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CAY QUYET PINH PHAN BIET U THAN KINH PEM BAC CAO,
DI CAN NAO PON 0 VA LYMPHO NAO NGUYEN PHAT
TREN CONG HUONG TU PA THONG SO

Nguyén Duy Hiing'2*, Lé Thi Hong Phwong?, Lé Thanh Diing?

Tém tat

Muc tiéu: Xay dwng mo hinh ciy quyét dinh (decision tree) dwa trén cong hwdng
tir khuéch tan stc cing (diffusion tensor imaging - DTI), twé¢i mau (magnetic
resonance perfusion - MRP) va pho (magnetic resonance spectroscopy - MRS) dé
phén biét u than kinh dém bic cao (high-grade glioma - HGG), u di can nio don 6
(solitary brain metastasis - SBM) va u lympho nao nguyén phat (primary central
nervous system lymphoma - PCNSL). Phwong phdp nghién ciru: Nghién ctu mo ta
cit ngang trén 64 bénh nhan (BN) (23 PCNSL, 17 SBM, 24 HGG) dwoc chup cdng
huwéng tir (CHT) truéc phau thuat/sinh thiét tai Bénh vién Hiru nghi Viét Dic tir
thang 8/2025 - 3/2026. Dinh lwong hé sé bit dang hwdng (FA) va hé s6 khuéch tan
trung binh (MD), thé tich twéi mau twong déi (rCBV) va lwu lwgng twédi mau twong
déi (rCBF) va ty 1é Cho/NAA, Cho/Cr tai vung u dic (t) va quanh u (p). Xy dwng méo
hinh bang thuat todn CART (classification and regression tree). Két qud: Thuat toan
CART str dung rCBVp, MDt va Cho/NAAp lam nut phan loai. Nhanh rCBVp > 1,043 c6
kha nang dw bdo HGG cao (94,7%). V&i nhanh rCBVp < 1,043, nguwdng MDt (0,785)
va Cho/NAAp (0,726) gitp phin biét SBM va PCNSL. P6 chinh xac (AC) tong thé
cia mo hinh dat 76,6% (PCNSL: 84,4%; HGG: 79,7%; SBM: 89,1%), véi sai s6 kiém
dinh chéo la 35,9%. Két ludn: M6 hinh CART tich hop rCBVp, MDt va ty 1é Cho/NAAp
la cong cu tiém nang, c6 do chinh xac cao trong chdn doan phin biét HGG, SBM
va PCNSL.

Tw Khoa: Ciy quyét dinh; Thudt todn CART; Cong hwdng tir da thong so;
U than kinh dém bic cao; U di can ndo don 6; U lympho ndo nguyén phat.
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DECISION TREE FOR DIFFERENTIATING HIGH-GRADE GLIOMA,
SOLITARY BRAIN METASTASIS, AND PRIMARY CENTRAL NERVOUS
SYSTEM LYMPHOMA USING MULTIPARAMETRIC MAGNETIC
RESONANCE IMAGING

Abstract

Objectives: To develop a decision tree model based on diffusion tensor imaging
(DTI), magnetic resonance perfusion (MRP), and magnetic resonance spectroscopy
(MRS) to differentiate high-grade glioma (HGG), solitary brain metastasis (SBM),
and primary central nervous system lymphoma (PCNSL). Methods: A cross-
sectional descriptive study was conducted on 64 patients (23 PCNSL, 17 SBM, 24
HGG) who underwent magnetic resonance imaging prior to surgery/biopsy at Viet
Duc University Hospital from August 2025 to March 2026. FA, MD, rCBV, rCBF
values, and Cho/NAA, Cho/Cr ratios were quantified in the solid tumor (t) and
peritumoral (p) regions. The model was constructed using the CART (classification
and regression tree) algorithm. Results: The CART algorithm utilised rCBVp, MDt,
and Cho/NAAp as classification nodes. The branch with rCBVp > 1.043 predicted a
high probability of HGG (94.7%). For the branch with rCBVp < 1.043, the thresholds
of MDt (0.785) and Cho/NAAp (0.726) facilitated the differentiation between SBM
and PCNSL. The overall accuracy of the model reached 76.6% (PCNSL: 84.4%; HGG:
79.7%; SBM: 89.1%), with a cross-validation error rate of 35.9%. Conclusion: The
CART model integrating rCBVp, MDt, and the Cho/NAAp ratio is a potential tool, with
high accuracy in the differential diagnosis of HGG, SBM, and PCNSL.

Keywords: Decision tree; CART algorithm; Multiparametric magnetic resonance
imaging; High-grade glioma; Solitary brain metastasis; Primary central nervous

system lymphoma.

PAT VAN PE chién lwoc diéu tri ciia ba nhém u hoan

U than kinh dém bac cao. SBM va toankhécbiét[2 - 5]. Chién lwgctiép can
PCNSL 14 c4c khéi u ndi so 4c tinh, c6 sy tiéu chudn d6i véi HGG la phau thuat
chdng 14p vé dic diém trén CHT thuwong 14y u t8i da két hop hoéa xa tri bo tro
quy [1 - 4]. Sw sai 1&ch trong chdn doan [1,4 - 6]. D8i véi SBM, phwong phap diéu

c6 thé dan dén hé luy nghiém trong vi tri phu thudc vao thé trang BN, wu tién
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phau thuat 1y u két hop kiém soat bénh
ly toan than [4 - 6]. Trai lai, PCNSL dap
rng tot véi phac do6 hoa tri Methotrexate
két hop Corticosteroid, thwong khong co
chi dinh can thiép phu thuét [1, 4, 6, 7].
b€ nang cao dd chinh xac, cac ky thuat
CHT nang cao nhw DTI, MRS va MRP
dwoc tng dung dé khao sat vi cau tric va
chuyén héa tai ving 16i u cling nhw viing
quanh u [1, 2, 7]. Trén thé gi¢i, md hinh
ciy quyét dinh dwa trén dir liéu da théng
s6 da chirng minh hiéu suat chin doan
cao va tinh truc quan trong viéc phan
loai cac nhém u nay [2, 4]. Tuy nhién,
hién nay, cac nghién cttru kiém ching
thuit todn nay trén quin thé BN tai Viét
Nam con han ché. Xu4t phat tir thuc tién
dé, nghién cru nay dwoc tién hanh
nhdm: Ung dung mé hinh cdy quyét dinh
dé tich hop va phan tich sdu dirv liéu dinh
lwong tir CHT da théng s6, qua do bwéc
ddu thiét Idp mdt céng cu chdn dodn phdn

biét téi wu.

pOI TUONG VA PHUONG PHAP
NGHIEN CU’'U
1. P6i twong nghién ciru
GOm 64 BN u nio cé két qua mo bénh
hoc sau phau thuat (23 PCNSL, 17 SBM,
24 HGG) tir thang 8/2025 - 3/2026 tai

Bénh vién Hiru nghi Viét birc.

* Tiéu chudn lwa chon: BN dwoc chup
CHT 3.0T day da cac xung DTI, MRS
(st dung ky thuat da diém - Multi-voxel),
MRP (st dung ky thudt dong hoc nhay
tw - DSC).

* Tiéu chudn loai trir: Cac treong hop
da trng phdu thuit, sinh thiét u nio
trwéde khi chup CHT hodc hinh dnh nhiéu
khong dat chit lwong.

2. Phwong phap nghién ciru

* Thiét ké nghién ctru: Nghién ctru
mo ta cit ngang.

* Phwong phdp chon mdu: Chon mau
thuln tién, héi ctu tir cac phim chup
CHT trong thoi gian tir thang 8/2025 -
3/2026. Hai bac si (khéng dwoc biét
trwedc két qud mé bénh hoc) thwc hién
dat cac vung quan tam (ROI) dién tich
30mm? tai vung u va quanh u trén ban
d6 DTI, MRP va MRS (Hinh 1). Cac théng
s6 dinh lwgng trich xuat bao gom hé so
bit dang hwdng (FA) va hé s6 khuéch tan
trung binh (MD), thé tich tw&éi mau
twong déi (rCBV) va lwu lwong twdi mau
twong do6i (rCBF), ty 1&é chuyén hda
Cho/NAA va Cho/Cr.

* X Iy s6 liéu: Dir liéu dwoc phan tich
bang phin mém SPSS 26.0 (IBM, Hoa
Ky), st dung hé s6 twong quan noi 1ép
(ICC) dé danh gia do tin cy gitra nhirng
ngwoi quan sat. Phan tich don bién st
dung kiém dinh Chi-Square, Fisher-
exact, One-way ANOVA hoac Kruskal-
Wallis, Mann-Whitney U tuy thudc vao
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phén phéi dir liéu, véi ngwdng y nghia
p < 0,05. Cay quyét dinh dwoc xiy dung
dwa trén thuat todn CART (Classification
and Regression Tree) véi chi s6 Gini.
bé han ché hién twong qua khép
(overfitting), cay dwoc gidi han do sau

toi da la 3, sO ca t6i thiéu tai nut chala 10
va tai nut con la 5. Hiéu nang moé hinh
duoc nodi kiém bang kiém dinh chéo 5
16p (5-fold cross-validation) va danh gia
théng qua AC téng thé, dién tich dwéi
dudng cong (AUC), ma tran nham lan.

Hinh 1. Minh hoa cach dat ROI dinh lwong trén cac chudi xung CHT.

ROI 1 dwogc dat tai vung u ddc, wu tién vi tri cé twdi mau cao nhit, tranh cac viung

hoai ttr, xuit huyét, véi héa hodc mach mau. ROI 2 dwoc dit tai ving quanh u, wu tién

vi tri nghi ng phtt thAm nhiém. ROI 3 dwoc dat tai ving chit trang binh thuong &

déi bén.

3. Pao dirc nghién ciru

Nghién ciru ddm béo tiéu chuin dao dirc theo Tuyén bo Helsinki va dwoc thong
qua Hoi déong Pao dirc Bénh vién Hitru nghi Viét Dirc theo Quyét dinh s6 11/GCN-
HDPDD ngay 31/7/2025. S6 liéu nghién ciru dwoc Bénh vién Hitru nghi Viét Blic cho

phép str dung va cong bo. Nhdm tac gid cam két khong cé xung dot loi ich vé tai chinh,

ca nhan hodc chuyén moén lién quan dén ndi dung va két qua nghién ctru.
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KET QUA NGHIEN CG'U
Bang 1. bac diém chung clia nhém nghién ctru va cac gia tri dinh lwong.

Bién PCNSL (n=23)® SBM (n=17)? HGG (n =24)6) p
Gi6i tinh pl-2-3 = 0,5692
Nam 14 (60,9) 11 (64,7) 18 (75)
Nit 9 (39,1) 6 (35,3) 6 (25)
Tubi (ndm) 65 (15) 57 (23) 58 (24) pl2-3 = 0,079b
Vung u dac
FAt 0,14 (0,04) 0,10 (0,05) 0,13 (0,08) pl-2-3 = 0,053b
p23<0,001b
pl2=0,001
MDt 0,65 (0,15) 0,83 (0,29) 1,01 (0,22) b25 20,011
pl-3 < 0,001
p23<0,001b
pl2 < 0,001
rCBVt 2,04 (2,78) 4,75 (3,12) 4,44 (1,55) 523 = 0,958
pl-3 < 0,001
rCBFt 2,38 (1,55) 2,87 (3,60) 2,62 (2,26) pl23=0,167b
p1-2—3 < 0’001b
Cho/NAAt 2,16 (3,39) 1,74 (1,29) 3,71 (2,71) p=0,242
PO S Sl p23 < 0,001
pl3=0,013
Cho/Crt 2,80 (2,51) 2,55 (2,25) 2,81 (1,96) pl2-3 = 0,677b
Vung quanh u
FAp 0,22 (0,10) 0,20 (0,11) 0,22 (0,14) pl-2-3 = 0,243b
MDp 1,43 + 0,38 1,49 + 0,33 1,26 + 0,26 pl2-3 = 0,064¢
pl23<0,001b
pl2 = 0,242
rCBVp 0,56 (0,44) 0,45 (0,38) 1,30 (0,67) 523 < 0,001
pl-3 < 0,001
pl2-3=0,001b
rCBFp 0,68 (0,89) 0,55 (0,47) 1,14 (0,47) g;_z ) 833?
p13=0,014
pl23<0,001b
Cho/NAAp 0,74 (0,79) 0,66 (0,24) 1,49 (1,01) pi2=0,254
S S e i p23 < 0,001
pl-3 = 0,001
p23<0,001b
Cho/Crp 1,03 (0,82) 0,96 (0,32) 1,75 (0,78) g;_i - 8:83?
pl-3=0,012

(Bién dinh tinh dworc trinh bay bang s6 lugng (%) va so sdnh bang kiém dinh Chi-Square
(a); bién phdn phdi khéng chudn dung trung vi (khodng tit phdn vi) va kiém dinh
Kruskal-Wallis (b); bién dinh lwong phdn ph6i chudn diing trung binh + d6 1éch chudn
va One-way ANOVA (c); két hop hdu kiém Mann-Whitney U néu cé khdc biét y nghia)
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MAu nghién cttu gdm 23 PCNSL (tudi trung vi la 65), 17 SBM (tudi trung vi la 57)
va 24 HGG (tudi trung vi l1a 58), khéng c6 sw khac biét y nghia vé tudi va gi¢i tinh
(p > 0,05). Cac phép do cho thay dd tin ciy rat cao do6i v&i cing mot ngwoi quan sat
(ICC = 0,90 - 0,94) va d6 dong thuin tot gitra nhitng ngwoi quan sat (ICC = 0,86 -
0,92), tit ca déu c6 y nghia thong ké (p < 0,001). Do do, gia tri trung binh dinh lwgng
cda hai bac si dwoc str dung cho cac phan tich thong ké tiép theo. Phin tich don bién
xac dinh MDt, rCBVt, Cho/NAAt, rCBVp, rCBFp, Cho/NAAp, va Cho/Crp c6 su khac
biét ro rét gitta cac nhém u.

Node 2
Category % n

GPB __| ™ PCNSL 53 1
_________________ > 1.043— g gy 00 0
oy : HGG 94.7 18 Node 2

ro===| Cateqory % o Total 29.7 19 Category % n

a1 fmeensL 35923 rcavp > 0.785—BPCNSL 111 2

lohce !fmsem 26.6 17| = SBM 61.111

L__T_limHcG 375 24f Node 1 BHGG 278 S Node 6
| Total 100.0 64); Category % n Total 28.118 Category % n
"""""""""""" WPCNSL 48922 WPCNSL 92913
= - - M -
<= 1043 4 G 378 17| MDt >0.726— | g g 0.0 0
® HGG 133 6 Node 3 ¥ HGG 71 1
Total 70.3 45 Category % n Total 21.9 14
<= 0.785-|MPCNSL  74.1 20|_chonaa
= SBM 222 6
¥ HGG 3.7 1 Node 5

Total 42.2 27 Category % n
L. _ [mpCNSL  53.8 7
<=0.726- |y gy 462 6
¥ HGG 0.0 0
Total 20.3 13

Hinh 2. M6 hinh ciy quyét dinh dwoc xay dwng bang thuit toan CART.

Trong thuit todn CART (Hinh 2), rCBVp > 1,043 la nut goc gitp du bao chinh xac
94,7% trwong hop HGG. O’ nhanh rCBVp < 1,043, nguwdérng MDt < 0,785 dwoc dung dé
dinh hwéng PCNSL (74,1%), ngwoc lai la SBM (61,1%). Ty 1€ Cho/NAAp > 0,726 giup
t6i wu kha nang phan loai PCNSL véi AC 92,9%.

Bang 2. Ma tran nham lan cia mé hinh cay quyét dinh.

Dw doan

Mo bénh hoc Tong
PCNSL SBM HGG

PCNSL 20 2 1 23

SBM 6 11 0 17

HGG 1 5 18 24

Tong 27 18 19 64

M6 hinh dat d6 chinh xac chung 76,6%, v&i ty 1é phén loai dung lan lwot 1a 87,0%
dé6i vai PCNSL, 75,0% dé6i voi HGG va 64,7% do6i véai SBM. Sai phan loai chd yéu xay ra
gitra SBM v&i PCNSL va HGG, trong khi sw nham 14n truc tiép gitta PCNSL va HGG réat it.
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Bang 3. Hiéu nang chan doan ctiia md hinh ciy quyét dinh.

Gia tri (%) PCNSL SBM HGG
Se 87,0 64,7 75,0
Sp 82,9 85,1 97,5
AC 84,4 79,7 89,1
AUC 0,898 0,873 0,930
95%CI 0,81-0,98 0,79-0,96 0,87-0,99
AC tong thé 76,6
Sai s0 huin luyén (resubstitution risk) 23,4
Sai s0 kiém dinh chéo (cross-validation risk) 35,9

(Se: D6 nhay; Sp: D6 ddc hiéu)

M6 hinh dat AC tong thé 1a 76,6% v&i kha nang phan biét rat tét (AUC = 0,873 -
0,930). Trong d6, m6 hinh nhén dién t6t nhat nhém PCNSL (d6 nhay 87,0%) va HGG
(d6 dic hiéu 97,5%). Nhém SBM dé bi phan loai sai nhat, cht y&u bi nham véi PCNSL
(6 ca). Sai s0 kiém dinh chéo 1a 35,9%, cao hon sai s6 huan luyén (23,4%).

BAN LUAN

M6 hinh phan 4nh ban chit sinh bénh
hoc cia ba nhém u, trong dé théng sé
vung quanh u chiém 2/3 sé nut quyét
dinh, cho thay nhirng bién d6i vi ciu tric
tai mo ndo lan cin mang lai gia tri chan
doan cao, khiac phuc han ché cta cac
nghién ctru truedre von chi tip trung khao
satloiu[4, 5, 7]. Cuthé rCBVp > 1,043 1a
nat goc giup nhan dién 94,7% HGG, phan
anh dac tinh thAm nhiém va tan tao mach
mau ngoai vi cua té bao u thin kinh dém
[4, 5, 7]. Trwéc day, vung quanh u cda
PCNSL va SBM thuong dworc coi la phu
nio do vidn mach don thuan [5, 7]. Tuy
nhién, mét s6 nghién cru bénh hoc va
hinh anh hoc gian day da chirng minh cé

s thAm nhiém t& bao u lympho lan doc
khoang quanh mach & mét mirc dd nhat
dinh ma khong kich hoat tin tao mach
[3, 4]. Phu hop véi gid thuyét nay, nghién
ctru hién tai cho thiy Cho/NAAp mang lai
gia tri trong phan biét PCNSL v&i SBM,
thay vi PCNSL v&i HGG [2]. Tai 16i u, MDt
< 0,785 phéan loai thanh cong 74,1%
PCNSL, phan anh dic tinh méit do té bao
cao [1, 4, 7]. Mdc du mot sé nghién ctiru
cho rang rCBVt c6 gia tri chdn doan cao
do PCNSL c6 xu hwéng phat trién doc
mach mau c6 san va it tin sinh mach, y
van hién dai dang dan ghi nhan mot ty 1é
nhit dinh cda bién thé PCNSL ting sinh
mach, gy chong 14p dir liéu véi HGG, lam
gidm AC ctia thong s6 rCBVt trong phan
loai [1, 7].
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Cac md hinh hoc may, tiéu biéu la ciy
quyét dinh, dang chitrng minh hiéu qua
cao trong chan doan phén biét HGG, SBM
va PCNSL [2, 4]. Pién hinh nhw nghién
ctru cua Vallée va CS (2023) trén 180 BN
cho thiy AC dat 96%, AUC dat 0,98 cho
PCNSL va HGG; 1,00 cho SBM [2]. Thuat
todn CHAID (Chi-squared Automatic
Interaction Detection) dwgc mot sé
nghién ctru st dung cé wu diém xay dwng
mo hinh trwc quan va mang y nghia
thong ké, nhung khong hoat dong tot
trén bién lién tuc [8]. Thuét toan CART
dwoc lwa chon trong nghién ctru nay nho
kha ndng xtr ly t6t bién lién tuc, truc tiép
xac dinh ngwdng cat t6i wu va cho phép
kiém soat d6 phirc tap thong qua gidi
han d6 siu va s6 mau tai nut 13, gidp gidm
nguy co qua khép trén ¢ mau nhé [2, 8].
M6 hinh hién tai dat AC tong thé la
76,6% v&i AUC cho HGG, SBM va PCNSL
lan lwot 1a 0,930; 0,873 va 0,898. Phan
loai sai trong mo hinh chu yéu xay ra &
nhom SBM (6 ca bi nham thanh PCNSL),
va HGG (5 ca bi nhdm thanh SBM).
Nguyén nhén cé thé do & giai doan sém,
suw thay déi vi tudn hoan va chuyén hoa
tai ving phti ndo thAm nhiém chwa da ro
rét dé phat hién trén hinh anh dinh
lwong. Bén canh do, viéc xac dinh vung
phu thAm nhiém dé dit ROI dinh lwgng
con kho khan, doi hoi kinh nghiém thuc
hanh cta bac si chdn doan hinh anh.

Nghién ctru hién tai con mot s6 han
ché. Th& nhit, ban chit thiét ké hoi ctru
don trung tdm dé giy sai s6 chon loc.
Thr hai, tuy hé s6 ICC danh gia do tin ciy
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dat mic cao, viéc dat ROI thu cong con
phu thudc vao kinh nghiém cht quan cta
bac si. Thir ba, du da 4p dung kiém dinh
chéo va gi¢i han nhanh, sai s6 kiém dinh
chéo 1a 35,9% (so v&i mirc sai s6 huan
luyén 13 23,4%) van phan 4nh hién twong
qua khép nhe do ¢ mau nhd. Tuy vay,
két qua nghién ctru hién tai van twong
déng voi co s sinh 1y bénh hoc va bao
cdo y van qudc té. Viéc mé rong nghién
ctru da trung tAm véi c& mau 16n va kiém
chirng ngoai lai 1a can thiét dé chuin hoa
mo hinh trong thwc hanh lam sang.

KET LUAN

M& hinh CART dwa trén CHT da thong
s6 c6 AC tong thé 1a 76,6% trong viéc
phan biét HGG, SBM va PCNSL. Trong do,
rCBVp > 1,043 la d4u 4n dinh hwéng
HGG. Pong thoi, sy két hop gitta MDt <
0,785 va Cho/NAAp > 0,726 giup phan
loai PCNSL va SBM. Do c& mau han ché
va sai sO0 kiém dinh chéo con cao, mé
hinh hién tai mang tinh chit goi y dinh
hwéng chin doan. Viéc mé rong nghién
ctru da trung tAm v&i ¢ mau 16n hon 1a
can thiét dé t6i wu hoa va chuan héa mé
hinh trwéce khi ap dung trong thuc hanh
lam sang.
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