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Missing Modality Brain Tumor Segmentation Based on
Graph Convolution and Transformer

WANG Cai-lian,ZHENG Wen-bin
(School of Software Engineering, Chengdu University of Information Technology ,Chengdu 610225 ,China)

Abstract ; Multimodal Magnetic Resonance Imaging (MRI) has significant applications in brain tumor segmentation. However, the issue
of missing modalities is common in clinical practice,leading to the loss of tumor region details and the disruption of inter—modality corre-
lations,, which significantly reduces segmentation performance. To address this,we propose a missing modality brain tumor segmentation
model based on the fusion of Graph Convolutional Networks ( GCN) and Transformer. The model first employs an encoder module com-
bining 3D convolution and MBConv to extract local features,and utilizes a 3D adapter to capture spatial information of brain tumors,en-
hancing the intra—modality feature representation capability. Subsequently,a dynamic graph convolution—Transformer fusion module is
designed , where the dynamic graph convolution generates a modality correlation matrix to capture inter—modality local dependencies and
effectively handles missing modalities using a masking mechanism. Meanwhile, the Transformer module models the global correlations
and contextual information between modalities and tumor regions through a self—attention mechanism, thereby significantly enhancing the
robustness of feature fusion. Experimental results on the BraTS2018 and BraTS2020 datasets demonstrate that the proposed model
achieves an average Dice coefficient improvement of 1.36 percentage points,1.28 percentage points,and 1.39 percentage points for the
whole tumor, tumor core,and enhancing tumor regions, respectively, compared to M2FTrans, validating its superiority in scenarios with
missing modalities.

Key words: brain tumor segmentation ; missing modality ; three—dimensional adapter ;dynamic graph convolution ; Transformer
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X 35 Tk BRATS2018 BRATS2020
mmFormer 7.30 7.71
M2Ftrans 6.40 5.68
WT
MMMVIiT 7.42 8.05
GCTF 5.68 5.04
mmFormer 8.42 8.09
M2Ftrans 7.30 6.49
TC
MMMViT 8.66 8.21
GCTF 6.17 5.61
mmFormer 7.31 6.11
M2Ftrans 5.95 5.02
ET
MMMVIT 7.13 5.72
GCTF 4.93 4.60
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%2 BraTS2018 %k # 4 Dice A8/ £ $ 5% 45 R xf b

G| mmFormer M2Ftrans MMMViT GCTF
B WT TC ET WT TC ET WT TC ET WT TC ET
flair 85.01 64.80 31.59 87.15 69.89 37.98 88.10 63.10 41.10 88.10 71.85 40.99
tlce 75.24 79.01 75.37 77.78 82.6  78.92 75.30 77.60 73.40 83.98 83.12 79.58
tl 73.36 62.06 32.45 77.21 66.24 37.24 66.90 57.20 34.50 83.79 70.74 39.52
©2 84.28 67.97 37.19 86.92 72.37 46.41 82.00 66.90 43.20 87.26 74.43 49.89
flair, tlce  88.11 82.04 76.83 88.85 84.78 82.05 89.40 77.80 75.00 89.49 85.70 82.52
flair, tl 87.39 72.72 38.76 88.37 74.08 43.48 88.20 68.60 46.90 88.44 76.99 46.67
flair, ©2 88 71.93  41.09 89.24 75.4 49.12 89.10 70.30 48.00 89.95 76.01 51.06
tlce, tl 78.6  81.37 76.3 81.06 83.45 80.77 74.80 78.10 77.10 82.68 83.55 81.01
tlce, 22 86.1  82.26 74.47 88.07 85.23 80.93 81.50 80.10 76.20 88.74 85.90 81.65
th, 2 86 71.38  40.26 87.45 74.45 47.23 84.60 72.30 46.10 87.58 76.89 48.59
flair, tlce, tI 88.51 83.42 79.53 88.95 85.26 82.19 88.50 81.10 75.90 89.60 85.84 82.83
flair, tlce, 2 89.01 83.23 77.17 89.78 85.29 80.56 89.30 80.90 77.40 90.13 84.97 80.93
flair, t1, 2 88.49 74.09 43.01 89.39 76.48 49.79 88.90 74.40 54.90 90.04 77.36 50.80
tlce, tI, 2 86.61 83.43  74.88 88 85.46 80.82 85.60 83.80 76.30 88.40 86.27 81.43
whole 89. 19 84 77.69 89.73 85.67 80.61 91.20 85.80 80.20 90.15 86.17 81.41
T 84.93  76.25 58.44 86.53 79.11 63.87 84.20 74.50 61.70 87.89 80.39 65.26
%3 BraTS2020 # ¥ % Dice 81 % 2o %] 45 R 3 1t
il FH mmFormer M2Ftrans MMMViT GCTF

B WT TC ET WT TC ET WT TC ET WT TC ET
flair 86.27 67.80 38.39 88.70 72.20 43.39 89.30 65.70 43.80 89.56 73.62 45.48
tlce 74.86 80.74 76.45 78.80 81.85 82.57 76.60 78.80 75.20 80.51 82.82 83.25

tl 74.91 64.24 34.78 79.15 66.75 40.87 70.40 57.10 36.50 81.84 69.27 41.40

©2 85.37 70.21 46.12 87.20 72.31 51.50 83.60 67.30 44.70 87.72 73.90 51.57
flair, tice  89.03 84.44 77.22 90.38 85.54 83.07 90.90 78.20 78.30 91.42 86.95 84.59
flair, t1 88.91 71.83 41.17 90.30 74.44 47.04 90.60 67.90 48.40 91.75 75.84 48.20
flair, 22 89.04 72.82 47.98 90.56 75.42 53.87 90.20 71.50 50.00 91.07 76.55 55.73
tlce, tl 79.61 82.00 77.12 82.40 83.70 83.81 76.30 78.90 79.70 84.72 84.75 84.59
tlce, ©2 87.35 84.30 75.29 88.67 84.62 82.35 83.10 79.80 77.90 89.49 84.80 83.58
th, 2 87.19 72.61 48.07 88.34 73.56 49.90 85.40 72.30 46.10 88.90 74.91 51.51
flair,tlce,tl  89.61 84.59 77.13 91.00 85.82 84.12 88.50 81.10 75.90 91.21 86.16 85.93
flair, tlce, 2 89.82 84.63 76.36 91.16 85.27 81.23 90.60 85.90 78.20 91.33 86.05 81.67
flair, t1, 2 89.96 73.90 48.77 90.91 76.14 53.33 89.70 75.80 54.80 91.00 77.01 54.32
tlce, tI, 2 87.85 84.28 76.69 89.01 84.90 82.36 89.60 84.10 80.30 89.70 85.01 83.97
whole 90.31 84.49 78.11 91.36 85.43 82.17 91.60 85.90 81.50 91.56 86.17 82.77
Ty 86.01 77.52 61.31 87.86 79.20 66.77 85.80 75.40 63.40 88.79 80.25 67.90

3.4 HRLICIS P& 456 5 1 GCTF B — D4 & TR T Y

AT AL T SR I UE T A AL A R, S
T DL R LR RO X IR, % 25 5] A DGTFM Al T -
Adapter , 43 B HF il i geg o B BE I g, 25 2R %
B ,DGTFM Al T—Adapter 34 8 . 3 $2 T+ 7 HH5 52, 1m0

SYEVHOR . BAATI S, 055 4 iR, 76 BraTS2018 % i
% | Sl A T-Adapter J5, WT  TC 1 ET X I 1 F- 14
DSC 3745 1 0.33 A4rai.0.78 HArmif0.65 A
43R A DGTRM Ji5 48 A48 & 17 1.09 A 4345 1. 07
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Ao AL 10 A 4805 W 455 i GCTF #EAl
i, WT . TC Al ET X3 i9-F) DSC 43545 T 1. 36
HAr 1,28 A S A 1,39 H 4, M, 7E
BraTS2020 $¢#i 4 I (W.3% 5), 51 A T - Adapter 7,
WT . TC 1 ET X345 5K 538 5 17 0. 46 A 45 £,
0.55 A4 RF10.27 H 43 i ;5] A DGTEM Ji& 43 4% 5
T0.70 A4 AL0.73 A RAN0.77 A G 8L P E S

41 GCTF A%  WT ' TC Fl ET IXJ5#)°F-5 DSC 43 3]
PEFET0.93 HAA 1,05 B SR 113 HArm, X
sez it 28 LR B DGTEM RE 5 A3 85CHH 4R AR 25 18] 1) Ja)
TS B, T T— Adapter 78 58 50 B 25 P4 Jay 8 20 4 41
WOR W RAE T EEAE ., Wi A AT BB 5% 1
X R A B R RE R T O B

% 4 BraTS2018 # 3£ Ll et A& %

DSC/ % 95% HD/mm
Jrid
WT TC ET YA WT TC ET Pl
Baseline 86.53 79.11 63.87 76.50 6.40 7.30 5.95 6.55
Baseline+T—Adapter 86. 86 79.89 64.52 77.09 6.01 6.82 5.53 6.12
Baseline+ DGTFM 87.62 80. 18 64.97 77.59 5.87 6.45 5.19 5.84
GCTF 87.89 80.39 65.26 77.85 5.68 6.17 4.93 5.59
%5 BraTS2020 £ 3% %& Ll sk af 0 45 &
DSC/ % 95% HD/mm
Jrik
WT TC ET ¥iIE WT TC ET ol (]
Baseline 87.86 79.20 66.77 77.94 5.68 6.49 5.02 5.73
Baseline+T—Adapter 88.32 79.75 67.04 78.37 5.49 6.11 4.89 5.5
Baseline+ DGTFM 88.56 79.93 67.54 78.68 5.26 5.84 4.74 5.28
GCTF 88.79 80.25 67.90 78.98 5.04 5.61 4.60 5.08

3.5 A ER

N 4 fi7s , 78 BraTS2018 s 4 b il 50 56 45 51
WL EI S R T AL AT T AR, AR S BT R
A — S ARSI 1 fieb 83 174 3 S8R
B2 MR AT RSB 3G 2 | 4 825 SR e i e 3
FLSCRRAS , BCUEIA T4 Y GCTF W45 1948 st | 4%
RN AL BRSO T . BT R, GCTF ¥
2630 1o B 75 A Bl T S ) AR AL [
e Transformer #HREWE A Bl K 2 RfF R . WA
BEHTFAT TAE , RME 7R B AR B IE DL T, AT AR 51
IR e A P o 3

flair flair

tlce

t1 flair t1 flair t2 flair tlce tleetl

tlee tlee t2 flair tlce tl flair t1 2

E

o

flair tlee 2 tlce tl t2 wholc

B 4 GCTF 7 15 S H A5 2 2 R oy TAAL

4 ZRiE

ZOCHE T —Fh il A B 4 B Transformer A9 ikt
A G i o3 i G A 2 A A A A B A
45 Transformer fl G AHL  TERLZS B R A1 B0 T AR
RS TA) A G A 4 Sy PR 15 2 RN T AP AE . LA
M, = 238 B A5 57 T 188 25 45 2 4 i 2 0 30 25 ]
£ Transformer @l S He 22 7] | GEEAT 52 TR it Jed
B2 (8] 40 15 R A, 328 THRRAE fil A 80 Sh S R E
Transformer Fll{5- 5 HR I 70 HHT A A 9 455 285 1] A AH OGPk
RN A8 ] 7 Jmg A6 1 I RN 42 Jmp 15 5 8 v ke
RIS IR EE o BL Ak, 28 A i 2 0 ML ) mT
JHRBSSFRIE SR INAL , #F — 20 A0 AL R Fl 5 250 2
TN TF 4 BraTS2018 F11 BraTS2020 %5 8 4E iy 52 36 34
W 2B AR PR R AR TR i . Aok K i —
W SEZ T AN R 5T IR IR TR oK IR S
B B AR, 76 SEPRIG R AR Ak 43 RIS 7Y
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