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Clinico-pathologic Factors and Machine Learning Algorithm
for Survival Prediction in Parotid Gland Cancer
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Jae-Yol Lim, MD, PhD', Yoon Woo Koh, MD, PhD?, Young Min Park, MD, PhD'

Department of Otorhinolaryngology, Yonsei University College of Medicine, Gangnam Severance Hospital, Seoul, Korea',
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Background/Objectives: This study analyzed the prognostic significance of clinico-pathologic factors including
comprehensive nodal factors in parotid gland cancers (PGCs) patients and constructed a survival prediction model
for PGCs patients using machine learning techniques.

Materials & Methods: A total of 131 PGCs patients were enrolled in the study.

Results: There were 19 cases (14.5%) of lymph nodes (LNs) at the lower neck level and 43 cases (32.8%) involved
multiple level LNs metastases. There were 2 cases (1.5%) of metastases to the contralateral LNs. Intraparotid LNs
metastasis was observed in 6 cases (4.6%) and extranodal extension (ENE) findings were observed in 35 cases
(26.7%). Lymphovascular invasion (LVI) and perineural invasion findings were observed in 42 cases (32.1%) and
49 cases (37.4%), respectively. Machine learning prediction models were constructed using clinico-pathologic fac-
tors including comprehensive nodal factors and Decision Tree and Stacking model showed the highest accuracy

Conclusion: Lower level LNs metastasis and LNR have important prognostic significance for predicting disease

recurrence and survival in PGCs patients. These two factors were used as important features for constructing ma-
chine learning prediction model. Our machine learning model could predict PGCs patient’s survival with a consid-
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Table 1. Clinical information for all patients (n=131) enrolled
in the study

Variable No. of patients (%)

Mean age, y (range) 54.5 (15-95)
Gender

Male 82 (62.6)

Female 49 (37.4)
Extent of surgery

Total 98 (74.8)

Less-than-total 33 (25.2)
Neck dissection

SND 94 (71.8)

MRND 37 (28.2)
Preoperative FN palsy

Yes 19 (14.5)

No 112 (85.5)
Pathology

Acinic cell carcinoma 10 (7.6)

Adenocarcinoma, NOS 8 (6.1)

Adenoid cystic carcinoma 5 (3.8)

Carcinoma ex pleomorphic adenoma 13 (9.9)

Epithelial-myoepithelial carcinoma 3 (2.2)

Lymphoepithelial carcinoma 1 (0.7)

Mucoepidermoid carcinoma 43 (32.8)

Salivary duct carcinoma 32 (24.4)

Squamous cell carcinoma 13 (9.9)

Secretary carcinoma 3 (2.2)
Surgical margin

Positive 55 (42.0)

Negative 76 (58.0)
Histologic grade

High 63 (48.1)

Infermediate 4 (3.0

Low 59 (45.0)

Indeterminant 5 (3.8)
EPE

Yes 52 (39.7)

No 79 (60.3)
LVI

Yes 42 (32.1)

No 89 (67.9)
PNI

Yes 49 (37.4)

No 82 (62.6)
pT classification

1 23 (17.6)

2 62 (47.3)

3 19 (14.5)

4 27 (20.6)
Recurrence events 36 (27.5)
Death events 28 (21.4)

SND, selective neck dissection; MRND, modified radical neck
dissection; FN, facial nerve; EPE, extraparenchymal extension;
LVI, lymphovascular invasion; PNI, perineural invasion
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Table 2. Pathologic metastatic lymph node status of patients
(n=131) with parotid gland cancer

Variable No. of patients (%)

PN classification

0 70 (53.4)

1 10 (7.6)

2a 5 (3.8)

2b 14 (10.7)

2c 1 (0.7)

3a 0 (0)

3b 31 (23.7)
LNR

0 70 (53.4)

>0 and =0.36 46 (35.1)

=0.36 15 (11.5)
Lower neck level LN metastasis

Yes 19 (14.5)

No 112 (85.5)
Multiple neck level LN metastasis

Yes 43 (32.8)

No 88 (67.2)
Contralateral LN metastasis

Yes 2 (1.5)

No 129 (98.5)
Intfraparotid LN metastasis

Yes 6 (4.6)

No 125 (95.4)
ENE

Yes 35 (26.7)

No 96 (73.3)

LN, lymph node; LNR, lymph node ratio; ENE, extranodal
extension

Table 3. Univariate analysis of clinicopathological factors on 5-year recurrence-free survival and overall survival

Variables No. of pfts Recurrence Death
No. event 5 yr. RFS p-value No. event 5 yr. OS p-value
Age 0.542 0.058
<60 86 22 69.5 13 79.7
>60 45 14 64.0 15 67.9
Sex 0.225 0.125
Male 82 26 62.9 22 69.6
Female 49 10 76.2 6 85.8
Surgical extent 0.734 0.220
Less-than-total 33 8 67.9 4 87.8
Total 98 28 67.5 24 71.8
Preoperative FN palsy 0.086 0.026
No 112 28 70.4 21 79.2
Yes 19 8 51.3 7 40.2
Resection margin 0.520 0.461
Negative 76 23 63.1 15 79.0
Positive 55 13 75.0 13 69.3
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Table 3. Continued

Variables No. of pfts Recurrence Death
No. event 5 yr. RFS p-value No. event 5 yr. OS p-value
LVI <0.001 <0.001
No 90 15 78.4 12 84.7
Yes 41 21 44.6 16 55.3
PNI 0.003 0.041
No 82 15 53.2 14 82.9
Yes 49 21 77.0 14 62.6
Adjuvant treatment 0.650 0.212
No 38 9 68.0 5 86.9
Yes 93 27 67.3 23 70.9
PN classification 0.178 0.020
0 70 14 74.6 84.5
1 10 63.0 72.0
20 7 60.6 7 70.6
31 12 64.0 11 62.8
LNR 0.101 0.002
0 70 14 74.6 8 84.5
>0 and =0.36 47 18 63.1 13 73.4
>0.36 14 4 54.1 7 38.7
Lower levels 0.010 0.125
Yes 19 ) 70.2 9 54.5
No 112 30 50.0 19 78.7
Multiple levels 0.126 0.033
Yes 43 16 58.4 15 64.7
No 88 20 72.3 13 80.8
Contra LN mets 0.682 0.515
Yes 2 1 50.0 1 50.0
No 129 35 68.0 27 75.4
Infraparotid LN mets 0.237 0.416
Yes 6 3 44.4 2 62.5
No 125 33 68.7 26 75.9
ENE 0.023 0.010
Yes 35 14 58.2 12 64.6
No 96 22 71.0 16 79.3

RFS, recurrence-free survival; OS, overall survival; FN, facial nerve; EPE, extraparenchymal extension; LVI, lymphovascular
invasion; PNI, perineural invasion; LNR, lymph node ratio; LN, lymph node; ENE, extranodal extension

pN classification, LNR, multiple level 324 o], ENE
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Table 4. Multivariate Cox regression analysis for RFS and OS g 087
adjusting for various prognostic factors §
Factor Hazard ratio 95% Cl p-value @ o
Associated with RFS g
Preop FN palsy 13255  0.527-3330  0.550 il
LVI 2.784 1.285-6.031 0.009 i
PNI 1.695 0.796-3.610  0.171 ’ o e Y
pT 0.960 0.676-1.362 0818 Time (mo)
Lower level 0.381 0.164-0.888 0.025
Multiple level 0.908 0.262-3.146  0.879 B
ENE 0.822 0.286-2.356  0.715 b e
LNR 1.220 0.610-2.442  0.574 0<LNR<0.36
Associated with OS S * SRS
Preop FN palsy 1.602 0.598-4.290 0.348 r_zw ool
LVI 2.590 1.061-6.322 0037 g
PNI 1.505  0.586-3.8864 0.396 =
Lower levels 0.459 0.179-1.176  0.105 g
Multiple levels 0.513 0.141-1.859  0.309 © 02
ENE 0.665 0.217-2.034  0.474
Sex 0.587 0.220-1.562  0.286 1
) 000 10000 15000 20000 25000
Age 2.395 1.016-5.646  0.046 Time (mo)
LNR 3.156 1.420-7.011 0.005
Cl, confidence interval; RFS, recurrence free survival; OS, Fig. 1. 5-year overall survival was andlyzed based on pN classi-
overall survival; FN, facial nerve; LVI, lymphovascular in- fication (A) and LNR (B) using Kaplan-Meier method.

vasion; PNI, perineural invasion; ENE, extranodal spread;
LNR, lymph node ratio.

Table 5. Results of five machine learning models

Model Accuracy Precision Recall F1 score
Decision Tree 0.74 1.00 0.12 0.22
Random Forest 0.62 0.37 0.37 0.37
XGBoost 0.59 0.33 0.37 0.35
LightGBM 0.62 0.37 0.37 0.37
Stacking 0.70 0.50 0.25 0.33
A ;r = %53 B Feature importances Top

samples = 104

value = (76, 28]
class = survived

Lower_neck <= 0.5
gini = 0.498
samples = 36

value = (19, 17)
class = survived

met_ LNs

Lower_neck

age <=57.5 met_LNs <= 22.5
gini = 0444 gini = 0.466
samples = 6 samples = 27
value = [2, 4] value = 17, 10]
class = death class = survived
gini = 0.48 gini = 0444 gini = 048 gini = 0.499
samples = 5 samples = 3 samples = 5 samples = 21
value = [3, 2] value = [2, 1] value = [2, 3] value = (11, 10]
class = survived class = survived class = death class = survived 0.00 005 0.10 015 020 025 030 035

Fig. 2. Visualization of tree structure in Decision Tree model.
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