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Prediction Models for Lymphatic Metastasis in Newly Dia-
gnosed Laryngeal Cancer Patients Based on Machine
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Abstract: [Purpose] To establish machine learning prediction models for lymphatic metastasis in
patients with newly diagnosed laryngeal cancer. [ Methods | The demographic and clinicopathologi-
cal data of newly diagnosed laryngeal cancer patients obtained from the Surveillance, Epidemiolo-
gy, and End Results database (SEER) during 2018 to 2020 were retrospectively analyzed. On this
basis, the prediction models of lymphatic metastasis based on machine learning was developed.
Area under ROC curve (AUC), accuracy, recall, specificity and precision were used to evaluate
and compare the prediction performance of the established machine learning models. [Results] A
total of 4 462 patients with newly diagnosed laryngeal cancer were included in the study, of whom
1 444 occurred lymphatic metastasis. Age, primary site, clinical grade and T stage were indepen-
dent risk factors for lymphatic metastasis. The primary site, T stage and age were the top three
risk factors of lymphatic metastasis. Among all machine learning models except the KNN model,
including Random Forest, Boost, GLM, Neuralnet and Decision Tree had good prediction effects
(AUC value in the test set was about 0.83), while accuracy, recall, specificity and precision had
their own advantages and disadvantages in a small range. [Conclusion] The machine learning
models constructed in this study can be used for predicting lymphatic metastasis in patients with
newly diagnosed laryngeal cancer, indicating that machine learning technology has a potential to
help clinicians for clinical decision making.
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Laryngeal cancer patients from SEER database
from 2018 to 2020(N=5654)

Remove unknown marital status(N=313)
Remove unknown age (N=0)

Remove unknown race(N=0)

Remove not the first malignancy (N=0)
Remove unknown economic conditions(N=1)
Remove unknown primarysite (N=0)

Remove unknown clinical grading(N=0)
Remove unknown EOD T stage(N=712)
Remove unknown EOD N stage (N=59)

[ Study population(N=4462) j

Figure 1 Flow chart for data filtering
(data from SEER database)
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Table 1 Demographic and clinicopathological characteristics of the training and test sets[n(%)]

Training set Test set
Variable No lympha.ltic Lymphat%c No lympha.ltic Lymphatic
metastasis metastasis P metastasis metastasis P
(n=2106) (n=1017) (n=912) (n=427)
Gender
Female 368(17.5) 267(26.3) 148(16.2) 112(26.2)
Male 1738(82.5) 750(73.7) <0.001 764(83.8) 315(73.8) <0.001
Race
Black 276(13.1) 188(18.5) 136(14.9) 80(18.7)
White 1745(82.9) 785(77.2) <0.001 729(79.9) 326(76.3) 0.208
Others 85(4.0) 44(4.3) 47(5.2) 21(4.9)
Marital status
Divorced 279(13.2) 154(15.1) 121(13.3) 71(16.6)
Married 1184(56.2) 443(43.6) 510(55.9) 179(41.9)
Unmarried 448(21.3) 323(31.8) <0.001 209(22.9) 136(31.9) <0.001
Widowed 195(9.3) 97(9.5) 72(7.9) 41(9.6)
Economic conditions (USD)
<60000 659(31.3) 353(34.7) 274(30.0) 131(30.7)
60000~75000 484(23.0) 280(27.5) <0.001 234(25.7) 117(27.4) 0.686
>75000 963(45.7) 384(37.8) 404(44.3) 179(41.9)
Primary site
Larynx and glottis 1562(74.2) 228(22.4) 689(75.5) 115(26.9)
Supraglottis 513(24.4) 757(74.4) <0.001 207(22.7) 301(70.5) <0.001
Subglottis 31(1.5) 32(3.1) 16(1.8) 11(2.6)
EOD T stage
T, 1177(55.9) 151(14.8) 510(55.9) 70(16.4)
T 414(19.7) 242(23.8) 175(19.2) 105(24.6)
T, 335(15.9) no24) OO0 500164 141330) 000
T, 180(8.5) 295(29.0) 77(8.4) 111(26.0)
Clinical grading
Low 1154(54.8) 453(44.5) 496(54.4) 206(48.2)
Medium 205(9.7) 207(20.4) <0.001 86(9.4) 92(21.5) <0.001
Others 747(35.5) 357(35.1) 330(36.2) 129(30.2)
Lateral
Unilateral 2077(98.6) 1005(98.8) 895(98.1) 423(99.1)
Bilateral 29(1.4) 12(1.2) 0.650 17(1.9) 4(0.9) 0-203
Histological type
Squamous cell neoplasms 2072(98.4) 985(96.9) 0.005 902(98.9) 415(97.2) 0.021
Others 34(1.6) 32(3.1) 10(1.1) 12(2.8)
Age (x+s) (years old) 66.19+10.67 62.48+9.52 <0.001 65.98+10.71 62.64+9.76 0.001
M) $ 2 7K V- e e Y — AR R B 4 o AR A KNN AL AUC (B T /i 1
2.3 iREUMEEE 4 PRI HAE R 57 B 48 A 07 TR R B IE AN BEAL
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Koo 5 DT br R VPAL F L BB AL R, L3R B T H4F Ay F 8 ) (Table 3~4, Figure 4),
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Table 2 Multivariable Logistic regression model with
enter variable selection

Estimated

Variable 7 P
value

Constant term -2.0342  -5.605 <0.001
Age -0.0169  -3.370 <0.001
Gender(Male ) 0.0781 0.667 0.505
Marital status(Married ) -0.0327 -0.232 0.816
Marital status(Unmarried ) 0.1689 0.152 0.267
Marital status(Widowed ) -0.0854 -0.423 0.672
Primarysite(Supraglottis) 2.1190  20.129 <0.001
Primary site(Subglottis) 1.3782 0.296 <0.001

0.2803 0.106 0.008
0.6917 0.137 <0.001
0.2021 0.697 0.486

Clinical grading(Others)
Clinical grading(Medium )
Histological type (Others)

T Stage(T,) 0.9864 7.445 <0.001
T Stage(T;) 1.3604  10.484 <0.001
T Stage(T,) 2.3728 16.276 <0.001
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Table 3 Comparison of prediction performance of different

machine learning models(based on the training set)
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Figure 4 Machine learning model ROC curve
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