Addressing the challenges and barriers to the
integration of machine learning into clinical practice:
An innovative method to hybrid human-machine

intelligence

Supplementary Materials

Table S1, Descriptive statistics of the quantitative data

mean std min 25% 50% 75% max

ONSYRS 6.497403e+00 6.363143 0.00 2.000000e+00 4.000000e+00 9.000000e+00 40.000
AGEATONSET 3.011948e+01 9.259797 8.00 2.300000e+01 2.900000e+01 3.600000e+01 54.000
DIAGYRS 3.567532e+00 4745402 0.00 1.000000e+00 1.000000e+00 5.000000e+00 40.000
AGEATDIAGYRS 3.304935e+01 9.513807 13.00 2.600000e+01 3.300000e+01 4.000000e+01 58.000
T2LESIONSCREENING 4.965065e+01 36.846517 0.00 2.225000e+01 4.200000e+01 7.100000e+01 249.000
NormalBrainVolume 1.580130e+06 96188.787187 1278789.06 1.518173e+06 1.586498e+06 1.649965e+06 1851174.430
T2VOLUMESCREENING 9.861367e+00 11.662986 0.00 1.960500e+00 5.734500e+00 1.348200e+01 99.054
GADOSCREENING 1.370130e+00 3.652584 0.00 0.000000e+00 0.000000e+00 1.000000e+00 38.000
GDVOLUMESCREENING  1.522369e-01 0.509063 0.00 0.000000e+00 0.000000e+00 1.230000e-01 5.019
TILESIONSCREENING 2.725714e+01 27.619208 0.00 7.000000e+00 1.800000e+01 4.100000e+01 204.000
T1IVOLUMESCREENING 3.007651e+00 4771851 0.00 3.157500e-01 1.125000e+00 3.732000e+00 39.201
RLPS1YP 1.571429e+00 0.675189 1.00 1.000000e+00 1.000000e+00 2.000000e+00 5.000
EDSSSCREENING 2.442857e+00 1.207629 0.00 1.500000e+00 2.000000e+00 3.500000e+00 5.500
BOWLBLDRSCREENING 4.415584e-01 0.642927 0.00 0.000000e+00 0.000000e+00 1.000000e+00 3.000
BRAINSTMSCREENING 5.818182e-01 0.766110 0.00 0.000000e+00 0.000000e+00 1.000000e+00 4.000
CEREBELRSCREENING 1.022078e+00 0.976062 0.00 0.000000e+00 1.000000e+00 2.000000e+00 4.000
CEREBRALSCREENING 4.324675e-01 0.673662 0.00 0.000000e+00 0.000000e+00 1.000000e+00 2.000
DISTWALKSCREENING 4.861039e+02 53.137108 150.00 5.000000e+02 5.000000e+02 5.000000e+02 500.000
PYRAMIDLSCREENING 1.579221e+00 1.031158 0.00 1.000000e+00 1.000000e+00 2.000000e+00 5.000
SENSORYSCREENING 8.675325¢e-01 0.975972 0.00 0.000000e+00 1.000000e+00 2.000000e+00 4.000
VISUALSCREENING 5.948052e-01 0.859113 0.00 0.000000e+00 0.000000e+00 1.000000e+00 4.000
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Figure $1, Pairwise graph showing how the features used by the physician differ by EDSS worsening. The diagonal shows the distribution of individual

variables for each EDSS worsening class
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Figure S2, Pairwise graph showing how the features used and categorized by the physician differ by EDSS worsening. The diagonal shows the distribution of
individual variables for each EDSS worsening class
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Figure S3, Pairwise graph showing how the features used by the physician differ by Lesion worsening. The diagonal shows the distribution of individual
variables for each Lesion worsening class
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Figure S4, Pairwise graph showing how the features used and categorized by the physician differ by Lesion worsening. The diagonal shows the

distribution of individual variables for each Lesion worsening class



Table S2, Performance of models created by the 'All features' method for EDSS worsening prediction

AUC score F1 score True positive True negative False positive False negative

max min mean std max min mean std max min mean std max min mean std max min mean std max min mean std
LogisticRegression 0635 0462 0.548 0.060 0.737 0.698 0715 0.014 960 890 916 2417 7.0 3.0 48 1327 70 40 54 1.020 570 500 540 2366
DecisionTreeClassifier 0.548 0418 0.473 0.043 0.777 0.582 0677 0.069 1080 67.0 862 14932 6.0 20 36 1625 80 40 66 1744 790 380 594 14814
BaggingClassifier_LogisticRegression 0628 0460 0.532 0.061 0.792 0.751 0767 0.014 109.0 1010 1040 2828 6.0 20 36 135 80 50 66 1.020 450 370 416 2653
BaggingClassifier_DecisionTree 0.592 0429 0491 0.055 0.830 0755 0.783 0025 119.0 1020 1092 5636 40 10 24 1020 90 70 7.8 0748 440 260 364 6.020
AdaBoostClassifier_DecisionTree 0513 0429 0472 0030 0.810 0755 0.780 0018 116.0 1040 1090 4099 30 10 20 0632 90 70 82 0748 410 300 366 3.929
RandomForestClassifier 0600 0462 0536 0048 0.783 0700 0.732 0036 1070 870 960 8295 60 30 42 0980 70 40 6.0 1.095 580 390 496 8.309
GradientBoostingClassifier 0.500 0.486 0496 0005 0.905 0883 0.899 0008 146.0 1410 1444 1744 00 00 00 0.000 11.0 100 102 0400 40 00 12 1470
XGBoostClassifier 0637 0427 0.523 0.067 0815 0.769 0788 0.016 113.0 1050 1094 2728 50 10 30 1265 90 50 72 1327 410 330 362 2786
SVCClassifier 0672 0434 0559 0.081 0.728 0631 0671 0.031 940 740 826 6591 80 3.0 56 1744 70 20 46 1855 720 520 630 6512
BaggingClassifier_SVC 0.500 0.500 0.500 0.000 0.905 0.896 0903 0.004 146.0 1450 1456 0490 00 0.0 0.0 0.000 110 100 102 0400 00 00 0.0 0.000
A Classifier_Log ] 0615 0464 0.555 0.054 0.731 0636 0709 0.037 950 770 904 6771 6.0 40 50 0894 60 40 52 0748 690 50.0 552 7.026
AdaBoostClassifier_SVC 0.500 0.500 0.500 0.000 0.905 0.896 0.903 0004 1460 1450 1456 0490 00 00 0.0 0000 11.0 100 102 0400 00 00 0.0 0.000

Table S3, Performance of models created by the 'Physician features' method for EDSS worsening prediction

AUC score F1 score True positive True negative False positive False negative

max min mean std max min mean std max min mean std max min mean std max min mean std max min mean std
LogisticRegression 0.601 0.401 0509 0.080 0.767 0.743 0.756 0.010 1040 980 1010 1897 50 1.0 32 1600 90 50 7.0 1789 460 390 428 2227
DecisionTreeClassifier 0.682 0432 0551 0.082 0813 0720 0.766 0.032 1100 920 1024 7310 60 10 40 1789 90 40 6.2 1720 510 340 414 7031
BaggingClassifier_LogisticRegression  0.627 0467 0553 0.057 0871 0826 0.844 0017 1280 1190 1222 3.187 40 10 26 1020 90 6.0 76 1200 250 160 216 3.137
BaggingClassifier_DecisionTree 0.685 0432 0552 0.084 0817 0720 0.767 0.034 111.0 920 1026 7526 60 1.0 40 1789 90 40 6.2 1720 510 33.0 412 7250
A Classifier_DecisionTree 0.543 0497 0508 0.018 0910 0.891 0.902 0.006 1440 1420 1432 0980 10 00 02 0400 110 90 100 0632 20 00 0.6 0.800
RandomForestClassifier 0.572 0474 0521 0.085 0.834 0789 0.817 0.017 1220 107.0 116.0 5254 40 1.0 24 1020 90 6.0 7.8 0980 370 220 278 5307
GradientBoostingClassifier 0.551 0.448 0503 0.034 0879 0.852 0.865 0.010 1340 1280 1306 2154 20 00 10 0632 100 80 92 0748 160 100 132 2315
XGBoostClassifier 0646 0.449 0549 0073 0.825 0790 0.808 0011 1150 1060 1128 3.429 50 1.0 32 1600 90 50 70 1673 380 290 310 3521
SVCClassifier 0614 0495 0533 0048 0689 0611 0662 0029 860 710 802 5776 7.0 40 52 1166 6.0 3.0 50 1.095 730 580 636 5886
BaggingClassifier_SVC 0.500 0.500 0.500 0.000 0.904 0894 0.902 0004 1440 143.0 1438 0400 00 00 00 0000 110 100 102 0400 00 00 0.0 0.000
AdaBoostClassifier_LogisticRegression 0.637 0490 0.530 0.055 0766 0.724 0748 0.014 1030 930 986 3611 60 30 38 1166 80 40 64 135 510 410 452 3816
AdaBoostClassifier_SVC 0.500 0.500 0.500 0.000 0.904 0894 0.902 0004 1440 143.0 1438 0400 00 00 00 0000 110 100 102 0400 00 00 0.0 0.000

Table S4, Performance of models created by the ' Physician features & classes' method for EDSS worsening prediction

AUC score F1 score True positive True negative False positive False negative

max min mean std max min mean std max min mean std max min mean std max min mean std max min mean std
LogisticRegression 0615 0491 0561 0.049 0711 0626 0679 0028 910 730 840 5933 80 40 56 1497 60 30 46 1200 720 540 616 5817
DecisionTreeClassifier 0625 0443 0.549 0.063 0.743 0608 0683 0.051 980 700 854 1028 70 3.0 52 1327 70 30 50 1414 760 470 602 10534
BaggingClassifier_LogisticRegression 0615 0491 0561 0049 0711 0626 0679 0.028 910 730 840 5933 80 40 56 1497 60 30 46 1200 720 540 616 5817
BaggingClassifier_DecisionTree 0625 0443 0.549 0.063 0.743 0614 0684 0050 980 710 856 9992 70 30 52 1327 70 30 50 1414 750 470 600 10237
AdaB lassifier_DecisionTree 0577 0416 0.512 0.066 0.805 0751 0.774 0.022 113.0 1000 1064 4673 40 10 30 1265 90 60 72 1166 460 320 392 495
RandomForestClassifier 0660 0429 0523 0.080 0811 0.742 0776 0024 1160 980 1066 6.053 60 1.0 32 1720 90 40 7.0 1789 480 290 390 6.481
GradientBoostingClassifier 0529 0483 0.498 0.017 0.898 0.888 0.893 0.004 1450 1400 1420 209 10 00 02 0400 110 90 100 0632 60 00 36 2245
XGBoostClassifier 0.527 0471 0.504 0.022 0.740 0646 0688 0.036 980 790 870 7403 50 30 42 0748 70 50 6.0 0632 67.0 470 586 7.710
SVCClassifier 0692 0.539 0.598 0.055 0.767 0708 0.745 0.022 1020 900 972 4261 70 40 54 1020 60 30 48 0980 56.0 430 484 4409
BaggingClassifier_SVC 0.500 0.500 0.500 0.000 0.905 0.896 0.903 0.004 146.0 1450 1456 049 00 00 00 0000 110 100 102 0400 00 00 0.0 0.000
AdaB lassifier_L g 0622 0503 0550 0.045 0.732 0.639 0690 0032 940 760 864 6344 70 40 52 1166 6.0 40 50 0894 690 520 592 6.079
AdaBoostClassifier_SVC 0.500 0.500 0.500 0.000 0.905 0.896 0.903 0.004 146.0 1450 1456 049 00 00 00 0000 110 100 102 0400 00 00 0.0 0.000



Table S5, Performance of models created by the 'All features' method for Lesion worsening prediction

AUC score F1 score True positive True negative False positive False negative

max min mean std max min mean std max min mean std max min mean std max min mean std max min mean std
LogisticRegression 0.746 0662 0.701 0.035 0.746 0.662 0701 0.035 61.0 480 542 4707 550 51.0 538 1470 250 210 222 1470 300 170 238 4.707
DecisionTreeClassifier 0.752 0591 0.687 0058 0.751 0591 0.686 0058 650 470 540 6573 61.0 440 518 5636 320 150 242 5636 310 13.0 240 6.573
BaggingClassifier_LogisticRegression 0.746 0669 0.704 0033 0.746 0668 0.704 0033 610 490 548 4490 550 510 536 135 250 210 224 135 29.0 170 232 4490
BaggingClassifier_DecisionTree 0.753 0642 0698 0044 0.753 0641 0.698 0044 620 560 584 2245 56.0 430 492 4665 330 200 268 4665 220 160 196 2245
AdaBoostClassifier_DecisionTree 0.773 0648 0.714 0.050 0.773 0.647 0713 0.051 60.0 560 584 1625 59.0 43.0 516 6437 33.0 170 244 6437 220 180 196 1625
RandomForestClassifier 0.740 0655 0.712 0.033 0.740 0.655 0712 0.033 59.0 540 5656 1855 57.0 47.0 530 3.406 290 190 23.0 3406 240 190 214 1855
GradientBoostingClassifier 0.760 0656 0.709 0042 0.760 0656 0.709 0042 600 500 562 3544 57.0 470 53.0 3.795 290 190 230 3795 280 180 218 3.544
XGBoostClassifier 0.779 0656 0.723 0.051 0.779 0.656 0723 0.051 61.0 510 57.0 4147 590 480 544 3929 280 170 216 3929 270 170 210 4.147
SVCClassifier 0.753 0649 0.713 0034 0.753 0649 0.713 0034 600 510 558 3.059 56.0 490 540 2608 270 200 220 2608 270 180 222 3.059
BaggingClassifier_SVC 0766 0675 0.722 0.036 0766 0.675 0722 0.036 620 520 574 4128 560 520 538 1600 240 200 222 1600 260 160 206 4.128
AdaBoostClassifier_LogisticRegression 0766 0642 0708 0.047 0.766 0642 0707 0.047 610 500 566 4224 570 450 524 4454 310 190 236 4454 280 170 214 4224
AdaBoostClassifier_SVC 0.760 0643 0.714 0051 0.760 0643 0.714 0051 610 480 550 5404 58.0 510 550 2757 250 180 210 2757 300 170 230 5404

Table S6, Performance of models created by the 'Physician features' method for Lesion worsening prediction

AUC score F1 score True positive True negative False positive False negative

max min mean std max min mean std max min mean std max min mean std max min mean std max min mean std
LogisticRegression 0.761 0699 0.729 0.026 0.761 0699 0729 0.026 61.0 540 578 2561 60.0 520 558 2993 250 170 212 2993 250 180 210 2757
DecisionTreeClassifier 0.738 0635 0.701 0.038 0.737 0.634 0.700 0039 630 460 546 7003 600 510 546 4030 260 170 224 4030 330 160 242 7194
BaggingClassifier_LogisticRegression 0763 0686 0.724 0030 0.763 0686 0.724 0.030 61.0 530 576 2800 60.0 51.0 552 3655 260 170 218 3655 260 180 212 2926
BaggingClassifier_DecisionTree 0.768 0659 0.708 0.040 0.768 0657 0.708 0.041 61.0 550 588 2135 59.0 430 516 5783 340 180 254 5783 240 180 200 2280
AdaBoostClassifier_DecisionTree 0.750 0666 0.706 0.032 0.750 0.666 0.705 0.032 640 540 584 3611 56.0 480 516 2728 290 210 254 2728 250 150 204 3.555
RandomForestClassifier 0.743 0659 0.707 0.039 0.743 0658 0.706 0039 650 570 598 2993 580 440 504 5314 330 190 266 5314 220 140 190 2828
GradientBoostingClassifier 0.749 0659 0.708 0.033 0.749 0658 0.708 0.034 650 550 588 3370 55.0 450 516 3666 320 220 254 3666 240 140 200 3286
XGBoostClassifier 0.750 0673 0.715 0.030 0.750 0673 0.714 0.030 64.0 530 586 3980 58.0 460 528 4534 310 190 242 4534 260 150 202 3.970
SVCClassifier 0.763 0673 0.724 0.036 0.763 0673 0724 0.036 620 520 57.0 3406 61.0 500 558 4308 270 160 212 4308 270 170 218 3.429
BaggingClassifier_SVC 0.757 0685 0724 0.029 0.756 0685 0.724 0029 620 540 580 2608 600 50.0 548 3868 270 17.0 222 3868 250 170 208 2713
AdaBoostClassifier_LogisticRegression 0.768 0.673 0.720 0.035 0.768 0673 0.720 0035 620 540 572 3.059 600 50.0 550 429 270 170 220 4.290 25.0 170 216 3.200
AdaBoostClassifier_SVC 0.761 0685 0.721 0.030 0.761 0685 0.721 0.030 63.0 550 59.0 3.033 59.0 490 534 3720 280 180 236 3720 240 160 198 3.250

Table S7, Performance of models created by the 'Physician features & classes' method for Lesion worsening prediction

AUC score F1 score True positive True negative False positive False negative

max min mean std max min mean std max min mean std max min mean std max min mean std max min mean std
LogisticRegression 0.730 0634 0692 0036 0.730 0633 0691 0036 620 540 574 3382 540 440 504 3441 330 230 266 3.441 250 170 214 361
DecisionTreeClassifier 0749 0629 0699 0047 0.749 0627 0698 0047 640 460 572 7985 540 490 518 1720 280 230 252 1720 33.0 150 216 8.139
BaggingClassifier_LogisticRegression 0.730 0634 0695 0.037 0.730 0632 0695 0.037 620 550 580 2608 540 430 504 3929 340 230 266 3.929 240 170 208 2786
BaggingClassifier_DecisionTree 0.749 0640 0.707 0.045 0.749 0640 0707 0045 630 530 586 3878 550 450 516 3555 320 220 254 3555 26.0 16.0 202 4.020
AdaBoostClassifier_DecisionTree 0.756 0.660 0.699 0.037 0.756 0.660 0699 0037 640 500 572 5115 550 480 518 2561 290 220 252 2561 290 150 216 5276
RandomForestClassifier 0.774 0679 0.725 0035 0.774 0679 0725 0035 620 560 596 2939 580 500 534 2653 270 190 236 2653 23.0 160 192 3.124
GradientBoostingClassifier 0.743 0672 0.716 0.030 0.743 0672 0.716 0031 63.0 560 59.8 2482 540 470 518 2638 300 230 252 2638 230 160 19.0 2608
XGBoostClassifier 0.742 0659 0.709 0.032 0.742 0658 0709 0.032 620 550 59.2 2482 550 450 514 3499 320 220 256 3.499 240 170 196 2577
SVCClassifier 0.743 0660 0.702 0.029 0744 0660 0.702 0029 60.0 540 576 2332 56.0 490 518 2400 280 210 252 2400 250 180 212 2561
BaggingClassifier_SVC 0.744 0685 0.707 0.022 0744 0685 0.707 0022 600 570 584 1.020 57.0 490 518 278 280 200 252 278 220 180 204 1356
AdaBoostClassifier_LogisticRegression 0.748 0608 0684 0.048 0.748 0608 0684 0.048 610 520 56.0 4147 550 430 506 4409 340 220 264 4409 270 170 228 4.400
AdaBoostClassifier_SVC 0.742 0603 0.673 0.045 0742 0603 0.673 0045 59.0 470 53.0 4.000 56.0 470 518 3600 300 210 252 3600 320 190 258 4.308



