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Abstract: In the field of medicine, there are differences between patients with the same disease, and seemingly simple
diseases may show different levels of complexity, which bfings great challenges to patient identification, treatment, and
prognosis. In this study, the electronic medical history stored in vertically unstructured time sequence is used to solve the
heterogeneity of patients, enhange the acﬁuisition of hidden information by seizing the characteristics of irregular medical
treatment intervals, and captﬁre the connection between current medical records and past and future information through
forward and backward bidirectional learning, so as to deepen the level of feature extraction of original sequences and
make the model make more accurate decisions. The BT-DST model proposed in this study uses a time-aware LSTM unit
to construct a bidirectional autoencoder to learn a strong single representation of a patient, which is then used in patient
clustering to obtain the subtype of the patient for the current disease through statistical analysis. In addition, different
types of therapeutic interventions can be applied to different populations, which provides precise medicine for different
types of patients according to their health conditions.
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FIERE VP FEFR Rand 834 (Rand index, RI). & TP
TR IEZR B IEFEA; TN 50 A 57 2 ) e AR,
FP AT ISR AR FN ST 67 R TEFE A,

BT FRRR 1) LA SR A .

Accuracy (ERIZR) 72 70 AT 55 i I FR A5y |

BRI 2 73 2 I B T A A S K 0 ) L
], FAt AR g

" TP+TN 1)
TP+TN+FP+FN

SR BB AP, Accuracy VAL J7 75 I BRA
TR, Bk, ATHFEEGIN Precision (F1%),
Recall (B FI#) Fl Fl-score VAL 8 ¥R, Precision & flt
AR TINN 1E AR A o SEBR O IE I REAS R LL 1], 11 55
AR

Accuracy =

TP
1
TP+FP (16)

Recall #&SEFR A IE (FEA 4 0 IEFEA I LE
o, TS AT

Precision =

TP
TP+FN (a7
M Fl-score W& Precision M Recall —. 7 )i Fl
Py, HatkH A RON:
2 X Precision X Recall

Fl- = 18
score Precision + Recall (18)

A E TAERFIE I 2R (receiver operating charac-
teristic, ROC) i@ it A W% 3l 73 S5 8 1) BT s ok 2R
Rl 28 _E— R A OCHE . R AP A TPR (B
B ) A FPR (2 FH M),

Recall =

‘_ TP
TPR= ——= 1

(TP+FN) (19

FPR= ———— 20

(FP+TN) @0

ROC M2 DM FH 2 i, DLITRH 2 8 LY
YT 2R, FLRE TR B AR IS P A I R A
ZFH, ROC M2 in 7 b A, %0 KAt pe iy
HH T ROC 1R ME f i A 70 2 i) 1 22 S, TR BB A ROC
£k T AT X L, B AUC.

Rand $555 FH T 7 5 5 2R 45 R 5 50 1 AN b e 2
Z I B — 3R L, VPl SRRV 2 SRR R RE ).
:TP+17;11;:IY~:1]§+TN @h

RI BUETEE N[0, 1], K EWERLERE R
SEAH LW G ﬂZ'JéJ‘E@*iN%}E@_&%—\;: 24 Rand 5 5UH
HY 1B, R 58 4 — 300 g
22 NTHEREEE.

200 HRsbE

TR N TR B H T R A L 10 4
AR A, R R N BRI [A], S50 = I 2
R, HZHE, WIS 25 2 PReiE, BARHEE A
TAERR, 1822 A o7 e an, MR 4 R B 2
A B 5 B S 5 f s D B0 AR AL B SRR AE, onT
HAATHIA.

A B Ay 2 S G 3k L A 0 R AE ORI R
767 i, P EHE I AE KT 90% [PIARFAEZI AN B, Tl r
ARG RAE W RFIE A, SR AT I E IR 7, 70 KA
21 F “Not recorded”$H 78 -1 7 S AR 15 f5 15 21 B9 4
FE R 529, B EuHE SRR R 723 B EL BRI o A I SR EE AN 56
HEEE, H i)l Zh4E 536 ], 3RS 231 4.

To s B R se I Al B 5 i e A
AR R S5 R P) 4 FehAS [R) A A0 AR [F) B 75 22 O IE 7S 0 A 5

RI
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FHHR AT I8, B 75 B BENLE 35, LATE R AT
FEASFI A I [0 [0 B8 (4 50405 o A, Lo it S Dy 4,
6, 18,22, 30, I NEHR4E RN 5.
222 HWESLKLER

SEIG L Bi-T-LSTM 5 AW & 1E [ )7 7115 B 1)
FLJZ T-LSTM A4S, 3 F T4k B o5 -5 [ 55 ) 7 24
{0 A I N AS AR R 18] [ B 455 2 A G s 2 LSTM A5
B DA RAE R A5 BB St logistic [E1)A 432451
PEREZE A, BE Bi-T-LSTM 1E [A] I % & 24 i [a] 25 2
BRI Z S5 ) R SOA5 B DA T 91 i s B e ] 28 44 s
A Ja, X TA W LI rEfe & 5 19 3 9 R 4e
T, eI E S E LT UE R, T A T AR
FIBHE. ASE86 5y 58 F] Bi-T-LSTM. T-LSTM. LSTM.
logistic A1 =R 2 o - H5 0 AT 43 25, L v 4 28 Do ¢ 5
RN SHOAR BT 1. H 258 R N 2k 5y 2
R, AR HE I £ L, TR O I i it A
T, 1R 2R BRI N, 3L 5 %0 1E-3, %
RIRHECH 100. SEIGZE R WK 2 B,

K1 MENEBENSHNE

[V RFAE 42 I 78 23 17 #9953 s R AT 1 A1 ]
D AT S 4 b= > R G R AR A, TR0
R F) RE 77 A5 45455 7R B D9 36 L P ) At ) S ARAE 5%,
Ly B A P D B PR R R R, 2 B TEAL
75 (K173 FERCR.

K2 ATHARE AR ) RER

Method Accuracy AUC Fl-score
Logistic regression 0.5553 0.5762 0.6024
LSTM 0.8226 0.8423 0.8475
T-LSTM 0.8951 0.9083 0.9368
Bi-T-LSTM 0.904 6

0.9198 0.9452

24 learning_rate training_epochs hidden dim full connect

& 1E-3 100 128 64

K2R T 4 AR ALNT T I B SR AT 73 2
HER A AUC . I 2 4521, @45 [R5 73 2R 45 1
Accuracy, AUC, Fl-score 31 HAKTT A, 5540 3 Fhip s
W £ A5 Y BE 5 A RO AR R B1AE S, i B B A1 B
rH IR B TR AR O 2R, HL FL 0 R e R R AN U 45
AR RE 5 A AR &5 AR SRER, B B UE &,

F Gt (1218 81 )9 70 2K 25 I RE 5 B8 2 BIDUL DN 45 2R X RFAIE, |

ToVEA BRI T SCfs 2, R e o B sk 47 2 36
I 0 20 0 5 MR AR ot T 52 B I £ i £ 451
5] V9 3 SR 48 10 23 R R A B R AR Bk % ; T-LSTM bz
LSTM 7EHER % R TH T 7.25%, AUC #2717 6.6%,
Fl-score $7+7 8.93%, T-LSTM il i 5| AR a] 7 /)
BLA, ZE5 N A OIIN T A R A 18] o) 5 43 )i i % L
LSTM FRHHE £ 55 B ] (8] B AH 515 5., (613 18 ik %
3 7 L 2 >) A [7) B ) 18] % ) 5 B AR, AT B 4F
b2 > 5305 13 A T I Bh A ARk, SRFRRALRE RS
Bi-T-LSTM Lt T-LSTM [H#ERRIETF T 0.95%, AUC
T+ T 1.15%, Fl-score 32T+ 1 0.84%, AI 41 Bi-T-LSTM
A7 XL 43 A 5000 0% B e M T 10 S B U 45
PRI 3 808 v 1 T SCRR I, %A TR 7 AT

172 A4 AR 5% Software TechniquesAlgorithm

e

223 FlE skt

U E BT-DST {58 #5000 0 AT 55 10 2 5T 65
(ORI HE 7. 9kt i — A T35 A 28 52 ) & PR KO
£, X H AT WA RIS, 0 TS BT, 5A
B SR AH ][RR 3 ) 450 FH B B m) T-LSTM. LSTM
M IE A B B gm AL A8 84y, J5 N K-means 5%, 735
H A% T-LSTM AE-KM BRI LSTM AE-KM #:74, DA
Je s AR BT 4080 FH T 38 7~ 5% 21 1) Deep Patient #f
25 W 245 R AU SR AT Bd s R AE 2 > i 0 (% L

Azt T-LSTM AE-KM # /A1 LSTM AE-KM
150 4 N\ 38 9 1F 1) B0 8 7 410 S I 6] TR R, S B 2% K ity
FR T ) BEGECR A R 5 TTAa A2 o i E N s A e
FLICHIWIUG FRERRAS A _E— BRI 12, R &% 0 1 AN
TEHCHR S\ R 1) 50 A HS b BB A . R B8
BB IR 3 s, VIZRE 5hgnbid s 1 13 34 1% 2 i s
b, S (LA RS 543 (10 1 T4 A % K-means
P EATAT T 3R K. BT-DST K5 rh Bi-T-LSTM AE
B2 24 FE g 2, XL [ e AR ) 4 4R
&, T-LSTM AE 1 LSTM AE F&ajil Z4E /5 5% & N 4,
[FFE45 2] 4 4E 27~ ) &8 T 535, Deep Patient K]
3 2 HE gL A, BB A ITEII N 50, B R B E T
IR IATIC A RN, i Z4E RN 4. SR
WIZRIEAR BN 2 000 VK.

BT FRATENTE A A 1 B A S s, Rl 5 R
1) Rand F2 50 (RI), VAR EZ Fir 2 =) B RAE [ 40 51l g
Rand Fi& 2R AR 3R B 5 2] 21 1) RAE BB R4 FE A
Fo. AR ek Fodk FH 20 (12), K-means R 2R
K AH N 4, BAKIHHT 10 YCE R 525, {4 /7 Rand
FEECVPAG 25 A0 T 5088 0 SR AUR . BB T
RIMHNZK 4 PR, ¥ 4 PR P48 — 4ERn AT R K
AT AAL I 4 B,
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*3 BRESHIRE ®4 ANTHIRE T AFEBRRRLIR
Method learning_rate hidden dim Method Mean RI
Deep Patient 1E-3 50/50/50 Deep Patient 0.7956
LSTM AE-KM 1E-3 4 LSTM AE-KM 1-layer 0.8863
T-LSTM AE-KM 1E-3 4 T-LSTM AE-KM I-layer 0.9565
BT-DST 1E-3 2 BT-DST 0.9646
><>< X
0.998 04 |
Ko
0.996 | 03 1
% ol
0.994 r
~ ~ 01 -
0.992 0.0
0.990 >< 0.1 ¢
70 L
0.988 | \2‘4
0.04 006 008 010 0.12: 0.14 -1.00 -0.98 -0.96 —0.94 —0.92 -0.90
X 4 X
(a) BT-DST (b) T-LSTM-KM
i
,‘- 0.6 o
¥Q.96"- o 0.5 r 'X"
o
>< . 04 1* “ee
/0 ‘Xi * e
—-0.97 + .;. 03 r »
= >< ~ 021 ><
-0.98 | 0.1 + /¢
3 t
0.0
—0.99 1 -0.1 f ><
)< 02t .-><ﬁ
' Y

00 01 02 03 04 05 06 0.7

X
() LSTM-KM

K 4 m@ﬁﬁ%%ﬂ@%%ﬁ%
HI%% 4 G5 R AT AN, A5 87 1IN [ 45 AE () Deep, |

Patient f]°1*34) Rand $8E0HEL T HoAh 3 FhH - A PRI
(1] 7 B 5500 AR R R I B 22, m%fﬁ%%ﬁﬁﬁﬁqﬂ ib)
R AR S Pk T 3 7 S T eI i F (57 1 o A8 1k
s, DR R RN [ A, T L A 3 2
FPOW EA I RE . 6T HCR LR R I REIR S AR
1b4%. 2% 4 v BT-DST [#)°F-%) Rand $5 ¥ LLbrifE LSTM
AE-KM 7 0.0783, b T-LSTM AE-KM & 0.008 1, A
51 BT-DST KM R0 T HAd P Fh o= 2 21 7, e
RR LG H AR 2 1 — Sk e, g 54 2ok A
LI REAR VA A — 2, SR AN J AR I ) [0 B 11 )5 31
BT AR BN BUK, BT-DST BA R4 1
IR AE /), 765 21 $0dE i I, 4 7 5008 e 45
FRBE S, A5 Bl O o St A () P 0 0 11 B 2 9

¥ (d) Deep Patient
-

ARt R, AT 2 1 R 10 40 B (R A 1, ANE B
B A A THI (1425 ) B AE B A A7 TE SR 25 R A4 B (1] 5] % B
o bS5 B, TR AR 9% 4 HE N 7 21 BT 5 A 1A R
Je a2, RERE I F I () b A0 2R, SR R) - (5
fiE, B0 A= T H R AR SR s . WLSE 1] 4 7] 1, BT-DST
X TN T B (12 2) RORBERSTE — 4E 2= [ = AR By
SIS AR U B BB P N AR S MR 2R I
V) 0 22 5, St T 50 1) BB 4 mT 0, BB AR G bR 42

BBl 0 IAE SR BRAE, R S e

RRER A,

O ERG, X0 T R AR BRSO S5 R g YA . R
B 2 A R R B EEE L
2.3 BEXHIESE

2.3.1

Ko b

ASHF TE R A 2 [ [ 25 g AE WF 7E By (National
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Cancer Institute, NCI) & 37 BB AT 9 2% % i
Jod BB E TS BV 28 i (surveillance, epidemiology and
end results, SEER), SEER A JT %4 4E 1) £ ¥ A7 fiti % 5C
5 R N A B 7 DA ], 3409 R 25 M A0 0 1 i)
P EE . B BT PR FEA /N T 3 1 B e B il s O
FLINF, Geih Rk s R A B 4 b, M BR BR 2k 22K T
90% MIFFIES, AR 226 GEHFAE. X T BB B FrAIE A8

FHE BB BT 3 A, XF T 50 FFFAE A A “Not recorded”

7R, SRIG AT AR, B AT E) 809 1) £ B T 4K
P, $£ 12833 25, udade v 953, HH 655 #il H
IR N1 AN 154 451 B IR NO 11 g3 il
232 SRR

TEASLI T2 2] B R o 5 TR A6 5 A B
YERUISAR, FH 4 ) B4 2 () () e S R EE TR 1)
SN, DU 3 ot 4 N\ 3 B0 B S 22 4, 8 L
MEHEFL B‘Ji%ﬁikiﬁ?l%%d\ﬁﬁimi%%. TEARSE
Bk, T AR, S P E T-LSTM FIf 2 LSTM
PG AR Y o | B g A 2 50 47, FeAh 56 1 )2 A 2 AR
2 EHEN, J5n K-means &%, 70 B4L8 T-LSTM
AE-KM f A1 LSTM AE-KM #5745 BT-DST #£47%}
bl Sz B AR S AR S B SR S Fiw, BT-DST
B2 4 FE 1 2, A I 45 B R R oR T = 4
J& 4, T-LSTM AE-KM fi1 LSTM AE-KM [1# J2 &
JESAEIL 73 7 32 A1 4, B AEALYIZRs A EI 2 3 000
R ARG K GBS 2830 4 2 2] B [ 3 — R oR T K-means

K5 BHBHIRE
Method learning_rate hiddenl dim hidden2 dim ~ *
LSTM AE-KM 2-layer 0.001 32 4
T-LSTM AE-KM 2-layer 0.001 k7] -4
BT-DST 0.001 " "2 —

53 B SO ST B K TR, b T v
IR (A TS, PR 3o e A b T R Kk
432 o 26 S A

2R 2 A K BT Kemeans 2K, WI54% 3
RIVE TP E S RE, FI Y E K-means XS K
9 K=2. AT A 1 T 2K 4 Kb R, X TRk
G AT ARRE , 540 SR A6 P R 5 6, A SR A
FiI £ K0 B3 AT B b i, VPAN T 5 TR 4 R 2 1 (1
=, 24K RS E LA /T 0.05 19 582 1K
- (B p-value /T 0.05) B, BEIRERHIE S RAELE R

174 A4 AR5 % Software TechniquesAlgorithm

TF1) (4 P G M R J 3 ), IX R ARG AE 7 IX 2 AN TR FR) 3R 26
AT CE) T E B R, K R p-value /T 0.05 ()
RFHE N G A A7 16 S 35 BEAAR RS IR FH SR HRFAIE, 32 6 B
TAEF 3 RS B AT R BT 45 R, RS H
p-value /N T 0.05 152 25 HFFAE K& 73 HIAE %5 H R
IE41E. 13 6 AT, LSTM AE-KM J2R45 R h B &
R CHERRAE, K ZHUERF WA — A (null £on
2*{H); BT-DST ;2 T-LSTM AE-KM £ 5]} positive
lymph node P\ &% lymph nodes remoyed FFiH5AiE. p-
value /N F- 0.05 (IHHIEALZ , 26 RS (F 76 A 7] 5 2%
P A B A BRI ZE B, AOETE 17 Ml X 43 A R R 2 1A
F 2 5 R D 3K B GE 7 SRS 4 B ot X 43 R I
TRKBEIAE /o, BERLE 4L, LAk BT-DST Jit
S RIEIME, FF 1 11 positive lymph node {H 2 3%
mT A 2 (A, NO AR N1 A B e B 7E Uk
B IRRE EEHE X A, No B E Ak e
FeFe, Jo A LR PRCE SR R il 88 307, 1T N1 B S AR AE
MBS, AR O Ay 8RR E e, B
B 2 I B 45 T B 2 RS M RE YR T SR IR A TS , X
FRIX G0 T4 T 07 7 SRR TS VPGl 2L
D AT A F N1 I g R p T 7288 1, b F
NO S e e rh T 28 2 th . BT-DST 74 |5
Z B A/ p-value 5 5 RFAE, BRAE 1% 7 VEAE LSS
SR HAE A b, X T A7 AR 1 AR 1) B 3k AT R
BT, eI it DN A G T ] ) B i
O 1) B HR P T il R S A R A ) S 7 B R
%6 BUSTHURIE RO IR IR AT

. Mean
Method Feature p-value————
Clusterl Cluster2
Tumor length 0.0016 6.84375 4.824742
Positive lymph node  0.0019 5.5678 1.0948
Grade of differentiation 0.0023 2.2656 2
BT-DST Histological type 0.0108 0.6680 2.0775

Lymph nodes removed 0.0305  0.21 0.08

Location of cancer  0.0356 4.6638 3.2875

Lauren classification 0.0425 1.76585 1.36875

Tumor length 0.0205 6.23544 5.32656

Grade of differentiation 0.0259 2.2602 2.1536

Histological type 0.0345 0.9856 2.1663

T-LSTM AE-KM  Location of cancer  0.0445 4.2365 4.0542

Lauren classification 0.0487 1.65625 1.42656
LSTM AE-KM null null null null

3 G4

PRI B Jre ANEE AR 3 52 B I TR RS2, AN [ I
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i 5L R T £ 255 49 T S ) 2 e
3 FE B 54 6P 90 0 o A E R R B I
8] 8] b5 15 B R AAL B T-LSTM B o# 2 Bi-T-LSTM
RO, {5 ) Bi-T-LSTM %5 M0 40 BI7E A L6 A i HeR L
T B PR b 4 AT M B AT M B
KB, FHER ) L (RIS R, MTT B P 334 S
o I A5 1. 5206 4 AWM Bi-T-LSTM 454
Fa g 1) BT-DST MU it 2% 5] 5.2 vy 75 5 400 (0
Ui 3 7 K R B 1) 7 B G 07 BN, R g
SE 3 N S0 N F 6 6 £ 5 SR 0 o R
S5 50 57 1A W T 40 K7 A 1 S, (R i 920
A IR, B 2 HEAT T8 g 4 T MO MR 22 =1, ot
PR R R IR RS 7. BT-DST Jrk th 1 8 26—
TR X 4 B LA i X 4 A ) O,
AN T 805 B, AT 5% T XD R K
(6T B KRR B, T A S AR ) 43 0
FC A 1 BT-DST BB+ T4 BE %t T
55 S TR R P ) T-LSTM 867 s L Ab
LA R [ FO e AR I L7 5% 2,
KT 4 I D6 A2 0 25 A 1 A 2 [
BT-DST B FLA ({138 K (A AEHEAURS 77, %% BT-DST
R L T B0 T, 95 DR 43 5 A M 25 4508,
I, LA 52 S LA A, 75 I R
1 ST PR B AR LN I e, AT e e e 1)
P B2 A P37 2 )1 e R 2 6 1 k= 4 o
R, b MR AT 5 1 VR, 7E LR B e
HEPIEFE, DA R ICPEAS ) SUR A A1
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