XAY DYNG MO HINH ML, ANN, GNN &%

VA KET HOP DOCKING PHAN TU

Sang loc cac chat u'c ché thu thé ALK trong
diéu tri bénh ung thu phéi khéng té bao nho

Sinh vién thyc hién: TRINH THE CHUONG
GVHD: PSG. TS. TRUONG NGOC TUYEN

N




NOI DUNG

TONG QUAN
Tong quan NSCLC, NSCLC dang ALK duadng
tinh, ML, ANN, GNN, Docking phan tu

POl TUONG VA PHUONG PHAP

DI lieu xay dung, quy trinh xay dung cac mo
hinh, va sang loc ao

KET QUA VA BAN LUAN
Két qua danh gid cac mo hinh va cac Ung
vién Uc ché ALK tiém nang.

KET LUAN VA BE NGHI



1. TONG QUAN

Téng quan vé ung thu phdi va ung
thu ph&i khong té bao nhd (NSCLC),
NSLC dang ALK duong tinh, cac
thuéc uc ché ALK.

Téng quan cac nghién cuu in silico
ung dung tri tué nhan tao trong
kham pha va thiét ké thudc noi
chung va nhém uc ché ALK noi riéng.




S IS s [=] 354 [m] \
TINH HINH UNG THU PHOI 1

[®] =

Nguc
2261419, 12%

SO LIEU THONG KE

Phégi
2206771, 11%

Ung thu khac

Tt lé tl vong chiém 18% SETRRas. A0%

Tryc trang
Tai Viet Nam, bénh ung thu phd bién thu 2. '

Tuyén tién liet
1414259, 7%

NSCLC chiém 85%.

Da day
C8 ti cung Gan 1089103, 6%

604127, 3% 905677, 5%

NSCLC dang ALK dudng tinh chiém 5%

Uéc tinh s6 ca ung thu méi mac 2020

https.//gco.iarc.fr/today/data/factsheets/populations/900-world-fact-sheets.pdf



] CO CHE BENH SINH

ALK tu nhién ALK dét bién ALK ting cudng

MINTN ]

Mang
té bao | Khong Kich hoat Kich hoat lién tuc Kich hoat
Kich host phuthudcphditd  khong phy thudc phéi tir lién tuc ALK hop nht
phy thudc phéi t
n L o
L] L u
- -~ - Kich hoat lién tuc
5 [ . khong phu thudc phdi tir
u : n *
Kich hoat lign tuc - . - g
khong phu thudc phdi ti a L] o B
ALK o : : . b
bi cit ngén ‘e A \"4 \"4 \"4
T B T T ——_———_— by |
] . ~ e .- A ~ i
; Pudng truyén tin hiéu ha nguon ALK E
A
[ |

Tién trinh chu ky té bao Khad nang séng sé6t Tang truéng Dican Hinh thanh mach mau méi

Takita J. The role of anaplastic lymphoma kinase in pediatric cancers. Cancer science. 2017



Jll CAU TRUC THU THE ALK B

NH2
|

SigP

401

LBD

1620

COOH

S6 thu tu (1, 26, 391,..): vi tri ALK acid amin
SigP: peptit tin hiéu

LBD: ving gan két phéi tu

TM: vang xuyén man

NH2-: dau N

COOH-:dauC

3 Piém hgp nhat ALK

+<— Chat uc ché ALK
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Zhao Z. Anaplastic lymphoma kinase: role in cancer and therapy perspective. Cancer Biology & Therapy

=
-~
-~
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ATP gan vao vung Kinase clia thu thé dé kich hoat qué trinh
phosphoryl hoa. Vung ban (& la noi ATP gan vao. Cac chéit uc
ché ALK bat chuéc cach gan ctia ATP & vung ban |& dé ngan
chin qua trinh phosphoryl héa va su phat trién clia ung thu.

D |

P-loop
aC N-terminal

n2 DFG-motif

lobe
ADP
Hinge ——_ —
C-terminal
lobe

*---------------------------------------------‘
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lll CAC THUGC UC CHE ALK 1)

Crizotinib Ceritinib Alectinib Brigatinib Lorlatinib
Tén thudng mai la Tén thucng mai (3 Tén thuong mai (3 Tén thudng mai (3 Tén thudng mai la
Xalkori®, dugc FDA Zykadia®, dudc Alecensa®, dudc Alunbrig®, dudc Lorbrena®, dudc
chap thuan nam FDA chap thuan FDA chap thuan FDA chap thuan FDA chap thuén
2011 nam 2014 nam 2015 nam 2016 nam 2015



1) SMILES 2) Dau van tay phan to
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3) Hoc déac trwng tir AE
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5) Bo thi phan tw c N
o o I 4) Voxel
5] [ 0
o o b P h
: : ; \\ Acetaminophen i /

Phan loai
Khém phd hinh anh
cdu tric :
) Trich xuat -~ Gilt chan
Nén ® dic trung Phat hién o ® Lhich hang
Jnghia ® gian lan

Gléy EI*E*LEU 0 e chdn doén

Truc quan héa °
dit liéu lén

® Du bdo

HOC HOC

Hgthong Ps g ; i
dé xuat KHONG GIAM SAT CO GIAM SAT ® Dy doan
PHAN CUM y
Tiép thi v T8i wu héa
dich danh ® p quy trinh
)
Phén.doan Hiéu :b-iélt
khach hang moi

HOC
TANG CUONG /‘

Quyét dinh thai gian thyc® / ® pizu huéng robot

Tri tué nhan tao trong tro choi® . @®Thu thép k§ néng

Nhiém vu hoc

HEE EoE

VAI TRO CUA Al TRONG 1'\
THIET KE THUGC

DU DOAN CHAT DU DOAN AI
TIEM NANG LUC GAN KET

Halicin: khang sinh GNINA: docking phan
do Al tim ra tl dung Al

DY DOAN CAU BIEU DIEN CAU
TRUC PROTEIN TRUC PHAN TU

Alphafold: Al dy doan SMILES, dau van
cau truc 3D protein tay ,d6 thi phan ti



Jll CAC THUAT TOAN HOC MAY PHO BIEN 1)

DeClSlon Tree XGBoost
Logistic Gradient
Regression Boosting
THUAT TOAN -
SVM j \_ AdaBoost
HOC MAY
CatBoost
Random Multllayer

forest Perceptron
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Il MANG THAN KINH DO THI (GNN) 1)

LOP XU LY
PO THI

A\
Ny ,,

XSy (N 5% 7
NN NS 2 7 i NS e
X \ ‘/V“

I
SISO SRS KRS Qg
‘.QA KT T EOAKKT AKX <z
LZIRER, M2 7 7N

AL EINE L7 AN
ALK LIALIK LS

VNG N
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MO HINH DOCKING PHAN TU 1)

PROTEIN PHOI TU
Target Ligand Complex ” ‘‘‘‘‘‘‘‘‘
H
H
DOCKING
H

TiNH DIEM
n

H
PHAN TiCH
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ng)
id

e(lhexﬁ'>

.ppototype.ppe
. Y y
hlS'Sildlng)

thiS,Slide(l

TbﬂCtiCn (

} prev')

“arousel..prototype ]
JPE.S1
var $aCtiVe
var $next

ide
this.gelement.find('ﬂ

”Eft this.getlte
thls'intEFVal
type

el iSCYCIing
var direction .
/ar fallback type ’::ii'
var that this

( $nexF.1ength) {
( thls.options.wrap)

] $next this.$element.find('
}

($next.hasclass('active'))

var relatedTarget
var slideEvent

$next[0]

relatedTarget: relatedTarget,
direction: direction

)

thic €alamant +riaaanlclidaFuant)

Junctiop (tvn
\type, noxt

danh gia moé hinh hoc may.

M6 hinh hoc may

Quy trinh xay dung va

$.Event(‘slide.bs.carousel', {

2. DOl TUQONG VA PHUONG
PHAP

Xay dung di lieu huan luyén, di liéu sang loc va
protein dich.

Xay dung cac md hinh hoc may, ANN, GNN,

L 4 )Y

Docking. Phuong phap danh gia va cai thién mé

®o

GNN Docking

Thiét ké c4u truc mang GNN  Docking phan tlr dé danh gia
danh gia mo hinh GNN. hiéu ndng mé hinh Al .

ANN

Thiét ké cdu trdc mang ANN
danh gia md hinh ANN.

13



Jll O sG DU LIEV

ATCC Number: CCL-185
Designation:  A-549

Reaxys
DU LIEU XAY DUNG DU LIEU SANG LOC PROTEIN
26.168 cau truc dugce Cau truc duge nghién cuu Cau truc ALK lién ket véi
nghién cuu trén doc tinh trén dong té bao phdi tu alectinib véi ma
ALK tu thu vién Reaxys. A549 cia ChEMBL ma protein l[a 3AOX.

dinh danh 392.
14



i MO HINH HOC MAY 2

‘IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII...

“
Sy pEEEEEEEEEEEEEEEEEEEEEEEEERS

Danh gia chéo
Kfold
D lieu w6 dif lieu trin XU ly di lieu XU ly ngoai lai Chuén hoa 10 thuat toan hoc Phép kiém théng ke
xay dung ' g bi mat (IQR, LOF) di lieu - may khac nhau Wilcoxon
huén hoa va t6é Tinh toan thong sé i . » _w — . "
thi€u héa ndng mo ta va dau van tay —>[ Chgoqg(;leu = Ta;p kg:\an I-((:\é\ '[Bha - '(I;{;lgkjl;(&inat
lugng phan tu : LY Wi '\‘ ' g Ich gop
200/0 ....llllllllllllllllllllllllllllllllll llllll“"
M6 hinh QSAR hoan chinh ! Xac dinh Danh oid neoai - Lua chon thuat toan téi uu
dung cho sang loc 4o | mién ung dung anh gta ngoa . dua vao Wilcoxon
[ Tinh chinh ) S dit lia
. l situthamssé | Lay mau di lieu
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QuY TRINH PHAN TiCH GOP >

Meta-model

MODEL 1

MODEL 2 Ma tran két qua

MODEL 3
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MODEL 5
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Jll MANG THAN KINH NHAN TAO (ANN)

Smiles
CC(=0O)NC1-=
CC=C(C=C1)0
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Jll MANG THAN KINH PO THI (GNN)

|

Smiles
CC(=0O)NC1-=
CC=C(Cc=C1)0
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Jll MANG THAN KINH PO THI (GNN)

[TTITITITI

Top-K Pooling

Top-K Pooling
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e
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Jll MANG THAN KINH PO THI (GNN)

e [IIIITITT]

B

J node features
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Top-K Pooling
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] edge features
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DAU VAN TAY + PCA + HAM BAO LOI
Uu diém: don gian, tinh toan nhanh.

Nhugc diém: Cé nhiéu khoang tréng trong AD

MIEN UNG DUNG (APPLICABILITY DOMAIN) 2

J

Test_out

L 2

Test_in

Training a

MA TRAN TUONG DONG TANIMOTO +
MDS + HAM BAO LOI
Uu diém: thé hién do tuong dong cla cac chat voi

nhau, khac phuc nhuge diém vung tréng.

Nhugc diém: tinh toan tén nhiéu thai gian. 22



TOI1 UU HOA MO HINH z)

LAY MAU DU LIEU

Phu hop tap di lieu bi mé&t can bang. s M o T E

SMOTE (Synthetic Minority Over-sampling
Technique) la moé-dun cua thu vién HANDLE IMBALANCED DATASET

imbalanced-learn phién ban 0.11.0. Synthetic Minority Oversampling Technique
Hoat dong bang cach tao ra cac mau gia . 0 .
trong |6p thiéu s6 gitp can bang ty lé gida . l:l.. :I.l l.':l: :l.- o l..l: T
cac l6p. © oufgmaul O  giggpul o AL 1L,
0 ..ll::l= %...n::q 0’...-.::-:
bé tai ap dung phuong phap nay cho mé % O UEr ".’..0.0‘0.1' ’:'.00.0 O p"
y ) 0-00-. 000
hinh hoc may. ® "o g0 ®0g00 S0 g000

Original Dataset Generating Samples Resampled Dataset

23



TOI1 UU HOA MO HINH 2

TINH CHiNH SIEU THAM SO I

# / Optuna: A hyperparameter optimization framework

Siéu tham s6 la cac thong s6 cau hinh dugc
dat san trude khi huan luyén mo hinh.

Optuna & mét thu viéen Python dugc thiét ké
cho viéc téi uu hoa siéu tham so.

Optuna st dung thuat toan Tree-structured
Parzen Estimator (TPE)dé thuc hién téi uu

hoa Bayesian. Optuna: A hyperparameter optimization framework

Pé tai lan IUOt th nghlém 300 lén (tl’i&lS) cho Optuna is an automatic hyperparameter optimization software framework, particularly designed for machine learning. It
mo hinh hOC may, 100 [é‘n cho mé hinh ANN features an imperative, define-by-run style user API. Thanks to our define-by-run API, the code written with Optuna enjoys
Va 50 lén ChO mo hlnh G N N 1 high modularity, and the user of Optuna can dynamically construct the search spaces for the hyperparameters.

24




Il DOCKING PHAN TU

Gia tri danh gia:
ROC-AUC

4

TAP
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Autodock-GPUJ
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Piém Vina-GPU
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L

TAP
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Diém CNN_pose_score




Jll SANG LOC AO

Tap du lieu
A549

ADMET

"

* Luat 5 Lipinski
« QED
 SAscore
MCE-18

’ PAINs

ANN ] |

(o) | ) |

|

[ Docking ]

Consensus
dockin

r
* GNINA

e Vina-GPU
e Autodock-GPU
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3. KET QUA

KEt qud cda quy trinh sang loc di ligu
xay dung va di liéu sang loc

Két quad danh gia mdé hinh hoc may,
mang than kinh nhan tao va mang than
Kinh dé thi

Trién khai cac mo hinh cho viéc sang loc
4o dé tim ra chat uc ché ALK tiém nang.

27




& ~ & > & ~y ~ E E
]l QUY TRINH THU THAP VA XU'LY DU LIEU g’g«% 3)
[=]

Tuong quan giira chat cé hoat tinh va khéng hoat tinh

1200 A

1000 ~

Co s6 di lieu Reaxys: 26.168 chat. _ so0-
S6 chat gill lai sau quy trinh loc: 1.664 | & =
Tt le mat can bang: 40,5%. "]
v Ti Ig.4mé’t can bang: (()).?405 > H
28



Jll MO HINH HOC MAY
Phan tich gép

F1 score
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So sanh két qua danh gia chéo gitta cac loai di liéu

* oo

—+

s2d  ECFP2 ECFP4  ECFP6

FCFP2 FCFP4 FCFP6  MACCs

¢
¢
¢

Map4 Mol2vec

-
/’ ~\
/' —
| 1
I I
—_ - | 1
T I lo.gs2| 1
I I
_(LZ)?A 0.788 0-691 i I
.n.bn. o.%q |
' |
r 1
1+ \ I
¢ - \ V4
hE \~—'
Ph4  Pubchem RDK5 RDK6 RDK7 RDKdes Secfp

29



Jll MO HINH HOC MAY 3
Phan tich gbp

Biéu d6 nhiét Wilcoxon -
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o  x - O [0
Bl MO HINH HOC MAY 5 3)

Két qua quy trinh khai thac di liéu ap dung trén Secfp.

BUGC THUC HIEN KET QUA

Tap huén luyén c6 1.331 chat, ti lé mat can bang 40,5%.

Phan chia tap di liéu , o .y T e : \
Tap danh gia ngoai c6 333 chat, ti lé mat can bang 40,5%.

Tap huan luyén con 1.330 chat va 320 dac trung.

Lam sach di liéu , - L o
Tap danh gia ngoai van gitt 333 chat va 320 dac trung.

XU ly di lieu bi mat  Khong tim thay di liéu bi mat

Gradient Boosting dugc chon la thuat toan lya chon dac trung.
Lya chon dac trung

SO lugng dac trung ma Gradient Boosting gil lai con 54.

31



Jll MO HINH HOC MAY
So sanh hiéu nang thuat toan

nnnnnn

NS

p < 0.05

p <0.01

p < 0.001

Bi€u d6 nhiét Wilcoxon
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Jll MO HINH HOC MAY 3
So sanh hiéu nang thuat toan

Biéu d6 nhiét Wilcoxon So sanh két qua CV-AP gila cac thuat toan

------
----------

1.0
— - B : ] e [
| _._o..._i 5 _"6'_5 5
Logic = 0 —o— H W _L i E l

SVM

sianNB
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i MO HINH HOC MAY
So sanh hiéu nang thuat toan

amlc

st ot XG Boost
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i MO HINH HOC MAY ol 3
[=]

T61 uu hoa siéu tham so6 e , a1
trong 300 thi nghiem. T6i uu héa md hinh

Contour Plot

Gia tri toi uu: CV-f1 score

subsample

Thoi gian: 15 phut

Cac siéu tham sé bao gom:
sampling_strategy,
max_depth,
min_child_weight,
learning_rate, n_estimators,
gamma, reg_alpha,
reg_lambda, subsample,

colsample_bytree .8

Parallel Coordinate Plot
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Jll MANG THAN KINH NHAN TAO (ANN) §% 3)

T6i uu hoa trong 100 thi nghiem. TOi Uu hda M6 hinh
Gia tri toi uu: CV-f1 score

Thoi gian: 8 gio.

Cac siéu tham s6 bao gém: sd'ldp an,
S6 no-ron [dp an, ti'lé dropout va chu
ky hoc.

Ham mat mat: Binary Cross Entroy

Ham t6i uu: Adam, téc do hoc =
0,0001, weight_decay = 0,01.

000000
7%
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Jll MANG THAN KINH NHAN TAO (ANN) gg% 3)

Thong s6 huan luyén mé hinh

Qua trinh huan luyén ANN

1.0
0.8
—— Training Loss
— 0.6 —— Validation Loss
s —— Training fl score
?8 \ —— Validation f1 score
0.4 3 —— Training AP
—— Validation AP
0.2
0.0 L
0 20 40 60 80 100

Chu ky hoc 37
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Jll MANG THAN KINH PO THI (GNN) S 3)

Jf— e =) )
Training s =
72% ini s |5
(72%) Graph Training Graph ‘ 3 g m .
Smiles - = Presentation _g g
CC(=O)NC1= Val':;t'on > Validation Graph u q;,.
cc=c(c=C1)0 (8%) o 2 | & Average .
2 S 2 precision Inactive
Testing /o Testing Graph 3
(20%) '\. . | =/
- )
~ Mot

~
D E Hyperparameters
tuning

O o oA s e ,
T6n rat nhiéu tai nguyén tinh toan.

‘— Sai s6 cua tap danh gia noi (validation loss) dao dong [6n

Pytorch Geometric khong hé trg kha nang tai tao mé hinh(reproducibility)

‘J khi huan luyén trén GPU.
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Jll MANG THAN KINH DO THI (GNN) S 3)

Qua trinh huan luyén GNN

1.0
A AT e s
porf NAMANMAARAMMIGNARN AV AADAN)
W‘ i r‘,‘,‘,"‘u”‘W‘”M' '
08 ‘\"!V
[ \
Ik
‘\”M —— Training Loss
— 0:6 f —— Validation Loss
S lm —— Training f1 score
?8 N —— Validation f1 score

0.2

\'.h‘ w
T e yl"l‘l = "w‘n"“ mll, ‘ / r‘nrl A_‘

0.4 | —— Training AP
—— Validation AP
0.0 ‘r

0 50 100 150 200 250 300

Chu ky hoc
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Jll MANG THAN KINH DO THI (GNN) S 3)

T6i uu hda trong 50 thi nghiém.

Gia tri t6i uu: validation loss T6[ uu h(')a mo hinh

Thoi gian: 16 gio

[=]

Contour Plot

Objective Value

Céac siéu tham sé bao gom:

batch_size, n_blocks, embedding_size, A
drop_out_rate, top_k_ratio, ) N
number_hidden_node,
ann_dropout_rate, sgd_momentum, : i
scheduler_gamma o
Ham mat mat: Binary cross entropy
Ham t&i uu: SGD, téc do hoc 0,01 va 7 o NS \ 4 "
weight_decay 0,0001, momentum o NNl
ExponentialLR mét co ché diéu chinh &
toc do hoc theo lich trinh,

S6 chu ky hoc: 300
40



Jll MANG THAN KINH DO THI (GNN)

Phan tich STD cua 100 chu ky

- D

ID TRIALS MEAN STD MIN MAX LASTED
LOSS

17 0,226 0,04/ 0,199 0,437 0,171

29 0,195 0,050 0,136 0,398 0,140

15 0,182 0,060 0,121 0,376 0,125

30 0,238 0,061 0,167 0,437 0,168

19 0.174 0,071 0,109 0.423 0,119

18 0,214 0,076 0,139 0,492 0,139

21 0,192 0,077 0,117 0,488 0,141
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- - [m] %5 A =]
Jll MANG THAN KINH DO THI (GNN) o 3)

N )

ﬂ Training 3 . _ § R
72% ini ] 1= [ )
(72%) Graph Training Graph 3 Q F1 score Active
Smiles r — \ Presentation g g_", L )
CC(=O)NC1= |— Val(lgl;t)lon > Validation Graph —| E - > 1
= = \ . J ([ = > ( "
CC=C(C=C1)0 1 g | S Average Inactive
Testing S ° Testing Graph © | 35 _Precision
| (20%) | \ o \_ =,
\S ~/ ) N—a’ ———
(] /
\./‘\
°
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- - Of2x, (0
Jll MANG THAN KINH DO THI (GNN) % 3)

N )

F1 score Active

(8%)

Training
| (72%) | [ Graph ] Training Graph
Smiles r — \ Presentation
[ CC(=0)NC1= J_. Validation »| | Validation Graph | |
\ J

===

= = =

—=]=

===

===

=I=]=)
'

e e —

[ s |
i g ===

CC=C(Cc=C1)0 ® [ Average ) | .
€ - ) k. K precision hactive
Testing e O Testing Graph \ /
(0% | \ e /
N\ Z2E = = N
St £l
o é 3 Hyperparameters
£1¢g tuning
—L>

EV-f1score = 0,808+0,009
EV-AP =0,827+0,013
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. CIf:, |00
Jll KET QUA 3 MO HINH G 3)
HOC MAY ANN E-GNN
CV-f1score 0,888+0,039 0,891+0,037 0,804+0,049
EV-f1 score 0,921 0,930 0,808+0,009
CV-AP 0,939+0,032 0,934+0,040 0,879+0,041
EV-AP 0,961 0,955 0,827+0,013
Thai gian huan luyén <2 phut < 3 phut 3 gis
Thai gian téi uu 15 phut 8 gio 16 gic
S6 thi nghiém 300 100 50
Thiét bj CPU GPU GPU
Trién khai ung dung Phuc tap Baon gian Badn gian




I KET QUA 3 MO HINH

] &=

1.05

1.00

o
©
5,

Average precision
I
O
o

0.85

0.80

Average precision - Panh gia chéo - Wilcoxon

p =< le-5

p < 1le-5

p =1.00

0.939
0.879
0
$
*
¢
ML ANN GNN

F1 SCORE

1.05

1.00

0.95

0.90

0.85

0.80

0.75

0.70

F1 score - banh gia chéo - Wilcoxon

p < le-5
T 1
p < 1le-5
[ 1
p =0.75
T 1
0.888
o
- —0.-804————

. (2
ML ANN GNN
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. EEYE
Il DOCKING PHAN TU G 3)
Re-docking

Két qud danh gia kha néng tai tao d{ liéu clia phan mém dudgce thé hién qua gia tri RMSD cla qua trinh
re-docking clia phéi ti alectinib so v6i phéi ti dong két tinh cla protein.

Ca 3 phan mém Vina-GPU-2.0, GNINA, Autodock-GPU déu cho gia tri RMSD dudi 2A.

PIEM SO DOCKING

PHAN MEM DOCKING RMSD (A) . P
CAU DANG TOT NHAT
Vina-GPU-2.0 1,605 -9,9 (keal/mol)
GNINA affinity: 7,487
GNINA 1,584
CNN_pose_score: 0,86
Autodock-GPU 1,64 -8,9 (kcal/mol)
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Il DOCKING PHAN TU
Re-docking

Cdu dang cua alectinib cia 3 phan mém

14

12

10

RMSD
©

r ‘ - 5 A ,/ ’

Su tudng dong vé cdu dang alectinib qua 3 phan mém.
Trong do mau do la cdu dang cla phdi ti dong két
tinh, mau xanh la [a phan mém GNINA,mau xanh
duong la autodock-GPU va mau héng la Vina-GPU.

So sanh RMSD cua 10 cau dang tét nhat qua 3 phan mém

e

VINA-GPU GNINA
Phan mém docking

Autodock-GPU

Biéu do Violin thé hién phan bg gia tri RMSD cta 10 cau
dang tot nhat duge cac phan mém tim ra.

a7



Il DOCKING PHAN TU

S6 lugng chat

nN
=

0

= =
=] N
o =} o =1 S

S6 lugng chat

!
o

0

Thi nghiém hoi c

-10

= w_m_Smalludln hl.. _
-10 -3 -8 —7

VINA-GPU

- Active
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8.5

Piém docking
~ @
@0 o

~
o

o

5

Ill
R | .
6.0 6.5 7.0 7.5 8.0

8.5

DIEM GNINA AFFINITY

-3

hung

g_

Co hoat
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PIEM GNINA_POSE_SCORE

Piém docking
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DOCKING PHAN TU 3

N o

Thu nghiém héi chung

So sanh gia tri AUC giira cac phdn mém va mé hinh concensus docking

So sanh gia tri AUC giira cac phdn mém va mé hinh concensus docking

1.0 1.0

0.8
—
«T-
e
ot b
(0
g >
—
() (@]
c S
(@) go)
5 <q).
T, i
@ - =
,i:
0.2 ad_gpu_min (AUC = 0.665)
7 —— ad_gpu_min (AUC = 0.684) —— vina_gpu_min (AUC = 0.618)
,/ —— vina_gpu_min (AUC = 0.614) - gnina_affinity_max (AUC = 0.742)
e —— gnina_affinity_max (AUC = 0.760) —— gnina_CNN_pose_score_max (AUC = 0.673)
—— gnina_CNN_pose_score_max (AUC = 0.693) —— ensemble (AUC = 0.818)
0.0
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
Ti lé duwong gia Ti |é dwong gia
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Jll SANG LOC AO

CHEMBL392

Tap di liéu
(120.571 chat)

8.742 chat

|

 ADMET: \
« Luat 5 Lipinski

« QED

 SAScore

« MCE-18

PAINS )

l 17998 chat l ['E-W_cl‘?aq l 1.742 chat l
(GNN) (ML) (ANN)

Chat thoa 2/3
mo hinh

2.491 chat

l Consensus l
docking
8 chat

| -
3 Hits

f Docking \

« GNINA
e Vina-GPU

\* Autodock-GPU /




&  J
] sANGLOCAO
Mién ung dung
DAU VAN TAY + PCA + HAM BAO LOI
Toan b déu thudc mién ung dung.

Tuy nhién, cé nhiéu vung tréng trong ham bao 6i
ma cac chat du doan xuat hién ¢ do

)

Test_out

L 2

Test_in

Training a

MA TRAN TUONG‘BGNG TANIMOTO +
MDS + HAM BAO LOI

862 cdu truc dugc phat hién nam ngoai mién ung dung.

Thoi gian tinh toan: 3 gio
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A s [=] %5 =]
Jll SANG LOCAO i 3)

[=]
XAC SUAT '
- . DU POAN s XAC SUAT DU POAN
HEMBL ID AU TR ° PIEM SO DOCKIN gt s
& il CONCENSUS S MO HINH PHAN LOAI
DOCKING
AD-GPU: -8,44 kcal/mol Hoc may: 96,81%
Vina-GPU: -9,10 keal/mol ANN: 97,04%
CHEMBL1689515 74,9%
GNINA affinity: 7,36 E-GNN: 45,63%
CNN-score: 0,89 Trung binh: 79,83%
F AD-GPU: -8,61 kcal/mol Hoc may: 89,81%
QNH % N/_(NH Vina-GPU: -8,80 kecal/mol ANN: 77,88%
CHEMBL2380351 \ — 66,8% A s
o N) F GNINA affinity: 7,83 E-GNN: 90,24%
CNN-score: 0,90 Trung binh: 85,98%
AD-GPU: -7,0 kcal/mol Hoc may: 93,03%
Vina-GPU : -9,30 keal/mol ANN: 85,66%
CHEMBL102714 65.,9%
GNINA affinity: 7,32 E-GNN: 51,86%

CNN-score: 0,85 Trung binh: 76,85% 52
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] sANGLOCAO
Ung dung ALK Classification

\ °
Streamlit

HUGGING FACE
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M6 hinh

So lwoc vé ALK

\ 4

app

Dw doan

\ 4

ALK

\ 4

Project

(S Main Menu
Dw doan nhiéu chat

1. Upload csv file |

Dw doan mét chat

Please, upload your csv file

@ Drag and drop file here
Limit 200MB per file

D approved.csv 349.08

> ”  Predict a batch Predict one Molecule > About

Your file has 5 molecules

ID SMILE

alec CCclcc2c(ccINICCC(N3CCOCC3)CCl)C(C)(C)c1[nH]c3cc(C#N)ccec3c1C2=0

Bang ID va SMILE :

cua tép tai lén

v
[

crizo  C[C@@H](Oclcc(-c2cnn(C3CCNCC3)c2)cnclN)clc(Cl)ccc(F)clCl
2 ceri Cclcc(Nc2ncc(Cl)c(Nec3cccee3S(=0)(=0)C(C)C)n2)c(0OC(C)C)cc1C1CCNCCL
3 lorla C[C@H]10c2cc(cnc2N)-c2c(nn(C)c2C#N)CN(C)C(=0)c2ccc(F)cc2l

4 briga COclcc(N2CCC(N3CCN(C)CC3)CC2)cccINclncec(Cl)c(Nc2ccecec2P(C)(C)=0)nl

ALK INHIBITORS CLASSIFICATION PROJECT

'!'héng tin tac gia

Browse files

—

Nut tai tép *csv



app
ALK
Project

MedAl

Nut dac trweng héa‘

v awcu
1 crizo
2 ceri

3 lorla

4 briga

R O R R L L I T T o e o N S A TA S O AT TR FLON (R WL, J) F IR O L V)

C[C@@H](0clcc(-c2cnn(C3CCNCC3)c2)cnclN)clc(Cl)ccc(F)clCl
Cclcc(Nc2nec(Cl)c(Nec3ccecce3S(=0)(=0)C(C)CIn2)c(OC(C)C)cc1CICCNCCL
C[C@H]10c2cc(cnc2N)-c2¢c(nn(C)c2C#N)CN(C)C(=0)c2ccc(F)cc21

COclcc(N2CCC(N3CCN(C)CC3)CC2)cccINclnce(Cl)c(Nc2ccccc2P(C)(C)=0)nl

2. Preprocessing

Choose the number of criterions in Rule of 5 Lipinski

Number of chosen RO5 rules

Bang ID va SMILE

Phéu

O1 02 03 O4 |

Lipinski

This is your featurized data frame

va dau van tay phan ti

v

ID
0 alec
1 crizo
2 ceri
3 lorla
4 briga

Canomicalsmiles 0
CCclcc2c{ccIN1ICCC(N3CCOCC3)CCL)C(C)(C)c1l[nH]c3cc(C#N)ccec3c1C2=0
C[C@@H](0clcc(-c2cnn(C3CCNCC3)c2)cnclN)clc(Cl)ccc(F)clCl
Cclce(Ne2necc(Cl)c(Nc3cccee3S(=0)(=0)C(C)C)n2)c(0OC(C)C)cc1C1ICCNCC1
C[C@H]10c2cc(cnc2N)-c2c(nn(C)c2C#N)CN(C)C(=0)c2ccc(F)cc21

COclcc(N2CCC(N3CCN(C)CC3)CC2)cccINclnce(Cl)c(Nc2ccccc2P(C)(C)=0)nl

Your data have 2 molecules violated Rule of 5 Lipinski

1 2
0 0
0 0
0 0
0 0
0 0

Preprocessing done!
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app

ALK
Project

MedAl

3. Application domain

{ Check application domain I P

Nut kiém tra mién trng dung

<«

All predicted molecules are in model's application domain

Mién (rng dung PCA + bao Ioi

PC2

4

Applicability domain - PCA convex hull

Data
e Train
® Test
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app Processing

ALK

_ 3. Application domain
Project
MedAl Check application domain

4.Predict

Predict

ANI'Jt dw doan

This is your results

ID SMILES

0 alec CCclecc2c{ccIN1ICCC(N3CCOCC3)CC1)C(C)(C)cl[nH]c3cc(C#N)ccec3clC2=0

1 crizo C[C@@H](Oclcc(-c2cnn(C3CCNCC3)c2)cnclN)clc(Cl)ccc(F)clCl

N

Bang két qua caa 3 mé hinh ceri  Cclec(Ne2nee(Cl)c(Ne3ccece3s(=0)(=0)C(C)C)n2)c(0C(C)C)cc1C1CCNCCL

w

lorla C[C@H]10c2cc(cnc2N)-c2c(nn(C)c2CEN)CN(C)C(=0)c2ccc(F)cc2l

4 briga COclcc(N2CCC(N3CCN(C)CC3)CC2)cccINclnce(Cl)c(Nc2cccec2P(C)(C)=0)nl

Nut tai bang két qua

Download your result data frame as CSV

Predict_ANN

|

1

Proba_ANN

75.81

98.9

24.64

49.43

92.91
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. ALK INHIBITORS CLASSIFICATION PROJECT

Project

(% Main Menu

> Predict a batch > About
1. Input smile |

Dw doan mét chat

MedAl

Please, input your smile

CCC1=CC2=C(C=CIN3CCC(CCINACCOCCA)C(C5=C(C2=0)C6=C(N5)C=C(C=CE)C#N)(C)C
A

This is your 3D molecule _I

Nhap SMILE

Cau truc 3D cua
chat dw doan

v
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app

ALK
Project

MedAl

Bang két qua

Nut tai bang két qua

v

Choose the number of criterions in Rule of 5 Lipinski

A 4

Number of chosen RO5 rules Phéu Lipinski
O1 O2 @3 04 <

2. Predict

~—— Nuat dw doan
Predict
This is your results
ID SMILES Predict_ANN Proba_

0 1 CCC1=CC2=C(C=C1N3CCC(CC3)N4CCOCC4)C(C5=C(C2=0)C6=C(N5)C=C(C=CB)C#N)(C)t i 3

Download your result data frame as CSV
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https://huggingface.co/spaces/thechuongtrinh/ALK_inhibitors_classification
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. - [=] %5 A =]
Jl KET LUAN S @

Dé tai da xay dung thanh cong 3 md hinh Al dé phan loai cac chat uc ché thu thé
ALK, véi co s6 du liéu tu thu vién Reaxys.

Xay dung thanh cong moé hinh concensus docking véi su két hop tu 3 két qua
docking ctia 3 phan mém Autodock-GPU, Vina-GPU-2.0 va GNINA.

Xac dinh mién ung dung clia mé hinh.

Trién khai moé hinh thanh ung dung sang loc 4o ALK Classification trén trang
Huggingface.com

Qua trinh sang loc ao tu 120.571 chat c6 hoat tinh trén té bao A549, dé tai thu
dugc 3 ung vién tiém nang do la: CHEMBL1689515, CHEMBL2380351,
CHEMBL102714.
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- EEE
Jll DE NGH) e @

Thyc hién chay dong hoc phan tu (Molecular dynamics - MD) véi 3 chat
tiém nang

Téng hgp va thit nghiém in vitro dé€ xac dinh hoat tinh sinh hoc.

Cai thién hiéu sudt mé hinh GNN bang cach tim thém di liéu tu cac
nguon khac, thiét ké cau truc mang mdéi, ap dung cac mo-dun khac trong
thu vién Pytorch Geometric. S dung doé thi protein két hop véi do thi
phan tu . Tiép can cac moé hinh Al khac nhu CNN, RNN dé téi da hoa tiéem
nang cua Al trong thiét ké thuéc
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CAM ON QUY
THAY CO DA LANG NGHE

Email: ttchuong.d18@ump.edu.vn
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Aromatic
substitution IR Vackasion Mli'um ve activity \\\.\‘."““‘3"-\ \'.1:'i.1!.i(m of
/\ 0 “”T‘(_M( snl»\mmnl and metaboli substituent
_/0 Q y O |/ activity ‘O iabdlte ‘N: ‘0 \
(0 0’\/“\/ O/\’N\/ >
7 ! 2 @)
J1o1sosteric X
replacement 18 (HTS hit) 19 20 -0
ALK IC_, = 1336 nM ALKIC,, = 7.6 nM ALKIC,, = 1.5nM
c-Met IC,, > 50 pM KAPPAS-299 IC_, = 60 nM KAPPAS-299 IC_, = 21.4 nM
KDR IC,, = 100 nM
Improve
selechivil

Variation of

(o] I . a
mprove activity 5
| ) : o substituent

and bioavailability N= ‘@
NN /

H
Q . gk

4 (Alectinib)
ALKIC,, = 1.9nM ALKIC,, = 2.9 nM
KAPPAS-299 IC,, = 3.0 nM KAPPAS-299 IC,, = 12.8 nM

KDRIC,_, > 5000 nM

NCI-H2228 EMI4-ALK IC50 =4.5 nM
KDRIC_, = 1400 nM
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CAC THUOC UC CHE ALK

National

Comprehensive HWO'NG DAN PIEU TRI NCCN NAM 2023 NCCN Guidelines Index

Table of Contents

NCCN R UNG THU PHOI KHONG TE BAO NHO Discussion

Network®

D6t bién ALK

FIRST-LINE THERAPYPP

Preferred

Alectinib99 (category 1)
or

Brigatinib99 (category 1) g ;
5 — Progression » 2u0s€QUent
Lorlatinib99 (category 1) . Therapy (NSCL-27)

ALK rearrangement
discovered prior to
first-line systemic

therapy Other Recommended

Ceritinib99 (category 1)

seful in Certain
Circumstances

Crizotinib%9 (category 1) —» Progression > ?ﬁgrsaepqyumé oL.28)

ALK
rearrangement

Complete planned
systemic therapy,
including maintenance
ALK rearrangement therapy, or interrupt, . . Subsequent
discovered during followed by alectinib Progression - Therapy (NSCL-27)
first-line systemic (preferred) or brigatinib
therapy (preferred) or lorlatinib
(preferred) or ceritinib

or
& Py aais _ : _ Subsequent
crizotinib > Progression " Therapy (NSCL-28)




Jll CAC THUOC U'C CHE ALK 1

" [ Alectinib_| Brigatinib Lorlatinib

Possibly beneficial Possibly beneficial JRNCE LN ETETE L

C1156Y Relapsing: 0/32 (0%) | Relapsing: 3/53 (6%) [ Rr oo ey 1134
itivity: 1/1 (100%) Sensitivity: 2/3 (67%) No patients treated sitivit 2 (5

No benefit expected  No benefit expected | i = | Possibly beneficial
|1 1 71 N Relapsing: 17/82 (21%) Relapsing: 1/32 (3%) R r ) Relapsing: 1/34 (3%)
No cases treated Sensitivity: 0/3 (0%) No . Sensitivity: 1/1 (100%)
LR ELEHEENGEEV I Possibly beneficial t fficient evid
M171S |QEREEEEP AN Reiapsing: 0132 (0%)
No cases treated Sensitivity: 1/1 (100%)
Possibly beneficial JNGEELEESEEVED]
M171T Relapsing: 4/82 (5%) Relapsing: 0/32 (0%)
Sensitivity: 2/2 (100%) Sensitivity: 0/1 (0%) No patients treate No patients trea
Possibly beneficial sufficient evidence | Possibly beneficial JICIELEIESTEMECE  Possibly beneficial
F1174C | relapsing 082 (0%) | = : ) | Retapsing: 3153 (6%) I ELr N Raal  Relapsing 0134 (0%)
Sensitivity: 1/1 (100%) lo patient Sensttivity: 1/1 (100%) Sensitivity: 0/1 (0%) Sensitivity: 1/1 (100%)
Possibly beneficial Possibly beneficial No benefit expected
F1174L | Relapsing 0/82(0%) | Relapsing: 132 (3%) [GEI R
Sensitivity: 111 (100%) | Sensitivity: 111 (100%) [ LA RN LK) No patient ‘ No patients trea
Possibly beneficial 1t evide ent eviden Insufficient evidence Possibly beneficial
F1174V Relapsing: 0/82 (0%) apsing. 1/32 (3%) ! ng. 2153 (4%) R ). 4l ( Relapsing: 0/34 (0%)
Sensitivity: 1/1 (100%) lo pat ted No patients t No patients ! Sensitivity: 2/2 (100%)

Conflicting evidence [NCRLEIT 0 L Possibly beneficial No benefit expected
L1 1 96M Relapsing: 9/82 (11%) Relapsing: 2/32 (6%) Relapsing: 3/53 (6%) JLEELELLELFFINFiyA)

wmmmg  1151Ins L1152 L1156
L1196

Sensitivity: 9/11 (82%) SRR TP (O Il Sensitivity: 10/10 (100%) No cases treated

(LMY LGS No benefit expected  No benefit expected  No benefit expected
LEOELELRRP S YAk yA M Relapsing: 10/32 (31%)  Relapsing: 19/53 (36%)  Relapsing: 16/220 (7%)

Sensitivity. 4/6 (67%) Sensitivity: 2/4 (50%) Sensitivity: 1/2 (50%) No cases treated

nsufficient evidence No benefit expected

G1269A Relar 3. 0/ Relapsing: 34/220 (16%)
Sens 0) No cases treated

L1196M | " L |l sufficient evidence | | : LSl No benefit expected

R 2 (29 R Relar 3. 0 0%) R r 0 Relapsing: 4/34 (12%)

G1202R No f i No pat ! t No ¢ nts treatec Sensitivity: 0/1 (0%)

Clinical benefit
% of patients with only this mutation achieving clinical benefit or sensitivity on sequential treatment with this inhibitor

Three or more patients with treatment results
No benefit expected
No benefit expected

Relapsing Conflicting evidence Ll Ll T,
% of patients relapsing

on this inhibitor

harboring only this 100% No patients treate
mutation Possibly benefidial evidence Lt ] nsufficient evidence
5

Possibly beneficial JEE LT d No benefit exp d No benefit expected
d No benefit exp d No benefit exp d No benefit expected
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Jl QUY TRINH THU THAP VA XU'LY DU LIEU z)

BUOC 1 BUOC 2 BUOC 3 BUOC 4
THU THAP DU LIEU XU LY DU LIEV CHUAN H6A cAu TRUC LUAT 5 LIPINSKI
Xoa dif lieu khong
RgEN Hlie Loai b SMILES |5

Loai bo cac cau truc vi

Co s6 di liéu Reaxys Chuédn hoa dich tac pham hon 1 luat

déng, don vi do.
Chuan hoa plC50.

\ —4 S < R <

Chuén hoa dang muéi
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QUY TRINH KHAI PHA DU LIEV 2)

CHIA DU LIEU Tap huan luyén chiém 80% va tap danh gia ngoai chiém 20%
LAM SACH DU LIEU Xoa du lieu bi trung, x6a cac cot co phuong sai thap hon 0,05
AL LSS A . SUdung thuat toan KNN imputer dé dién vao cac 6 di liéu bi

XU LY DU LIEU BI MAT -
o d mat
CHUAN HOA Min_max scaler dé chuan héa cac gia tri trong cing mot cot

SU dung cac thuat toan hoc may dé chon ra cac dic trung

LUA CHON PAC TRUNG
quan trong

Sau khi di lieu da duge xu ly, lan lugt dua da liéu vao cac thuat

LUA CHON THUAT TOAN , N : A RN X ,
. : { toan hoc may va so sanh hiéu qua cua tung thuat toan
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Jll MO HINH HOC MAY
So sanh thuat toan chon dac trung

Bi€u d6 nhiét Wilcoxon So sanh két qua CV-f1 score gilia cac thuat toan chon dic trung

Két qua

Logistics

oooooooooooo Extra Tree AdaBoost Gra
~ ’ icd
Thuat toan su dung

uuuuuu
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i MO HINH HOC MAY

Average precision - Panh gia chéo - Wilcoxon

p =034

0.036 0.939

F1 SCORE
o

= 3
[=] 2
F1 score - Panh gia chéo - Wilcoxon
1

p < 0.01

. PANH GIA CHEO (CV) PANH GIA NGOAI (EV)
PIEM
Truée téi uu Sau téi uu p-value Truéc t6iuvu  Sau téi uu
f1score  (873.0045 0,888+0,039  0,0062 0,894 0,921
AP 0.936+0.037 0,93940,032 0,339 0,921 0,961




Jll MANG THAN KINH NHAN TAO (ANN) S 3)

Average precis - banh gia chéo - Wilcoxo F1l sc - banh gia chéo - Wilcoxon

0.937
0

0.891
o

0.87
4

Baselne . Tune L 0
eeeeeeee

. PANH GIA CHEO (CV) DANH GIA NGOAI (EV)
PIEM
Truée téi uu Sau téi uu p-value Truéc t6iuvu  Sau téi uu
f1score 087000038  0,891+0,037 13710° 0,940 0,930
AP 092510046  0,937+0,040  4,4210° 0,962 0,955
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~ ~ (=15 =]
Il MANG THAN KINH NHAN TAO (ANN) - 3)

Thong s6 huan luyén mé hinh

SIEU THAM SO

SIEU THAM SO KHOANG TiM KIEM  SIEU THAM SO TOI UU . . ,
MO HiNH CO SO

n-layers int(2;6) 4 2
dense-neurons int(128;2048) 1913 4L27
dropout-rate float(0,1; 0,8) 0,7/82035574/92/85 0,7063233020424546
epochs int(50;100) 99 52

Tham s6 huan luyén:
- Ham mat mat: Binary Cross Entroy

- Ham téi uu: Adam, téc do hoc = 0,0001, weight_decay = 0,01.
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Jll MANG THAN KINH DO THI (GNN)
Thong s6 huan luyén mé hinh

- D

Siéu tham sé cla

Siéu tham s6 Khoang tim kiém Siéu tham s6 téi uu o ,
mo hinh co sé
batch-size categoriacal(128; 64) 64 128
n-blocks categorical(3; 4; 5) 3 3
embedding-size int(150; 300) 215 195
drop-out-rate uniform(0,1; 0,5) 0,3/6763997/671849/ 0,3
top-k-ratio uniform(0,4; 0,9) 0,5805249184752477 0,5
number-hidden-node int(150; 256) 198 181
ann-dropout-rate uniform(0,2; 0,9) 0,35364435414672357 0,5
sdg-momentum uniform(0,7; 0,9) 0,7650509613834541 0.8
scheduler-gamma uniform(0,9; 1,0) 0,9844021689216244 0,99

Ham mat mat: Binary cross entropy,
Ham t6i uu: SGD, téc do hoc 0,01 va weight_decay 0,0001, momentum
ExponentialLR mot cd ché diéu chinh téc do hoc theo lich trinh, S6 chu ky hoc: 300
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Jl MANG THAN KINH DO THI (GNN)

rage precis - banh gia chéo - Wilcoxo

0.879
9

0.793 L4
s ¢

Baseline

[=] %54 [=] 3)
core - Danh gia chéo - Wilcoxon Ew
r p = 0.001 |

0.764
%

Baseline

PANH GIA CHEO (CV)

DANH GIA NGOAI (EV)

PIEM
Truée téi uu Sau téi uu p-value Truéc t6iuvu  Sau téi uu
f1score  (729.0045  0,804+0,049 57510° 0,794 0,863
AP 0.769:0069  0,879+0,041  1,9210° 0,823 0,938
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Jll MANG THAN KINH PO THI (GNN)
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