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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 D}

In Section 3.3, we use the distance D' defined as L2-Proto-Distance
across all classes to represent the relative preference of the multi-
modal teacher to each uni-modal m. Here, we adopt various cal-
culations of D} 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 D]}’ 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 D]’ in Eq. 7 evaluated on
BraTS2020 under MR = (0.2,0.4,0.6,0.8).

. DSC [%] T HD [mm] |
Distance

WT TC ET Avg. WT TC ET  Avg.
None 83.39 70.37 52.15 68.64 | 1259 1385 9.25 11.90
Dice Loss 83.37 70.53 52.12 68.67 | 13.22 1242 8.72 1145
KL Loss 83.56 70.58 51.89 68.68 | 1297 1221 8.85 11.34
Proto Loss 83.55 71.31 5244 69.10 | 13.69 12.78 8.14 11.54
L2-Proto-Distance | 83.91 71.15 52.77 69.28 | 11.92 11.78 842 10.71

3 ABLATION STUDY ON ¢

The temperature 7 in Eq. 3 is a hyper-parameter controlling the
softness of probability distributions. To study the effect of 7 on seg-
mentation, ablation studies are conducted by varying the value of
7. 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 7. Specifically,
setting 7 = 4 and 7 = 3 achieves the best Dice and HD performance.

4 ADDITIONAL IMPLEMENTATION DETAILS

In Section 3.3, we mentioned the gradient-wise re-balancing regular-
ization by applying the gradient descent of epoch-average relative

Table 2: Ablation study on 7 in Eq. 3.

DSC [%] 1 HD [mm] |
" [WI TC ET Avg | WI _TC ET Avg
1 | 8301 6912 5182 67.98 | 1450 13.03 873 12.09
2 | 8351 7063 5191 6868 | 1222 1217 807 10.82
3 | 8366 7099 5246 69.04 | 11.80 10.87 801 10.23
4 | 8391 7115 5277 69.28 | 1259 1385 842 1162
5 | 8273 6980 5243 6832 | 1406 1295 9.00 12.00
6 | 8313 69.86 5247 6849 | 1296 1232 7.90 11.06
7 | 8287 7018 5181 6829 | 1348 1224 804 1125
§ | 8313 7031 5200 6848 | 1206 1157 7.92 10.52
9 | 8323 7051 5253 6876 | 11.64 1170 7.51 10.28
10 | 8344 7014 5225 6861 | 1290 1195 782 10.89
WCE | 8083 70.04 5204 67.64 | 2013 1540 954 1502
FL2 | 8191 6772 5025 6663 | 1448 1309 847 1201

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:
m= gy R,
1 g2 M . 1 g2 M

[ r+1 Pr+1> "7 ’ﬁr+1] = Pro]F/} [ﬁr+1’ r+1° """ ’ﬂr+1]’
where r indexes the epoch, I'; represents the feasible domain of
B=1[B" % . BM]. Here we set T = {f € RM|p™ > 0.1, [|B]|,, =
[1Boll5}- Projrﬁ [-] represents the projection to domain I's. y is the

1)

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.
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Figure 1: Complete qualitative comparison on BraTS$2020.
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Table 3: Quantitative comparison (measured by HD (mm)) on various backbones evaluated on BraTS2020 under the IDT (i.e.,
imperfect data training) setting MR = (0.2,0.4, 0.6,0.8) and the PDT (i.e, perfect data training) setting MR = (0, 0,0, 0) for T1, T1c,
Flair, and T2 respectively.
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265 RFNet 33.15 36.06 27.73 23.68 2699 2242 16.69 23.31 20.76 18.89 22.24 18.14 1799 2091 1795 23.13 322
266 PDT mmFormer | 2745 28.12 17.82 1871 21.15 12.83 12.65 1156 11.03 12.93 10.36 9.33 10.65 10.88 9.37 14.99 323
M2FTrans | 3045 3632 3167 2673 2567 20.85 20.85 2634 2495 1868 2071 1993 1547 1974 2004 23.89 i
267 RENet 2861 3054 3693 43.12 2698 23.10 2838 20.10 3476 2883 2456 2854 2069 2861 2679 2991 )
268 WT IDT mmFormer | 27.65 30.79 35.13 4032 17.89 24.11 2195 29.68 38.23 26.74 21.19 2332 20.05 28.03 2081 27.06 2
269 M2FTrans 81.11 35.06 33.74 42.08 1597 19.69 20.14 28.56 3537 29.16 21.22 2130 1944 27.41 20.71 30.06 326
70 . RENet 1631 1733 1995 1688 2463 1626 1637 1950 2257 1680 1756 2375 1448 1896 17.09 18.56 527
271 (+PASSION) 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 1242 11.07 12.59 328
M2FTrans 1430 15.65 1553 12.25 11.69 1293 1046 18.03 1234 1636 1561 12.13 1252 19.03 17.08 14.39 329
27'2 RFNet 2495 3392 29.80 21.37 22.09 20.00 17.37 2292 20.15 20.82 21.05 16.59 19.40 19.57 18.20 21.88 130
213 PDT mmFormer | 26.08 30.67 25.65 20.10 1596 18.17 15.14 15.00 11.63 16.37 1341 10.81 13.83 13.11 11.80 17.18
27 M2FTrans | 28.46 32.00 2940 23.68 1598 1879 1697 2575 2406 1944 1566 1804 1555 2527 1921 21.89 531
275 RENet 2061 4265 4253 3033 2781 2411 2862 2994 1922 2908 2072 2392 2355 2607 2648 27.71 332
276 TC IDT mmFormer | 23.45 24.08 40.19 3298 8.06 27.60 16.64 26.79 18.08 2943 21.24 8.60 2258 20.06 14.69 22.30 333
. M2FTrans | 9335 36.93 3490 2804 1214 2550 1456 27.93 1878 2596 21.05 1242 2277 2437 1738 27.74 -
. RENet 1532 1630 17.08 1454 1755 1610 1536 1494 1683 1533 1448 1512 1432 1328 1051 15.14 s
278 PASSION mmFormer | 14.29 14,57 19.13 12.92 8.71 13.72 12.86 22.85 9.77 1594 15.44 8.42 13.30 13.06 12.72 13.85
279 (+ ) 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 1049 11.84 336
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281 PDT 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 11.88 338
- M2FTrans | 1859 1979 1839 1534 678 1148 1166 11.61 1019 1282 7.85 908 1135 1082 1028 12.40 139
) RFNet 16.74 25.71 11.71 20.03 1438 12.65 15.20 18.24 13.18 1545 1147 10.06 10.75 12.85 10.25 14.58 340
283 ET IDT 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 .
284 M2FTrans | 19.22 21.06 18.15 1414 623 1396 9.64 1512 9.94 1421 1011 7.98 13.80 1128 806 12.86 i
285 b7 RENet 1001 1134 1050 1222 1291 955 1094 929 957 1134 857 821 1124 851 706 10.08 342
286 (+PASSION) mmbFormer | 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 8.42 343
287 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 7.93 344
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