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Table 3: Median and IQR for the Dice metric for all trained models.

Site Model BET FreeSurfer | DeepMedic | 3D-U-Net | 3D-Res-U-Net | 2D-ResInc | FCN
T1-T1 .96+.01 .92+.01 .98+.01 .94+.02 .98+.01 .97+.00 .98+.01
T2-T2 97+.01 .96+.01 .97+.00 .96+.01 94+.02
T1Gd-T1Gd 97+.01 97+.01 97+.01 .97+.00 .98+.01
Flair-Flair 97+.01 .96+.01 .97+.00 .96+.01 .98+.00
Multi-2 .98+.01 .98+.01 .98+.00 .93+.01 .98+.01
UPenn Multi-4 .98+.01 .98+.01 .98+.00 97+.01 .98+.01
Ensemble .98+.01 97+.01 .98+.00 .97+.00 .98+.01
MA-T1 97+.01 97+.01 .98+.01 .97+.00 .98+.01
MA-T2 97+.01 97+.01 97+.01 .97+.01 .98+.01
MA-T1Gd 97+.01 .97+.00 .98+.01 97+.01 .98+.01
MA-Flair .97+.00 .97+.00 .97+.00 97+.01 .98+.00
MA-Ensemble .97+.01 .98+.00 .98+.00 97+.01 .98+.01
T1-T1 .83+.06 91+.03 .96+.01 .93+.03 97+.01 .90+.06 .97+.00
T2-T2 .95+.01 93+.02 .96+.01 .90+.03 91+.06
T1Gd-T1Gd .95+.01 94+.02 .96+.01 .94+.03 .96+.01
Flair-Flair .95+.01 .92+.03 .96+.01 91+.04 .96+.01
Multi-2 .96+.01 .96+.01 .97+.00 .88+.03 .97+.00
TJU Multi-4 .96+.01 .96+.01 .97+.00 .93+.04 .97+.00
Ensemble .96+.01 95+.02 97+.01 94+.02 .96+.00
MA-T1 .95+.01 95+.02 95+.02 .88+.06 .97+.00
MA-T2 95+.01 .95+.01 95+.01 .92+.04 .96+.01
MA-T1Gd .95+.02 .96+.01 .96+.01 .95+.03 .96+.01
MA-Flair .95+.01 .95+.01 .95+.01 .93+.04 .96+.01
MA-Ensemble .96+.01 .96+.01 .96+.01 .94+.03 .96+.01
T1-T1 .87+.07 91+.02 .96+.01 .94+.03 97+.01 91+.07 .97+.00
T2-T2 .96+.01 94+.02 .96+.00 .92+.04 .92+.05
T1Gd-T1Gd .96+.01 .92+.03 .95+.01 .90+.02 .96+.01
Flair-Flair .95+.01 .94+.01 .96+.00 .93+.02 .96+.01
Multi-2 .96+.01 97+.01 97+.01 .88+.04 .97+.00
Multi-4 .96+.01 .97+.00 97+.01 .94+.03 .97+.00
MDA Ensemble .96+.01 95+.01 .97+.00 .94+.02 97+.01
MA-T1 .96+.01 .96+.01 .96+.02 .92+.04 97+.01
MA-T2 .95+.01 .95+.02 .96+.01 94+.02 .96+.01
MA-T1Gd .95+.01 .95+.02 .95+.02 .90+.05 .96+.01
MA-Flair .96+.01 96+.01 .96+.01 95+.02 .96+.01
MA-Ensemble .96+.01 .96+.01 .96+.01 .95+.02 97+.01
T1-T1 .96+.01 .95+.01 .94+.01 94+.02 .89+.03 .95+.01 74+.09
T2-T2 .96+.01 .95+.02 .92+.04 .95+.01 72+.09
T1Gd-T1Gd 91+.01 .93+.01 .87+.04 94+.01 .84+.07
Flair-Flair 92+.01 93+.01 .79+.05 .93+.01 .81+.09
Multi-2 91+.02 92+.02 .86+.03 .93+.02 T4+.12
WashU Multi-4 .96+.01 .93+.01 .88+.02 .95+.00 .62+.18
Ensemble .94+.02 .94+.01 .86+.03 .95+.01 .76+.09
MA-T1 .93+.01 92+.02 .90+.02 94+.01 .84+.06
MA-T2 .93+.03 91+.02 91+.03 .94+.01 .90+.04
MA-T1Gd 94+.02 92+.02 91+.02 .94+.01 .86+.05
MA-Flair 91+.03 92+.02 91+.02 94+.02 78+.12
MA-Ensemble .93+.02 92+.02 .90+.03 94+.01 .83+.06
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Table 4: Median and IQR for the Hausdor f f metric for all trained models.

Site Model BET FreeSurfer | DeepMedic | 3D-U-Net | 3D-Res-U-Net | 2D-ResInc FCN
T1-T1 4.12+1.83 | 7.34+1.46 2.23+141 | 11.4+2.98 1.73+£1.03 2.23+1.0 | 1.41£1.03
T2-T2 2.23+1.0 19.2+2.84 2.23+.82 3.60+1.18 | 19.2+9.91
T1Gd-T1Gd 2.23+1.26 3.0+£2.00 2.0+1.18 2.82+.92 | 1.73x£1.22
Flair-Flair 2.23+1.0 | 5.19+5.85 2.23+1.0 3.0+1.55 2.0+1.09
Multi-2 2.0+£1.41 1.73+1.41 1.73+1.03 591+.92 | 1.41+1.23
UPenn Multi-4 2.23+1.41 2.0+1.49 1.73+£1.03 2.23+1.0 | 1.41£1.03
Ensemble 2.23+1.26 | 2.23+1.13 2.0+.92 2.23+.82 2.0+.92
MA-T1 244+1.0 | 2.23+1.04 2.0+1.03 2.23+1.0 | 1.73+1.03
MA-T2 2.23+1.15 2.23+1.0 2.23+1.0 2.82+1.22 | 2.0+1.03
MA-T1Gd 2.44+1.67 2.23+1.0 2.0+1.09 244+1.0 | 1.73x1.22
MA-Flair 244+1.00 | 2.23+.82 2.23+.82 2.82+1.63 2.0+.71
MA-Ensemble 2.23+1.0 2.0+.61 1.73+£1.03 2.23+.76 1.41+.82
T1-T1 20.6+4.44 | 11.3+8.40 | 4.13+2.85 | 11.6+4.08 3.08+1.58 14.2+6.92 3.0+.71
T2-T2 4.58+1.78 | 14.7£7.25 4.0+1.83 10.2+3.86 | 21.4+15.9
T1Gd-T1Gd 4.58+2.36 | 5.83+5.57 4.12+2.76 5.83+5.49 | 3.60+2.19
Flair-Flair 4.89+2.04 | 9.05+4.33 4.12+1.68 13.0+8.90 | 4.12+1.67
Multi-2 4.12+2.22 | 4.0+2.76 2.82+.92 12.0+5.61 3.0+.71
TJU Multi-4 4.0+2.0 3.39+2.19 3.0+.86 9.40+7.14 3.0+.71
Ensemble 3.60+1.47 | 5.38+2.87 3.0+1.35 7.07+£3.07 | 3.16+.91
MA-T1 5.56+2.85 5.29+3.0 4.63+2.34 16.6+11.5 | 3.0+1.55
MA-T2 5.65+2.17 5.0+2.29 4.89+2.25 10.7+6.36 | 4.0+1.76
MA-T1Gd 5.38+4.62 | 4.18+3.08 4.0+2.38 5.0+£8.71 | 3.60+2.09
MA-Flair 4.69+2.08 | 4.69+2.10 4.69+1.83 8.24+5.71 | 3.87+1.83
MA-Ensemble 4.0+1.86 | 4.24+2.37 4.12+2.09 7.14+5.57 | 3.16+1.29
T1-T1 11.3+8.40 | 9.69+8.26 3.60+1.47 | 10.2+5.31 2.44+1.22 13.6+7.62 | 2.82+.92
T2-T2 4.12+2.09 | 16.2+6.66 3.60+1.30 9.27+4.59 | 20.1+13.8
T1Gd-T1Gd 4.24+2.34 | 10.8+6.07 4.58+2.83 14.844.93 | 3.60+1.69
Flair-Flair 4.58+3.39 | 7.07+3.10 3.74+1.19 9.0+£5.67 | 3.31+1.47
Multi-2 3.60+2.09 3.0+£2.02 2.23+1.08 11.4+4.49 | 2.82+.71
MDA Multi-4 3.31+2.27 3.0+1.88 2.44+1.76 8.06+7.14 | 2.82+1.08
Ensemble 3.16+£1.35 | 4.58+3.18 3.16+1.29 7.0+£3.94 3.0+1.29
MA-T1 4474222 | 4.12+3.00 3.74+2.38 11.8+7.78 | 2.82+1.08
MA-T2 4.58+2.16 | 4.12+2.42 3.60+1.77 7.34+5.24 | 3.31+1.41
MA-T1Gd 6.48+4.01 | 5.09+3.10 4.58+2.05 15.3£8.25 | 3.46+1.41
MA-Flair 4.69+2.16 | 3.60+2.09 3.74+2.0 5.09+£3.25 | 3.16+1.64
MA-Ensemble 3.74+2.0 3.60+2.38 3.46+1.86 6.0+4.86 3.0+1.76
T1-T1 3.60+.96 4.58+.85 6.0+£3.73 7.0+2.21 11.3+2.29 4.12+1.25 | 28.6+10.3
T2-T2 5.0+£2.28 5.0+£3.0 8.12+4.33 4.58+1.47 | 33.1+4.99
T1Gd-T1Gd 9.89+1.46 | 7.14+2.60 11.2+2.71 6.16+£2.65 | 19.8+7.30
Flair-Flair 8.94+2.45 | 7.87+£2.36 13.8+2.63 6.40+1.51 | 26.1+8.91
Multi-2 11.2+1.95 | 11.0+3.02 13.0+1.85 6.16+1.54 | 27.3+7.11
WashU Multi-4 4.89+1.53 | 9.69+2.15 11.4+1.41 4.24+1.15 | 33.1+4.95
Ensemble 7.68+1.47 | 6.48+2.86 11.4+2.09 4.89+2.08 | 31.0x11.6
MA-T1 8.12+1.32 | 8.36+1.56 9.69+1.69 5.38+2.05 | 18.9+10.5
MA-T2 7.61+£2.14 | 9.43+1.68 8.06+2.77 5.38+2.10 | 15.1+8.44
MA-T1Gd 7.07£1.54 | 7.81£2.87 8.60+1.48 5.38+1.33 | 18.7+8.99
MA-Flair 9.48+2.43 | 8.06+1.77 8.60+1.87 5.38+2.62 | 24.7+9.06
MA-Ensemble 8.54+1.0 8.60+1.48 9.0+1.82 5.74+2.10 | 19.7+£9.04
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Figure 11: Quantitative (average Dice and Hausdor f f) evaluation of the various DL network architectures tested on unseen defaced data from
an independent institution (WashU). The evaluated models in this figure include training on individual modalities of the UPenn dataset and their
ensemble using majority voting, as well as multi-modality training.
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Figure 12: Evaluation results of the selected 3D-Res-U-Net on the Modality-Agnostic training process tested on unseen defaced data from an
independent institution (WashU). Average Dice and Hausdorf fos metrics are shown in the left and right columns, respectively. Results also
include the “T1-T1” and the “Multi-4”” models for comparison purposes.

25



UPenn

1.00 =
il §7 BlTZIIE I:TH b BilTaITH
S TR DO ATE UL I T LT TR T
ittt
09611 5 g 183 118435 A O §.0 e 5 178 ©
Q © 80,8 - °©
8 @ ° o 8 00O 8
0.94 g = ol O@ . g 10© 5 o018 i o0 o
o g o °© o o g8 o e
092-000 O-g . 4 -ooog 1 o 0-8 ©
0.90 4 O : 4 . J i
EEl DeepMedic
0.884° . . . 10 _ BN 3D-U-Net
o o I 3D-Res-U-Net
[ 2D-Resinc
0.86 - 1 1 1 1 ] B FCN
T11T1 T21T2 TlGlelGd FlairlFIair Mullti—4 Mullti-2 I Enselmble
1.00 5 T = TJUO
g e
0.98 A l . g . l . .
] lIl” lI Is gl.l.'f I
61 ] 5] ] ] | f
qu 4 JUTT T e
0.94 Z 1 1 o8 11o3 — e o
o)
0928 8- o 1 0@0 1° o _@ooo | 8 0] 060
0.90-§ _g °lle]° | {° {o °olo o
° °© 8 (e} ° o (e} =] DeepMzdic
T R | e B
8 [ 2D-Resinc
0.86 1 1° 1 ] i EEE FCN
Tl—'Tl T21T2 T1GdiTlGd FIairlFIair Mullti—4 MuI'ti—2 I Ense‘mble
1.00 MDA

00'—ll-'

-

m-m—* TS AR
. Hﬁ ! Tf | %T% HW- %{

0.92 4+ 8 . u J
0.90 A B . 4 4 i d
Il DeepMedic
0.88 - e 40 . 4 § Il 3D-U-Net
I 3D-Res-U-Net
[ 2D-Resinc
0.86 1 1 ] ] ] 1 B FCN
1
T1-T1l T2-T2 T1Gd-T1Gd Flair-Flair Multi-4 Multi-2 Ensemble

Figure 13: Quantitative (average S ensitivity) evaluation of various DL network architectures. From top to bottom rows we see results on the data
from (a) UPenn, (b) TIU, and (c¢) MDA. The evaluated models in this figure include training on individual modalities and their ensemble using
majority voting, as well as multi-modality training.
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Figure 14: Quantitative (average S pecificity) evaluation of various DL network architectures. From top to bottom rows we see results on the data
from (a) UPenn, (b) TJU, and (c¢) MDA. The evaluated models in this figure include training on individual modalities and their ensemble using
majority voting, as well as multi-modality training.
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Figure 15: Qualitative Poor Segmentation examples, randomly chosen from each institutions, across all algorithms and after setting a Thrpjce <
80%.)
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Figure 16: Qualitative Good Segmentation examples, randomly chosen from each institutions, across all algorithms and after setting a Thrpic >
98%.)
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