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Characteristics ire Cohort ( Test Cohort

Age, year 54.63 + 12.53 54.79 + 12.61 53.96 + 12.32 0.820
Tumor size, cm 4.17 £ 1.60 4.13 £ 1.57 4.34 £ 178 0.233
Gender, No. (%) 0.309
Male 92 77 15
Female 138 108 30
Tumor position (%) 0.271
Frontal Lobe 78 64 14
Parietial Lobe 20 19 1
Occipital Lobe 7 4 3
Temporal
Tt 0 » n
cerebellum 15 12 <
pituitary 67 54 13
Others 3 3 0

MRI Images 2901 2334 567
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Datasets Models ACC AUC SEN SPE
0.955 0.994 0.949 0.953
AlexNet + - + -
0.008 0.002 0.007 0.008
0.980 0.997 0.979 0.980
VGGl6 ch o ch o
0.004 0.002 0.005 0.004
0.978 0.999 0.976 0.977
ResNet18 + * + *
0.008 0.001 0.008 0.008
0.984 0.998 0.981 0.983
ResNet50 + + + s
0.010 0.002 0.011 0.010
0.989 0.999 0.987 0.988
DenseNet121 % % % %
0.006 0.001 0.007 0.006
0.985 0.999 0.983 0.984
DenseNet169 + = + =
0.002 0.001 0.003 0.002
CE-MRI
0.978 0.998 0.975 0.978
GoogleNet + + + +
0.007 0.001 0.008 0.007
0.983 0.999 0.982 0.983
MobileNetV2 + & + ;=
0.005 0.000 0.006 0.005
0.981 0.998 0.978 0.980
MobileNetV3 & + & +
0.006 0.001 0.007 0.007
Radiomics (23) 0.9128
CNN (24) 0.9780 | 0.9890 | 0.9640 | 0.9830
VGG16 (25) 0.9800 | 0.9900 | 0.9800 | 0.9800
CNN (26) 0.9870 —_ 0.9860 | 0.9870
BOR:SURE"+ 0.9870 0.9840 | 0.9860
KNN (27) : T : :
RanMerFormer 0.9886 —_ 0.9846 | 0.9939
(28)
0.920 0.979 0.914 0.918
AlexNet + & + +
0.021 0.009 0.031 0.022
0.957 0.994 0.958 0.957
VGGl6 o o o o
0.010 0.004 0.012 0.011
0.950 0.990 0.947 0.949
ResNet18 + + + s
0.017 0.005 0.020 0.018
0.958 0.993 0.957 0.957
ResNet50 # i # i
0.015 0.006 0.020 0.016
0.967 0.994 0.966 0.967
BT-YU DenseNet121 + s + £
0.013 0.005 0.014 0.013
0.963 0.996 0.963 0.963
DenseNet169 + + + +
0.014 0.003 0.014 0.014
0.951 0.992 0.948 0.950
GoogleNet + £ + +
0.019 0.006 0.023 0.020
0.955 0.994 0.952 0.954
MobileNetV2 & * & *
0.015 0.003 0.019 0.015
0.933 0.985 0.930 0.933
MobileNetV3 + & + &
0.026 0.013 0.037 0.028

- indicates that the indicator is not included in the listed literature.
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Datasets Models ACC AUC SEN SPE
—* 0.987 0.997 0.985 0.986
LR 0.987 0.996 0.983 0.986
NaiveBayes 0.786 0.794 0.692 0.764
SVM 0.987 0.996 7 0.983 0.986
RandomPForest 0.982 0.994 0.978 0.981

CE-MRI
ExtraTrees 0.985 0.994 0.982 0.984
XGBoost 0.985 0.993 0.981 0.984
LightGBM 0.989 0.993 0.985 0.988
AdaBoost 0.987 0.995 0.984 0.986
MLP 0.984 0.996 0.981 | 0.983
—* 0.965 0.985 0.962 0.964
LR 0.980 0.996 0.983 0.981
NaiveBayes 0.979 0.985 0.982 0.979
SVM 0.980 0.992 0.983 0.981
RandomPForest 0.980 0.989 0.983 0.981

BT-YU
ExtraTrees 0.982 0.992 0.985 0.982
XGBoost 0.982 0.986 0.984 0.982
LightGBM 0.984 0.990 0.985 0.984
AdaBoost 0.982 0.991 0.985 0.982
MLP 0.982 0.996 0.985 0.982

*: The horizontal line indicates the results of the original DenseNet21 model in this test.
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Segmentation = Classification Algorithm Performance
measure
Zhang et al, 2021 (52) | FLARE 2021 v X Efficient context aware network DSC: 75.3
NSD: 60.5
Wang et al, 2020 (53) | FLARE v X Enhancement of pancreatic cancer using local DSC: 79.5
and global multi-scale feature fusion
Jaccard: 66.6
Zhang et al,, 2021 (47) | NIH and MSD v X Lightweight deep convolutional neural network  Mean DSC: 84.90
Min DSC: 61.82
Max DSC: 91.46
Yu et al,, 2018 (8) NIH v X Recurrent saliency transformation network Mean DSC: 84.50
Min DSC: 62.81
Max DSC: 91.02
Oktay et al., 2018 (7) NIH 4 X Attention u-net DSC: 82.2
Chen et al,, 2022 (54) NIH and MSD v X Attention mechanism-based feature propagation  Precision: 85.6
and fusion
Recall: 85.9
ToU: 74.8
Kim et al,, (55) MSD 4 X Scalable gradient-based optimization DSC 1: 80.61
DSC 2:51.75
NSD 1: 95.83
NSD 2: 73.09
Liu et al,, 2020 (18) Private, MSD % v CNN with modified VGG network Accuracy: 87.4 |
and TCIA I
Specificity: 86.7 ‘
Sensitivity: 91.5 ‘
Li et al,, 2023 (24) Private v v Adaptive-metric graph neural network and Accuracy: 88.9
causal contrastive mechanism
Sensitivity: 88.7
Specificity: 89.1
AUC: 949
Qu et al,, 2023 (23) Private and MSD v v Multiple instance learning and anatomically Accuracy: 89
guided shape normalization
Sensitivity: 88
Specificity: 89
AUC: 94
Proposed algorithm MSD and HFH 4 v nn-Unet and multi-instance learning DSC 1: 81.64
DSC 2:52.78

Sensitivity: 90.5
Specificity: 90.8
Accuracy: 90.7

AUC: 90.3

MSD, medical segmentation decathlon; NIH, National Institutes of Health; HFH, Henry Ford Health; DSC, dice similarity coefficients; loU, intersection over union; NSD, normalized surface
distance; AUC, area under the ROC curve.
The symbol v/ indicates that the reported paper used the method or result, whereas the symbol X signifies that the reported paper does not include method, or result.
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Model Sensitivity Specificity Accuracy AUC

nnU-Net 0.780 + 0.03 0.801 + 0.04 0.790 + 0.03 0.791 £ 0.02
nnU-Net + MIL 0.831 £ 0.02 0917 £ 0.01 0.908 + 0.01 0.874 + 0.02

nnU-Net + MIL + NN

0.905 £ 0.01 0.908 + 0.02 0.907 £ 0.01 0.903 + 0.01
(Proposed approach)

The above mentioned results are tested on the HFH test dataset, which includes 179 cases (23,715 slices) and 1,398 control (182,757 slices). Data are sensitivity (95% CI).
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649 potentially eligible patients with hepatic lesions
— At risk of developing HCC
— multidetector CT enhanced
— Between January 2017 and May 2022

426 patients excluded

 Lack of pathological confirmation(n=342)
* Treated before imaging or surgery (n=46)
* Lack of serological markers (n=20)

* Inadequate CT data or poor image quality
(n=18)

Final study cohort: 223 patients with 223 lesions

Training cohort Validation cohort
(n=161) (n=62)
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Criterion

AUC (95% ClI) Sensitivity Specificity Accuracy

Clinical Training 0.838 0805 0786 0795
(0.778~0.897) (0.717~0.894) (0.698~0.873) (0.793~0.797)

Testing 0.873 0.840 0.811 0.823
(0.782~0.964) (0.696~0.984) (0.685~0.937) (0.818~0.827)

Radiological Training 0917 0870 0.869 0870
(0.874~0.961) (0.795~0.945) (0.797~0.941) (0.868~0.871)

Testing 0918 0.760 0811 0790
(0.854~0.983) (0.593~0.927) (0.685~0.937) (0.785~0.796)

Clinical- Training 0961 0974 0810 0.888
radiologic nomogram (0.935~0.986) (0.938~1) (0.726~0.893) (0.887~0.889)

Testing 0979 1.000 0919 0952

(0.949~1) (1~1) (0.831~1) (0.95~0.953)
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95% ClI

Lower Upper
ls);'i‘r‘:l‘);i’tal 0.015 Gl 1.016 0993 1.039
;:-’ot::iﬁ lastua ooz | 0% Qs 0.959 1.018
Blood platelet 0009 0.065 0.991 0.981 1.001
Gender 2357 0.014* | 0095 0015 0.615
AFP 1737 0.017* | 5683 1.358 23.778
Non-rim APHE | 2.264 0.011* | 9619 1.683 54.971
Washout 2.108 0.011* | 8231 1614 41.978
f::;u‘ll:i“g 2952 I e 105.291
| Mecrats 2,052 0.051 7.784 0.991 61.176
Internal artery | 1.569 0.096 4801 0.756 30.485

CI, confidence interval; OR, odds ratio.
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Training dataset (| Validation dataset (n =62)

Non-HCC HCC Non-HCC HCC

(n=77) (n=84) (n=25) (n=37)
Non-rim APHE
Negative 43(55.8%) 7(8.3) <0.001* 11(44.0%) 5(13.5%) 0.007*
Positive 34(44.2%) 77(91.7%) 14(56.0%) 32(86.5%)
Washout I
Negative 67(87.0%) 18(21.4%) <0.001* 19(76.0%) 12(32.4%) 0.001*
Positive 10(13.0%) 66(78.6%) 6(24.0%) 25(67.6%)
Enhancing capsule
Negative 69(89.6%) 29(34.5%) <0.001* 25(100.0%) 7(18.9%) <0.001*
Positive | 8(10.4%) 55(65.5%) 0(0.00) 30(81.1%)
Necrosis
Negative 27(35.1%) 5(6.0%) <0.001* 13(52.0%) 2(5.4%) <0.001*
Positive 50(64.9%) ‘ 79(94.0%) 12(48.0%) 35(94.6%)
Satellite lesions ‘
Negative 54(70.1%) 54(64.3%) 0.431 19(76.0%) 24(64.9%) 0.351
Positive 23(29.9%) 30(35.7%) 6(24.0%) 13(35.1%)
Internal artery ‘
Negative 37(48.1%) 7(8.3%) <0.001* 7(28.0%) 4(10.8%) 0.162
Positive 40(51.9%) 77(91.7%) 18(72.0%) 33(89.2%)

Nonenhancing “capsule”
Negative 71(92.2%) 80(95.2%) 0426 24(96.0%) 36(97.3%) 1.000

Positive 6(7.8%) 4(4.8%) 1(4.0%) 1(2.7%)

HCG, hepatocellular carcinoma; APHE, arterial phase hyperenhancement. *P<0.05, significant difference between both groups.





OPS/images/fonc.2024.1374373/table1.jpg
Training dataset ( Validation dataset (n =62)

Non-HCC HCC Non-HCC HCC

(n=77) (n=84) (n=25) (n=37)
Gender(n)
Male 41(53.2%) 74(88.1%) <0.001* 11(44.0%) 33(89.2%) <0.001*
Female 36(46.8%) 10(11.9) 14(56.0%) 4(10.8%)
Age(years) 55(42,64) 57(50,63.5) 0.509 42(32,60) 57(45,65) 0.045
Serum total bilirubin(g/L) 157(11.1,25) 34,5(19.25,67.1) <0001 16.1(11.8,72.2) 24(17.7,35) I 0.134
Total plasma protein(g/L) 67.1(60.6,73.4) 52.9(17.7,65) <0.001* 72.8(40.2,77.7) 64.4(43,71.7) 0.166
Prothrombin time(s) 13.6(13,14.2) 13.6(12.7,14.6) ‘ 0.755 13.2(12.8,14) 14(12.8,14.8) 0175
Blood platelet(10g/L) 245(196,290) 171(135.5,229.5) <0.001* 258(205,341) 172(117,210) <0.001*
AFP(ng/ml)
Negative 62(80.5%) 18(21.4%) <0.001* 21(84.0%) 7(18.9%) <0.001*
Positive 15(19.5%) 66(78.6%) 4(16.0%) 30(81.1%)
Maximum 0907 6.8(4.7,10.8) 6.8(4.58.7) 0434

dimension (cm) 5.6(3.4,84) 5.15(3.5,7.7)

AFP, Alpha-fetoprotein; HCC, hepatocellular carcinoma. * P<0.05, significant difference between both groups.





OPS/images/fonc.2024.1374373/fonc-14-1374373-g004.jpg
=
@
o
2
o
°
o
=
o
@
el
o

Standardized Net Benefit

10

08

06

04

02

0.0

08

06

04

02

00

T

Apparent

— Bias-corrected
=== Ideal
T T T T T T
00 02 04 06 08 1.0
Predicted Probability
— model
Al
— None
r T T T T )
00 02 04 06 08 10
High Risk Threshold
r T T T T 1
1:100 14 23 32 41 100:1

CostBenefit Ratio

Q
9
2
a
o
o
e
o
@
a
o

Standardized Net Benefit

10

08

06

04

02

00

02 04 06 08 10

00

D

Apparent

Bias-corrected

i === Ideal
T T T T T T
0.0 02 04 06 08 10
Predicted Probability
= — model
Al
— None
" T T T T |
00 02 04 06 08 10
High Risk Threshold
r T T T T 1
1:100 14 23 32 41 100:1

CostBenefit Ratio






