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ABSTRACT

Objectives: To evaluate the efficiency of artificial intelligence (Al) software version 1.2.1
(combining YOLOv7 and ResNet50 algorithms) in assisting the diagnosis, early detection,
localization, and classification of breast cancer lesions on mammograms at Nghe An Oncology
Hospital.

Methods: The study was conducted on 400 DICOM-format mammograms from 200 retrospective
patients (from March 2024 to August 2024) and 200 prospective patients (from September 2024 to
December2024). The YOLOv7 model was utilized for lesion detection, while ResNet50 was applied
for the detailed classification of masses and microcalcifications. The Al diagnostic results were
compared against the histopathological gold standard.

Results: In the retrospective phase, the software achieved an accuracy of 94% (188/200 cases)
and 100% sensitivity for malignant cases (166/166 cases). In the prospective phase, accuracy
reached 91% (182/200 cases) while maintaining 100% sensitivity by correctly identifying all 10
malignant cases, with no critical lesions missed. The inference speed reached 3.6 ms/image.

Conclusion: The Al software operates stably, demonstrates high sensitivity, and integrates
seamlessly with the PACS system, providing highly effective support for the early detection and
screening of breast cancer in clinical practice.

Keywords: Breast cancer; Artificial intelligence; Computer vision; YOLOv7; ResNet50;
Mammography.
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TOM TAT

Muc tiéu: Banh gia hiéu qua ciia phan mém tri tué nhan tao (Al) phién ban 1.2.1 (két hgp thuat toan
YOLOvV7 va ResNet50) trong ho trg chan doan, phét hién, khoanh ving va phan loai s6m tén thuong
ung thu va trén phim nhd anh tai Bénh vién Ung budu Nghé An.

Déi twong, phuong phap nghién ciru: Nghién ctru trén 400 anh nhii anh dinh dang DICOM cuia 200
bé&nh nhan hoi clru (tir 03/2024 dén 08/2024) va 200 bénh nhéan tién ctru (tr 09/2024 dén 12/2024).
M6 hinh YOLOV7 dé phat hién ton thuong, ResNet50 dé phan loai chi ti€t khdi u va vi voi hda. Két
qua cuia Al dugc déi chiéu vdi tiéu chuén vang |4 gidi phau bénh.

K&t qua: Trong giai doan hoi cltu, d6 chinh xac dat 94% (188/200 ca), do nhay 100% vdi cac truong
hgp 4c tinh (166/166 ca). Trong giai doan ti€n clru, dé chinh xac dat 91% (182/200 ca), dong thai
duy tri d& nhay 100% khi nhan dién ding toan bd 10 ca 4c tinh, khéng bd sét tén thuong nguy hiém.
T6c do suy luédn dat 3,6 ms/anh.

K&t luan: Phan mém Al van hanh 8n dinh, cé dé nhay cao, tich hop t8t v&i hé théng PACS, hd trg

hiéu qua trong phat hién va sang loc sém ung thu vu trén ldm sang.
Tir khéa: Ung thu va; Tri tué nhan tao; Thi gidc may tinh; YOLOv7; ResNet50; Nh{ anh.

1. DAT VAN BE

Ung thu va hién & mot trong nhitng thach thic y té€
nghiém trong nhat trén toan cau, ding hang dau vé ty 1&
mac va tir vong & phu nl. Theo s liéu tir T6 chirc Y t& Thé
gigi (WHO), moi nam thé gidi ghi nhan hon 2,3 triéu ca
ma&c mdi va gan 700.000 ca tur vong. Tai Viét Nam, tinh
hinh clng dang bao déng khi moi nam cé trén 24.000 ca
mac méi va khoang 10.000 ca tlrvong[1]. Diéu nguy hai la
gan 45% s6 ca mac tai nudc ta dugc phat hién dglal doan
muén hodc da di can, lam giam dang ké hiéu qua diéu tri
va tang ganh nang tai chinh [2].

Phat hién sdm dugc xem la chia khda then chot gitip nang
ty & chira khdiva s6ng con sau 5 nam lén gan 100%. Méc
du chup X-quang tuyén va (nhi anh) la phuong phap tam
soat pho bién va hiéu qua nhat hién nay, viéc phan tich
hinh anh th( céng van gap nhiéu han ché. Do chinh xac
phu thudc l&n vao trinh dé, kinh nghiém cla béac si va
thuc t€ ldm sang cho thay céc chuyén gia c6 thé bo sét
t6i 30% tén thuong do mé v qué day hoac ap luc cong
viéc qua tai tai cac bénh vién tuyén dau [3].

Bénhvién Ungbudu Nghé An la co sd diéu tri chuyénkhoa
ung thu tuy&n cudi clia khu vuyc Bac Trung Bd, mbi ngay
tiép nhan trung binh khoang 1.000 bénh nhan. Trudc thuc
trang nhu cau tAm soét tadng cao va hé thdng may méc
chup nhi anh déi lWic gap qué tai hoac hu hdng, viéc ing
dung céc cong nghé tién tién nhu Tri tué nhan tao (Al) va
Thi gidc may tinh & v6 clung cap thiét. Nghién clu nay
dugc tién hanh nham muc tiéu xay dung, thir nghiém lam

*Tac gia lién hé

sang va danh gia phan mém Al hé trg bac si chan doan
hinh anh phat hién s6m tén thuong v, nang cao dé chinh
xac, giam thiéu sai sét chd quan va t6i wu héa quy trinh
khéam chira bénh tai vién.

2. DOI TUQONG VA PHU'ONG PHAP NGHIEN CU'U

2.1. Thiét ké nghién ciru

Nghién cttu mé ta cit ngang, két hgp ca hai phuong phap
ho6i clru va tién clru ldm sang qua qua trinh ing dung thir
nghiém hé théng hoc sau (deep learning) hai giai doan
trén phim chup nhi anh.

2.2. Pia diém va thai gian nghién ciru

- Dia diém: Khoa Chan doan hinh anh —Bénh vién Ung
budu Nghé An.

- Thai gian: Thu thap va th& nghiém ti thang 3/2024

dén thang 12/2024 (trong d6 giai doan hodi cliu tir thang
3/2024 dén thang 8/2024; giai doan ti€n clu tir thang
9/2024 dén thang 12/2024).
2.3. Ddi twgng nghién ciru: Hinh anh chup X-quang
tuyén vu (nhG anh) hai bén (vu trai va va phai) dat
tiéu chuan dinh dang quéc té DICOM, dugc trich
Xuét truc ti€p tr hé théng luu trlr va truyén tai hinh
anh PACS (MINERVA) cua Bénh vién Ung budu Nghé
An trén cac may chup ky thuat sé hién dai bao gom
Hologic Selenia Dimensions va Siemens Mammomat
Inspiration.
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2.4. C& mau, chon mau
Téng s8 mau chon loc vao nghién ctiu thyc t& gom 400 ca
bénh dugc chia thanh hai nhém déc lap:

- Nhém hoi cttu: 200 ca bénh c6 day dd ho so phim
nhi anh va két qua giai phau bénh ré rang tirthang 3/2024
dén thang 8/2024.

- Nhom tién clru lam sang: 200 ca bénh thu thap theo

thdi gian thurc tir thang 9/2024 dén thang 12/2024 c6 déi
chiéu giai phau bénh lam tiéu chuén ching thuc.
Pé dam bao tinh khach quan va kiém soat tuyét déi hién
tuong ro ri dir liéu (data leakage) quy trinh phan chia tap
huan luyén (7.000 anh) va mau nghlen curu lam sang (400
bénh nhan) dugc tuan tht theo cac nguyén tac doc lap
sau:

- Phan chia & mic do ngudi bénh (Patient-level split):
Toan bd quy trinh tach tap dir liéu (Huan luyén / Kiém dinh
/Panh gid) dugc thuc hién triét dé & mirc dé ngudi bénh,
tuyét déi khong phan chia theo tiing tdm anh rdi rac. Diéu
nay bao dam tat ca hinh anh nhi anh (tu thé CC, MLO
cla vu trai va vu phai) thudc vé cung mot bénh nhan chi
nam duy nh&t trong mot tap drliéu, loaibd hoantoan kha
nang giao thoa dit liéu va ngan chéan tuyét doi hién tugng
ro ri dir liéu (data leakage) gitta khau huén luyén va khau
kiém thir lAm sang.

- CO s@ dir liéu Hudn luyén va Kiém dinh ndi bd
(Training & Validation Set): Bao gobm 7.000 anh gan nhéan
(1.000 anh binh thudng, 3.000 &nh u lanh, 3.000 anh u
ac). Nguon dirliéu dugc tich hgp tirngudn quéc té (DDSM
~10%, CBIS-DDSM ~5%, INbreast ~5%) k&t hgp véi dir
liéu nodi vién thu thap trudc méc thai gian danh gia lam
sang (~80%). Tap dir liéu nay chi phuc vu, huén luyén va
kiém dinh chéo 10-fold cross-validation dé t8i vu hoa md
hinh.

- Tap dir lieu Panh gia lam sang doc lap (Clinical
Evaluation Test Set): G6m 400 bénh nhan thu théap tir
thang 03/2024 dén 12/2024. Tap nay hoan toan déc lap,
khong chira bat ky bénh nhan hay hinh anh nao thuéc
tap huén luyén 7.000 anh trudc do, dugc chia thanh hai
nhém:

+ Nhém hoi cliru: 200 bénh nhan cé day du ho
sd phim nha anh va két qua déi chiéu giai phau bénh thu
thap tir thang 3/2024 dén thang 8/2024.

+ Nhém tién ctru ldm sang: 200 bénh nhan dugc
thuthapvathirnghiémtheothdigianthuctirthang9/2024
dén thang 12/2024, dugc mo hinh Al suy luan chan doan
va déi chiéu doc lap véi tiéu chuln gidi phau bénh.

2.5. Bién s, chi s va ndi dung nghién ciru

- Chi s6 hiéu nang mé hinh trén tap kiém thi: D6 chinh
xac trung binh (mMAP@0.5), D6 chinh xac dy doan dung
(Precision), Ty & tim lai (Recall) va t6¢c do suy luan (ms/
anh).

- Chi s8 danh gia gia tri chdn doéan trén thuc té lam
sang: B0 nhay (Sen3|t|V|ty) Po dac hiéu (SpeC|f|C|ty) bo
chinh xac (Accuracy), s6 ca du’dng tinh gia va am tinh gia
khi d8i chiéu véi tiéu chuan giai phau bénh.

2.6. Ky thuat, cong cu va quy trinh thu thap sé liéu

- Chudn bj dir lieu va Déanh giad doéng thuan
(Inter-observer Agreement):

+Tién xtr ly: Anh DICOM dugc chuyén sang JPG,
chuén hoéa vé kich thudc 640x640 pixels va ap dung cac
ky thuédttdng cuong di¥ liéu (lat, xoay géc nhd, chinh sang/
tuwong phan, thém nhiéu Gaussian).

+ Quy trinh doc mu & Trinh dd ngudi doc: Gan
nhan thi cong theo dinh dang YOLO dugc thuc hién theo
co ché doc mu kép (double-blinded) badi 02 bac si Chan
doan hinh anh (>10 ndm kinh nghiém), hoan toan mu

théng tin ldm sang va giai phau bénh.

+ Chi s6 dong thuén: D6 déng thuan lién chu thé
dat murc t6t dén rat t6t, danh gia dinh lugng qua chi sé
Cohen’s Kappa (Kappa = 0,84 cho phan loai u lanh/u ac;
Kappa = 0,78 cho vi tri bounding box).

+ Giai quyét bat dong: Cac ca bat dong y kién
dugce chdt nhan chuén (ground-truth) bdi chuyén gia tha
ba (>15 ndm kinh nghiém) thong qua d6i chiéu tryc tiép
vdi tiéu chuan vang giai phau bénh.

- Kién tric Al két hgp 2 giai doan:

+ Giai doan 1 (Phat hién - Detection): SI dung
mang YOLOV7 quét toan bd anh nhi anh chuén héa kich
thudc 640x640 pixels dé tu dong khoanh vung ton thuong
bang khung bao (bounding box) theo nhan dinh dang:
[class, X s Voomer Width, height] [4]. M6 hinh dugc huén
luyén trén 7.000 anh gan nhan (1.000 anh binh thudng,
3.000 anh u lanh, 3.000 anh u &c).

+ Giai doan 2 (Phan loai - Classification): Vung
nghi ngd dugc cat (crop) vé kich thudc 224x224 pixels
dua vao mang ResNet50 dé phan loai sau [4]. ResNet50
huén luyén trén 4.000 anh tén thuong (2.000 anh véi hoda
va 2.000 anh khaoi u) vdi Batch size = 64, Epoch = 50, tich
hgp cd ché Early stopping va kiém dinh chéo 10-fold
cross-validation.

- Céac thuat toan thi gidc may tinh bé trg: Phan mém
lap trinh tich hgp thuét toan x& ly anh truc ti€p géom:
Lam nét bién (Sharpening), nang cap tuong phan cuc bd
(CLAHE), tim duong vién bo tua gai (Sobel edges,
Laplacian of Gaussian), loc kh(* nhiéu (Bilateral filter), va
tinh ndng do lwdng hinh hoc nang cao (khoang cach thuc
té, goc xam lan) dya trén metadata anh DICOM [5].

2.7. Xtr ly va phan tich sé liéu

M6 hinh dugc hudn luyén trén moi trudng Google
Colab st dung GPU NVIDIA RTX 4090 (24GB VRAM,
RAM 128GB). Ung dung trién khai thuc t€ dong goi chay
trén Windows (BCD.exe), lp trinh bang Python 3.10 va
framework giao dién Qt5. S liéu thong ké dugc tinh toan,
d6i chiéu ty & phan tram céc chi sé dé nhay, do dac hiéu
va do chinh xac.

2.8. Pao durc nghién ctru

Nghién ctru da dugc théng qua Hoi dong khoa hoc bénh
vién Ung budu Nghé An theo gidy ching nhan sé 10/
CN-HDBDD ngay 22/12/2023. Nghién clru tuan thd nghiém
ngét cac nguyén tic dao dirc trongy hocva bao matthong
tin ngudi bénh. Phan mém ho trg co ché bao mat cao
bang mat khdu quan tri két hgp xac thuc ma OTP 6 chit s6
(Google Authenticator). Cac hinh anh DICOM trich xu&t
hoan toan phuc vu muc dich nghién cru khoa hoc, khéong
anh hudng dén quy trinh kham chira bénh hay gay tén hai
cho bénh nhan.

3. KET QUA NGHIEN cU'U

3.1. Hiéu nang ly thuyé&t ciia mé hinh Al trén tap kiém thor
Panh gia céc chi sb t6i wu hda trén tap xac thuc cho thay
md hinh phat hién t8n thuong dat chi s6 mAP@0.5 téng
thé la 0,909 (ldp u lanh dat 0,965 va ldp u ac dat 0,853).
B0 chinh xac dv doan dung (Precision) dat 0,93; ty & tim
s6t tén thuang thuc té (Recall) dat 0,85. Téc d6 suy luan
tinh toan trén phan cing dat mic cuc nhanh: 3,6 ms cho
moi anh nha anh kich thudc 640x640 pixels.

3.2. Két qua thir nghiém trén dir liéu 200 bénh nhén
héi ctiru

K&t qua déi chi€u chdn doan cua phan mém Al trén
tap 200 bénh nhan hoéi ctu (tUr thang 3/2024 dén thang
8/2024) so vdi tiéu chuén gidi phau bénh dugc téng hop
taiBang 1va 2:
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Bang 1. K&t qua phan mém Al so véi gidi phau bénh

Bang chirng
giai phau bénh .
Tong
Ung Khong phai
thw ung thw
’ Ung thu 166 12 178
Két luan
b&i Al | Khong phai
Ung thur 0 22 22
Téng 166 34 200

Bang 2. Gia tri chan doan ctia phan mém Al
trén nhém bénh nhén héi ciru

s X s Két Ghi cha twr R
Chi s6 danh qua dat | thuc té nghién thangotln
gia ldm sang duoc cttu céy 95%

. Khéng bo sot 0

Do nhay 100% caungthuw 97’8({0 )
(Sensitivity) (166/166) 100%
bo déghiéu 64.7% 12 ca du_’qng 48,7% -
pecificity inh gia ,8%

(S ficity) ’ tinh g 80,8%
B chinh xac 94% Hung 188/200 90,7% -
(Accuracy) ca 97,3%

3.3. K&t qua thir nghiém ldm sang trén 200 bénh nhéan
tién ciru
Sau khi hoan thién qua gop y tir cac chuyén gia, hé théng
dugc duavao chay thir nghiém tién clru truc ti€p trén 200
ca bénh thuc té (tirthang 9/2024 dén thang 12/2024). K&t
qué dugc thé hién tai Bang 3 va 4:

Bang 3. K&t qua phan mém Al so véi gidi phau bénh

Bang chirng giai | Téng
phau bénh
Ung | Khéng phai
thv | ungthw
Két Ung thu 10 18 28
luén R »
bai Al | Khong phaiungthu | 0 172 172
Tong 10 190 200

Bang 4. Gia tri chan doan cuia phan mém Al
trén nhém bénh nhéan tié€n ciru

Chisd Két Ghi chu chi , .
danhgia |quadat| tiéttrdy | (Doanglin
lam sang dugc | liéu ti€n clru Ay 9970

R Khong b sot

(Szgsrmfj‘}t’ )| 100% | caungthu | 69,2%-100%

Y (10/10)

P06 dac hiéu 18 ca duong

(Specificity) 90,5% tinh gia 86,4% - 94,7%
bg Pung 182/200

chinh xac 91% ca 87% - 95%
(Accuracy)

MOt s6 case bénh tiéu biéu dugc phan mém chan doan
trong nghién clu ti€n ctu dugc trinh bay dudi day:
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1/1]: 1 Malignant Mass

4. BAN LUAN

K&t qua thir nghiém qua hai giai doan hoi citu va tién ctiu
cho thdy phan mém Al thé hién tinh nang hd trg chéan
dodn rat hira hen trén tap di liéu nghién clu, dac biét la
dd nhay dat mic 100% trong viéc nhén dién cac trudng
hop &c tinh. Trén c& mau va thiét k& nghién ctru hién tai,
viéc thuat toan YOLOv7 két hgp ResNet50 nhan dién
dugc toan bo céc ca ung thu l& mot tin hiéu kha quan,
cho thay tiém nang &ng dung clia hé thong trong viéc ho
trg bac si giam thiéu rdi ro bd soét t8n thuong nguy hiém.
Trong chién lugc tam soét ung thu vi céng dong, phan
mém cé doé nhay cao la mot céng cu ho tro sang loc ban
dau hltuich, giup tang cudng kha nang phat hién sém cac
bat thudng cau tric nhu md ngay tir giai doan sém. Tuy
nhién, dé cé thé khang dinh tuyét déi hiéu nang va dé én
dinh ctia hé théng trude khi ('ng dung rong rai, can tiép tuc
thuc hién cac nghién ctru kiém dinh trén ¢& mau Lén hon
va trién khai danh gia da trung tam.

Mac du do dac hiéu 64,7% trong nghién cltu héi clru sau
do dat 90,5% trong nghién clu tién clru do phan mém
dugc tinh chinh sau giai doan hoi c(tu tuy nhién xuét hién
mot s6 ca duang tinh gia (12 ca & hoi clru va 18 ca & tién
cttu), dieu nay dugc giai thich la do nhém nghién ctru chu
dong thiét lap ngudng tu tin (confidence threshold) cla
mo hinh & mlc an toan cao. Cac tdn thuang lanh tinh
nhung co hinh thai phic tap hoéc nam trong vung mé vu
mat do cao (dense breast) dé khién Al dua ra canh béo
qué murc. Tuy nhién, nhuge diém nay khéng gay nguy hai
dén an toan clia bénh nhan, bdi vi sau khi Al phat hién va
khoanh vung, bac sichan doén hinh anh chuyén khoa sé
luén la ngudi duyét lai cubi cung, thuc hién siéu &m, MR
hoac chi dinh sinh thiét dé loai bé cac trudng hop duong
tinh gia.

V& mattién ich van hanh, phan mém nhan dugc phan hoi
rat tich cuc tir déi ngli 20 bac siva ky thuat vién tham gia
tap huén. Kha nang két ndi tryc ti€p véi PACS (MINERVA)
cho phép 8y di liéu anh DICOM g8c mot cach bado mat,
tyw dong trich xuét day du thong tin metadata bénh nhan
(ho tén, tudi, ngay chup, loai may) ma khéng can qua céc
khau chuyén ddi thu cong phirc tap. Céc thuéat todn xir ly
anh nang cao nhu CLAHE hay Sobel edges giup lam ro
ranh gidi cac khadi u c6 bd tua gai xadm lan, tang cudng do
tu tin cho bac si khi dua ra két ludn phan loai BI-RADS,
dac biét co gia tri ho tro rat l&n doi vdi cac bac si tré tai
cosdy té.
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Han ché& cua nghién ctu va huéng khic phuc: Han ché
hién tai ctia hé théng (phién ban 1.2.1) la mo6 hinh mdi
chi phan tich déc lap trén phim nhi anh, chua tich hop
chén doan da phuang thirc (nhu siéu &m hay MRI). Bén
canh do, hé théng chua cé tinh nang ty déng déi chiéu
vGi phim chup cli cGia cung b&nh nhan dé danh gia dong
hoc tién trién khéi u.

Trong thoi gian t&i, can dé xuét trién khai 'ng dung phan
mém thudng quy tai Bénh vién Ung budu Nghé An, déng
thoi nhan rong mo hinh dén cac bénh vién tuyén dudi trén
dia ban tinh nhdm nang cao nang luc sang loc sém tai
c0o sd. Viéc duy tri va cdp ngudn kinh phi bao tri hé théng
& can thiét dé nhom cong nghé phd&i hgp cung y bac si
ti€n hanh tai huén luyén (re-training) mo hinh Al dinh ky,
giup thuat toan lién tuc nang cao do chinh xac theo thaoi
gian. Dinh hudng tuong lai can tap trung nghién cu ma
rong moé hinh theo huéng chan doan da phuong thic
(multimodal) va bé sung céac ky thuat giai thich md hinh
minh bach (Explainable Al - XAl nhu Grad-CAM) dé giup
béac si hiéu ré ca ché phan tich truc quan ctia may, cung
¢6 niém tin khoa hoc trong thuc hanh y khoa.

5. KET LUAN

Nghién ctru da ng dung thanh céng phan mém tri tué
nhan tao hd trg chdn doan hinh anh ung thu vu dua
trén sy phdi hgp cha hai kién tric hoc sdu YOLOvV7 va
ResNet50 tai BEnh vién Ung budu Nghé An. Qua trinh
chay thir nghiém ldm sang qua ca hai giai doan hdi cltu
va tién clfu chirng minh phan mém van hanh rat 6n dinh,
dattoc do suy luan xtrly cao va mang lai hiéu qua vugt troi
vGi d6 nhay phat hién tén thuong 4c tinh tuyét ddi, khong
xay ra tinh trang bo sét khdi u nguy hiém, déng thai duy
tri d6 chinh xac téng thé & mic rat cao. Phan mém da dat
do hoanthién cao vé méat thuat toan clng nhu chirc nang,
san sang déng vai trd nhu mét trg ly 4o déang tin cdy nhdm
nang cao nang luc chan doan hinh anh va sang loc sém
ung thu vu trong thuyc tien ldm sang tai bénh vién.
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