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Abstract: The observation of tumor location and growth is an important link in the formulation of tumor treatment plans. Intervention
methods based on medical images can be employed to visually observe the status of the tumor in the patient in a non-invasive way,

predict the growth of the tumor, and ultimately help physicians develop a treatment plan specific to the patient. This study proposes a new
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deep network model, namely the conditional adversarial spatiotemporal encoder model, to predict tumor growth. This model mainly
consists of three parts: the tumor prediction generator, the similarity score discriminator, and conditions composed of the patient’s personal
situations. The tumor prediction generator predicts the tumor in the next period according to the tumor images of two periods. The
similarity score discriminator is used to calculate the similarity between the predicted tumor and the real one. In addition, this study adds
the patient’s personal situations as conditions to the tumor growth prediction process. The proposed model is experimentally verified on
two collected medical datasets. The experimental results achieve a recall rate of 76.10%, an accuracy rate of 91.70%, and a Dice
coefficient of 82.4%, indicating that the proposed model can accurately predict the tumor images of the next period.

Key words: generative adversarial network (GAN); auto-encoder; tumor growth prediction; medical image; longitudinal research
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Lt REoR.
4.1 HIEE
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4.3 TFiEtR
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similarity coefficient, DSC), ¥J /7 #31# % (root mean squared error, RMSE), Frechet Inception i 274> (Frechet

Inception distance score, FID)* Mgy B {5 J5 i PP Ak 36 31E (R AR vE.
TP

Recall = ————— 17)
TP+FN

Precision = —1— (18)

r =

ecision TP n FP
2TP
DSC= ———— (19)
FP+FN+2TP
Z ICV Fpeq = ICVFgr\*

RMSE = ICVFor 20
B TP @0

Ko, TP, FP. FN 43 ARG B 1 A4 bifE (ground truth, GT) 2 [A] (K L PH AR, SCRAPEEAIE A PEAE. ICVF
ARAR A N AR B 1B

Frechet Inception 7 i 5 73 v 55 5155 P 45 R0 2l P AR (K0 Rk ) ek o2 ) 80 25 01—l S . AN JUss P 17
WAL B AL R GE 1 3 T PR AABL S A P 2L R O AALURE , FID A PSS (B AN B 7 2 B o SR AN LR A1 22 TR)

() B
FID(x,%) = IIuX—y;||2+Tr(ZX+Z; —2,/2){2}) @

44 TUMLER

T BAE AR SCBE VT A5 R IR APk, AR SR SEAE BT B B A2 BT T I ARG, SR VI XU g A R 4T
MU A5 20 e 2 A0 0 2 i s i, ELAR AL 4 AN R R, 46 X et 4, 4 1IN T it 4, 412 W) G %
A, YU 25 G i 2% LS S A LIS 25 G it 345

SIS 1 R, AR HUN 2 g A 221K Recall 153 T 76.13%, KWL S T 91.74%, DSCiEF| T
82.24%, RMSE N4 12.82. HEAREE YLAIXT T L B SR 2 5 MR AL AT R T, 3K A& LA 4% P 5 Uit 2 S i 45 4
A4St PR 2B K TN A — 2 R RE.

1 ANRBEHONS T 45 S 52

L Al (%) KM (%) Dice % £ (%) BTz

F JAROE e T 63.97+0.12 59.61+0.31 61.77+0.58 20.615+0.15
S () i 2 71.97+0.32 78.68+0.38 70.17+0.36 17.753+0.28
SAEI P gt 2 73.1540.57 80.37+0.20 72.24+0.18 13.058+0.48
POET Ml RSE TR 74.74+0.21 82.65+0.62 76.15+0.31 21.061+0.21

Z AN BT 25 G ) 76.13+0.33 91.74+0.18 82.24+0.12 12.82+0.09

i A A TR 5 SR T A S R ] 5. FLrR ] S(a)-1] 5(c) AR 3 AN IR S I S(d) A AR X
PO 2 G T 25 FI0H LR BeR e A . ASHE AL 5 v OS2 B, AR SCIR) 5325w DU s Tl et e AR KRR ES, IR 5 4
FRAEZ R0 2 e85 /8. R T S A b e T3, AR SCRE 3R 3 AN A 1 g b AT 7 = 4E A LI 5(e).

ARSI NPT B B B AR PR BT 5 )RR R R I AR SCTIN 25 SR T LLER 2 ISR, B 44 BB (1 R A
KR RAR ), A 00T P L 28 B A3 (R B 0. 173 A — L6 g mT B R T A 0 AR g oA DR 28, G AR Kk s
T, R LA A P i .

o T WA B4R 5 R (A R, A SCE S T A B J6 20 ik (finite element method, FEM)™, 12 284 5K % 4%
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(convolutional invasion and expansion network, IENetwork)!"”, ZE-KJ5 25 s 6 T 9 £% (growth prediction generative
adversarial networks, GP-GAN)!"), 413148 /3 4 5 % (conditional recurrent variational autoencoder)!'®, I %5 %5 1
KA WAL P 2% (spatio-temporal convolution long short-term memory network, STconvLSTM)P2LL K 3D % bt Ji 189
IR KA W IZ M4 (3D contrast-enhanced convolutional long short-term memory network)™", 75 [l — 41l Zc
T, BEAT T R AR A R TN, A8 AN () D7 VR AR P I TR R AR A B 3 A IS S ) e g S ey T 1)
PEfg. HARSS R NAR 3. A S4B b b AP Bok A R LA 6.

. K2 S HBEEE KNS RERKE
1-2 2-3 s
/N
D W AR R ARy e
1 83 1.56 125 4.76 60
2175 14.93 231 -36.2 22.96
3143 38.89 260 52.38 18.9
4 333 192.06 353 -43.75 12.8
5 428 5.05 336 20.67 208
(d) (e)
K5 S g A SR I 5 S — 4 e
K3 AFETFELENRIE B g 5t
IRiA Al (%) K% (%)  DiceRE (%)  HWHMWIRZE  FID FUUENE (s)
A PR IC o BT 57.18 52.22 75.40 36.64 27.67 2.61
1R 25y 5k M 4 67.33 56.51 66.04 30.29 26.84 12.06
AT A st B R 2% 65.26 57.16 61.27 33.85 26.68 13.35
2 R R YT 12 0 8% 80.87 75.46 78.36 2221 25.34 16.21
FAFHEIRAL 5y i) 3 79.89 82.22 82.49 27.01 35.94 2335
3D} Lt 5 1 5 A B R T2 9 8% 74.51 60.90 80.12 57.11 21.13 19.33
ARICT7 76.13 91.74 82.24 12.82 18.00 13.75
— Ha| R
L +wzﬁ 2% o
09 Ec@ EY 10 A
|
//
0.8 i
o o« JIRR
= .// TaeerT
0.7 | et
/‘//
0.6 |~

0 100 200 300 400 500 600 700 800 900
AR
Ko AR
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ML 6 Ry LSS, 75 I 25T, W0 2% (K45 T b A B A QB 2B 8, 15 900 2B LU, M4 IR L fER D
TS AE 1000 20 ety IS BIREGE, PIARSCIZIN 1000 20 AF A 5 J RIS ACE £

MG 3 P BRI SR, B T A 015 76.1% WA T IR 23 6 AU R L AZ W 45 1) 80.8%, A SCHA 45 AR B e T
Fofl JURR 59, AE 73 WA DL R S 25 SR 2 i, AR SR I L g P AR AEAE LR BR R S0 0T HE M 2%, 1 B 45
FEAE—SEI S5, A5 45 i § T VA AR IR EAT A AT IR, A48 2 T2 AR IS PR 3, X AR R RE RE R ok T = A A
BRI IR S I 20 D T I TRD SR, T A7 BR T M M idot — il J) 22 B2, DXL R BT R 1 I TR b T £ 5%
PRI, AL AT AL B U 2%, I8 2 AR R T CAZ I 2 RIS SO VA — b TP 22 I 255 1R S35, AEREAT Ji
TR PREIN IR, A5 5 R FE AN I 18], AECREOGS RS 1 AT, SXRM IR 80 0V FE A W RS2 VB 2 N O T B e BT
MEGR, AR SOE &R T AR AR EEEA, Wi 7.

”
.-

~
-

(@ FWIE ) ERINE (o) REYK (@ NEER (o) ALTIE (GE=N
VAN BRI 2% P & LSTM

7 WG A DT A T A R

ARSI S TN 45 2R SR AR 1) A L5 PR E 25 R A A SCTRUI (K i 88 6 R 1wl S,
8. MIEL 8 WT LI EE R, JoUhh e s AR (K A BE 3 A1 1 ZEEE i AE 0150 DTN R Py, AN SOOI T IR 45 R AR
PRI ISR G LA IR A LG0T A PR 7925, A BRI 23 A 75 325 Tt 4 R 4 A B 23 A1 B8 A M, A A S0 A Jeoxt
00 255 T 5 2R (4 A0 P 53 A1 50 A 3 B, AR 28T K I % 5 Wk 2 S AR S BT 12 I 296 £ A 2 23 5 B 5 2R 2 Tl
B e SUnin
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4.5 IP4HSLEE

FH T R PRI &6 3 ROB PR 0 A K ARG 2 5, Hop R IUANIR]. AR ST SAE S 36 H s Aok 1 1 5 Pk
Ji 5 L BEA T IX 4y, 45 RAS5] 2 147 B BAEL AT 242 5 653 1B MR 5215 1 M5 3820 S A8 505 20 i A N 1A S
FrH 7 AT VISR IG0E. T 45 SR % 4 .

40
200 | 35 100
30 30
150 25 L
] 290 w60
= 100 B =B
15 40
10
50 20
5
0 0 0
0 50 100 150 200 250 0 50 100 150 200 250 0 50 100 150 200 250
%% 1% %1 % &H
(a) A BRIC o HTi2: (OESSFIEN PO (o) 122 KM 2%
70
60 60 60
50 50 50
40 40
il w40 il
= 30 B 30 =30
20 20 20
10 10 10
0 0 0
0 50 100 150 200 250 0 50 100 150 200 250 0 50 100 150 200 250
S L& %BEMH
(d) 234581 LSTM (e) ATk () G btk
K8 ANIEITr iR g R E T
* 4 RIS R TS R (%)
BN A bipliE Dice 2 #
[ PRy 80.13+0.16 93.12+0.25 85.73+0.41
A R 63.40+0.32 87.20+0.25 70.77+0.11

H 4 MEZar £, RSN A B3R, RS2 Ll A Dice 25050 HIiA %] T 80.13%, 93.12, 85.73%, iM% M
SRR 43 R 63.40%, 87.20%, 70.77%. i [ 44 45 15 [ Y000 o S B S SO0 100 otk I . = S D BRI D (R &
FRZ A K LB g1, T g 2 o bk, HAE K5 RN, AE B R, WTRE S B . 2 AR AE
%, 3 BT R ) 2, R BRI
4.6 MEMHERETL

9 S EIR T AEUIZRiE R by, AR W 48 (45 2k bR B0 AR 1k, AE e B3 2k B AL AR Ak, S50 2% 3K pR B AR
LR 2 ) SR IN AR AR AR S LA A ) 2% 2 i 30 il R v, AR A EL i W] B, A6 L 800 252 Jia, &% Thidh 2k A
S ] BRB A TS
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i g sty
= 6.6 = 0062 - il
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62 [ uf 0.058 Wit
60 | / 0.056 |- Lad LE TR
LX) N 0.054 | T
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L T () G A ARDRE 20 0 i i) 5, T i ) o P00 F) v P A v, 2 1) i it s 2 S AR AN [0 I 1)
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22 (0 B K80, AR AT TR ()R 37 75 1 BB BN ), DRI B B (I 5 E A B T 225 PR AL g 730
I DIECE Y

7 JEoR T AR TG T AR B, T AR A R T3 T T 1 ARSI IS 1] bR, (ELA5HR G SRR BRI ]
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A 7% 8 PG TR J 36 RS PR PR 0 2R B T A, R b A A A 24 oo 470 I 26 1) 000 5 SRAE I 88 1012 2% 350 B 1R 2R
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6 & it

ARSCHEY T — b A0S FUIN 225 G5 ) 55 A T e 2B A O, At e 07 A e 2 e A, g e 2> HL LIRS JEE AN
1 R 10 A 2 AT DI 25 S i b = B P N2 i 5%, 2% 1) G0 s LA S i R RS, FG mY I £ i b AR A [ e )
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VEBE e St AT T S0, 45 SRAR WA ST 3 AR TN 555325 R A8 S5 e b S UL P8 F) A= A T, A BT 1 AP B 07
%, RS IEbS LHA P Tt

SE RIS I B2 27 G A 2 ORUE K I R B A B RO 4 TN (R S B IK 3R 2 —. AR DS 27 S R B iR L T
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A SRR RE I JIEE, 3 B AR KSR B EEn FEAS LS. AR SCATE RN T 58 B R I 301 (4 Ji R A 10 2

KT, T FF AR AR I B Bk B FEAE R PERIWFTT. G R RE S A R A e B, 0T I O i) A= A T PRI AT
FUMAT T A S AR S TS B 0] e B 1 e S R BB VS S8 HEAT T 0, SR BRI FE I TON B Uy H Bk
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