé tip can va kha thi trong thuc hanh [dm sang [5].
Muc tiéu cua bai téng quan nay la tdng hap cac bang chiing
khoa hoc va dinh hudng thuc hanh vé viéc t8i uwu héa chén
dodn xo héa gan khéng xam 4n bang chi s& PRO-C3 két
hgp trong thuat toan ADAPT trén bénh nhan MASLD.

2. PHU'ONG PHAP TONG QUAN

Bai viét sir dung phuong phap téng quan tai liéu c6 hé
théng va phan tich di liéu t8ng hop tir céc tai liéu hudng
dan thyc hanh [am sang uy tin ctia Hiép hoi Nghién ciu
Gan chau Au (EASL 2024) [1], Hiép hdi Nghién ctiu Bénh
gan Hoa Ky (AASLD 2018) [2], va céac khuyén cdo mdi nhat
tif APASL 2025. Dbng thdi, cac thong s6 ky thuat, quy trinh
van hanh va di liéu ld&m sang tif huéng dan s dung san
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phadm Elecsys PRO-C3 (vdi thuét toan ADAPT) clia nha
san xuat Roche Diagnostics (ban cap nhatthang 12/2025,
phiénban 2.1)[1]va cac congtrinh nghién cu thi* nghiém
ldam sang da trung tdm cé lién quan dugc cong bd trén cac
tap chiy khoa quéc té€ l&n nhu Hepatology va The Lancet
Gastroenterology & Hepatology. DI liéu hiéu nang chén
doan dugc téng hgp chu yéu tir nghién cliu xac thuc da
trung tam chau Au trén 683 bénh nhan MASLD dugc phan
giai doan xd héa bang sinh thiét gan lam déi chiing chuan.

3. KET QUA KHOA HOC VA HIEU NANG LAM SANG
3.1. Co' sd sinh héa va gia tri lam sang cua chi sé PRO-C3

Su'tién trién clia xa hda gan dac trung bdi swtéi cau tric
b4t thudng ctia chat nén ngoai bao (ECM), dan dén viéc tich
tu qua murc cac protein sgi, dac biét la collagen loai lll [6,
9]. Collagen loai lll dugc t8ng hop va tiét ra bdi cac nguyén
bao sgi co gan dudi dang tién chat pro-peptide [6]. Trong
qué trinh hoan thién c4u trdc soi collagen tai chat nén ngoai
bao, cac dau pro-peptide phia dau N (N-terminal) va dau C
(C-terminal) sé bj c4t r&i bdi cac protease dic hiéu [6].

Chi s6 PRO-C3 thuc chét la pro-peptide dau N cla
collagen loai lll dugc giai phong vao tuan hoan [3, 6].
Piém khéc biét c6t 16i mang tinh dot pha cua PRO-C3 so
V@i chi sé PIIINP truyén théng la PRO-C3 dugc tao ra bdi
N-protease dac hiéu lién quan dén bénh, phan anh chinh
xac qua trinh hinh thanh collagen loai lll dang hoat déng
(active fibrogenesis) [6]. Nguoc lai, epitope PIIINP phan
4nh dong thoi ca qué trinh téng hgp mdi lAn qué trinh
thoai giang collagen c(, do dé khéng phan anh trung thuc
t6c do xo héa dang dién tién [6]. Cac nghién ciru lam sang
da chirng minh cé méi twang quan chat ché gilra néng do
PRO-C3 trong huyét tuang vdi mirc dd nghiém trong cua
viém gan nhiém m& mé hoc va giai doan xd hoa tién trién
(F >= 3) [6]. Mtc PRO-C3 téng cao cho thay qua trinh seo
héa dang dién ra manh mé trong nhu mé gan [7].

3.2. Thuat toan ADAPT va phuong thirc tinh toan

Mac du & mot ddu &n sinh hoc c6 gia tri cao, viéc si
dung don déc chi s6 PRO-C3 trong chan doan lam sang
khéng mang lai hiéu nang t6i vu dé phan loai chinh xac
céc giai doan xo héa [8]. P& khac phuc han ché nay, thuat
todn ADAPT da dugdc phat trién bang cach k&t hgp PRO-C3
VGi cac théng s6 [Am sang va xét nghiém co ban, dé tiép
céan tai phong xét nghiém [7, 8]. Bén thong s6 dau vao cla
thuéat toan ADAPT bao géom:

1. Néng dd PRO-C3 (ng/mL) dinh lugng bang xét
nghiém mién dich dién héa phat quang (ECLIA).

2. Tudi clia bénh nhan (ndm, tir 18 dén 100 tudi).

3. Tinh trang méc bénh dai thado dudng tuyp 2 (Duong
tinh =1; Am tinh = 0).

4.S6 lugng tiéu cau (Platelets, don vi: 10”9/L).

Cong thic toan hoc cla thuat toan ADAPT duogc xac
dinh nhu sau:

Age*ProC3 ;

ADAPT =exp (Iog10 (—‘% )) + Diabetes

[ProC3]= ng/mL; [Platelets] = (10°%) / L;

[Diabetes] status positive =1,

status negative = 0; [Age] =18 - 100

Trong dé, cac gia tri dau vao dugdc chuén hoa: Gia tri
PRO-C3 ndm dudi gidi han dinh luong (LoQ = 20 ng/mL) sé
dugc tinh la 20; céc gia tri trén 500 ng/mL dugc dat @ mdc
500 ng/mL [5]. S6 lugng tiéu cau dugc chép nhéan trong

khoang sinh ly va bénh ly hgp ly tir 5 dén 3500 x 10%/L. Tudi
bénh nhan dudc gidi han tir 18 dén 100 tudi (céc gia tri tr
100 dén 150 dugc lam tron vé 100, dudi 18 tudi bi tir chéi) [5].
K&t qua diém s8 ADAPT cuéi cung dugc lam tron dén 3
chir s8 thap phan va dugc dién giai theo cac ngudng diém
cat chuan héa lam sang.

3.3. Hiéu nang chan doan lam sang cua thuattoan ADAPT

Hiéu nangdm sang clia thuattoan ADAPT da dugc chirng
minh thong qua mot th&r nghiém ldm sang da trung tam quy
mé L6 tai chau Au trén 683 bénh nhan nghi ngdy mac MASLD,
dugc déi chiéu truc ti€p vai két qua sinh thiét gan (g6m 84 ca
FO, 140 caF1,207 caF2,179 caF3,va73 caF4).

D{¥ liéu phan bd diém s6 ADAPT trung binh tang dan
mot cach ro rét qua tirng giai doan xo hda gan trén sinh
thiét (Bang 1). Su khac biét c6 y nghia théng ké nay la co
s&virng chac cho kha nang phan giai doan cuathuattoan.

Bang 1. Phan bé diém ADAPT qua céac giai doan xo héa
gan trong nghién c’u xac thuc EU (n = 683)

Giai doan |C&mAu| Diém ADAPT | Piém ADAPT | Khoang ti¢
xo hoéa (N) trung binh (SD) trung vi phanvi (IQR)
FO 84 7,55 (1,36) 7,38 6,69 - 8,53
F1 140 7,81 (1,66) 7,61 6,61-8,89
F2 207 8,39 (1,69) 8,27 7,39-9,43
F3 179 9,73(1,83) 9,43 8,50-10,61
F4 73 11,29 (2,01) 11,18 10,20-12,22

Khi so sanh dién tich dudi dudng cong dac trung hoat
déng clia bé thu nhan (AUROC), thuat todn ADAPT cho
th&y hiéu nang vuot troi ré rét so vdi viéc chi sir dung xét
nghiém dinh lugng Elecsys PRO-C3 don doc & tat ca cac
giai doan xo hda (Bang 2) .

Bang 2. So sanh hiéu suat chan doan (AUC) clia diém
ADAPT so v@i xét nghiém PRO-C3 don doc
Dién tich dudi duong
cong AUC ctiia ADAPT
(95% CI)

Dién tich duwéi duong
cong AUC cuia PRO-C3
don déc (95% Cl)

Chidinh
lam sang

X0 héa dang ké

74,3% (70,4% - 78,2%) | 65,6% (61,1% - 70,0%)

(F2-F4)

Xohoatientrién | g 20077 196-83,5%) | 65,8% (61,5% - 70,2%)
(F3-F4)

Xogan (F4) | 85,4% (81,3%-89,4%) | 70,8% (64,6% - 77,1%)

Trong thuyc hanh ldm sang, viéc dién gidi diém s6
ADAPT dua trén ba ngudng cat c6 dinh dugc t6i wu hda
nh&m dat d6 dac hiéu t&i thidu 90% (Bang 3) [10].

Bang 3. Dién giai diém ADAPT lAm sang va hiéu suat
chén doan tai cac ngudng tuong irng

Ngwong |Giai doan xo Dién giai Do nhay |PJdac hiéu
diém ADAPT| héa du bao lam sang (95% Cl) (95% CI)
Khéng cé xo
. héa hoac xo
<90 | FOhoacF1 |\ s & giai doan
dau/nhe
Bénh nhan coé
F2, F3 ’ ; 52,7 80,4
>=9,0 2 nguy co cao bi _’ _’
hoac F4 X0 héa déng ké (48,2 -57,2) [ (74,7 - 85,0)
Bénh nhéan cé
- = ; . 49,6 89,3
>=10,0 | F3hodcF4 | nguycacaobl | 45 o' 7)1 (g6,1-91,9)
x0 hoa tién trién
Bénh nhéan coé
- : ; 53,4 90,0
>=11,0 F4 nguy co cao bi (42,1-64,4)| (87,4-92,1)
X0 gan

Sy tich hgp nay dem lai doé chinh xac réat cao cho viéc
loai trir bénh. Ngoai ra, trong du 4n nghién clru déi chiéu
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quéc té lén LITMUS (Liver Investigation: Testing Marker
Utility in Steatohepatitis) cong bd trén tap chi The Lancet
Gastroenterology & Hepatology (2023), thuat toan ADAPT
da ching minh hiéu nang chan doan vugt trdi khi tam
S04t xd hda tién trién (F3-F4) vdi gia tri AUROC dat 0,85 -
0,86, ndm trong s6 nhirng chi s6 huyét thanh hoc cé hiéu
nang tot nhat, tvong duong hodc vuot qua cac xét nghiém
chuyén sau khac nhu ELF (0,80 - 0,81) va cai thién ro rét
s0 vdi chi s6 FIB-4 théng thudng (0,76 - 0,83) .

4. BAN LUAN

4.1. Vai tro cua chi s6 PRO-C3/ADAPT trong chién lwgc
xét nghiém bwéc 2

Trong quan ly ldm sang MASLD, chi sé FIB-4 (ph&i hgp
tudi, AST, ALT va s6 lugng tiéu cau) hién dugc khuyén céo
rong rai nhu mét xét nghiém sang loc budc dau (Step 1) &
céc co sdy té ban dau nhd tinh don gian va chi phi thap. Tuy
nhién, han ché lén nhéat cla FIB-4 (& d6 dac hiéu tuong doi
thap, dan d&én mat lugng L&n bénh nhan roi vao ‘viing khong
xac dinh’ (indeterminate zone, diém sé tir 1,3 dén 2,67)
hodc nhan két qua duong tinh gia .N&u chuyén thang tat
¢ cac truong hop nay di lam ky thuat do do cling gan (nhu
Fibroscan/VCTE) sé gay ra tinh trang qua tai nghiém trong tai
céc co sd chuyén khoa, kéo dai thoi gian chd doi clia nguoi
bénh, tri hodn chan doén va lang phi ngudn lyc tai chinh y té.

Sy ra doi clia chi s6 PRO-C3 két hgp trong thuéat toan
ADAPT giai quyét triét dé nut that nay théng qua chién luge
xét nghiém budc 2 (Step 2 NIT). Nh& dugc thiét ké uu tién
dd dac hiéu cao (> 89% d6i véi xd héa tién trién F3-F4),
thuat toan ADAPT giup sang loc va loai trr mét cach chinh
xac nhirng bénh nhan thuc sy khéng bi xa hoa y nghia. Digu
nay gilip giam thiéu t6i da s6 ca duong tinh gia tir FIB-4, dinh
hudng chinh xac va chon loc nhitng bénh nhén c6 nguy co
thuc sy can lam Fibroscan (VCTE), tir d6 ddy nhanh téc dé
ti€p can canthiép diéu tri kip thdi cho nhém bénh nhén nang.
4.2. Sy linh hoat va tinh &*ng dung cia ADAPT trong
thwc hanh lam sang

U’ng dung clia thuat toan ADAPT rat linh hoat va c6 thé
thy bi€n theo diéu kién co sd ha tang cla tirng co sd'y té
khac nhau.

1. Tai cac co s&'y té€ da trang bi may Fibroscan (VCTE)
nhung kha néng tiép can bi han ché& (do qua tai, nhu cau
kham chira bénh qué cao so véi s6 lugng may hién cd):
ADAPT dugc khuyén céo s dung lam phuang phap xét
nghiém sang loc trudc VCTE. Chi nhitng bénh nhan cé
diém ADAPT vugt ngudng nguy cd cao mdi dugce chi dinh
lam Fibroscan, gitp t6i vu hoa cong suat str dung thiét bi.

2. Tai cac co sd'y té hodc bénh vién dia phuong chua
trang bi may Fibroscan (VCTE): Diém s8 ADAPT véi do
chinh xac cao dua hoan toan trén mau mau hoan toan cé
thé dugc s dung nhu mdt phuong phap thay thé hoan
hao cho VCTE dé danh gia va phéan giai doan xa hda gan
tién trién tryc ti€p cho bénh nhan.
4.3.Han chévacac lvuytrong thuc hanh phéng xét nghiém

Bén canh cac uu diém vugt trdi, viéc trién khai xét
nghiém PRO-C3 va thuat toan ADAPT can tuan thd nghiém
ngat cac hudng dan chuyén mén:

Vé déi tugng st dung: Xét nghiém PRO-C3 chi dugc
chidinh @ nhém bénh nhan ngudi l&n (>= 18 tudi) da dugc
chon loc trudc (vi du: co bat thudng vé men gan ALT, GGT,
chi s6 FIB-4 hodc c6 hinh &nh si@éu 4m gan nhiém mé& kém
yéu t6 nguy co chuyén héa) [9]. Xét nghiém nay khong
dugc khuyén céo tam soat dai trd & nhdom chdm sdc ban
dau chua qua sang loc trudc, va khong st dung cho bénh
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nhéan bjviém gan virus B, C hoac ngudi lam dung rugu bia
dé tranh cac dién gidi sai léch vé maty khoa [9].

Vé ky thuat va xtr ly mau: Binh lugng PRO-C3 duoc
thiét k& chuyén biét bang cdng nghé mién dich dién héa
phat quang (ECLIA) trén hé théng may phan tich ty dong
cobas e (nhu cobas e 402 va cobas e 801) clia hang
Roche vdi thoi gian chay may t8i wu chi 18 phut [3, 11].
Quy trinh 8y mau st dung huyét thanh hodc huyét tuong
chéng déng bang Li-heparin, K2-EDTA ho&c K3-EDTA. D6
6n dinh clla mau dat 2 ngay & nhiét dd6 phong (20-25°C), 7
ngay &t mat (2-8°C) va téi da 12 tuén & diéu kién trir déng
(-20°C)- D&c biét luu y, gia tri dinh lwgng PRO-C3 do bang
céc hé théng xét nghiém hoéc quy trinh cong nghé khac
khéng dugc ap dung vao thuat toan ADAPT nay, vi su khac
biét vé phuong phap c6 thé dan dén két qua tinh toén sai
léch, gay nguy hiém cho chdn doan lam sang [2].

5. KET LUAN

Su gia tdng nhanh choéng cuia bénh gan nhiém mé& lién
quan rdi loan chuyén hdéa (MASLD) dat ra yéu cau cép
bach vé mot quy trinh tAm soat xa hda gan khéng xadm Lan,
hiéu qua va kinh té. Xét nghiém dinh lugng chi sé sinh hoc
PRO-C3 tich hgp trong thuat todn ADAPT la mét budc tién
dot pha, cung cép théng tin truc ti€p vé toc dé hinh thanh
sgi xo hoat ddng trong nhu md gan. V&i dd chinh xac chén
doan vuot trdi va do dac hiéu cao, ADAPT la cong cu ly
tudng dé t8i uu hda chién lwge phan tang nguy co budc
2, gilip sang loc chinh xac céc trudng hop xo hda dang ké,
x0 hdéa tién trién va xd gan, giam thidu ganh nang qua tai
Fibroscan khéng can thiét cho hé théng y té. Viéc chuan
hoa quy trinh xét nghiém PRO-C3 trén hé théng tu dong la
chia khéa dam bao tinh tin cdy va su théng nhat clia két
qué chén doén trong thu'c hanh lam sang tai Viét Nam.
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