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Construction of prognostic model for invasive breast cancer using machine learning algorithm: based on SEER
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[ Abstract | Objective To analyze the influencing factors of the prognosis of invasive breast cancer by using
machine learning algorithms and construct prognostic model. Methods The clinical and pathological data of 24 584 patients
with invasive breast cancer from 2010 to 2015 were collected from the Surveillance, Epidemiology, and End Results (SEER)
database. Univariate analysis and logistic regression analysis were used to screen the prognostic variables. Five machine
learning classification algorithms including logistic regression, decision tree, support vector machine, random forest and
artificial neural network were used to establish the prediction model of survival prognosis. The prediction ability of each
modeling method was evaluated. Sensitivity, specificity, accuracy and area under curve of receiver operating characteristic
curve were used as evaluation indexes of the model. Results Among the 21 model input variables, histological grade, T stage,
N stage, M stage, brain metastasis, expression status of human epidermal growth factor receptor 2 and surgical treatment had
great impacts on the survival prognosis of patients with invasive breast cancer. Among the prognostic models constructed by 5
machine learning algorithms, random forest and artificial neural network models had better predictive effects. Conclusion The
prognosis model of invasive breast cancer constructed by machine learning algorithm has good prediction effect, which can
assist doctors to judge the prognosis and treatment effect of patients with invasive breast cancer.
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Tab 1 Variable assignment

Factor Variable Assignment
Age X, <60 years=1, >60 years=2
Race X, White=1, others=2
Gender X; Male=1, female=2
Primary location X, Left=1, right=2
Histological grade  X; Grade 1-2=1, Grade 3-4=2
T stage X, TI-T2=1,T3-T4=2
N stage X;  NI-N2=1,N3-N4=2
M stage Xy MO=1,M1=0
Bone metastasis X, Yes=1,n0=0
Brain metastasis X, Yes=1,n0=0
Liver metastasis X, Yes=1,n0=0
Lung metastasis X, Yes=1,n0=0
Multifocal X3 Yes=1,n0=0
Marital status X,, Married=1, single or divorced =2
ER status X5 Positive=1, negative=2
PR status X, Positive=1, negative=2
HER-2 status X,; Positive=1, negative=2
Tumor size Xy <60mm=1, >60 mm=2
Chemotherapy Xy Yes=1,n0=0
Radiation treatment  X,, Yes=1,n0=0
Surgical treatment X, Yes=1,n0=0
Outcome Y Survival=0, death=1

ER: Estrogen receptor; PR: Progestogen receptor; HER-2:

Human epidermal growth factor receptor 2.
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Tab 2 Clinicopathological features of patients with invasive breast cancer in training set
n (%)
Variable Overall N=17 209 Survival N=14 536 Death N=2 673 2 value P value
Agelyear 39.601 <<0.001
<60 9631 (55.96) 8284 (56.99) 1 347 (50.39)
>60 7578 (44.04) 6252 (43.01) 1326 (49.61)
Race 55.241 <<0.001
White 12 797 (74.36) 10 964 (75.43) 1 833 (68.57)
Others 4412 (25.64) 3572 (24.57) 840 (31.43)
Gender 0.229 0.633
Male 200 (1.16) 166 (1.14) 34 (1.27)
Female 17 009 (98.84) 14 370 (98.86) 2 639 (98.73)
Primary location 0.030 0.863
Left 8721 (50.68) 7371 (50.71) 1350 (50.51)
Right 8 488 (49.32) 7 165 (49.29) 1323 (49.49)
Histological grade 564.770 <<0.001
Grade 1-2 9010 (52.36) 8175 (56.24) 835 (31.24)
Grade 3-4 8199 (47.64) 6361 (43.76) 1 838 (68.76)
T stage 939.997 <<0.001
T1-T2 14 104 (81.96) 12 474 (85.81) 1 630 (60.98)
T3-T4 3105 (18.04) 2062 (14.19) 1043 (39.02)
N stage 464.925 <<0.001
NI-N2 15797 (91.79) 13 625 (93.73) 2 172 (81.26)
N3-N4 1412 (8.21) 911 (6.27) 501 (18.74)
M stage 2062914 <<0.001
MO 15745 (91.49) 13902 (95.64) 1 843 (68.95)
Ml 1 464 (8.51) 634 (4.36) 830 (31.05)
Bone metastasis 1259.810 <<0.001
Yes 895 (5.20) 381 (2.62) 514 (19.23)
No 16 314 (94.8) 14 155 (97.38) 2 159 (80.77)
Brain metastasis 275.554 <<0.001
Yes 85 (0.49) 16 (0.11) 69 (2.58)
No 17 124 (99.51) 14 520 (99.89) 2 604 (97.42)
Liver metastasis 814.565 <<0.001
Yes 410 (2.38) 139 (0.96) 271 (10.14)
No 16 799 (97.62) 14 397 (99.04) 2 402 (89.86)
Lung metastasis 961.073 <<0.001
Yes 471 (2.74) 157 (1.08) 314 (11.75)
No 16 738 (97.26) 14 379 (98.92) 2359 (88.25)
Multifocal 9.886 0.002
Yes 3684 (21.41) 3050 (20.98) 634 (23.72)
No 13 525 (78.59) 11 486 (79.02) 2039 (76.28)
Marital status 182.455 <0.001
Married 9 894 (57.49) 8 675 (59.68) 1219 (45.60)
Single or divorced 7315 (42.51) 5861 (40.32) 1454 (54.40)
ER status 612.862 <<0.001
Positive 13452 (78.17) 11 849 (81.51) 1603 (59.97)

Negative

3757 (21.83)

2687 (18.49)

1070 (40.03)
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Variable Overall N=17 209 Survival N=14 536 Death N=2 673 2 value P value
PR status 662.766 <<0.001
Positive 11 650 (67.70) 10413 (71.64) 1237 (46.28)
Negative 5559 (32.30) 4123 (28.36) 1436 (53.72)
HER-2 status 3.898 0.048
Positive 3755(21.82) 3211 (22.09) 544 (20.35)
Negative 13 454 (78.18) 11325 (77.91) 2129 (79.65)
Tumor size/mm 526.535 <0.001
<60 15408 (89.53) 13 349 (91.83) 2 059 (77.03)
>60 1801 (10.47) 1187 (8.17) 614 (22.97)
Chemotherapy 27.378 <<0.001
Yes 12 474 (72.49) 10 648 (73.25) 1 826 (68.31)
No 4735 (27.51) 3 888 (26.75) 847 (31.69)
Radiation treatment 277.797 <0.001
Yes 10 829 (62.93) 9 530 (65.56) 1299 (48.60)
No 6380 (37.07) 5006 (34.44) 1374 (51.40)
Surgical treatment 1 549.736 <0.001

Yes
No

15 760 (91.58)
1 449 (8.42)

13 832 (95.16)
704 (4.84)

1928 (72.13)
745 (27.87)

ER: Estrogen receptor; PR: Progestogen receptor; HER-2: Human epidermal growth factor receptor 2.
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Tab 3 Performance evaluation of the model constructed based on different algorithms of original data

) Training set Test set
Algorithm — — — —

Sensitivity ~ Specificity Accuracy AUC Sensitivity  Specificity Accuracy AUC
LR 0.27 0.97 0.87 0.773 0.29 0.97 0.87 0.769
DT 0.24 0.97 0.86 0.752 0.25 0.97 0.86 0.746
SVM 0.35 0.69 0.64 0.512 0.36 0.68 0.63 0.512
RF 0.46 0.99 0.91 0.915 0.32 0.96 0.86 0.750
ANN 0.43 0.98 0.89 0.850 0.33 0.95 0.85 0.711

LR: Logistic regression; DT: Decision tree; SVM: Support vector machine; RF: Random forest; ANN: Artificial neural network:

AUC: Area under curve.
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Tab 4 Performance evaluation of the model constructed based on different algorithms of sampling data

S BE R 0.60~0.82, MEHA A 0.55~0.79, AUC N
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. Training set Test set

Algorithm — — — —

Sensitivity  Specificity Accuracy AUC Sensitivity  Specificity Accuracy AUC
LR 0.68 0.79 0.74 0.741 0.68 0.79 0.74 0.742
DT 0.70 0.75 0.72 0.724 0.64 0.76 0.70 0.705
SVM 0.50 0.61 0.55 0.555 0.50 0.60 0.55 0.548
RF 0.80 0.88 0.84 0.841 0.76 0.82 0.79 0.793
ANN 0.77 0.83 0.80 0.802 0.74 0.79 0.76 0.764

LR: Logistic regression; DT: Decision tree; SVM: Support vector machine; RF: Random forest; ANN: Artificial neural network:

AUC: Area under curve.
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Tab 5 Performance evaluation of simplified model constructed based on different algorithms of sampling data

Algorithm Training set Test set

Sensitivity  Specificity Accuracy AUC Sensitivity  Specificity Accuracy AUC
LR 0.59 0.84 0.72 0.731 0.58 0.84 0.71 0.729
DT 0.53 0.87 0.71 0.730 0.73 0.66 0.70 0.698
SVM 0.42 0.83 0.63 0.647 0.42 0.83 0.62 0.647
RF 0.59 0.84 0.72 0.730 0.59 0.84 0.71 0.729
ANN 0.57 0.86 0.72 0.739 0.57 0.86 0.71 0.734

LR: Logistic regression; DT: Decision tree; SVM: Support vector machine; RF: Random forest; ANN: Artificial neural network:

AUC: Area under curve.
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