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ABSTRACT

Lower-grade glioma (LGG) is a type of central nervous system
neoplasm that arises from the glial cells. Patients with Lower-
grade glioma have a median survival time in the range of 1.5—8
years, depending on the tumor genotypes. In terms of
epidemiology, most lower-grade glioma patients are diagnosed at
a young age, leading to an early age of death. For an accurate
diagnosis and effective treatment, a pathological result from a
biopsy sample is required, however, this has a long turnaround
time. In this study, using pre-operative magnetic resonance
images, we developed a non-invasive model to classify tumor
mutational burden (TMB), a prognostic factor of treatment
response in lower-grade glioma patients, with an accuracy of
0.7936. To our knowledge, our study represented the best model
for the classification of TMB in LGG patients at present.
TOM TAT

Glioma la mét khéi u ciia Hé than kinh trung wong (CNS) phat
sinh tir cdc té bao than kinh dém. U than kinh dém phdn dé do thap
(LGG) la u than kinh dém & d¢ II va Il trong bang phin dé méi
ciia Té chive Y té Thé gidi nam 2016. Qua qud trinh irc ché diéu
hod mién dich nguoc, liéu phap mién dich dang hira hen la mot
phirong phdp diéu tri hiéu qud cho bénh nhan u than kinh dém. Tuy
nhién, phwong phdp ndy khéng thé dp dung tot cho tdt ca cac logi
LGG va mirc d§ dét bién trong u (TMB) di dwoc chirng minh la

mot dau an sinh hoc tiém nang cho tinh nhay cam va tién luong
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cua liéu phap mién dich ¢ bénh nhédn u than kinh dém phdn do
thd’p. Do do, du doan TMB co loi cho bénh nhan ung thw than kinh
dém. Trong nghién ciru ndy, ching téi khdo sat moi twong quan
cua cdc tinh nang radiomics dwa trén MRI (Chup cong huong tir)
va dét bién trong u & bénh nhdn u than kinh dém phdn dé thap
bang cdch ap dung cdc phwong phap tinh todn ding mdy. Sau khi
kiém tra thong nhdt giita dir liéu xdc thue va dit liéu san c6, chiing
toi da sw dung sau loai thudt toan két hop cac mo hinh dé tim cac
tinh nang hiéu qua nhdt va so sanh cdc mé hinh dé chon hiéu sudt
tot nhat. Su két hop Light Gradient Boosting Machine- thudt todn
di truyén da thanh cong trong viéc chon chi ky 11-radiomics cho
phaén logi TMB. Chiing t6i da gidi quyét van dé dir liéu mat cdn
bang bang cach sir dung ky thudt SVMSMOTE trong Python va dat
dwge két qua an tiwong. M6 hinh LightGBM dan dén dj chinh xdc
cao 0,7936 va dat dwoc sy can bdng gitta do nhay va do ddc hiéu,
V6i dé nhay 0,76 va dé dic hiéu 0,8107. Theo hiéu biét cia ching

t0i, nghién ciru nay co so do chinh xac cao nhat trong cac mo hinh

mo hinh hién nay déphdn loai TMB ¢ bénh nhan LGG.

1. GIOI THIEU

Trong nhiéu thap ky, viéc phan loai ung thu
thuong dua trén cac dic diém moé hoc, thong
qua quan sat bang kinh hién vi, sit dung thudc
nhudm hematoxylin va eosin, biéu hién protein
héa mo mién dich va cac dic diém siéu chu truc.
V& mit mo hoc, u than kinh dém 13 khéi u cta
hé than kinh trung wong (CNS) phat sinh tir cac
té bao khong phai té bao than kinh, bao gdm céc
kiéu hinh u té bao hinh sao, u té bao it soi, u than
kinh dém it nhanh va u nguyén bao than kinh
dém [1]. Mong muén c6 mot chian doan phan
biét hep hon va phan loai chinh xac hon, T
chire Y té Thé gigi (WHO) da stra ddi phan loai
u than kinh dém ndm 2007 vao nim 2016 bang
cach dua cac thong sb phén tir vao so dd [2]. So

dd cap nhat phan loai u than kinh dém thanh bbn

nhom: Cap I dén cdp IV theo mic do 4c tinh
trong khéi u. Trong khi truée ddy, cum tir “u
than kinh dém cap thip” dung dé chi u than kinh
dém cép I va II, mdt thudt nglr mdi trong
chuong trinh méi, “u than kinh dém phan 3o
thip (LGGs)”, bao gdm cép do II va III cia
WHO, dang dan tro phd bién hon. Phan loai u
thin kinh dém phan do thip déong mot vai tro
thiét yéu trong tién lugng ciia bénh nhan [3].
Maic du phan loai LGG cia WHO nam 2016 da
duoc ap dung dé chan doan phan tir, nhung cac
dAu hiéu phan tir da biét vin con han ché dé giai
thich tién lugng cia LGG. Do d6, viéc kham
pha thém vé co ché di truyén va xac dinh cac
du 4n sinh hoc méi dé dy doan tién lugng cta
LGG la didu can thiét dé phat trién cac phuong

phap diéu tri chinh xéc.
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Mot didu dang chua ¥ 1a giai thuong Nobel
2018 da duoc trao cho James Allison va Tasuku
Honjo trong linh vyc Sinh 1y hoc hodc Y hoc vi
da phat trién phuong phap diéu tri bénh 4c tinh
[4], liéu phap mién dich, s& tro thanh phuong
phap diéu tri ung thu duoc sir dung rong rai. Tuy
nhién, diu 4n sinh hoc vé dot bién trong u
(TMB) di dugc ching minh 13 mét yéu tb tién
doan dap tng véi liéu phap mién dich [5]. TMB,
dugc dinh nghia 1a sé luong dot bién ma hoa
soma trén mdi megabase (d6t bién/Mb) cuia kiéu
gen khéi u [6], di tré thanh mot ddu 4n sinh hoc
c6 gia tri trén nhiu loai ung thu dé dy doan hiéu
qua cua phong toa diém kiém tra mién dich
(ICB) [5],]7]. Mt nghién curu trudc day cho
thdy TMB c6 mdi tuong quan nghich véi ty 18
song sot chung va TMB cao c6 thé e ché sy
xam nhap mién dich trong LGGs [8]. Tuong tu,
Wang et al. [9] két luan ring TMB ¢6 lién quan
dén két qua kém trong u than kinh dém lan téa
va TMB cao kich hoat ca hoat dong tang sinh va
phan tmg mién dich trong u than kinh dém.

Trinh ty toan bd exome (WES) dugc coi la
tiéu chudn vang dé do luong TMB; tuy nhién,
no6 hién khong dugc sir dung trong méi truong
lam sang do chi phi cao va thoi gian quay vong
dai. Phat trién cac mé hinh tri tué nhan tao dé
chan doan chinh xac bénh hay phan loai ddu 4n
mién dich, trong d6 c6 TMB, gitp tiét kiém thoi
gian, giam chi phi 12 xu huéng ni bat trong thé
gi61 hién dai.

Trong nghién ctru cua ching t6i, chung toi
da phat hién ra mét phuong phap dai dién cho
md hinh rat t6t dé phan loai TMB cho LGG hién
tai. Nghién ctru ctia ching toi dua ra gia thuyét
rang cac thut toan hoc bang may c6 thé phan

loai TMB cao va thip bang cach st dung
phuong phéap chup cong hudng tir (MRI) ¢ bénh
nhan LGG. Cu thé, chiing t6i da dé xuit mot mo
hinh hoc nhéan tao, c6 tén la LightGBM, c6 thé
xac dinh cac nhém TMB bang cach st dung
MRI truéc phau thuat.

Dé cai thién hiéu suit ciia md hinh, sau d6
chung t6i da sir dung thuat toan di truyén dé
chon cac tinh nang radiomics dic trung, hiéu
qua nhat dé xac dinh TMB cao va thap, dong
thoi dua chiing vao cac thuat toan khac nhau dé
tim ra m hinh t6t nhat. Sau dé, chung toi da sir
dung cac k¥ thuat giai dit liéu mét can bang khac
nhau trén dir liéu cua minh dé dat duoc sy can
bz"mg tot gitta d6 nhay va d¢ dac hiéu, cho két
qua chinh xac va can bang nhit hién nay. Mic
du nghién ctru cua chiing t6i c6 ¢& mau nho,
nhung két qua ciia chung t6i cho thay c6 thé sir
dung md hinh méy hoc st dung hinh anh MRI
dé hd tro cac tinh hudng 1am sang.

2. KET QUA
2.1 Pic diém bénh nhén

Dir liéu cia bénh nhan bao gdm tudi, gidi
tinh, m6 hoc, cép d6 WHO, va cac phan nhom
ctia phan loai u than kinh dém bang cach tich
hop thong tin di truyén. Theo dich t& hoc cua u
than kinh dém phan do thap, hau hét bénh nhan
clia chung toi con tré tai thoi diém chan doan,
v6i d6 tudi trung binh 1an luot 12 44,06 va 49,67.
Su khac biét vé tudi giira dit lidu dao tao va xac
nhan c6 y nghia thong ké véi p <0,05. Ngoai ra,
hau hét bénh nhan cta chung t6i c6 dot bién
IDH (84 dot bién so voi 21 kiéu hoang da) va
trang thai khong ma hoa 1p 19q (78 khong ma
hda so v6i 27 ma hoa) trong thong tin bd gen

cua ho.
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2.2 So sanh co s& va xay dung dic tinh
radiomics

Trong quy trinh lga chon tinh nang, chung
t6i da str dung cdc mo hinh thuat toan di truyén
(GA) két hop v6i loai may khac nhau dé chon
cac tinh nang hi¢u qua nhit, duoc goi 1a tinh
nang GA, tir 726 tinh nang trong giai doan trich
xuét. Sau do6, cac tinh ning GA nay dugc danh
gi4 boi sau mod hinh may hoc khac nhau (hdi quy
tuyén tinh—LR, vector hd tro—SVM, ng?lu
nhién—RF, phan tich phan biét tuyén tinh—
LDA, may ting cuong do dbc anh sang—
LGBM va may ting cuong do doc cuc cao—
XGB) trong viée du doan nhém TMB. Két qua
lga chon tinh nang GA va hi¢u sudt mo hinh
duogc dua ra trong Bang 2.

Nhu thé hién trong Bang 2, md hinh
LGBM dat hiéu suit t6t nhit v6i do nhay =
0,72, d6 dac hiéu = 0,8893, d6 chinh xac =
0,8367 va do chinh xac = 0,8218, vai 11 tinh
nang GA. M6 hinh LGBM khong chi dat do
chinh x4c cao nhat trong 6 thudt toan may hoc
dua trén GA khi du doan nhom TMB ma con
thé hién su can bﬁng gilta d6 nhay va d¢ dic
hi¢u. Mot phién ban cii hon cua thuét toan
LGBM, thuét toan XGBoost, ciing cho thiy do
chinh xac cao 1a 0,7808 voi 7 tinh nang GA
trong thir nghiém cia ching t6i. M6 hinh RF
mang lai hi¢u sut t6t thir hai v6i do chinh xac
0,8089 vdi 6 tinh ning GA. LR cho két qua tbt
vo1 d0 chinh xac 0,7936 va d0 chinh xac
0,836667 cua n6 bang v6i mau t6t nhat,
LGBM. Hiéu suét kém nhit dén tir hai mé hinh

con lai, SVM va LDA, v6i d¢ chinh x4c lan
luot 12 0,7462 va 0,7449; tuy nhién, day 1a muic
chép nhan duoc dbi véi thir thach phan loai.
Chuing t61 cling da thuc hién cac thu nghiém
théng ké McNemar dé xem su khac biét dang ké
gita mdé hinh da chon cua ching to6i
(LightGBM) va cac mé hinh khac. Két qua sau
do6 cho thay LightGBM t6t hon dang ké so véi
cac thuat toan khac vé do nhay. Hon nita, do
chinh xac cua n6 cling vuot trdi so vdi cac mau
SVM, LDA va XGBoost. Déi véi hai chi s6
khéc (d9 dac hi€u va dd chinh xac), khong co
bat ky su khac biét dang ké nao giira tit ca cac
thuét toan. Tuy nhién, cac thir nghiém théng ké
nay cho thay LightGBM 1a lya chon ti uu cho
nhiém vu dy doan nay véi hiéu suét cao. Vi mod
hinh LightGBM 13 mé hinh tét nhat véi 11 tinh
nang t6i vu, duoc GA chon, chung t61 da coi 11
tinh ndng GA nay la dic trung radiomics cua
du doan TMB trong nghién ctru ctia chung toi.
3. KET LUAN

Chung t61 da nghién clru cac dac trung
radiomics dua trén MRI trong mbi quan hé véi
ganh ning dot bién khdi u ¢ u than kinh dém
phan d6 thap, mo hinh ciia ching t6i 1a mé hinh
déu tién 4p dung phuong phap tinh toan bing
méy. Bang cach bit chudc mo hinh cua sy phat
trién, may LightGBM-GA da thu dwoc 11 dic
tinh radiomics dé phan loai TMB. M6 hinh
LightGBM cua chung t6i da dat dwoc két qua
déy hira hen v4i d6 chinh xac cao 1a 0,7936 va
sur can br:ing gitra d6 nhay va d6 dac hiéu (tuong
ung l1a 0,76 va 0,8107).
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Table 1. Comparative performance among different GA-based machine learning algorithms in

predicting the TMB group

Algorithm GAFeatures Sensitivity Specificity Precision Accuracy Running Time (s}
LR 13 0.64+0265 09+0079 08367 +0.162 0.7936+0.132 0.159057
SVM 10 0.56+0.15 0871420177 0.7733+0228 07462 £0.133 0.050138
RF 6 0.64+0.15 09179+0.064 0.8833+0.108 0.8089 +0.041 0.817011
LDA 4 0.56+0.16 0871410131  O.77 £0.131 0.7449 + 0.056 0.125044
LGBM 11 0.72+204 0.8893+0.131 0836710131 08218101 0.094271
XGB T 0.6 £ 204 0.9+ 0.009 0.8 £0.108 0.7808 £ 0.08 1.63018

GA: genetic algorithm, logistic regression (LR), random forest (RF), support vector machine (SWVM),
linear discriminant analysis (LDA), light gradient boosting machine (LGBM), extreme gradient boosting

(XGB).
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