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Abstract

Purpose: Childhood testicular cancers constitute 1-2% of all childhood tumors. According
to the Surveillance, Epidemiology, and End Results (SEER) database, based on data from
2013 to 2019, the 5-year survival rate is 95.2%. The second most common type of
testicular tumor is malignant non-seminomatous germ cell tumor. In recent years, various
statistical techniques and extensive databases have been used to obtain information on
disease prognosis and survival. In this study, we aimed to develop software using artificial
intelligence and machine learning techniques to accurately predict the overall survival of
patients with malignant nonseminomatous germ cell testicular tumors.

Materials and methods: Our study included data from 788 patients aged 0-18 diagnosed
with malignant nonseminomatous germ cell testicular cancer between January 1975 and
December 2019. The main hypothesis of the study was to provide overall survival (OS) in
years from the date of diagnosis to the date of death or the last follow-up date for surviving
patients. In addition to survival analysis, we also analyzed patient age at diagnosis, race,
laterality, year of diagnosis, tumor histological type, T stage, N stage, M stage, tumor size,
mortality, and follow-up duration.

Results: The OS was found to be 41.29+0.43 years. The median survival time was
43.21+0.62 years for patients <15 and 40.34+0.52 years for patients aged =15. We
developed software that enabled the provision of patient-specific survival in addition to OS

for all patients.



2

Conclusion: Recently, artificial intelligence techniques, such as machine learning, have
shown remarkable advancements compared to other statistical methods. As a result, in
this study, we found that the survival rate in pediatric NSCGT was higher if the tumor was
diagnosed after 2000, was less than 2 cm in size, and had a TIMONO stage yolk sac
tumor. We created a 10-year survival prediction model with the results and thought that
this model would contribute to the advancement of artificial intelligence studies in
prognosis, recurrence and survival analysis.

Keywords: Non-seminomatous germ cell tumors, tescicular tumors, SEER, machine

learning, survival.

Makale bashgi: Pediatrik malign non-seminamatéz germ hicreli testis timorlerinde
sagkalim tahmini icin makine 6grenme tekniklerinin uygulanmasi: bir SEER veritabani
calismasi.

Kisa baslik: Pediatrik malign non-seminamat6z germ hucreli testis timorleri igin makine
ogrenme teknikleri ile sagkalim tahmini.

0z

Amag: Cocukluk ¢agi testis kanserleri, tim ¢ocukluk ¢agi tumdrlerinin %1-2'sini olusturur.
2013-2019 vyillar arasindaki verilere dayanan Surveillance, Epidemiology, and End
Results (SEER) veritabanina gére, 5 yillik sagkalim orani %95,2 olarak gérilmistir. ikinci
en yaygin testis timora tlrt ise malign non-seminomatdéz germ hucreli timoérdir. Son
yillarda, hastaligin prognozu ve sagkalimi hakkinda bilgi elde etmek igin ¢esitli istatistiksel
teknikler ve genis veritabanlari kullanilmaktadir. Bu galismada, malign non-seminomatous
germ hdcreli testis tmord olan hastalarin genel sagkalimini dogru bir sekilde tahmin
etmek igin yapay zeka ve makine 6grenimi tekniklerini kullanarak yazilim gelistirmeyi
amacladik.

Gereg¢ ve yontem: Calismamiz, Ocak 1975 ile Aralik 2019 tarihleri arasinda malign non-
seminomatous germ hucreli testis kanseri tanisi konmus 0-18 yas arasi 788 hastanin
verilerini igermektedir. Calismanin temel hipotezi, tani tarihinden 6lim tarihi veya sag
kalan hastalar igin son takip tarihi itibariyla genel sagkalimi yillar olarak gosterebilmekti.
Sagkalim yani sira, tani anindaki hasta yasl, irk, tumoran yerlesim yeri, tani yili, tamor
histolojik tipi, T evresi, N evresi, M evresi, tumoér buyukligu, mortalite ve takip suresi gibi
faktorleri de analiz ettik.

Bulgular: Genel sagkalim 41,29+0,43 yil olarak bulundu. Medyan sagkalim suresi, 15
yasindan kuguk hastalar i¢in 43,21+0,62 yil ve 15 yas ve Uzeri hastalar i¢in 40,34+0,52 yil
olarak bulundu. Tum hastalar i¢cin genel sagkalima ek olarak, hastaya 6zgu sagkalim

saglayan bir yazilim gelistirdik.
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Sonug: Son zamanlarda, makine dgrenimi gibi yapay zeka teknikleri, diger istatistiksel
yontemlere kiyasla dikkate deger ilerlemeler gostermistir. Sonug olarak bu galismamizda
pediatrik NSCGT’de tumoran 2000 yilindan sonra teshis edilmesi, boyutunun 2 cm. den
klguk olmasi, TIMONO evre yolk sak timoér olmasinin hayatta kalma oraninin daha yuksek
oldugunu saptadik. Sonuglarla 10 yillik sag kalma tahmin modeli olusturduk ve bu modelin
prognoz, nuks ve hayatta kalma analizinde yapay zeka caligmalarinin ilerlemesine katki
saglayacagini dusunduk.

Anahtar kelimeler: Non-seminomatdz germ hcreli timor, testis timoért, SEER, machine

learning, sagkalim.

Introduction

Testicular cancer has an incidence of 5.5/100,000 in males under the age of 19 years
according to the Surveillance, Epidemiology, and End Results (SEER) database from 2015
to 2019 in the United States [1]. The prevalence of testicular tumors in childhood is
estimated at 1-2% [2]. Testicular cancer accounts for 0.5% of all new cancer cases in the
U.S. and ranks 25th in cancer incidence. According to the American Cancer Society's
2022 data, 9,190 new cases of testicular cancer were diagnosed in the America. Testicular
cancer accounted for 0.5% of all new cancer cases in the same year. Additionally, 470
men died from testicular cancer in 2022 [3]. According to the Global Cancer Observatory
(GCO) 2020 global cancer data, 6,446 new cases were reported in males under the age of
19 years. Additionally, the 5-year overall survival (OS) rate was reported to be 95.2%,
based on data from 2013 to 2019 [3, 4]. The American Joint Committee on Cancer tumor-
node-metastasis (TNM) staging system is currently used to determine the prognosis of
cancer patients. We believe that developing alternative techniques to the TNM staging
system could be beneficial for the management and follow-up of complex diseases, such
as cancer. Knowing the survival outcomes of malignant diseases, such as cancer, can
assist clinicians in making appropriate treatment decisions and reducing patient anxiety
regarding treatment choices [5].

The second most common malignant testicular tumor among testicular cancers is
malignant nonseminomatous germ cell tumor (NSGCT) [3]. In this study, we aimed to
develop an atrtificial intelligence program using machine learning techniques to predict the
prognosis and survival of children with NSGCTs using the extensive SEER database. The

program aims to assist clinicians in making predictions and decisions more easily.



Material and methods
Data collection and study population

These data, published by the National Cancer Institute, are a compilation of testicular
cancer data from 18 population-based SEER cancer registries in the United States. The
SEER database contains data from approximately 47.9% of the United States population
[6]. The SEER program is used to summarize data from patients' medical records, and it is
estimated to capture over 95% of all cancer cases in the surveillance areas. The duration
of follow-up was determined in months using the date of diagnosis and whichever of the
following events occurred first: 1) date of death, 2) date when the patient was last
confirmed to be alive, or 3) the designated cutoff date of December 2019, which was
employed in our analysis.

Because patient data were obtained from the SEER database with permission, and
did not include any personal patient information, the requirement for ethical approval was
waived

A total of 788 patients with malignant NSGCT, aged 0-18 years, diagnosed between
January 1975 and December 2019, were included in the study using the ICD O3 site
codes C62.1 and C62.9. Patients with in situ tumors were excluded from the study. Only
patients who underwent surgery and had first and solitary malignant tumors were included
in the study. Only patients who were diagnosed by histopathological examination at the
hospital were included in the study, whereas those diagnosed postmortem or through
imaging techniques were excluded. Tumors at all locations of the testes (descending,
undescending, and unknown) were included in this study. Patients with “unknown” or
“missing” causes of death recorded in the database were excluded. Patients with bilateral
testicular tumors or unknown tumor involvement were also excluded from the study.
Because of the high amount of missing data in the variables related to surgical
management, radiation therapy, and chemotherapy techniques, these variables were not
included in the study.

The main hypothesis of the study was overall survival (OS), defined as the years
from the date of diagnosis until the date of death or last follow-up with surviving patients
(censored observations). In addition to survival, the variables selected for analysis
included age at diagnosis, race/ethnicity, laterality, year of diagnosis, histological behavior,
T, N, and M stages, and tumor size. The patients were divided into two groups based on
whether they were diagnosed before or after 2000, with approximately half of the patients
in each group. Testicular malignancies are most commonly observed between 15 and 40
years of age [7] and the incidence of extracranial germ cell tumors increases after 15
years of age [2] Therefore, we divided the patients into two groups: those aged < 15 years

and those aged 215 years.



Statistical analysis

The data analysis was performed using SPSS Statistics version 11.5, and R version
4.0.2. Descriptive statistics, such as meanzstandard deviation and median (minimum-
maximum), were used for quantitative variables, while the number of patients (percentage)
was used for qualitative variables. To examine the relationship between two qualitative
variables, the chi-square test and Fisher's exact test were used. Survival analyses of
gualitative variables were conducted using the Kaplan-Meier method, and significant
differences between groups were determined using the log-rank test. Statistical
significance was set at p<0.05. The classification methods used in this study include
logistic regression, multilayer perceptron, support vector machine, bagging, and decision
tables. The dataset was assessed using 10-fold cross-validation. The accuracy, F1 score,
Matthew’s Correlation Coefficient (MCC), Precision-Recall Curve (PRC Area), and ROC
Area were employed as performance metrics for data mining. The RWeka package in R
was used for analysis.

Results

Table 1 presents the demographic data and other descriptive patient and tumor
characteristics of 788 patients aged 0-18 from the SEER database. In this study, 396
(50.3%) patients were diagnosed with testicular cancer before 2000, and 392 (49.7%)
patients were diagnosed after 2000. Among the patients included in the study, 22.6% were
< 15 years of age and 77.4% were 215 years of age. Among the patients, 89.0% were
white, 2.2% were black, and 8.8% had other ethnic backgrounds. Of these patients, 48.7%
had tumors on the left side and 51.3% had tumors on the right side. Table 1 presents the
tumor histologic behavior groups, and the TNM stages. Tumor size, mortality status, and
follow-up duration are provided in Table 1.

Table 2 presents the comparisons between mortality and other variables. The
mortality rate was 3.4% among children younger than 15 years and 8.7% among children
aged 15 years and older (p=0.018). Among children diagnosed before 2000, 11.1% died,
whereas among those diagnosed in or after 2000, 3.8% died (p<0.001). The highest
mortality rate was observed in children with choriocarcinoma as the histological behavior
type, whereas the lowest mortality rate was observed in children with yolk sac tumors
(p<0.001). In total, 2.4%, 2.7%, and 14.3% of children with stage T1, T2, and T3 died,
respectively (p=0.047). The highest mortality rate was observed in children with stage N3
disease, whereas the lowest mortality rate was observed in children with stage NO disease
(p=0.001). The mortality rate was significantly higher in children at the M1 stage than in
those at the MO stage (p<0.001). The mortality rate increased as tumor size increased
(p<0.001).
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Table 3 presents the survival analysis results. The mean overall survival (OS) for the
patients was 41.29+0.43 years. In addition, age, histologic behavior, T, N, and M stages,
and tumor size were significant risk factors (p<0.05). The mean survival time was found to
be 43.21+0.62 years for patients aged <15, and 40.34+0.52 years for patients aged =15
(p=0.017). The highest mean survival time was found in patients with histologic behavior
type yolk sac tumors, whereas the lowest mean survival time was observed in patients
with histologic behavior type choriocarcinoma (p<0.001).

The mean survival times for patients with T1, T2, and T3 stages were found to be
15.541£0.19, 15.541£0.22, and 12.00£0.98 years, respectively (p=0.009). When evaluated
according to the N stage, the lowest mean survival was observed in patients with N3
stage, whereas in terms of M stage, the lowest mean survival was observed in patients
with M1 stage (p<0.001 and p<0.001, respectively). The mean survival for children with
tumor size <2 cm was found to be 36.1+0.47 years, while this duration was 35.17+£0.35
years for children with tumor size between 2-5 cm, and 32.45+0.92 years for children with
tumor size >5 cm (p<0.001) (Table 3).

The gain ratio attribute (GAR) method was used for variable selection to determine
variable importance. This method examines the importance of variables and their
contributions to the dataset. Variables deemed insignificant using the gain ratio method
and considered to lack clinical relevance were excluded from the analysis. As a result,
eight variables (seven independent and one dependent) were retained in the dataset.
These variables included histological behavior, M stage, age, tumor size, N stage, race, T
stage, and status. The percentage of variable importance with respect to the dependent
variable, mortality, is shown in Figure 1.

The performance metrics for the machine learning methods used in the prediction
model are presented in Table 4. After evaluating the performance metrics, we determined
that logistic regression provided the best predictive model. After logistic regression, the
following methods were used: support vector machine, bagging, decision table, and
multilayer perceptron.

Based on the best-performing machine learning method from Table 4, logistic
regression, a decision support system software was developed. The variables included in
the decision support system were determined based on various important factors,
including histological behavior, M stage, age, tumor size, N stage, race, and T stage. The
outputs of the decision support system that calculates survival based on these variables
are shown in Figure 2. An overall view of the decision support system is shown in Figure
2(a), a screenshot of the survival prediction for a sample patient input is presented in
Figure 2(b), and a screenshot of the mortality prediction for a sample patient input is

displayed in Figure 2(c).



Discussion

In this study, we used a machine learning technique to determine the survival rates of
a nonseminomatous germ cell subgroup of testicular cancers, which are rare in pediatric
patients. We developed a 10-year survival prediction model for pediatric patients with
NSGCT. This model is presented as a software solution at the end of the study. We initially
examined the demographic data of cases available in the SEER database. Only pediatric
patients were included in this study. Therefore, our study is a novel and comprehensive
study that specifically included a pediatric age group (0-18 years). Studies have
consistently shown that the age group of 15-39 years represents the adolescent and
young adult population and is most commonly affected by testicular cancer [8, 9]. Similarly,
our study supports these findings, as patients aged 15 years accounted for 77.4% of the
study population.

Various methods are available to predict the survival and prognosis of cancer
patients [10-13]. In the study conducted by Srivastava et al. [11], for survival analysis of
non-seminomatous mediastinal and testicular germ cell cancer, the researchers utilized
the Cox proportional hazard model and Kaplan-Meier curves based on the SEER dataset.
According to the study, the 5-year cancer-specific survival rates were 88.23% for
individuals aged <19 years, 82.22% for those aged 19-30, and 74.13% for those aged >30
[11]. In our study, we conducted a survival analysis of patients aged <15 and =15 years.
The results showed that the 1-year, 5-year, and 10-year survival rates for patients aged <
15 years were 98.8%, 97.0%, and 96.3%, respectively. For patients aged 15 years, the
corresponding survival rates were 97.2%, 92.5%, and 92.3%, respectively. Moreover, the
1-year, 5-year, and 10-year cancer-specific survival rates for all cases was 96.9%, 93.5%,
and 93.2%, respectively. The higher observed survival rates may be attributed to the focus
of our study on testicular germ cell cancer. In a study by Wu et al. [14] that utilized the
SEER database, the 3-year and 5-year survival rates for mediastinal malignant germ cell
cancer were 63.1% and 61.2%, respectively.

There was no significant difference in tumor laterality among patients. In our literature
review, we were unable to find specific data regarding the laterality of NSGCTs in pediatric
patients. However, a study conducted by Berney et al. [15] reported that malignant
NSGCTs were more frequently observed on the right side in individuals aged 60 years.

In our study, malignant NSGCTs were observed more frequently in Caucasians.
However, no significant difference was observed in mortality between white and black
individuals. In a study conducted by Li et al. [16] in adult patients, a higher mortality rate
was observed in individuals of black ethnicity. This study suggests that the underlying

reasons for this disparity could be attributed to factors, such as hormones, dietary habits,
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cryptorchidism, and familial risk factors. However, the exact cause for this difference
remains unclear [16].

According to the data from the SEER database, we identified mixed germ cell tumors
as the most common subtype of malignant NSGCTs. According to the literature, yolk sac
tumors are the most common subtype of NSGCT in children under 2 years of age
(approximately 10-44% of cases) [17, 18]. Mixed germ cell tumors are the most frequently
observed subtype in adolescents. We believe that the reason for the most frequent
occurrence of mixed germ cell tumors in this study was that 77.4% of tumors were
observed in adolescents. In our study, the highest mortality rate was observed in cases
with the histological behavior of choriocarcinoma, whereas the lowest mortality rate was
observed in cases of yolk sac tumors. Curto et al. [19] reported a 100% survival rate in
yolk sac tumors. Our findings are consistent with those in the literature.

In our study, we observed disease-related deaths in 11.1% of patients diagnosed
before 2000, whereas the rate decreased to 3% in patients diagnosed in 2000 and
thereafter. We believe that advancements in medical technology as well as improvements
in radiotherapy and chemotherapy may have contributed to this decrease. However,
because we did not have access to a database regarding chemotherapy administered
before or after surgery, we could not make a definitive conclusion regarding its impact on
the observed outcomes.

In our study, the average lifespan for children with tumor sizes smaller than 2 cm was
found to be 36.10+0.47 years, while it was 35.17+0.35 years for tumor sizes between 2-5
cm, and 32.45+0.92 years for tumor sizes larger than 5 cm. In the study conducted by
Song et al. [20], a correlation between larger radiological dimensions of tumors and
malignancy was observed. Similarly, our study supports the finding that as the tumor size
increases, the mortality risk also increases.

In conclusion this study evaluated the factors influencing survival in pediatric NSCGT,
which is a rare urological cancer. We examined the relationship between survival and
factors, such as patient age, race, histological tumor type, TNM stage, year of diagnosis,
and tumor size. We found that if the tumor was diagnosed after 2000, had a size smaller
than 2 cm, was diagnosed before the age of 15 years, and was a yolk sac tumor with
T1NOMO staging, the survival rate would be higher. We believe that our 10-year survival
prediction model and the software created for this model will contribute to the
advancement of artificial intelligence studies in prognosis, recurrence, and survival
analysis.

Conflict of interest: No conflict of interest was declared by the authors.
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Figure 1. Variable Importance for Mortality
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Figure 2. Output screenshots of the decision support system
(Link to download the application: https://drive.google.com/file/d/125nYPDH5b2sMovHBN]jOxe3EeJwQKxd3u/view?usp=sharing)




Table 1. Descriptive statistics

Variables
Age (years), n (%)

Race, n (%)

Year of Diagnosis, n (%)
Laterality, n (%)

Histologic Behavior, n (%)

T Stage, n (%)

N Stage, n (%)

M stage, n (%)

Tumor Size (cm), n (%)

Mortality, n (%)

Follow-up Time (year)

<15

=215

White

Black

Other

<2000

>2000

Left

Right

Embryonal Carcinoma
Yolk Sac Tumor
Teratoma
Teratocarcinoma
Mixed Germ Cell Tumor
Choriocarcinoma
T1

T2

T3

NO

N1

N2

N3

MO

M1

<2

2-5

>5

Alive

Dead

MeanxSD
Median (Min.-Max.)

SD: Standard Deviation, Min: Minimum, Max: Maximum

178 (22.6)
670 (77.4)
697 (89.0)
17 (2.2)
69 (8.8)
396 (50.3)
392 (49.7)
384 (48.7)
404 (51.3)
169 (21.4)
115 (14.6)
65 (8.3)
131 (16.7)
299 (37.9)
9 (1.1)
166 (55.3)
113 (37.7)
21 (7.0)
221 (72.9)
38 (12.5)
28 (9.3)
16 (5.3)
256 (83.9)
49 (16.1)
136 (22.7)
299 (49.8)
165 (27.5)
729 (92.5)
59 (7.5)

18.43+12.49
17.50 (0.08-44.75)



Table 2. The relationship between qualitative variables and mortality

Variables

Age (years)

Race

Year of
Diagnosis

Laterality

Histologic
Behavior

T Stage

N Stage

M Stage

Tumor Size
(cm)

<15

215

White

Black

Other

<2000

22000

Left

Right

Embryonal
Carcinoma

Yolk Sac Tumor
Teratoma
Teratocarcinoma
Mixed Germ Cell
Tumor
Choriocarcinoma
T1

T2

T3

NO

N1

N2

N3

MO

M1

<2

2-5

>5

a: Chi-square test, b: Fisher-exact test

Mortality
Alive

n %
172 96.6
557 91.3
642 92.1
16 94.1
66 95.7
352 88.9
377 96.2
353 91.9
376 93.1
159 941
109 94.8
59 90.8
122 931
279 93.3
1 11.1
162 97.6
110 97.3
18 85.7
217 98.2
35 92.1
27 96.4
12 75.0
254 99.2
39 79.6
133 97.8
291 97.3
146 88.5

Dead

53
55

44
15
31
28
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19

%
3.4
8.7
7.9
5.9
4.3
111
3.8
8.1
6.9

5.9

5.2
9.2
6.9

6.7

88.9
2.4
2.7
14.3
1.8
7.9
3.6
25.0
0.8
20.4
2.2
2.7
11.5

p value

0.0182

0.5492

<0.0012

0.5432

<0.0012

0.047°

0.001P

<0.001°

<0.001?

Test value

5.625

1.199

15.092

0.371

88.185

20.381



Table 3. Kaplan-Meier analysis results for factors affecting mortality

Variables

Overall Survival (years)

Age
(years)

Race

Laterality

Histologic
Behavior

T Stage

N Stage

M Stage

Tumor
Size (cm)

<15

215

White
Black
Other

Left

Right
Embryonal
Carcinoma
Yolk Sac
Tumor
Teratoma

Teratocarcino

ma
Mixed Germ
Cell Tumor

Choriocarcino

ma
T1
T2
T3
NO
N1
N2
N3
MO
M1
<2
2-5
>5

Survival

1 5

year year
(%) (%)
96.9 935
98.8 97.0
97.2 925
96.8 93.3
941 94.1
98.6 95.3
96.0 93.0
97.7 94.0
97.0 95.7
98.2 954
954 92.0
96.9 93.1
99.0 946
222 111
99.3 98.0
- 97.8
89.7 844
99.1 98.0
97.1 94.0
96.3 96.3
93.3 764
- 99.6
89.4 80.1
985 97.7
99.3 97.8
96.9 91.0

SE: Standard error, a: Log Rank test

10
year
(%)
93.2
96.3
92.3
92.9
94.1
95.3
92.3
94.0

95.7

95.4
92.0
93.1

93.7

11.1

97.1
97.8
84.4
98.0
94.0
96.3
61.1
99.6
77.4
97.7
97.4
90.1

Survival Time

Mean+SE

41.29+0.43
43.21+0.62
40.34+0.52
40.72+0.47
42.15+2.52
40.39+1.05
40.12+0.63
41.55+0.58

41.46+0.80

41.54+0.91
40.27+1.76
40.44+0.93

39.31+0.70

3.77+£2.95

15.54+0.19
15.54+0.22
12.00+0.98
15.46+0.14
14.90+0.61
14.96+0.53
10.03+1.64
15.80+0.08
12.81+0.87
36.10+0.47
35.17+0.35
32.45+0.92

Median+SE

0.58+0.12

value

0.017

0.569

0.498

<0.001

0.009

<0.001

<0.001

<0.001

Test value

5.6642

1.1282

0.4592

243.1872

9.4152

27.8122

41.2532

19.2932



Table 4. Using machine learning methods for mortality prediction

Methods Performance Criteria

Accuracy F-measure MCC PRC Area ROC Area
Logistic Regression 0.934 0.911 0.332 0.892 0.647
Multilayer Perceptron 0.926 0.906 0.243 0.755 0.919
Support Vector Machine 0.934 0.911 0.332 0.878 0.567
Bagging 0.934 0.911 0.332 0.862 0.524
Decision Table 0.931 0.907 0.287 0.851 0.420

MCC: Matthew’s Correlation Coefficient, PRC Area: Precision-Recall Curve Area
ROC Area: Receiver Operating Characteristic Curve Area
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