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Evaluation of machine learning prediction of altered inflammatory metabolic state
after neoadjuvant therapy for breast cancer

WU Qizhen’, LIU Qiming®, CHAI Yezi, TAO Zhengyu, WANG Yinan, GUO Xinning, JIANG Meng*, PU Jun*
Department of Cardiology, Renji Hospital, Shanghai Jiao Tong University School of Medicine, Shanghai 200127, China

[Abstract] Objective:To develop a machine learning approach for early identification of metabolic syndromes associated with
inflammatory metabolic state changes in breast cancer patients after neoadjuvant therapy, using common laboratory and
transthoracic echocardiography indices. Methods*Female patients with primary invasive breast cancer diagnosed at the Department
of Breast Surgery, Renji Hospital, Shanghai Jiao Tong University School of Medicine, between September 2020 and September
2022, were included. General patient information, laboratory test results, and transthoracic echocardiography data were collected.
After feature extraction, five machine learning algorithms, including random forest (RF), gradient boosting (GB), support vector
machine (SVM), K-nearest neighbor (KNN), and decision tree (DT), were applied to construct a prediction model for the changes of
the patients’ metabolic state after neoadjuvant therapy, and the prediction performances of the five models were compared.
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Results- A total of 232 cases with valid clinical data were included, comprising 135 cases before neoadjuvant therapy and 97 cases
after completing 4 cycles of neoadjuvant therapy. Feature extraction identified five key features: white blood cell count, hemoglobin,
high-density lipoprotein (HDL), interleukin-2 receptor, and interleukin-8. In the multi-feature analysis, the area under the receiver
operating characferistic curve (AUC) was higher in the combination of white blood cell count, hemoglobin and HDL compared to
the combination of interleukin-2 receptor and interleukin-8 (RF: 0.928 vs 0.772, GB: 0.900 vs 0.792, SVM: 0.941 vs 0.764, KNN:
0.907 vs 0.762, DT: 0.799 vs 0.714). The RF, SVM, and GB models showed higher AUC (0.928, 0.941, 0.900) and accuracy (0.914,
0.897, 0.776). The SVM model exhibited superior accuracy in the training data compared to the RF and GB models (P=0.394, 0.122
and 0.097, respectively). Conclusion*The SVM model can be used to establish a prediction model for identifying breast cancer
patients at high risk of developing inflammatory metabolic state-related metabolic syndrome after neoadjuvant therapy by
incorporating five common clinical indicators, namely, white blood cell count, hemoglobin, high-density lipoprotein, interleukin-2
receptor, and interleukin-8. SVM modeling may be useful for clinicians to establish individualized screening protocols based on a

patient’s inflammatory metabolic state.
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Patients enrolled (N=242)

y

Before neoadjuvant therapy (N=139)

Excluding 4 without
echocardiogram

y

Before neoadjuvant therapy (N=135)

A\
After neoadjuvant therapy (N=103)

Excluding 6 without
echocardiogram

A
After neoadjuvant therapy (N=97)

y
Training set and validation set (75%, N=174)

1 BENARHETRLERER

Fig1 Flow chart of patient enrollment and data preprocessing
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Tab 1 All feature variable information of patients with breast cancer before and after neoadjuvant therapy

Patient before neoadjuvant Patient after neoadjuvant

Indicat All (n=232
ndicator & ) therapy (n=135) therapy (n=97)

Demographic parameter

Agelyear 47.00 (40.00, 55.00) 46.00 (39.00, 54.50) 48.00 (40.00, 56.00)
Height/m 1.60 (1.58, 1.65) 1.60 (1.58, 1.65) 1.60 (1.58, 1.65)
Weight/kg 60.00 (54.00, 67.78) 59.00 (55.00, 66.25) 60.00 (54.00, 68.00)

BMI/ (kg-m™)

Systolic blood pressue/mmHg

22.87 (21.10, 25.39)
122.70+13.65

22.66 (21.09, 24.96)
124.77+13.47

23.10 (21.10, 25.50)
119.81+13.45

Diastolic blood pressure/mmHg 77.15+8.72 77.59+7.84 76.54+9.83
Heart rate/ (beat -min™") 78.19+5.56 77.63+5.32 78.96+5.87
Accompanied by lymph node metastasis/n(%) 72 (31.0) 44 (32.6) 28 (28.9)
Tumor location/n(%)
Left side 113 (48.7) 68 (50.4) 45 (46.4)
Right side 116 (50.0) 65 (48.1) 51 (52.6)
Bilateral 3(1.3) 2(1.5) 1(1.0)
Neoadjuvant treatment/n(%)
Paclitaxel+cisplatin 26 (26.8) - 26 (26.8)
Paclitaxel+cisplatin+trastuzumab 21(21.6) - 21(21.6)
Paclitaxel+cisplatint+apatinib 35(36.1) - 35 (36.1)
Paclitaxel+cisplatin+pyrotinib 15 (15.5) - 15 (15.5)
Cardiovascular risk factor/n(%)
Coronary heart disease 0(0) 0(0) 0(0)
Hypertension 52 (22.4) 21 (15.6) 31(31.0)
Type 2 diabetes 14 (6.0) 6(4.4) 8(8.2)
Hyperlipidemia 26 (11.2) 10 (7.4) 16 (16.5)
Smoking 0 (0) 0 (0) 0(0)
Electrocardiographic parameter/n(%)
ST-T change 0(0) 0(0) 2(2.0)
QTc prolongation 0(0) 0(0) 0(0)

Echocardiographic parameter

AOD/mm
LAD/mm
LVEDD/mm
LVESD/mm
IVS/mm
LVPWT/mm
FS/%

EF/%

Laboratory examination parameter

WBC/ (x10°-L™")
HB/(g-L™)

HCT

ST2/ (ng-mL™")

BNP/ (pg-mL™")
NT-proBNP/ (pg-mL™")
TNI/ (ng-mL™")

http://xuebao.shsmu.edu.cn

30.00 (28.00, 32.00)
33.44+4.31
44.62+3.30

28.00 (27.00, 30.00)

8.00 (7.00, 9.00)
8.00 (7.00, 8.00)
36.00 (34.00, 38.00)
65.00 (63.00, 68.00)

5.11 (4.04, 6.56)
120.00 (105.00, 129.00)
0.36 (0.32, 0.39)
18.14 (13.83, 24.86)
19.00 (12.00, 32.00)
24.04 (10.00, 42.58)
0(0, 0)

30.00 (28.00, 32.00)
33.3024.14
44.66+3.35

28.00 (27.00, 30.00)

8.00 (7.00, 9.00)
8.00 (7.00, 8.00)
36.00 (34.00, 38.00)
65.00 (63.00, 68.00)

5.65 (4.68, 6.86)
127.00 (120.00, 133.00)
0.38 (0.36, 0.40)
18.38 (13.75, 25.36)
19.00 (12.00, 31.00)
24.42 (10.00, 41.58)
0 (0, 0)

SR ) 2024, 44(09) (@)

31.00 (28.00, 32.00)
33.64+4.54
44.57+3.24

29.00 (27.00, 30.00)

8.00 (7.00, 9.00)
8.00 (7.00, 9.00)
37.00 (35.00, 38.00)
66.00 (63.00, 69.00)

4.44 (350, 5.79)"
105.00 (97.00, 117.00)"
0.32(0.29, 0.35)"
18.11 (14.25, 24.13)
21.00 (15.00, 35.00)
23.95 (10.48, 46.28)
0(0,0.01)
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Indicator

hsCRP/ (mg-L™)
TC/ (mmol-L™")
TAG/ (mmol-L™")
HDL/ (mmol-L™)
LDL/ (mmol-L™")
NHDL/ (mmol-L™)
FPG/ (mmol-L™")
GOT/ (mmol-L™)
GPT/ (mmol-L™")
y-GT/ (mmol-L™")
IL-1B8/ (pg-mL™")
IL-2R/ (U-mL™")
IL-6/ (pg-mL™")
IL-8/ (pg-mL™")
IL-10/ (pg-mL™")

TNF-a/ (pg-mL™")

All (n=232)

0.71 (0.32, 1.41)
4.48 (3.91, 5.16)
1.35 (0.86, 2.04)
1.10 (0.87, 1.32)
3.34(2.82, 3.98)
2.52(2.16,3.13)
4.95 (4.74, 5.26)
20.00 (16.00, 26.00)
19.00 (13.00, 29.50)
21.00 (14.00, 40.00)
5.00 (5.00, 5.00)
330.00 (270.75, 424.75)
3.15(2.21, 4.25)
11.30 (7.72, 18.95)
5.00 (5.00, 5.00)

6.53 (5.26, 7.86)

Patient before neoadjuvant
therapy (n=135)

0.70 (0.32, 1.42)
4.52(3.98,5.24)

1.02 (0.74, 1.66)

1.24 (1.04, 1.45)

3.21(2.76, 3.92)

2.60 (2.21, 3.20)

4.88 (4.69, 5.24)
17.00 (14.00, 23.00)
15.00 (11.00, 27.00)
18.00 (12.00, 32.00)

5.00 (5.00, 5.00)

295.00 (249.50, 369.50)

2.97 (2.12, 3.74)
13.20 (8.81, 21.10)

5.00 (5.00, 5.00)

6.01 (5.00, 7.02)

2024, 44(9)

Continued Tab

Patient after neoadjuvant
therapy (n=97)

0.86 (0.34, 1.40)

4.42 (3.85,4.99)

1.75 (1.27, 2.40)"

0.87 (0.75, 1.03)”

3.47 (2.94,4.12)

2.41(2.05,2.91)%

5.05 (4.83,5.29)"
22.00 (19.00, 29.75)
24.00 (17.00, 34.00)
33.50 (17.00, 47.00)

5.00 (5.00, 5.00)

399.00 (322.00, 508.00)"

3.66 (2.68, 4.89)%

9.84 (7.06, 15.20)”

5.00 (5.00, 5.00)

7.33 (6.03, 8.60)"

Note: 1 mmHg=0.133 kPa. /‘I"PZOAOOO, ®P:0,034, ‘/‘?’P:O.OOZ,@PZO.OIO, ®p=0.003 compared with patient before neoadjuvant therapy.
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H—H, AT ZR R

All features (N=31)

l

Deleting highly relevant features (N=4) |

Feature subset (N=27)

|

Feature subset (N=14)

|

Deleting features by LASSO method (N=13) |

Deleting features by Boruta method (N=13) |

Feature subset (N=5)

'

4

l

Biochemical indicators (WBC,
HB, and HDL) (N=3)

Inflammatory indicators
(IL-2R and IL-8) (N=2)

Echocardiogram indicators (N=0)

2 FUREETHE AT B E RN SRS ARER

Fig 2 Flowchart of feature extraction and feature grouping of patients with breast cancer before and after neoadjuvant therapy
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Note: A. HB single-feature ROC curve. B. HDL single-feature ROC curve. C. IL-2R single-feature ROC curve. D. IL-8 single-feature ROC curve. E. WBC
single-feature ROC curve.
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Fig 3 ROC curves of single-feature analysis for five models in the test set for patients with breast cancer before and after neoadjuvant therapy
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Tab 2 Comparison of the predictive performance of the five models for single-feature variables in the test set for patients with breast

cancer before and after neoadjuvant therapy

Single feature

WBC

HB

HDL

IL-2R

http://xuebao.shsmu.edu.cn

Model
RF
GB
SVM
DT
KNN
RF
GB
SVM
DT
KNN
RF
GB
SVM
DT
KNN
RF
GB

AUC Accuracy Precision rate Recall F1 score
0.715 0.603 0.656 0.636 0.646
0.755 0.655 0.659 0.818 0.730
0.767 0.690 0.683 0.848 0.757
0.655 0.569 0.643 0.545 0.590
0.787 0.690 0.703 0.788 0.743
0.835 0.845 0.853 0.879 0.866
0.816 0.759 0.788 0.788 0.788
0.906 0.810 0.824 0.848 0.836
0.748 0.759 0.788 0.788 0.788
0.846 0.793 0.862 0.758 0.806
0.872 0.810 0.824 0.848 0.836
0.853 0.828 0.829 0.879 0.853
0.889 0.845 0.833 0.909 0.870
0.818 0.759 0.771 0.818 0.794
0.892 0.828 0.829 0.879 0.853
0.709 0.672 0.684 0.788 0.732
0.721 0.655 0.710 0.667 0.688
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Single feature Model
SVM
DT
KNN
RF
GB
1L-8 SVM
DT

KNN

2.4 ZEFHERERI KR L

TE 5 Fh L &% 2% > A R0 i 3 42 oF , WBC+HB+
HDL 4 i) AUC & T IL-2R+IL-8 41 (RF: 0.928 vs
0.772; GB: 0.900 vs 0.792; SVM: 0.941 vs 0.764;

AUC
0.731
0.627
0.719
0.672
0.661
0.330
0.650
0.475

Accuracy Precision rate
0.690 0.683
0.638 0.676
0.655 0.651
0.603 0.692
0.690 0.727
0.569 0.569
0.672 0.733
0.500 0.553

2024, 44(9)

Continued Tab

Recall F1 score
0.848 0.757
0.697 0.687
0.848 0.737
0.545 0.610
0.727 0.727
1.000 0.725
0.667 0.698
0.636 0.592

KNN: 0.907 vs 0.762; DT: 0.799 vs 0.714), VLK 4;

ERF., SVM, GB 7 i WBC+HB+HDL 41 ) AUC
(0.928. 0.941. 0.900) X i 2 (0914, 0.897.
0.776) kg (£3),
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Note: A—C. ROC curves of training group (A. WBC+HB+HDL multi-feature ROC curve; B. IL-2R+IL-8 multi-feature ROC curve; C. All features multi-
feature ROC curve). D—F. ROC curves of testing group (D. WBC+HB+HDL multi-feature ROC curve; E. IL-2R+IL-8 multi-feature ROC curve; F. All features

multi-feature ROC curve).
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Fig4 ROC curves of multi-feature analysis for five models for patients with breast cancer before and after neoadjuvant therapy
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Tab 3 Comparison of the predictive performance of the five models for multi-feature variables in the test set for patients with breast cancer

before and after neoadjuvant therapy

Multi-feature Model AUC Accuracy Precision rate Recall F1 value
RF 0.928 0.914 0.938 0.909 0.923
GB 0.900 0.776 0.885 0.697 0.780
WBC+HB-+HDL SVM 0.941 0.897 0.909 0.909 0.909
DT 0.799 0.793 0.862 0.758 0.806
KNN 0.907 0.897 0.886 0.939 0.912
RF 0.772 0.776 0.763 0.879 0.817
GB 0.792 0.793 0.818 0.818 0.818
IL-2R+IL-8 SVM 0.764 0.707 0.690 0.879 0.773
DT 0.714 0.707 0.735 0.758 0.746
KNN 0.762 0.724 0.730 0.818 0.771
RF 0.954 0.897 0.909 0.909 0.909
GB 0.953 0.914 0.967 0.879 0.921
All features SVM 0.941 0.879 0.882 0.909 0.896
DT 0.887 0.862 0.857 0.909 0.882
KNN 0.939 0.862 0.903 0.848 0.875
A B
1.0 , 1.0 " 1.0 s
0.8 0.8 0.8 F
'q-; 0.6 F '§ 0.6 'a:) 0.6 F
2 2 2
Soaf S04 Soaf
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0 0.I2 0.I4 O.I6 0;8 l.IO 0 O.I2 0.I4 0.‘6 O.I8 l.IO 0 012 O.I4 0;6 O.I8 l.IO
Predicted Predicted Predicted
Note: A. GB model calibration curve. B. RF model calibration curve. C. SVM model calibration curve.
5 FTEYHE4 GB.RF.SVM A F R4 H 2%
Fig 5 Calibration curves of the three models of GB, RF and SVM for all feature sets
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Note: A. Confusion matrix of IL-2R+IL-8 in SVM moedl. B. Confusion matrix of WBC+HB+HDL in SVM model. C. Confusion matrix of all features (WBC+

HB+HDL+IL-2R+IL-8) in SVM model.
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Fig 7 Confusion matrices for the three multi-feature analysis groups in SVM model

. 0 10 20 30 40 50 60 70 80 90 100
Points . ! . h . . . . . i
B 14 10 75 3
WBC a2
p 70160 150 140 130 120 110 100 90 80 70 60
24 22 20 18 16 14 12 1.0 08 06 04
HpL i ; ; ; ; ; ; ; ; ; ;
100 200 300 400 500 600 700 800 900
Lop L 200 &9 AP P AP o0 A
900 800 700 600 500 400 300 200 100 0
g : ' : : : ' : : '
0 20 40 60 80 100 120 140 160 180 200 220 240
Total points * : ' ' * : ' ' ' ' ' '
0.1 030507 09

Predicted value

8 ZFLEREEEIHEIATTAIE SVM BUll 2L 51 4k

S S T T S
0.2 0.40.6 0.8

Fig 8 Column line graph of SVM prediction model for breast cancer patients before and after neoadjuvant therapy
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