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Abstract

Survival differences by racial and ethnic group have been reported in children and adolescents 

with germ cell tumors (GCTs), but whether these differences depend on stage of disease is unclear. 

Using the SEER 18 registries (2000-2015), we examined GCT survival differences by race/

ethnicity (non-Hispanic white [NHW], Black, Asian/Pacific Islander [API], Hispanic) separately 

for males and females aged 0-19 years at diagnosis. We used Kaplan Meier survival curves (Log-

Rank p-values) to characterize survival differences. Cox proportional hazards models were used to 

estimate hazard ratios (HR) and 95% confidence intervals (95% CI) for the association between 

race/ethnicity and death. Using an inverse odds weighting mediation analysis, we estimated the 

association between race/ethnicity and death treating stage of disease as the mediator. There were 

no significant racial/ethnic survival differences among females. Male survival differed by race/

ethnicity (p<0.0001) with NHW males having the best survival. Compared to NHW, API and 

Hispanic males had significantly higher risks of death (API HR: 2.18; 95% CI: 1.32-3.56; 

Hispanic HR: 1.98; 95% CI: 1.42-2.78) (model adjusted for age and year at diagnosis, tumor 

histology and location, stage). This association was mediated by stage of disease only among 

Hispanic males with gonadal tumors (indirectHR: 1.18; 95% CI: 1.03-1.35).

The increased risk of death after a testicular GCT diagnosis observed among Hispanic males was 

mediated by stage of disease. For API males and Hispanic males with extragonadal tumors, other 

unidentified factors including differences in exposures, tumor biology or treatment received may 

impact the observed racial/ethnic survival disparities.
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Introduction

Studies of testicular cancer in adolescent and adult populations have reported racial/ethnic 

differences in the risk of death, with non-Hispanic white (NHW) males having better 

outcomes.1,2 Survival differences by race/ethnicity among females diagnosed with ovarian 

GCTs have also been reported.3 A recent study shows that among children and adolescents 

diagnosed with a GCT, Hispanic children have higher all-cause mortality than non-Hispanic 

black or white children.4 Less is known about racial/ethnic differences in survival after a 

GCT diagnosis when males and females are considered separately, which is important as 

there are established differences in GCT survival by sex.5,6

GCTs are heterogeneous with regard to both tumor location and histology, which vary by 

sex, age at diagnosis, and race/ethnicity and also impact survival.2,6-13 For example, tumors 

of mixed histology display a higher rate of death than other histologic subtypes in females.13 

In males diagnosed with testicular cancer at ages less than 40 years, nonseminoma histology 

is associated with a higher risk of death than seminoma.2 Gonadal tumors are associated 

with better survival than extragonadal tumors.6,14,15 Thus, observed racial/ethnic differences 

in tumor location and histology may contribute to racial differences in survival.6

In general, racial/ethnic disparities in childhood cancer survival are postulated to arise from 

differences in socioeconomic status (SES);16 however, a recent analysis considering SES as 

a potential mediator of the association between race and the risk of death after a GCT 

diagnosis did not find that SES mediated the association between Hispanic ethnicity, 

compared to NHW race, and the risk of death.4 The racial/ethnic differences in GCT 

survival may depend on differences in clinical characteristics, delay in diagnosis, treatment 

received, pharmacogenetics, tumor biology, or other factors.

Using the Surveillance, Epidemiology, and End Results (SEER) Program 18 registries 

(2000-2015), we estimated survival differences by race/ethnicity (NHW, non-Hispanic 

black, Asian/Pacific Islander [API], Hispanic) for males and females aged 0-19 years with a 

GCT diagnosis, as this association has been more extensively studied in the adult population 

as reported elsehwere.1-3 We estimated the association between race/ethnicity and death for 

each sex separately. Then, to explore the role of stage of disease in the association between 

race/ethnicity and death after a GCT diagnosis, we used an inverse odds weighted (IOW) 

mediation analysis approach to estimate the association between race/ethnicity and death 

after a GCT diagnosis while treating stage of disease as a mediator.4,17-19

Materials and Methods

Study population.

Cases aged 0-19 years (n=4,172) were identified using the publicly available Surveillance, 

Epidemiology, and End Results (SEER) Program 18 registries20 (2000-2015), which 

includes Atlanta, Connecticut, Detroit, Hawaii, Iowa, New Mexico, San Francisco-Oakland, 

Seattle-Puget Sound, Utah, Los Angeles, San Jose-Monterey, Rural Georgia, the Alaska 

Native Tumor Registry, greater California, greater Georgia, Kentucky, Louisiana, and New 

Jersey. Included individuals had a first primary germ cell tumor (GCT) diagnosis defined by 
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the International Classification of Childhood Cancer 3rd edition21 as either Xa Intracranial 

and intraspinal GCT, Xb Extracranial and extragonadal GCT, or Xc Malignant gonadal GCT. 

Included cases also had information available on race/ethnicity according to the SEER 

definition: non-Hispanic white (NHW), non-Hispanic black (black), Asian/Pacific Islander 

(API), and Hispanic (all races). Finally, the main analysis was restricted to tumors that were 

classified as germinoma, yolk sac tumor, mixed histology, and other histologic types 

including choriocarcinoma, embryonal carcinoma and tumors labeled as ‘other’ by SEER 

(n=3,314) as defined using the International Classification of Diseases for Oncology 3 (ICD-

O-3) SEER codes and the classification scheme used by Poynter et al. 2010.6 Teratomas 

(n=858) were excluded as they are generally not malignant, are highly curable with surgery 

alone, and are thought to be a different disease than other types of GCTs.22

This analysis used existing data with no personal identifiers; therefore, the study was exempt 

from review by the University of Minnesota Institutional Review Board.

Variables of interest.

From SEER, we obtained the age at diagnosis (<1, 1-4, 5-9, 10-14, 15-19 years), year of 

diagnosis (2000-2015), race/ethnicity (defined above), tumor histology (defined above), 

tumor size (<2cm, 2-<5cm, ≥5cm), stage of disease (local, regional, distant), mediastinal 

tumor location (yes/no; obtained from ICD-O topography codes C38.1-C38.3 in SEER), 

surgery (yes, no/unknown), chemotherapy (yes, no/unknown), radiation (yes, no/unknown), 

months of survival (continuous), and vital status. The distribution of treatment received by 

GCT histology and location is shown in Supplemental Table 1.

Statistical analysis.

Chi-squared tests were conducted to detect differences in the distribution of patient and 

tumor characteristics by race/ethnicity for males and females separately except for treatment 

received as this data is not reliably captured in SEER.23 Five-year overall survival was 

calculated for males and females of all races combined and stratified by race/ethnicity. We 

also used Kaplan-Meier survival curves and Log-Rank p-values to compare survival 

differences by sex and by racial/ethnic group for GCTs overall and stratified by tumor 

location. Cox proportional hazards models were used to compute sex-specific hazard ratios 

(HR) and the corresponding 95% confidence intervals (95% CI) for the association between 

race/ethnicity and the risk death with NHW serving as the referent group. There was no 

violation of the proportional hazards assumption when entering an interaction term between 

race/ethnicity and time into the model.

We conducted a mediation analysis in racial/ethnic groups where we observed a significant 

association between race/ethnicity and the risk of death, treating stage of disease as the 

mediator. We used an inverse odds weighting (IOW) method, described by Nguyen et al. 

(2014)17 and used elsewhere.4,18,19 Briefly, the use of the weighted Cox proportional 

hazards model allows for estimation of the association between race/ethnicity and the risk of 

death, independent of stage of disease. The weight for race/ethnicity was estimated from a 

logistic regression model for stage of disease in association with race/ethnicity where NHW 

served as the referent category and was assigned a weight of 1. Black, API, and Hispanic 
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males were assigned a value of the inverse odds of the aforementioned logistic models 

conducted separately for each racial/ethnic group. The indirect effect of race/ethnicity on the 

risk of death operating through stage of disease was calculated by subtracting the direct 

effect beta from the total effect beta (βindirect=βtotal-βdirect), which was estimated from the 

Cox proportional hazards model without the IOW specification. For the total, direct, and 

indirect effects, the resulting HRs were estimated and bootstrapped standard errors (1000 

replications) were used to estimate the 95% CI. A significant indirect effect was interpreted 

as evidence of mediation by stage of disease in the race/ethnicity-risk of death association. 

Cox regression analyses were conducted in SAS v9.4 (SAS Institute, Cary, NC), mediation 

analyses were conducted in Stata v15.0 (College Station, Texas), and figures were generated 

in GraphPad Prism v8.0.0 (GraphPad Software, La Jolla, CA). Statistical significance was 

determined using two-sided hypothesis test (alpha of 0.05).

Data availability.

SEER 18 data is publicly available20 (2000-2015) and can be accessed on the SEER website 

(https://seer.cancer.gov).

Results

Demographic and clinical characteristics by race/ethnicity in males

There were 2,432 males with germ cell tumors (GCTs) who had race/ethnicity and survival 

information available for this analysis (Table 1). NHW and Hispanic boys made up the 

majority of male GCT cases (50% and 37%, respectively). The average age at diagnosis 

ranged from 13.9 years (API) to 15.8 years (NHW). We found significant differences in the 

distributions of tumor location and histology by race/ethnicity (both chi-squared p<0.0001). 

Over 75% of tumors diagnosed in NHW and Hispanic males were gonadal while under half 

of the tumors among black and API were gonadal (chi-squared p<0.0001). Black and API 

males had higher percentages of intracranial/intraspinal tumors than NHW or Hispanic 

males. NHW and Hispanic males were more likely to have tumors of mixed histology and 

germinoma when compared with black and API males.

Among male cases with tumor size available, nearly half of the tumors diagnosed in each 

group were intermediate in size (>2-≤5cm); however, a large number of cases were missing 

tumor size data so these results should be cautiously interpreted. Approximately 60% of 

male cases were diagnosed with local stage of disease, but there were differences by race/

ethnicity (p=0.002). Black and Hispanic males had the highest proportions of cases 

diagnosed with distant disease.

Demographic and clinical characteristics by race/ethnicity in females

For females diagnosed with a GCT from 2000-2015 (N=882) that had race/ethnicity and 

survival information available, the race/ethnicity distribution differed slightly from that 

observed for males (Table 1). GCTs were most commonly diagnosed in NHW and Hispanic 

females as observed in males; however, nearly 2/3 of GCTs in black children were 

diagnosed among females, which was the only racial/ethnic group to have a female 

predominance. The age at diagnosis for females was younger than observed for males at 
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12-13 years of age in each group. Overall, females were more frequently diagnosed with 

extracranial/extragonadal tumors than males and extracranial/extragonadal tumors tended to 

be larger in size than tumors of other locations (84% >5cm compared to 8% >5cm for 

intracranial/intraspinal and 45% >5cm for gonadal; chi-squared p<0.0001). While all groups 

were most frequently diagnosed with gonadal tumors, API females had the highest 

proportion of intracranial/intraspinal tumors and black females had the highest proportion of 

extracranial/extragonadal tumors (chi-squared p<0.0001). Tumor histology also differed by 

race/ethnicity (chi-squared p=0.0002). Females in all groups tended to have larger tumors 

when compared with males, with nearly three-quarters measuring over 5cm in size, though 

due to the large number of cases missing data these results should be interpreted with 

caution.

Survival differences by sex and race/ethnicity

Overall, males of all races combined had slightly lower survival than females (five-year 

survival: males 92%, females 94%; overall survival p=0.05). The five-year survival estimates 

for all GCTs combined among females did not differ significantly by race/ethnicity. 

Conversely, overall survival differed significantly by race/ethnicity among males (log-rank p 

<0.0001; Figure 1). API males had the lowest five-year survival (85%) and NHW males had 

the highest (94%).

Survival differences by tumor location

Kaplan-Meier survival curves for males and females with GCTs overall and stratified by 

location are shown in Figure 1. For intracranial and intraspinal GCTs, males and females 

both had five-year survival of 89% (log-rank p=0.5). There were differences in overall 

survival between racial/ethnic groups among males, but not females, diagnosed with 

intracranial/intraspinal GCTs (male log-rank p=0.007). Extracranial/extragonadal tumors 

among all females combined resulted in 27% higher five-year survival than observed for 

males (five-year survival: males 64%, females 91%; log-rank p<0.0001). In sex-stratified 

analyses for extracranial/extragonadal tumors, there were no significant differences in 

overall survival between racial/ethnic groups for males or females (males 95%, females 

96%; log-rank p=0.2). Among gonadal tumors, there was no significant difference in overall 

survival observed between racial/ethnic groups in females, but there was a significant 

difference found for males between racial/ethnic groups (male log-rank p=0.004).

Differences in the risk of death by sex and race/ethnicity

Compared to females, males had a significantly higher risk of death (hazard ratio [HR] 1.68; 

95% confidence interval [95% CI]: 1.20-2.36) after adjustment for race/ethnicity, age at 

diagnosis, tumor histology and location, and year of diagnosis. Estimates were similar when 

adjusting for stage of disease as well. We observed significant differences in survival for 

Hispanic and API males compared to NHW males (Figure 2, Supplemental Table 2). In the 

adjusted model, which accounted for stage of disease and other demographic and tumor 

characteristics, there was a significantly increased risk of death observed among API males 

(HR: 2.18; 95% CI: 1.34-3.56) and Hispanic males (HR: 1.98; 95% CI:1.42-2.78) (NHW 

referent). There was no significant effect observed for black males, although sample size 
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was limited. These estimates were similar in direction and magnitude to those from the 

crude models.

Differences in the risk of death by sex, race/ethnicity, and tumor location

There were no significant differences in the risk of death between racial/ethnic groups 

among females for any tumor location. Among males, when stratifying by tumor location, 

there was significant risk of death observed among API males, compared to NHW males, for 

intracranial/intraspinal tumors. Hispanic males had a significant risk of death, relative to 

NHW males, for both intracranial/intraspinal and gonadal tumors. Among extracranial/

extragonadal tumors, adjustment for mediastinal tumor location (yes, n=120), which is 

associated with poor prognosis9, did not alter effect estimates relative to the adjusted model 

estimates without considering mediastinal tumor location, which were non-significant for all 

racial/ethnic groups.

Evidence of mediation by stage of disease

Because stage of disease lies on the temporal pathway between race/ethnicity and the risk of 

death, we conducted a mediation analysis between race/ethnicity and the risk of death 

treating stage of disease as the mediator. These analyses were restricted to Hispanic, API 

and NHW males as the referent because these were the only groups where we observed 

significant survival differences. In the first-leg results for the inverse odds weighting (IOW) 

mediation analysis including API and Hispanic males, who displayed a significantly higher 

risk of death than NHW males, there were differences in the association between race/

ethnicity and stage of disease. Hispanic males were more likely to have regional and distant 

stage of disease compared to NWH males (Supplemental Table 3). When we evaluated 

GCTs in all locations, there was no evidence of mediation by stage of disease as evidenced 

by the non-significant indirect effects and the similar direct and total effect estimates 

observed for each race/ethnicity group relative to NHW males (Table 2). In analyses 

stratified by tumor location, we observed a mediating effect of stage of disease for the 

association between race/ethnicity and death in Hispanic males with gonadal tumors 

(indirectHR: 1.18, 95% CI: 1.03-1.35).

Discussion

We used population-based data from the SEER 18 registries to identify survival differences 

by racial/ethnic group in male and female children and adolescents diagnosed with a GCT. 

We did not observe significant differences in survival by racial/ethnic group in females, 

which differs from a previous report on ovarian GCTs from females of all ages where NHW 

females had better outcomes than black females.3 Among males, we observed racial/ethnic 

differences in survival such that NHW males experienced better outcomes than other groups, 

in agreement with adult testicular cancer studies.1,2 In our study, API and Hispanic males 

had twice the risk of death observed for NHW males, which is in line with effect estimates 

from an adult testicular cancer study among nonwhite males with nonseminomas2 and 

among Hawaiian males, who would be included in our API category.1 Our study differs from 

these previous studies, which focused on adult malignancies with less information on race 

and ethnicity, as we are using recent data with better-defined race/ethnicity and we only 
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included children aged 0-19 years. These differences may contribute to the lack of survival 

disparities among females in our study; however, our findings and the previous studies for 

male GCTs consistently suggests that NHW males experience better outcomes than other 

racial/ethnic groups.

Overall, males had worse survival and a significantly higher risk of death than females 

despite the fact that females had larger tumors and were more frequently diagnosed at later 

stage of disease (Table 1). We hypothesized that differences in tumor location and histology 

may explain this finding as females were more likely to have tumors of yolk sac histology, 

which typically have better outcomes when compared with other histologic subtypes.24 In 

addition, extragonadal/extracranial tumors are more common in females,25 and these tumors 

are typically larger in size and have better outcomes compared with tumors in other 

locations, particularly among females (Figure 1). However, we found that even after 

adjustment for tumor location and histology, males displayed an increased risk of death 

relative to females. These findings suggest that factors other than tumor histology or 

location, such as tumor biology or response to therapy, may underlie the observed sex 

differences in GCT survival.

In our study, we observed a slight mediating effect for stage of disease for the association 

between race/ethnicity and the risk of death among Hispanic males diagnosed with gonadal 

tumors. We estimated that approximately 16% of the association between Hispanic ethnicity 

and death after a gonadal GCT diagnosis may operate through stage of disease. The presence 

of significant direct effects for Hispanic and API males for all GCTs combined and for 

intracranial/intraspinal and Hispanic males for gonadal GCTs suggests that factors other 

than stage of disease including tumor biology, diagnosis delay, treatment received, response 

to therapy may underlie the observed racial/ethnic differences in survival.

GCT biology may vary by race/ethnicity and may impact cancer outcomes, as observed 

among adults in various tumor types.26-28 Racial/ethnic differences in pediatric GCT tumor 

biology remain to be identified. However, if such differences in tumor biology exist, they 

may impact therapeutic efficacy29 and may explain some of the observed racial/ethnic 

survival disparities among males with GCTs. GCTs display differing patterns of methylation 

and gene expression30 by histologic subtype.31,32 Consideration of racial/ethnic differences 

in GCT gene expression and methylation may be important factors for identifying biologic 

mechanisms underlying survival disparities and may prove useful in the development of 

targeted therapies.

Racial/ethnic differences in treatment received and adverse events may explain some of the 

observed survival differences among children and adolescents with GCTs. In a recent study 

of children with acute lymphoblastic leukemia, Hispanic children had twice the risk of 

neurotoxicity following methotrexate treatments than NHW children.33 Children who 

experienced neurotoxic events often received 2.25 fewer doses of chemotherapy33, which 

could affect survival. The investigation of racial and ethnic differences in treatment received 

and adverse events among children with GCTs will be an important component in our 

understanding of the observed racial/ethnic disparities in GCT survival.
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Pharmacogenomics may play an integral role in the observed racial/ethnic survival 

differences in children with GCTs.34,35 Germline genetic differences between racial/ethnic 

groups can lead to differences in drug metabolism36 impacting drug efficacy and survival 

from cancer. Overall, the inclusion of racial/ethnic minorities in clinical trials and drug 

development studies has been minimal.37 Even though 70% of children diagnosed with 

cancer in the United States are enrolled in clinical trials, young Hispanic children and older 

white children are underrepresented in therapy studies for solid tumors.38 Increasing the 

inclusion of children with diverse racial/ethnic backgrounds remains important for 

developing effective therapies for solid tumors such as GCTs, where the racial/ethnic 

differences in survival among males are largely unexplained.

Although we present a large, population-based study characterizing survival differences by 

race/ethnicity among children aged 0-19 years diagnosed with GCTs, our findings should be 

interpreted in light of the following limitations. To categorize race/ethnicity, we relied upon 

the SEER categorization, which arises from medical records, physician report, or death 

certificates. While this been found to be fairly reliable when compared to patient self-

report39, we cannot disentangle the social construct of race/ethnicity from that of genetics, 

which may shed light on the biologic mechanisms contributing to the observed survival 

disparities among males. While SEER provides a wealth of data to investigate racial/ethnic 

disparities in cancer survival, it does not present detailed information for important clinical 

characteristics such treatment received. 23 Therefore, we viewed stage of disease as a 

surrogate for treatment received, which presumably does not depend on race/ethnicity, but 

this warrants validation in studies with detailed treatment data. In SEER, stage of disease has 

been harmonized over the included years (2000-2015) and does not represent the exact 

staging system used in the clinic for GCTs, which is described in detail elsewhere22; 

however, stage is presumed to be fairly reliably captured in SEER as it is reported by cancer 

registries.40

In conclusion, using data from over 3,300 children and adolescents diagnosed with a GCT 

between 2000-2015, we observed significant racial/ethnic differences in survival among 

males but not females. Importantly, this association was not mediated by stage of disease, 

except for gonadal tumors in Hispanic males. These findings, in addition to a lack of 

mediation by SES as reported elsewhere4, suggest that the observed racial/ethnic disparities 

in survival for males with GCTs may be biologic or may depend on the efficacy of treatment 

received. Future studies with detailed treatment data are necessary to infer the role of 

treatment on the observed disparities. Future molecular studies should seek to characterize 

racial/ethnic differences in pharmacogenomics and tumor biology among males diagnosed 

with GCTs, which could inform drug development for race/ethnicity-specific therapies and 

be a step toward decreasing the racial/ethnic survival disparities among male children and 

adolescents diagnosed with GCTs.
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Refer to Web version on PubMed Central for supplementary material.
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Novelty and Impact

Among children with germ cell tumors (GCTs), survival differences by race/ethnicity 

have been reported for GCTs overall in children and for testicular GCTs in adult males. 

We characterized racial/ethnic survival differences by sex among children and 

adolescents diagnosed with GCTs. There were no racial/ethnic survival differences 

among females, but Hispanic and Asian/Pacific Islander males had worse survival than 

whites, independent of stage of disease at diagnosis, suggesting other factors may be 

driving the observed disparity.
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Figure 1. 
Overall survival and log-rank p-values for males and females diagnosed with germ cell 

tumors by race/ethnicity for all GCTs combined (a-b), and by tumor location (c-h) SEER 18, 

2000-2015
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Figure 2. 
Hazard ratios (HR) and 95% confidence intervals (95% CI) for the association between race/

ethnicity and the risk of death after a germ cell tumor diagnosis among males and females 

(non-Hispanic, white [NHW] as referent) for a) all GCTs combined, b) intracranial/

intraspinal GCTs, c) extracranial/extragonadal GCTs and d) malignant gonadal GCTs, SEER 

18, 2000-2015. Model adjusted for tumor location (all GCTs only), tumor histology, age at 

diagnosis, year of diagnosis, stage of disease, and mediastinal tumor location (extracranial/

extragonadal tumors only).
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