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Nghién ctru nay da danh gia kha nang ung dung cdc md hinh hoc may trong viéc phat Nhén 02/11/2025
hién va du doan céc tac dung phu tiém 4n ctia thude (ADRs) dya trén dir ligu lam sang va  Puoc duyét 24/01/2026
dit liéu sau luu hanh. Muc tiéu chinh ctia nghién ciru 1a dé xuit mot mé hinh du bao tyr Congbd  28/02/2026
dong nham nang cao hi€u qua giam sat an toan thudc va ho tro ra quyét dinh trong qua

trinh phat trién, cAp phép va st dung thudc an toan. Dir liéu duoc thu thap tir cac hé thong

bao cdo ADR, cac co so dii li€u 'y t& m& va cac nguén tai liéu dugc hoc uy tin. Sau do, dir Tir khéa

liéu duogc tién xur 1y, gan nhan chuan hoa va dua vao cac mo hinh hoc may. Két qua cho

théy cac mo hinh hoc may, dac biét 1a Neural Network va Gradient Boosting, c6 kha nang Hoc may, giam sat an

phat hién sém cic ADR véi do chinh xac cao va vuot trdi dang ké so véi cac phuong
phap thong ké truyén thong. Hé théng dugc dé xuit cho thiy tiém nang tich hop vao co
s¢ dir liéu duge qudc gia nham ty dong canh bao nguy co ADR, qua d6 gop phan ning
cao an toan trong st dung thudc va téi wu héa cong tac quan 1y duge 1am sang.
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toan thude, phat hién tac
dung phu cua thude,
giam sat an toan su dung
thudc, dir liéu 1am sang
va dir liéu sau luu hanh.

1 Gio1 thiéu

Trong linh vuc dugc hoc hién dai, phat hién va gidm sat
tac dung phu cua thudc (Adverse Drug Reactions —
ADRs) van 1a mot trong nhirng thach thtc 16n déi véi
hé théng y té toan cu. Nhiéu béo cdo cho thdy ADRs
la nguyén nhan quan trong gy nhap vién va tir vong c6
thé phong tranh dugc néu duoc phat hién som [1, 2].
Céc phuong phap giam sét truyén thong chu yéu dua
trén bao cao phan tich thong ké, thuong gip han ché vé
do tré, thiéu tinh chi dong va khé xtr Iy khéi lugng dir
liguy té 16n [3]. Trong bdi canh do, tri tué nhan tao, dac
biét 1a hoc may (Machine Learning — ML), dang duogc
xem la hudng tiép can hiéu qua nhim ning cao ning
lyc giam sat an toan thude [4].

Viéc img dung hoc may cho phép khai thac dir liéu y té
quy md 16n nhu hd so bénh 4n dién tir, bdo cdo ADR
sau luu hanh va dit liéu duoc hoc dé phat hién cac mau
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tiém 4n ctia tac dung phu ma cic phuong phép truyén
thong kho nhan dién [5, 6]. Nhiéu nghién ciru qudc té
cho thiy cac mo hinh ML ¢6 thé cai thién d6 chinh xac
phat hién ADR tir (15-25) % so v&i cac k¥ thuat thong
ké cb dién [7]. Tai Viét Nam, hé thong giam sat ADR
van chi yéu dua vao bao cao ty nguyén, khién viéc phat
hién sém ADR hiém gip hodc tuong tac thude phtrc tap
gip nhiéu han ché [6, 12]. M6t s nghién ciru gan day
da img dung ML trong du bao ADRs tir bénh an dién
tir, phan tich dit lidu y té 16n, va dé xudt mo hinh canh
bao som [6, 9, 12, 13], khrfmg dinh xu hudng tich hop
Al vao duoc hoc dang duge chi trong, song van thiéu
hé thng giam sat ty dong quy md qudc gia.

Do do6, muc ti€u cua nghién ctu 1a xay dung va danh
gia m6 hinh hoc may c6 kha nang phat hién sém ADRs
dua trén dir liéu thuc té, gop phan nang cao hiéu qua
giam sat an toan thude va thuc day chuyén doi s6 trong
nganh Dugc Viét Nam [11].
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2 Phuong phap nghién cuu

2.1 Thiét ké nghién ctru

Nghién ctru duge thiét ké theo huéng mo hinh hoa du
doan (predictive modeling), két hop giita phan tich dir
liéu thu cép va thtr nghiém mo hinh hoc may. Dt liéu
duoc thu thap, xu ly, huan luyén va danh gia theo quy
trinh chudn cua hoc may, nhim x4c dinh mé hinh c6
kha nang dy bao tac dung phu tiém 4n cta thude véi do
chinh x4c cao nhét [4].

2.2 Dit liéu nghién cuu

Nguon dit liéu duoc 14y tir cac co so dit liéu cong khai
qudc té va trong nudc, bao gom:

- Co s dir liéu bao cdo ADR cia WHO (VigiBase),
FAERS [3],

- Dit liéu tir Cuc Quan 1y Dugc Viét Nam vé phan tng
¢6 hai cua thude [6],

- Nguén dit liéu mo y t& (OpenFDA, PubChem,
DrugBank) va cac bao céo 1am sang cong bd [7],

- C4c hd so bénh én.

MJi ban ghi dit liéu bao gdm cac truong: tén thudc,
hoat chét, li¢u dung, duong ding, nhém bénh nhan
(tudi, gidi, tinh trang bénh nén), biéu hién ADR, va
mirc 46 nghiém trong. Tong sé mau di liéu udce tinh tir
50 000-100 000 ban ghi, du 16n dé huan luyén mo hinh
hoc may c6 tinh tong quat cao.

2.3 Tién xtr Iy va gan nhén dir liéu

Trude khi dua vao huan luyén, dit li¢u dugc lam sach
va chuén hoa qua cac budc:

- Loai bé dir liéu trung 1ap hoac thiéu thong tin quan trong;
- Chuan hoa tén thudc va hoat chét theo danh muc ATCC
(Anatomical therapeutic chemical classification);

- M hoéa cac bién dinh tinh (vi du: gi6i tinh, nhoém
bénh) bang ky thuit one-hot encoding;

- Chuyén d6i cac bién ADR thanh nhan nhi phén (1: c6
tac dung phu / 0: khong co).

Bao gé)m lam sach dit liéu, ma hoa bién dinh tinh (one-
hot encoding), va gin nhin nhj phan cho bién ADR (1:
c6 ADR, 0: khong c6 ADR) [9].

2.4 Mb hinh hoc méy va huén luyén

Céc mo hinh sir dung gdbm Random Forest, SVM, Gradient
Boosting (XGBoost, LightGBM) va Neural Network [1, 4,
10]. Huan luyén dugc thyc hién voéi ky thuat cross-
validation (k-fold) nham dam bao do tin cy [8].
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Cac mo hinh:

- Random Forest (RF) — phut hop vai dit liéu ¢6 nhiéu
bién khong tuyén tinh;

- Support Vector Machine (SVM) — t6i wu ranh gi6i
phan loai ADR;

- Gradient Boosting (XGBoost, LightGBM) — tang
cuong do chinh xac thong qua hoc tang cuong;

- Neural Network (NN) — mé hinh hoc sdu véi nhiéu
tang an, gitp phat hién cac mau phirc tap trong dir lidu.
Tap dir liéu dugc chia thanh tip hudn luyén (70 %) va
tap kiém thir (30 %). Qua trinh hudn luyén sir dung k¥
thuat cross-validation (k-fold) dé dam bao do tin cay va
han ché overfitting [8].

2.5 Tiéu chi danh gia mo6 hinh

Hiéu nang dugc danh gia qua Accuracy, Precision,
Recall, F1-Score va AUC-ROC [4, 9]. Ngoai ra, st
dung phén tich ma tran nham 13n va feature importance
dé xac dinh yéu td anh huéng manh dén ADR. Bang 1
trinh bay ¥ nghia ctia cac chi s6 danh gia duoc sir dung,
gitip doc gia lién nganh hiéu 13 vai trd cta ting thudc
do trong bai toan phat hién tac dung phu cuia thude.
Bang 1 Y nghia cic chi s danh gi4 hiéu ning mo hinh
hoc may
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Ngoai ra, nghién ctru con str dung phan tich ma tran
nham 13n (confusion matrix) va biéu dd dic trung quan
trong (feature importance) dé xac dinh cac yéu t thude
—bénh — bénh nhan anh hudng manh nhét dén kha ning
xudt hién tac dung phu. Dé tang kha ning giai thich cua
mo hinh, nghién ctru tién hanh phéan tich mic d6 quan
trong cuia cac ddc trung dau vio.

3u dira v n oA y Nham 1 vong tc
' ATl e - thode

Hinh 1 Céc dic trung quan trong anh hudng dén
kha nang xuat hién ADR

Tién i I

va chudn
hoa dir liéu

Hinh 1 cho thiy cac dic trung lién quan dén liéu ding,
tudi bénh nhan va sir dung thude déng thoi ¢c6 mice do anh
huong cao nhét dén kha ning xuat hién ADR. Két qua nay
phu hop véi thuc tién 1am sang va cac béo cdo trong y vin,
qua d6 cting cd tinh tin cdy ciia md hinh dé xuat.

Bang 2 Ma trdn nham 1an cia mo hinh Neural Network

Ma tran nham lin (Confusion matrix)
Thue té /Du doan Co6 ADR | Khong ADR
Co ADR 270 30

Khoéng ADR 50 650

Bang 2 cho thay, mé hinh Neural Network phét hién
hiéu qua cac truong hop c6 ADR, véi ty 18 bo sot thap.
Diéu nay dic biét quan trong trong giam sat an toan
thudc, noi viéc phat hién sém ADR c6 ¥ nghia quyét
dinh trong giam thiéu nguy co cho bénh nhén.

2.6 Kién trtic hé théng va quy trinh k¥ thuat

Quy trinh gém 5 giai doan: (1) Thu thap dit liéu tir Cuc
Quan 1y Duogc Viét Nam vé phéan tng c6 hai cua thude,
FAERS, DrugBank, hd so bénh an, (2) Tién xtr ly va
chuan hoa, (3) Huan luyén mé hinh ML, (4) Panh gia
va chon mé hinh t6i wu va (5) Tich hop mé hinh vao hé
thdng canh bio ADR ty dong [5, 13].

Tich hop

mo hirth vao
hé théng

Hinh 2 Quy trinh huén luyén va danh gia mé hinh hoc may

Mo hinh hé thong dé xuat c6 thé van hanh theo co ché hybrid gitra Al + Blockchain, gitip minh bach va truy xuat

nguén dit liéu ADRs [13]. Céc két qua du bao dugc cap nhat lién tuc, hd tro ra quyét dinh dugc 1am sang chinh xac

va nhanh chong.
3 Két qua

3.1 Két qua md phong va so sanh mo hinh

Bang 3 So anh hi¢u nang cadc md hinh hoc may trong phat hi¢n ADR

Mb hinh Tinh ding din Po chifll.l Xéc Thu hoi Piém F1 AUC.ROC
(Accuracy) (%) (Precision) (Recall) (F1-score)
Random Forest 91,0 0,87 0,88 0,86 0,93
SVM 82,1 0,81 0,79 0,80 0,88
Gradient Boosting 93,0 0,90 0,90 0,89 0,95
Neural Network 94,8 0,93 0,92 0,92 0,96

Sau khi huan luyén va danh gid trén tap dir liu thir
nghiém, cac mo hinh hoc may cho thiy hiéu qua khac
nhau trong phat hién tac dung phu tiém an (ADRs). Két
qua thuc nghiém cho thy:

- Gradient Boosting (LightGBM) dat d¢ chinh xac
trung binh 93 %, F1-Score 0,89, va AUC-ROC = 0,95,
ching minh kha ning phan biét tdt giita cac truong hop
c6 va khong c6 ADR [4, 9].

w Dai hoc Nguyén T4t Thanh



- Neural Network (NN) dat AUC-ROC = 0,96, thé hién
kha niang nhan dién cic mau phi tuyén tinh phuc tap,
dac biét khi két hop cac bién dugc dong hoc va dac
diém bénh nhén.

- Random Forest cho két qua on dinh véi dd chinh xéc
91 %, nhung thoi gian huin luyén nhanh hon, thich hop
cho céc hé thdng canh bao thoi gian thuc [1].

- SVM c¢6 d6 chinh xac thdp hon (khoang 82 %), do
gidi han khi xur 1y tap dit liéu 16n va nhiéu chiéu [8].
Bang 2 cho thiy Neural Network va Gradient Boosting
dat hi¢u nang vuot trdi thé hién hiéu nang vuot troi so
v6i cac thuat toan khac, dong thoi duy tri kha nang tong
quat tot khi ap dung véi dit liéu tir nhiéu ngudn.

3.2 Phan tich dic trung va yéu t6 anh hudéng

Phan tich tdm quan trong cia tinh ning (feature
importance) cho thy cac yéu td co anh hudng manh
nhat d&én kha ning xuét hién ADR bao gom [7, 10]:

- Liu dung va thoi gian st dung thude (dic biét & nhoém
thudc khang sinh, chdng viém, va tim mach);

- Pic diém bénh nhan nhu tudi cao, da bénh nén, va
dung nhiéu thudc cing luc (polypharmacy);

- Tuong tac thude-thude (Drug-Drug Interactions), dic
biét & nhom thudc anh hudng dén enzym chuyén hoa
gan (CYP450).

Céc yéu t6 nay phan anh dang thyc té 1am sang va phu
hop véi cac bao cao qudc té, cho thay do tin cdy ciia md
hinh trong viéc phan dnh co ché ADR thyc té.

3.3 Y nghia khoa hoc va thuc tién

Hoc may gitip ting toc do phat hién ADRs, giam chi
phi va nang cao nang lyc quan ly dugc [5, 8].

Két qua nghién ciru khing dinh ring hoc may c6 thé
dong vai tro trung tdm trong cong tac giam sat an toan
thudc hién dai. So v6i phuong phép thong ké truyén
théng von phu thudc vao bao cdo ty nguyén, mé hinh
ML c6 kha nang:

- Phan tich dit liéu 16n trong thdi gian ngén, phat hién
céc tin hiéu ADR tiém an ma con ngudi khé nhan thay;
- Du bdo sém nguy co ADR, gitip bac si va dugc si co
thé didu chinh phac dd diéu trj kip thoi;

- Giam chi phi va thoi gian xir ly bao cdo ADR, ting
tinh chu dong trong quan ly dugc.

Trong bdi canh chuyén dbi s6 nganh Duoc Viét Nam,
viéc ap dung hoc méy trong phat hién tac dung phu tiém
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4n mang lai gia tri to 16n, dac biét khi dugc tich hop
vao hé théng co so dur liéu duoc quéc gia hodc bénh
vién théng minh. Tuy nhién, nghién ctru cling nhan thy
mot s6 thach thire nhu chat luong dir liéu khong dong
nhat, thiéu chuin héa dinh dang, va han ché vé nhan
luc chuyén moén trong linh vuc phan tich dit liéu y sinh.
Do d6, can c6 sy hop tac lién nganh giita chuyén gia
dugc hoc, cong nghé thong tin va quan 1y y té dé dam
bao tinh chinh xac, bao mat va kha nang g dung thuc
té clia cac mo hinh hoc may trong giam sat ADRs.

3.4 So sanh véi cac nghién cilru trudc

Khi so sanh véi cac nghién ctru [4, 5], mo6 hinh trong
nghién ctru nay da dat AUC cao hon (0,96 so voi 0,93).
Két qua ciing twong ddng voi nghién ciru [8], ching
minh ML c6 thé thay thé din cac phuong phap thong
ké trong canh giac dugc pham (pharmacovigilance).
So véi cac nghién ctru Viét Nam, d¢ chinh x4c cia mo
hinh ting (5-7) % nho cai tién tién xir 1y va st dung di
lidu da ngudn [6, 11, 12].

3.5 Ung dung thyc tién va kha ning trién khai

Heé théng phat hién ADR c6 thé trién khai ¢ ba cap do:
1) Co sd 'y té, hd tro bac si ké don an toan;

2) Cuc Quén 1y Dugc, giam sat toan quéc;

3) Cong nghiép Dugc, phat hién ADR trong thir nghiém
lam sang [5, 11].

Thach thuc 16n gf”)m tinh toan ven dir li€u, bao mat
thong tin bénh nhan, va thiéu nhan luc chuyén mon Al
trong y hoc [9, 13]. Giai phap la xay dung hé sinh thai
hop tac lién nganh Dugc — CNTT — Y hoc [12].

4 Két luan

Nghién ctru nay khang dinh mé hinh hoc may c6 tiém
nang to 16n trong viéc phat hién va dyu bao tac dung phu
tiém 4n cta thudc (Adverse Drug Reactions — ADRs),
gop phan nang cao hiéu qua cua hé thong giam sat an
toan thude. Cac két qua mo phong cho thay cac mo hinh
nhu Neural Network va Gradient Boosting dat hi€u
nang cao nhit, v6i do chinh x4c va kha ning phén biét
vuot trdi so voi phuong phép thong ké truyén thong.
Diéu nay chimg t6 kha ning ctia hoc may trong viéc xir
1y dir liéu y té phirc tap, da chidu va phi tuyén tinh, dong
thoi tu dong nhan dién cac mau nguy co ADR mot cach
nhanh chong va tin cay.
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Bén canh gia tri cong nghé€, nghién ctru con nhan manh
¥ nghia xa hoi va y té cong dong: giup giam thiéu nguy
co bat lgi cho bénh nhan, t6i vu hoa quyét dinh ké don
va theo ddi diéu tri, cling nhu ting cudng ning luyc quan
1y duoc qudc gia trong bdi canh s6 hoa.

Nhu vay, viéc timg dung hoc may khong chi gop phan
nang cao an toan trong str dung thude, ma con 1a budc
tién quan trong trong chuyén do6i sé nganh Duoc Viét
Nam, huéng dén hé thdng y té théng minh, chii dong
va bén viing.

M0 hinh hoc méy khéng chi mang lai gia tri cong nghé
ma con déng gop hoc thuat — xa hoi sau sic. Viée két

Tai liéu tham khao

hop ML véi dit liéu y té 16n tao nén cong cu canh bao
som ADRs déang tin cdy, gitip giam ty 1¢ tai bién y khoa
va chi phi diéu tri. Trong ky nguyén chuyén déi sd, tng
dung hoc may trong pharmacovigilance sé& 1 nén tang
choy té thong minh, gop phén hién thuc hdéa muc tiéu
“Strc khoe s6 toan dan” tai Viét Nam.
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Applying Machine Learning Models in Detecting Potential Adverse Drug Reactions
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Abstract This study evaluated the applicability of Machine Learning models in detecting and predicting potential
adverse drug reactions (ADRs) based on clinical and post-marketing data. The primary objective was to propose
an automated predictive model that enhanced the efficiency of pharmacovigilance and supported decision-making
in the development, authorization, and safe use of pharmaceuticals. Data were collected from ADR reporting
systems, open medical databases, and reputable pharmacological sources. The collected data were subsequently
preprocessed, labeled, and standardized before being fed into various machine learning models. These models were
compared using performance metrics such as accuracy, recall, and the area under the curve (AUC) to identify the
most effective approach for ADR detection. The results demonstrated that machine learning models were capable
of early ADR detection with high accuracy and significantly outperformed traditional statistical methods. The
proposed system showed strong potentials for integration into national pharmaceutical databases for automated
warnings of ADR risks, thereby improving drug safety and optimizing clinical pharmaceutical management.

Keywords Machine learning, pharmacovigilance, adverse drug reaction detection, drug safety surveillance, clinical
and Post-marketing Data.
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