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1 COMPLETE QUALITATIVE COMPARISON
Exemplar segmentation results on BraTS2020 and MyoPS2020 un-
der certain modality combinations are presented in Sections 4.3 and
4.4. For a more comprehensive evaluation, qualitative segmentation
results of all modality combinations are illustrated in Figures 1 and
2. Compared to the baseline and other comparison approaches, PAS-
SION consistently achieves performance improvements, leading to
the fewest false positives and false negatives. It shows PASSION’s
superiority in dealing with various modality-missing scenarios.

2 ABLATION STUDY ON 𝐷𝑚
𝑛

In Section 3.3, we use the distance𝐷𝑚
𝑛 defined as L2-Proto-Distance

across all classes to represent the relative preference of the multi-
modal teacher to each uni-modal𝑚. Here, we adopt various cal-
culations of 𝐷𝑚

𝑛 for comparison to verify the validity of L2-Proto-
Distance, including the uni-modal’s Dice loss, KL loss, and Proto
loss as the measure of 𝐷𝑚

𝑛 respectively. Quantitative comparison
results are summarized in Table 1. In general, compared to the
baseline, regularization through re-balancing relative preference
is beneficial, proving the effectiveness of PASSION. Compared to
other calculations, L2-Proto-Distance is a better measure of relative
reference, achieving the best overall segmentation performance.

Table 1: Ablation study on 𝐷𝑚
𝑛 in Eq. 7 evaluated on

BraTS2020 under𝑀𝑅 = (0.2, 0.4, 0.6, 0.8).

Distance DSC [%] ↑ HD [mm] ↓
WT TC ET Avg. WT TC ET Avg.

None 83.39 70.37 52.15 68.64 12.59 13.85 9.25 11.90
Dice Loss 83.37 70.53 52.12 68.67 13.22 12.42 8.72 11.45
KL Loss 83.56 70.58 51.89 68.68 12.97 12.21 8.85 11.34

Proto Loss 83.55 71.31 52.44 69.10 13.69 12.78 8.14 11.54
L2-Proto-Distance 83.91 71.15 52.77 69.28 11.92 11.78 8.42 10.71

3 ABLATION STUDY ON 𝜏

The temperature 𝜏 in Eq. 3 is a hyper-parameter controlling the
softness of probability distributions. To study the effect of 𝜏 on seg-
mentation, ablation studies are conducted by varying the value of
𝜏 . In addition, to validate the proposed Pixel-wise Self-Distillation,
we further change the KL loss into a weighted cross-entropy (WCE)
loss with ground-truth and a Feature-wise L2-loss (F-L2) as a com-
parison. Quantitative results are summarized in Table 2. In general,
penalizing pixel-wise self-distillation through the KL loss is more
beneficial and stable, being relatively insensitive to 𝜏 . Specifically,
setting 𝜏 = 4 and 𝜏 = 3 achieves the best Dice and HD performance.

4 ADDITIONAL IMPLEMENTATION DETAILS
In Section 3.3, wementioned the gradient-wise re-balancing regular-
ization by applying the gradient descent of epoch-average relative

Table 2: Ablation study on 𝜏 in Eq. 3.

𝜏
DSC [%] ↑ HD [mm] ↓

WT TC ET Avg. WT TC ET Avg.
1 83.01 69.12 51.82 67.98 14.50 13.03 8.73 12.09
2 83.51 70.63 51.91 68.68 12.22 12.17 8.07 10.82
3 83.66 70.99 52.46 69.04 11.80 10.87 8.01 10.23
4 83.91 71.15 52.77 69.28 12.59 13.85 8.42 11.62
5 82.73 69.80 52.43 68.32 14.06 12.95 9.00 12.00
6 83.13 69.86 52.47 68.49 12.96 12.32 7.90 11.06
7 82.87 70.18 51.81 68.29 13.48 12.24 8.04 11.25
8 83.13 70.31 52.00 68.48 12.06 11.57 7.92 10.52
9 83.23 70.51 52.53 68.76 11.64 11.70 7.51 10.28
10 83.44 70.14 52.25 68.61 12.90 11.95 7.82 10.89

WCE 80.83 70.04 52.04 67.64 20.13 15.40 9.54 15.02
F-L2 81.91 67.72 50.25 66.63 14.48 13.09 8.47 12.01

preference. As the gradient does not directly correspond to the
Pixel-wise Self-Distillation optimization objective, for further con-
straints, we used projected gradient descent instead, formulated
as:

𝛽𝑚𝑟+1 = 𝛽𝑚𝑟 − 𝛾 · 𝑅𝑃𝑚,

[𝛽1
𝑟+1, 𝛽

2
𝑟+1, · · · , 𝛽

𝑀
𝑟+1] = 𝑃𝑟𝑜 𝑗Γ𝛽 [𝛽

1
𝑟+1, 𝛽

2
𝑟+1, · · · , 𝛽

𝑀
𝑟+1],

(1)

where r indexes the epoch, Γ𝛽 represents the feasible domain of
𝛽 = [𝛽1, 𝛽2, · · · , 𝛽𝑀 ]. Here we set Γ𝛽 = {𝛽 ∈ R𝑀 |𝛽𝑚 ≥ 0.1, ∥𝛽 ∥2 =

∥𝛽0∥2}. 𝑃𝑟𝑜 𝑗Γ𝛽 [·] represents the projection to domain Γ𝛽 . 𝛾 is the
learning rate of the weighted coefficients.

In Section 4.6, we conducted a plug-and-play ablation study
under various SOTA networks. To ensure the fairness of comparison
experiments, we modified different networks into a uniform size
(i.e., the basic dimension size is set as 8), focusing more on the
effectiveness of PASSION in modality-fusion methods. Different
from classification tasks, in all segmentation experiments, we set
the batch size as 1 (following previous works based on 1 or 2). Such
a setup makes models friendly for real-missing input. A larger batch
size can be realized by gradient accumulation, which may improve
the overall performance but is out of our focus. In future studies,
how to make use of the batch samples under 𝐼𝐷𝑇 with imbalanced
missing rates may deserve further exploration.

5 HD PERFORMANCE ON BRATS2020
In addition to the Dice performance evaluation on BraTS2020 in Sec-
tion 4.6, the HD performance comparison is summarized in Table 3.
Consistent with the observations in Section 4.6, 𝐼𝐷𝑇 brings severe
performance degradation compared to 𝑃𝐷𝑇 . When extending PAS-
SION to different backbones, consistent performance improvements
are achieved, demonstrating its effectiveness in shape preservation.



117

118

119

120

121

122

123

124

125

126

127

128

129

130

131

132

133

134

135

136

137

138

139

140

141

142

143

144

145

146

147

148

149

150

151

152

153

154

155

156

157

158

159

160

161

162

163

164

165

166

167

168

169

170

171

172

173

174

ACM MM, 2024, Melbourne, Australia Anonymous Authors

175

176

177

178

179

180

181

182

183

184

185

186

187

188

189

190

191

192

193

194

195

196

197

198

199

200

201

202

203

204

205

206

207

208

209

210

211

212

213

214

215

216

217

218

219

220

221

222

223

224

225

226

227

228

229

230

231

232

Raw
T1

T1c
Flair

T2
T1+T1c

T1+Flair
T1+T2

T1c+Flair
T1c+T2

Flair+T2
T1+T1c+T2

T1+Flair+T2
T1c+Flair+T2

T1+T1c+Flair+T2

Baseline ModDrop PASSIONPMR Baseline ModDrop PASSIONPMR

T1+T1c+Flair

T1 T1c Flair T2+GT

Figure 1: Complete qualitative comparison on BraTS2020.
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Figure 2: Complete qualitative comparison on MyoPS2020.

Table 3: Quantitative comparison (measured by HD (mm)) on various backbones evaluated on BraTS2020 under the 𝐼𝐷𝑇 (i.e.,
imperfect data training) setting𝑀𝑅 = (0.2, 0.4, 0.6, 0.8) and the 𝑃𝐷𝑇 (i.e., perfect data training) setting𝑀𝑅 = (0, 0, 0, 0) for T1, T1c,
Flair, and T2 respectively.

Type Setting

T1  # # #    # # #    #  

Avg.T1c #  # #  # #   #   #   
Flair # #  # #  #  #   #    
T2 # # #  # #  #   #     

WT

PDT
RFNet 33.15 36.06 27.73 23.68 26.99 22.42 16.69 23.31 20.76 18.89 22.24 18.14 17.99 20.91 17.95 23.13
mmFormer 27.45 28.12 17.82 18.71 21.15 12.83 12.65 11.56 11.03 12.93 10.36 9.33 10.65 10.88 9.37 14.99
M2FTrans 30.45 36.32 31.67 26.73 25.67 20.85 20.85 26.34 24.95 18.68 20.71 19.93 15.47 19.74 20.04 23.89

IDT
RFNet 28.61 39.54 36.93 43.12 26.98 23.19 28.38 29.10 34.76 28.83 24.56 28.54 20.69 28.61 26.79 29.91
mmFormer 27.65 30.79 35.13 40.32 17.89 24.11 21.95 29.68 38.23 26.74 21.19 23.32 20.05 28.03 20.81 27.06
M2FTrans 81.11 35.06 33.74 42.08 15.97 19.69 20.14 28.56 35.37 29.16 21.22 21.30 19.44 27.41 20.71 30.06

𝐼𝐷𝑇

(+PASSION)

RFNet 16.31 17.33 19.95 16.88 24.63 16.26 16.37 19.50 22.57 16.80 17.56 23.75 14.48 18.96 17.09 18.56
mmFormer 14.86 15.05 17.26 11.79 13.15 11.02 9.88 16.15 14.35 10.40 10.79 11.17 9.53 12.42 11.07 12.59
M2FTrans 14.30 15.65 15.53 12.25 11.69 12.93 10.46 18.03 12.34 16.36 15.61 12.13 12.52 19.03 17.08 14.39

TC

PDT
RFNet 24.95 33.92 29.80 21.37 22.09 20.00 17.37 22.92 20.15 20.82 21.05 16.59 19.40 19.57 18.20 21.88
mmFormer 26.08 30.67 25.65 20.10 15.96 18.17 15.14 15.00 11.63 16.37 13.41 10.81 13.83 13.11 11.80 17.18
M2FTrans 28.46 32.09 29.40 23.68 15.98 18.79 16.97 25.75 24.06 19.44 15.66 18.04 15.55 25.27 19.21 21.89

IDT
RFNet 20.61 42.65 42.53 30.33 27.81 24.11 28.62 29.94 19.22 29.08 20.72 23.92 23.55 26.07 26.48 27.71
mmFormer 23.45 24.08 40.19 32.98 8.06 27.60 16.64 26.79 18.08 29.43 21.24 8.60 22.58 20.06 14.69 22.30
M2FTrans 93.35 36.93 34.90 28.04 12.14 25.50 14.56 27.93 18.78 25.96 21.05 12.42 22.77 24.37 17.38 27.74

𝐼𝐷𝑇

(+PASSION)

RFNet 15.32 16.30 17.08 14.54 17.55 16.10 15.36 14.94 16.83 15.33 14.48 15.12 14.32 13.28 10.51 15.14
mmFormer 14.29 14.57 19.13 12.92 8.71 13.72 12.86 22.85 9.77 15.94 15.44 8.42 13.30 13.06 12.72 13.85
M2FTrans 12.40 12.57 14.62 13.05 7.71 13.70 10.67 13.37 9.04 14.67 13.01 8.06 12.44 11.78 10.49 11.84

ET

PDT
RFNet 19.00 23.07 21.86 14.48 11.20 14.02 11.42 12.41 9.57 13.81 10.66 6.82 11.54 12.21 9.62 13.45
mmFormer 20.31 15.83 18.40 13.32 9.60 14.82 10.57 10.45 8.47 12.58 9.44 8.01 11.21 7.78 7.43 11.88
M2FTrans 18.59 19.79 18.39 15.34 6.78 11.48 11.66 11.61 10.19 12.82 7.85 9.08 11.35 10.82 10.28 12.40

IDT
RFNet 16.74 25.71 11.71 20.03 14.38 12.65 15.20 18.24 13.18 15.45 11.47 10.06 10.75 12.85 10.25 14.58
mmFormer 18.14 13.63 21.93 23.05 5.58 17.16 11.69 12.72 8.90 18.40 9.29 4.46 16.71 8.61 6.15 13.09
M2FTrans 19.22 21.06 18.15 14.14 6.23 13.96 9.64 15.12 9.94 14.21 10.11 7.98 13.80 11.28 8.06 12.86

𝐼𝐷𝑇

(+PASSION)

RFNet 10.01 11.34 10.50 12.22 12.91 9.55 10.94 9.29 9.57 11.34 8.57 8.21 11.24 8.51 7.06 10.08
mmFormer 10.00 6.33 10.79 10.07 6.20 10.08 8.73 9.95 5.51 9.57 8.46 5.83 9.51 7.41 7.86 8.42
M2FTrans 9.28 7.28 9.99 8.92 5.68 10.54 7.94 7.72 4.87 10.88 7.62 4.68 10.23 6.91 6.47 7.93
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