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Modality Method Accuracy Sensitivity Specificity F1-score
MRI SVM (mean = std) 0709  0.041 0.487 £ 0.096 0.852 £ 0.001 0.563 £ 0.079
MLP (mean = std) 0.700 £ 0.050 0410 £0.131 0.886 £ 0.002 0.644 £ 0.077
GCN (mean = std) 0.639 £ 0.068 0.462 £ 0.109 0.721 % 0.050 0.591 £ 0.082
GAT (mean = std) 0.660  0.026 0.436 £ 0.096 0.805 £ 0.064 0.618 £ 0.037
HGNN+ (mean = std) 0710 & 0.037 0641 £0.192 0.756 £ 0.099 0.689 £ 0.054
BrainGB (mean = std) 0.690 + 0.063 0513+ 0.254 0.802 % 0.073 0.646 £ 0.097
BrainGNN (mean = std) 0.700  0.004 0.487 £ 0.036 0.837 £ 0.019 0.665 £ 0.009
DTI SVM (mean = std) 0.650 & 0.023 0539 £ 0.126 07244 0.115 0539 4 0.045
MLP (mean = std) 0.690 £ 0.059 0.436 £ 0.158 0.853 £ 0.037 0.640 £ 0.086
GCN (mean = std) 0.683 & 0.085 0571 £0.106 0.756 £ 0.099 0.664 £ 0.089
GAT (mean = std) 0.669  0.068 0.436  0.096 0.818 £ 0.065 0.628 £ 0.075
HGNN+ (mean = std) 0.690 = 0.039 0.462 % 0.109 0.837 £ 0.019 0.649 % 0.057
fMRI&DTI BrainNN (mean = std) 0.701  0.045 0487 £0.131 0.838 £ 0.097 0.661 £ 0.055
MVGCN (mean = std) 0.690 = 0.050 0.462 + 0.063 0.837 % 0.081 0.538 £ 0.061
HGTrans (mean = std) 0.740 £ 0.050 0539+ 0.109 0.851 £ 0.109 0.698 £ 0.049
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Modality Method Accuracy Sensitivity Specificity F1-score

ABIDE-NYU

MRI SVM (mean = std) 0.746 £ 0.024 0.879 £ 0.043 0547 £ 0.034 0.633 £ 0.024
MLP (mean = std) 0655  0.048 0.879  0.086 0327 £0.185 0.400 £ 0.163
GCN (mean = std) 0618 £ 0.046 0.909  0.074 0.185 £ 0.072 0274 £ 0.090
GAT (mean = std) 0.617 £ 0.053 0.667 £ 0.086 0542 £ 0.083 0.590 £ 0.084
GraphSage (mean = std) 0582 & 0.068 0.606 = 0.086 0542 & 0.083 0.509 £ 0.077
HGNN+ (mean = std) 0.707 £ 0.098 0.849 £ 0.113 0.494 £ 0.149 0672 £0.117
BrainGB (mean = std) 0.691 + 0.068 0.849 + 0.043 0452 £0.121 0.651 % 0.085
BrainGNN (mean = std) 0727 £ 0.046 0.818 & 0.074 0583 £ 0.131 0.703 £ 0.056

DTI SVM (mean = std) 0582 & 0.068 0.818 £ 0.074 0.185 £ 0.072 0.509 £ 0.077
MLP (mean = std) 0.563 £ 0,011 0.818 £ 0.074 0232 £0.139 0244 £ 0.063
GCN (mean = std) 0.527 + 0.068 0.788 = 0.086 0.143 £ 0.202 0154+ 0218
GAT (mean = std) 0511 0.078 0.697 + 0.043 0232£0.139 0.266  0.139
GraphSage (mean = std) 0545 0,033 0.758 £ 0.113 0232 £0.139 0270 £ 0.112
HGNN+ (mean = std) 0.637 0.0 61 0.758 £ 0.113 0.548 & 0.034 0622 £ 0.056

fMRI&DTI BrainNN (mean = std) 0.688 = 0.142 0.788 = 0.086 0.536 £ 0.278 0.669 £ 0.049
MVGCN (mean = std) 0.748 £ 0.104 0.909 + 0.091 051240238 0.602 £ 0.206
HGTrans (mean = std) 0.799 & 0.0957 0.909  0.074 0.631 +0.144 0778 £0.110

ABIDE-TCD

MRI SVM (mean = std) 0625+ 0.112 0.650 & 0.200 0.600 £ 0.255 0.628 % 0.101
MLP (mean = std) 0.646 £ 0.136 0.500 % 0.175 0.794 % 0.900 0.636 % 0.140
GCN (mean = std) 0625 £ 0.126 0.794 £ 0.147 0.468 & 0.258 0526 £0.018
GAT (mean = std) 0.623 £ 0.072 0.667 +0.294 0611 £0.235 0595+ 0.112
GraphSage (mean = std) 0.623 + 0.072 0.556 =+ 0.192 0.706 = 0.107 0.652 % 0.045
HGNN+ (mean = std) 0.676 & 0.067 0.659 & 0.124 0363 & 0.059 0.500 £ 0.082
BrainGB (mean = std) 0.691  0.068 0.849 £ 0.043 0452 £0.121 0.651 £ 0.085
BrainGNN (mean = std) 0.698 = 0.070 0.746 £ 0.081 0651 &0.059 0.697 £ 0.069

DTI SVM (mean = std) 0582 & 0.068 0.818 & 0.074 0.185 £ 0.072 0.509 % 0.077
MLP (mean = std) 0526 + 0.065 0.508  0.259 0.548 £ 0.236 0.514£0.112
GCN (mean = std) 0527  0.068 0.788  0.086 0.143 £0.202 0.154 £ 0218
GAT (mean = std) 0.601 % 0.127 0.651 % 0.059 0564 +0.224 0.568 £ 0.166
GraphSage (mean = std) 0500  0.031 0.540 £ 0.157 0437 £0.224 0.436 £ 0.165
HGNN+ (mean = std) 0.498 £ 0.136 0349 & 0.059 0.667 &0.294 0482 £0.123

fMRI&DTI BrainNN (mean = std) 0.672 £ 0.080 0.444 £ 0.098 0.897 £ 0.074 0.732 £ 0.067
MVGCN (mean = std) 0.698 £ 0.113 0.659 £ 0.170 0.746 £ 0.081 0714 £0.101
HGTrans (mean = std) 0749  0.098 0.970 £ 0.043 0.698  0.022 0.748 £ 0.097
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Traing,y 591 (34.0%) 4,599 (18.9%) 38,613 (9.3%)
Trairtgus 493 (0%) 4,028 (0%) 35,019 (0%)
Test 45 (77.8%) 900 (25.6%) 8,848 (14.7%)

The percentages of the seizure data (SZ) is indicated in parenthesis.
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Method Acc pec Acc Precision

Supervised Unsupervised

EEGNet 04742 0.298 0.9021 EEG4-CGS 03076 0.3076 0.9450
EEG-TL 0.4001 02675 NA EEG,-CGS 0.4285 03333 0.9291
Dense-CNN 04143 02746 0.8692 EEG,-CGS 02857 02857 09132
LSTM 03652 0.2635 0.8143 EEGy-CGS 02857 0.2857 0.9211
CNN-LSTM 03304 02572 0.8574 EEG,-CGS 03076 0.3076 0.9009
Dist-DCRNN 03414 02612 0.9321 - - - -
Corr-DCRNN 0.4482 02711 0.9003 - - - -
Ours

EEGy-GCA 0.6812 0.3469 09714 EEG,-GCA 0.6636 03438 0.9429
EEG,-GCA 0.6847 0.3469 09714 EEGy-GCA 0.6832 0.3469 09714
EEG,-GCA 0.6848 0.3469 09714 EEG-GCA 0.6625 0.3438 0.9429
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Count (%)

Total (n) 150
Benign 49 (32.7%)
Atypical fibroadenoma 20
Hyperplastic nodule 10
Hyperplastic nodule with fibroadenoma 1
Intraductal papilloma 4
Mass-like non-puerperal mastitis 1
Mammary duct ectasia/periductal mastitis/ serous mastitis 7
Granulomatous lobular mastitis 7
Malignant 101 (67.3%)
Invasive ductal carcinoma 8
Ductal carcinoma in site 12
Invasive lobular carcinoma 2
Intraductal papillary carcinoma 2
Medullary carcinoma 1

Mucinous carcinoma 1
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Risk features of enhanced Benign (n = 49, Malignant SEN (%) SPE(%) ACC (%) P-value’

lesions yes/no) (n =101, yes/no)

Enlarged scope 18/31 67134 663 633 653 <001
Irregular shape 26123 71730 703 169 627 006
Directed perfusion 25/24 52049 515 190 507 1.00
Heterogencous perfusion 2029 81120 802 592 733 <001
Perfusion deficiency 20129 78123 72 592 713 <001
Crab clam-like enhancement 2147 52049 515 959 660 <001
More than two enhanced vessels within lesions 544 61/40 604 898 700 <001
Surrounding enriched vessels inserting into 19130 101/0 100 612 873 <001

lesions.

‘Chi-square test. SEN, sensitivity; SPE, specificity; ACC, accuracy.
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Quantitative SEN (%) SPE (%) ACC (%) NPV (%) PPV (%)

AUROC (%)
(95% ClI)

Cutoff value

parameters

Whole lesion

Whole_IMAX 4438 773 550 391 L1
Whole _RT 594 546 579 38.1 740
Whole _TTP 927 182 693 533 712
Whole_mTT 760 55 664 165 753
Partial lesion

Partial_IMAX 604 659 621 433 795
Partial_RT 573 523 557 359 724
Partial _TTP 542 59.1 521 371 743
Partial _mTT 885 273 557 522 726

062 (052,0.72)
0.56 (0.46, 0.67)
0.51(0.41,0.62)

0.61(0.50,071)

061(051,0.71)
054 (0.43,0.64)
052 (041, 0.63)

0.56 (0.45,0.66)

299.4%

905

1695

265

267.3%

775

1075

312s

AUROC, area under receiver operating curve; Cl, confidence interval; SEN, sensitivity; SPE, specificitys PPY; positive predictive value; NPV, negative predictive value; IMAX, maximum

intensity; R, ising time; TP, time to peaks mTT, mean transit time.
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Initial population & Inclusion criteria
Step 1: All patients with breast ultrasound examination. Step 2: Following to the ACR BI-RADS, those patients
diagnosed as suspicious breast lesions were suggested to undergo contrast-enhanced ultrasound (CEUS)
examination. Step 3: After CEUS, patients scored as 4 category were suggested underwent US-guided FNA or
surgery (228 lesions in 228 patients between April.2020 to August.2021 ).

Exclusion criteria
1. The patients rejecting CEUS examination before FNA or surgery (w=43)
2. The patients failing in following up pathological results (u=33)
3. Patients with breast cysts without entering contrast was excluded (u=2)

|

| Final study population: 150 lesions in 150 patients

02

{

49 benignant breast lesions 101 malignant breast lesions
in 49 patients in 101 patients
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AUC within 1 year UC within 2 years | AUC within 3 years | AUC within 4 years | AUC within 5 years

XGBoost 0941 0906 0922 0917 0.887
LightGBM 0981 0924 0889 0907 0885
RF 0903 0825 0852 0849 0774
SVM 0900 0856 0836 0843 0832
AdaBoost 0659 0779 0732 0.661 0781
NNW 0747 0852 0823 0.845 0813
DT 0469 0650 0674 0636 0542
LR 0819 0839 0810 0833 0795
KNN 0.600 0592 0585 0576 0568

This table summarizes area under the receiver operating characteristic curve (AUC) of each model at different time nodes only. Additional data on optimal parameters and performance of each
model is summarized in Supplementary Appendix. XGBoost, extreme gradient boosting; LightGBM, light gradient-boosting machine; RF, random forest; SVM, support vector machine;
Adibaost adaiive boosting: NN noasl netwods TYD. docislos tree: 12 lnchite sacrestion: EKIN, Knsarnet ndloitbour:
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/*************************************************************
 *
 *  MathJax.js
 *  
 *  The main code for the MathJax math-typesetting library.  See 
 *  http://www.mathjax.org/ for details.
 *  
 *  ---------------------------------------------------------------------
 *  
 *  Copyright (c) 2009-2012 Design Science, Inc.
 * 
 *  Licensed under the Apache License, Version 2.0 (the "License");
 *  you may not use this file except in compliance with the License.
 *  You may obtain a copy of the License at
 * 
 *      http://www.apache.org/licenses/LICENSE-2.0
 * 
 *  Unless required by applicable law or agreed to in writing, software
 *  distributed under the License is distributed on an "AS IS" BASIS,
 *  WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or implied.
 *  See the License for the specific language governing permissions and
 *  limitations under the License.
 */

if (!window.MathJax) {window.MathJax = {}}

MathJax.isPacked = true;
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# Quantum - based Medical High - order Correlation Mining: Pseudo - code

# 1. Data Pre - processing
# Input: Raw medical data
# Output: Quantum - encoded data

def data_preprocessing(raw_data):
emr_data = extract_emr(raw_data)
symptoms = get_symptoms(emr_data)
symptom_states = map_to_quantum(symptoms)
genetic_data = extract_genetic(raw_data)
genetic_markers = get_markers(genetic_data)
genetic_states = map_to_quantum(genetic_markers)
return symptom_states, genetic_states

# 2. Entanglement Discovery
# Input: Quantum - encoded data
# Output: Entangled state and measure

def entanglement_discovery(symptom_states, genetic_states):
entangled_state = create_entangled(symptom_states, genetic_states)
measure = calculate_ 1 led_state)
return entangled_state, measure

# 3. High - order Correlation Mining
# Input: Entangled state, correlation functions
# Output: High - order correlations

def high_order_correlation_mining(entangled_state, functions):

results =[]

for func in functions:
result = apply_quantum(func, entangled_state)
results.append(result)

combined = combine_results(results)

correlations = measure(combined)

return correlations

# 4. Optimization
# Input: Correlations, objective function
# Output: Optimized model

def optimization(correlations, objective):
ising_vars = map_to_ising(correlations)
def energy(spin_states):
# Calculate Ising energy
pass
optimized_states = quantum_anneal(energy)
model = map_back(optimized_states)
return model
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Characteristic Total (n = 488) Training set (n = 404) Testing set (n = 84) Statistic P value

Gender, n (%) 7°=0257 0.612
Male 157 (32.17) 128 (31.68) 29 (34.52)
Female 331 (67.83) 276 (6832) 55 (65.48)
Age, n (%) 7°=1520 0.218
<60 239 (48.98) 203 (50.25) 36 (42.86)
260 249 (51.02) 201 (49.75) 48 (57.14)
BMI, mean =SD 2197285 21932289 22172267 0.484
Abdominal pain, 7 (%) 0.987
No 70 (1434) 58 (14.36) 12 (14.29)
Yes 418 (85.66) 346 (85.64) 72 (85.71)
Fever, n (%) 7°=0284 0.594
No 303 (62.09) 253 (6262) 50 (59.52)
Yes 185 (37.91) 151 (37.38) 34 (40.48)
Emesis, n (%) 7' =2067 0.151
No 383 (78.48) 322 (79.70) 61 (72.62)
Yes 105 (21.52) 82 (2030) 23 (27.38)
Icterus, n (%) 2°=0722 0.395
No 384 (78.69) 315 (77.97) 69 (82.14)
Yes 104 (21.31) 89 (22.03) 15 (17.86)
Pressing pain, n (%) 2'=0776 0.378
No 311 (63.73) 261 (64.60) 50 (59.52)
Yes 177 (3627) 143 (35.40) 34 (40.48)
Smoking, n (%) 2°=0449 0.503
No 400 (81.97) 329 (81.44) 71 (84.52)
Yes 88 (18.03) 75 (18.56) 13 (15.48)
Drinking, n (%) 7°=0491 0.483
No 418 (85.66) 344 (85.15) 74 (88.10)
Yes 70 (14.34) 60 (14.85) 10 (11.90)
Number_of_operations, 1 (%) Fisher 0.399
1 331 (67.83) 278 (6881) 53 (63.10)
2 100 (20.49) 77 (19.06) 23 (27.38)
3 47 963) 40 (990) 7 (833)
>4 10 (2.05) 9 (2.23) 1(1.19)
Previous hepatectomy, n (%) 27=2159 0.142
No 175 (35.86) 139 (3441) 36 (42.86)
Yes 313 (64.14) 265 (65.59) 48 (57.14)
Liver cirrhosis, n (%) 7' =3785 0.052
No 428 (87.7) 349 (86.39) 79 (94.05)
Yes 60 (12.3) 55 (13.61) 5 (5.95)
Surgical method, n (%) 22=2477 0.116
Open surgery 436 (89.34) 365 (90.35) 71 (84.52)
Laparoscopic surgery 52 (10.66) 39 (9.65) 13 (15.48)
ic narrow, n (%) 7%= 1130 0.288
No 367 (75.2) 300 (74.26) 67 (79.76)
Yes 121 (24.8) 104 (25.74) 17 (20.24)
Hepatic lobe atrophy, n (%) 2*=0231 0.630
No 215 (44.06) 176 (43.56) 39 (46.43)
Yes 273 (55.94) 228 (56.44) 45 (53.57)
AGR, n (%) 7' =0671 0.413
15 158 (32.38) 134 (33.17) 24 (28.57)
<15 330 (67.62) 270 (66.83) 60 (71.43)
NLR, n (%) 77=3156 0.076
<2462 292 (59.84) 249 (61.63) 43 (51.19)
22462 196 (40.16) 155 (38.37) 41 (48.81)
PLR, n (%) 7°=0.168 0.682
<17374 393 (8053) 324 (8020) 69 (82.14)
217374 95 (1947) 80 (19.80) 15 (17.86)
TBIL, n (%) 7*=0071 0.790
<342 400 (81.97) 332 (8218) 68 (80.95)
2342 88 (18.03) 72 (17.82) 16 (19.05)
ALT, n (%) 2°=0728 0.393
<50 299 (6127) 251 (62.13) 48 (57.14)
250 189 (38.73) 153 (37.87) 36 (42.86)
AST, n (%) 7*=0008 0.929
<40 300 (61.48) 248 (6139) 52 (61.90)
240 188 (38.52) 156 (38.61) 32 (38.10)
ALP, n (%) 7°=0899 0.343
<200 309 (63.32) 252 (62.38) 57 (67.86)
2200 179 (36.68) 152 (37.62) 27 (32.14)
GGT, n (%) 27=0192 0.661
<150 243 (49.8) 203 (50.25) 40 (47.62)
2150 245 (502) 201 (49.75) 44 (52.38)
CA19-9, n (%) 7*=2288 0.130
<34 338 (69.26) 274 (67.82) 64 (76.19)
234 150 (30.74) 130 (32.18) 20 (23.81)

This table summarizes patient data on key clinically significant variables only. BMI, body mass index; AGR, albumin-to-globulin ratio; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-
lymphocyte ratio; TBIL, total bilirubin; ALT, alanine ami AST, aspartate ALP, alkaline phosphatase; GGT, 7-glutamyl transpeptidase; CA19-9, carbohydrate
antigen19-9;
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