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Disparities in Adolescent and Young Adult Survival
After Testicular Cancer Vary by Histologic Subtype:
A Population-Based Study in California 1988—2010
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Purpose: Testicular cancer is the most common cancer among adolescent and young adult (AYA) men 15-39
years of age. This study aims to determine whether race/ethnicity and/or neighborhood socioeconomic status
(SES) contribute independently to survival of AYAs with testicular cancer.

Methods: Data on 14,249 eligible AY As with testicular cancer diagnosed in California between 1988 and 2010
were obtained from the population-based California Cancer Registry. Multivariable Cox proportional hazards
regression was used to examine overall and testicular cancer-specific survival and survival for the seminoma
and nonseminoma histologic subtypes according to race/ethnicity, census-tract level neighborhood SES, and
other patient and clinical characteristics.

Results: Compared with White AYAs, Hispanic AY As had worse overall and testicular cancer-specific survival
(hazard ratio [HR], 1.21; 95% confidence interval [CI], 1.07-1.37) and Black AYAs had worse overall survival
(HR, 1.41; 95% CI, 1.01-1.97), independent of neighborhood SES and other demographic and clinical factors.
Racial/ethnic disparities in survival were more pronounced for nonseminoma than for seminoma. AYAs re-
siding in middle and low SES neighborhoods experienced worse survival across both histologic subtypes
independent of race/ethnicity and other factors, while improvements in survival over time were more pro-
nounced for seminoma. Longer time to treatment was also associated with worse survival, particularly for
AYAs with nonseminoma.

Conclusion: Among AY As, race/ethnicity, and neighborhood SES are independently associated with survival
after testicular cancer. Variation in disparities by histologic type according to demographic factors, year of
diagnosis, and time to treatment may reflect differences in prognosis and extent of treatment for the two
histologies.
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TESTICULAR CANCER is the most common cancer among
adolescent and young adult (AYA) men 15-39 years of
age' and peaks in incidence at 30-34 years of age.” In ad-
dition, AYAs with cancer are a particularly vulnerable
group:>* compared with older adults and children, AYAs
have different survival patterns,”” are least likely to partic-
ipate in clinical trials, are more likely to experience delays in
diagnosis or treatment,® have greater difficulty maintaining
education and employment positions,” and are more likely
to suffer psychosocial problems.'®™'? As a result, in 2006 The
National Cancer Institute and the LIVESTRONG Young
Adult Alliance called for research to determine factors that

may affect cancer outcomes among AYAs.'? Evaluating the
role of sociodemographic factors in testicular cancer survival
among AYAs is important to achieving this goal.

Although survival after testicular cancer is high, with 5-year
relative survival over 90%,'* several large population-based
studies of testicular cancer survival in men of all ages have
reported disparities in survival by race/ethnicity.>™'® These
reports, based on data from the Surveillance, Epidemiology
and End Results (SEER) national cancer registry database,
have established that testicular cancer—specific survival is
lower for Hispanic Whites,'s"8 African Americans,m’18 and
non-Whites compared with non-Hispanic Whites'” and that
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overall and testicular cancer—specific survival is lower for men
living in counties with lower socioeconomic status (SES)
compared with higher SES counties, as determined by a lim-
ited number of county-level SES indicators.'>~"”

Testicular cancer includes two main histologic subtypes,
seminoma and nonseminoma, which each comprise ap-
proximately half of all testicular cancers.'* Pure seminoma
has a favorable prognosis and infrequently metastasizes;
it is usually curable with surgery alone.'* Nonseminoma,
however, comprises several distinct subtypes,'® which fre-
quently Present with metastatic disease at the time of di-
agnosis; % involve more complicated treatment decisions;20
and have a higher rate of relapse.'? Previous studies among
men of all ages have reported worse survival among African
Americans or non-Whites compared with Whites for the
nonseminoma type, but not for the seminoma histologic
type.1o17

To our knowledge, no study has considered the associa-
tions between patient sociodemographic characteristics, in-
cluding race/ethnicity and neighborhood SES, with survival
among AY As with testicular cancer. Documenting disparities
in survival by race/ethnicity or neighborhood SES and de-
termining whether those disparities are independently asso-
ciated with survival is important to identifying modifiable
factors that contribute to survival among AYAs. Accord-
ingly, this study will examine whether survival of AY As with
testicular cancer overall and by histology differs by race/
ethnicity and neighborhood SES using the population-based
California Cancer Registry (CCR).

Methods
Cancer cases

California law mandates that cancer cases be reported
to the population-based CCR, which participates in the
National Cancer Institute’s SEER program. We obtained
information about California residents 15-39 years of age
diagnosed with first-primary, invasive testicular cancer
(International Classification of Disease for Oncology, third
edition [ICD-O-3] site codes C620-C621, C629) from
January 1, 1988, through December 31, 2010. For each case,
we obtained cancer registry information routinely abstracted
from the medical record (Table 1)—race/ethnicity, age at
diagnosis, marital status, year of diagnosis, histology, stage at
diagnosis, and first course treatment—as well as vital status as
of December 31, 2012, and cause of death. Race/ethnicity was
collapsed into the categories non-Hispanic White, non-Hispanic
Black, non-Hispanic Asian/Pacific Islander, Hispanic, and
other/unknown; hereafter referred to as White, Black, Asian/
Pacific Islander (PI), Hispanic, and other. Vital status is rou-
tinely determined by the CCR through hospital follow-up
and database linkages. Cause of death was categorized as
testicular cancer (cause of death codes 1860, 1869, or
C629), other cancer (cause of death codes 1400-2399 or
C000-D480, excluding testicular cancer), unknown (cause
of death codes 7777 or 7797), and non-cancer (all other
cause of death codes).

Of the 14,605 AYAs diagnosed with first primary inva-
sive testicular cancer, we excluded those diagnosed by
autopsy/death certificate only or with no survival time
(n=56) and those without histologic confirmation of diag-
nosis (n=159).
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Clinical variables

Testicular cancer histology was grouped into three cate-
gories defined by ICD-O3 codes. Groups consisted of semi-
noma tumors (ICD-03 codes 9060-9064), nonseminoma
tumors (ICD-03 codes 9065, 9070-9102), and other tumors
(9500, 9735, 8000-8991), including non-germ cell tumors
and lymphomas (<1% of AYAs). The more detailed Ameri-
can Joint Committee on Cancer staging criteria were not
available in the CCR for testicular cancers diagnosed before
2004, so SEER summary stage categories were used: local,
regional, metastatic (remote), and unknown/unspecified (not
abstracted, unknown, or unspecified).

Information on first-course treatment modality from the
cancer registry was included in analyses as surgery (yes, no,
unknown), radiation (yes, no, unknown), and chemotherapy
(yes, no, unknown). A single patient with unknown surgery
was included with the ““yes’ category of surgery, because
this was the predominant occurrence.

Time to treatment was calculated as the number of days
between the date of diagnosis and the date of first surgery or
the earliest date of administration of non-surgical therapy,
whichever occurred first. Time to treatment was defined by
five intervals; 0, 1-14, 15-30, 31-60, or greater than 60 days
(60+), which have been significantly associated with age and
cancer stage among AYAs.*!

Neighborhood socioeconomic status

As information on patient education or other individual-
level measures of SES are not collected by the CCR, we
assigned a multicomponent index of neighborhood SES
based on patients’ residential census-tract group at diagnosis
using a previously described index that incorporates 2000
United States Census (for cases diagnosed through 2005)*
and 2006-2010 American Community Survey data (for cases
diagnosed in 2006 forvvard)23 on education, occupation, un-
employment, household income, poverty, rent, and house
values. Index scores are grouped into quintiles from highest
to lowest SES index value based on the distribution of scores
across census tracts in California.”*** In order to assure
sufficient numbers of patients and deaths in each neighbor-
hood SES category, the SES quintile scores have been col-
lapsed into three SES categories: high (highest quintile),
middle (higher-middle and middle quintiles), and low (lower-
middle and lowest quintile).

We excluded patients with missing neighborhood SES
(n=241). The final study population thus included 14,249
cases and 1358 deaths due to any cause.

Survival analyses

All analyses were conducted using SAS software version
9.3 (SAS Institute Inc., Cary, North Carolina). Frequencies
and column percents of all patients and by seminoma and
nonseminoma were determined according to covariates, vital
status, and cause of death. Survival time was calculated in
days from day of diagnosis to date of death, date of last
follow-up, or study end date (December 31, 2012). For
models of testicular cancer—specific survival, individuals
who died of other or unknown causes were censored at the
time of death. The average follow-up for censored patients
was 11.3 years (standard deviation, 7.1 years). Ninety-six
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TABLE 1. FREQUENCY DISTRIBUTION OF SOCIODEMOGRAPHIC AND CLINICAL CHARACTERISTICS ACCORDING
TO TUuMOR HISTOLOGIC TYPE FOR ADOLESCENT AND YOUNG ADULT MEN 15-39 YEARS OF AGE
WITH TESTICULAR CANCER, 1988-2010 CALIFORNIA
All histologies® Seminoma Nonseminoma
N=14,249 N=7071 N=7045
n (%) n (%) n (%)
Race/ethnicity
White 8672 (60.9%) 4471 (63.2%) 4137 (58.7%)
Black 255 (1.8%) 141 2.0%) 101 (1.4%)
Asian/PI 539 (3.8%) 294 4.2%) 238 (3.4%)
Hispanic 4535 (31.8%) 2042 (28.9%) 2446 (34.7%)
Other 248 (1.7%) 123 (1.7%) 123 (1.7%)
Neighborhood SES
High 2803 (19.7%) 1430 (20.2%) 1352 (19.2%)
Middle 6291 (44.2%) 3216 (45.5%) 3031 (43.0%)
Low 5155 (36.2%) 2425 (34.3%) 2662 (37.8%)
Age at diagnosis
15-24 3555 (24.9%) 794 (11.2%) 2696 (38.3%)
25-39 10694 (75.1%) 6277 (88.8%) 4349 (61.7%)
Marital status
Married 5568 (39.1%) 3332 47.1%) 2205 (31.3%)
Not married 8308 (58.3%) 3555 (50.3%) 4657 (66.1%)
Unknown 373 (2.6%) 184 (2.6%) 183 (2.6%)
Year of diagnosis
1988-1995 4657 (32.7%) 2452 (34.7%) 2173 (30.8%)
1996-2003 4801 (33.7%) 2447 (34.6%) 2306 (32.7%)
2004-2010 4791 (33.6%) 2172 (30.7%) 2566 (36.4%)
Stage at diagnosis
Local 9346 (65.6%) 5517 (78.0%) 3773 (53.6%)
Regional 2690 (18.9%) 1043 (14.8%) 1623 (23.0%)
Metastatic 1997 (14.0%) 418 (5.9%) 1547 (22.0%)
Unknown 216 (1.5%) 93 (1.3%) 102 (1.4%)
Surgery
No 335 (2.4%) 135 (1.9%) 189 2.7%)
Yes 13914 (97.6%) 6936 (98.1%) 6856 (97.3%)
Radiotherapy
No 9958 (69.9%) 2959 (41.8%) 6886 (97.7%)
Yes 4291 (30.1%) 4112 (58.2%) 159 2.3%)
Chemotherapy
No 9378 (65.8%) 5924 (83.8%) 3382 (48.0%)
Yes 4684 (32.9%) 1081 (15.3%) 3546 (50.3%)
Unknown 187 (1.3%) 66 (0.9%) 117 (1.7%)
Time to treatment (days)
0 10562 (74.1%) 5401 (76.4%) 5073 (72.0%)
1-14 2792 (19.6%) 1228 (17.4%) 1537 (21.8%)
15-30 528 (3.7%) 273 3.9%) 250 (3.5%)
31-60 185 (1.3%) 83 (1.2%) 100 (1.4%)
60+ 182 (1.3%) 86 (1.2%) 85 (1.2%)
Cause of death
Alive 12891 (90.5%) 6588 (93.2%) 6205 (88.1%)
Deceased
Testicular cancer 627 (4.4%) 132 (1.9%) 473 (6.7%)
Other cancer 201 (1.4%) 80 (1.1%) 113 (1.6%)
Non-cancer 436 (3.1%) 230 (3.3%) 202 2.9%)
Unknown 94 (0.7%) 41 (0.6%) 52 (0.7%)

#<All histologies™ includes seminoma, nonseminoma, and other histologies.

PI, Pacific Islander; SES, socioeconomic status.
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percent (95.6%) of Whites, 92.5% of Blacks, 92.9% of Asian/
PIs, and 87.2% of Hispanics alive at the study end date had a
follow-up date within the prior two years. Ninety-four per-
cent (94.2%) of AYAs living in high SES neighborhoods,
94.5% of AYAs living in middle SES neighborhoods, and
89.4% of AYAs living in low SES neighborhoods alive at the
study end date had a follow-up date within the prior two
years. Sensitivity analyses confirmed that differential loss to
follow-up by race/ethnicity and neighborhood SES did not
affect survival estimates (data not shown).

Unadjusted Kaplan-Meier survival estimates were gener-
ated for categories of race/ethnicity and neighborhood SES
for seminoma and nonseminoma. Stratified Cox proportional
hazards regression models were used to estimate hazard ra-
tios (HR) and 95% confidence intervals (CIs) for testicular
cancer overall and by histologic type (seminoma, non-
seminoma). We assessed the proportional hazards assump-
tion by statistical testing of the correlation between weighted
Schoenfeld residuals and logarithmically transformed sur-
vival time. Covariates violating the proportional hazards
assumption (stage at diagnosis, histology, surgery, and che-
motherapy) were included in final models as stratifying
variables to account for varying baseline hazards. Receipt of
radiation interacted with model strata, so was subsequently
also included as a stratifying variable. We are unable to
report HRs for stratifying variables. In the final models,
there were no interactions of strata with covariates or vi-
olations of the proportional hazards assumption. Possible
interactions among covariates were examined and none
were significant at p <0.05.

Results

The largest proportion of AYAs were of White race/
ethnicity (60.9%), resided in middle SES neighborhoods
(44.2%), were 25-39 years of age (75.1%) and were unmarried
(58.3%) (Table 1). Similar proportions of patients were diag-
nosed with seminomas (49.6%) as with nonseminomas
(49.4%) and most had localized disease at the time of diagnosis
(65.6%). Most patients underwent surgery (97.6%), and 30.1%
received radiation, primarily for seminoma (95.8%). On the
other hand, the 32.9% of AYAs receiving chemotherapy
predominantly received it for nonseminoma (75.7%). Nearly
two-thirds (74.1%) of patients started treatment on the day of
diagnosis. Less than ten percent of the study population died by
the study end date, the largest proportion (46.2%) from testic-
ular cancer. Of AYAs that died of testicular cancer, 75.4%
had nonseminoma. Unadjusted Kaplan-Meier survival curves
suggest large disparities in survival according to neighbor-
hood SES and race/ethnicity that are more pronounced for
nonseminoma than seminoma (Fig 1).

Disparities in overall and testicular
cancer-specific survival

Black and Hispanic AYAs had worse overall survival
after adjustment for neighborhood SES (in addition to other
covariates listed in Table 2), compared with Whites (HR,
1.41; 95% CI, 1.01-1.97 and HR, 1.21, 95% CI 1.07-1.37
respectively). Lower survival for Black and Hispanic AYAs
compared with White AYAs was also present for testicular
cancer—specific survival, although small numbers of Black
AYAs resulted in wide confidence intervals (HR, 1.44; 95%
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CI, 0.87-2.37 and HR, 1.23; 95% CI, 1.02-1.47 respec-
tively). Testicular cancer—specific survival was also lower
for Asian/PI AYAs compared with White AYAs, but con-
fidence intervals are wide (HR, 1.26; 95% CI, 0.83—-1.91).

AYAs from middle and low SES neighborhoods had much
lower overall (HR, 1.34; 95% CI, 1.12-1.60 and HR, 1.79;
95% CI, 1.50-2.14 respectively) and testicular cancer—
specific (HR, 1.40; 95% CI, 1.06-1.84 and HR, 1.71; 95%
CI, 1.29-2.25 respectively) survival than AYAs from high
SES neighborhoods, even after controlling for race/ethnicity.

Patients 15-24 years of age had greater overall, but not
testicular cancer—specific, survival compared with patients
25-39 years of age (HR, 0.70; 95% CI, 0.61-0.80 and HR,
0.92;95% CI, 0.77-1.11 respectively). Unmarried AYAs had
worse overall and testicular cancer—specific survival com-
pared with married AYAs (HR, 1.57;95% CI, 1.39-1.78 and
HR, 1.46; 95% CI, 1.20-1.76 respectively). In addition, more
recent diagnosis and greater time to treatment were generally
associated with lower overall survival and testicular cancer—
specific survival.

Dispatrities in survival vary by histology

There were no racial/ethnic differences in overall survival
among AYAs with seminoma (Table 3). For nonseminoma,
however, Hispanics had lower overall survival, even after
controlling for neighborhood SES (HR, 1.25; 95% CI, 1.07-
1.47). Blacks and Asian/PIs also had a suggestively lower
survival after nonseminoma testicular cancer (HR, 1.46; 95%
CI, 0.91-2.33 and HR, 1.30; 95% CI, 0.88—1.90 respective-
ly). For both seminoma and nonseminoma testicular cancer,
AYAs living in middle and low SES neighborhoods had
worse overall survival compared with AYAs living in high
SES neighborhoods.

For nonseminoma, younger AYAs 15-24 years of age had
better survival than older AYAs (HR, 0.69; 95% CI, 0.59—
0.81). Unmarried AYAs had worse survival compared with
married AYAs for both seminoma and nonseminoma. The
improvement in survival for more recent diagnoses was more
marked among AYAs with seminoma, as the better survival
of patients diagnosed in 20042010 with nonseminoma was of
only borderline statistical significance compared with patients
diagnosed in 1988-1995. Lower survival with greater time to
treatment was more pronounced for nonseminoma than for
seminoma.

Discussion

In this large, population-based study of testicular cancer
among AYAs, Hispanic AYAs had worse survival after tes-
ticular cancer than White AY As, with these survival disparities
more pronounced for Hispanics with the nonseminoma
histologic subtype. Although testicular cancer is rare among
Black AYAs (<2% of testicular cancer cases were Black
AYAs), they experienced worse overall survival after di-
agnosis of testicular cancer than Whites. AY As residing in
lower SES neighborhoods experienced worse survival
across both histologic subtypes, while improvements over
time were most notable for seminoma. Longer time to
treatment was also associated with worse survival, espe-
cially for AYAs with nonseminoma.

One study of men of all ages reported worse survival for
non-Whites (including Hispanics) compared with non-
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FIG. 1. Unadjusted Kaplan-Meyer curves of overall survival of adolescent and young adult men 15-39 years of age with

testicular cancer according to neighborhood socioeconomic status (SES) or race/ethnicity, in California for the years 1988—
2010. (A, B) Overall survival for seminoma by survival time from date of diagnosis to date of death or censoring in days
according to (A) race/ethnicity and (B) neighborhood SES. (C, D) Overall survival for nonseminoma by survival time from
date of diagnosis to date of death from testicular cancer or censoring in days according to (C) race/ethnicity and (D)

neighborhood SES. PI, Pacific Islander.

Hispanic Whites only for nonseminoma cancer.'” Our ana-
lyses have further shown that Hispanic AYAs have lower
survival compared with White AY As for nonseminoma, and
suggest that Black and Asian/PI AYAs also may have lower
survival from nonseminoma. Further, we only observed
better survival for patients diagnosed in more recent years for
the seminoma histologic type and the association of time to
treatment with survival is more marked for nonseminoma;
these observed survival differences may be a reflection of
differences in prognosis and treatment availability by sub-
type. Nonseminoma testicular cancer comprises several dis-
tinct subtypes'® and is less sensitive to radiation,'® more
prone to relapse,'® and can involve more complicated treat-
ment decisions?® compared with seminoma. As a result,
chemotherapy and retroperitoneal lymph node dissection
(RPLND), a surgery to remove abdominal lymph nodes that
can harbor cancer cells even in early stage nonseminoma,'”
are used more often to treat nonseminoma.'® Both chemo-
therapy and RPLND, however, can be accompanied by sig-
nificant complications.** Moreover, RPLND is performed in

specialized centers of excellence, which may contribute to
delays in delivery of continuing care. As a result, difficulties
experienced by Hispanic, Black, or Asian/PI AYAs or AYAs
residing in lower SES neighborhoods®> ™' may exaggerate
survival disparities for nonseminoma. In addition, the ag-
gressive nature of nonseminoma may contribute to the more
marked association of time to treatment with this histology."

Our study extends the findings in prior studies of men of all
ages'>'®!1® by additionally considering neighborhood SES
and relevant treatment variables and showing that worse
overall survival of Hispanic and Black AYAs after testicu-
lar cancer, compared with White AYAs, is independent of
treatment and neighborhood SES. We did not observe racial/
ethnic differences in the distribution of cancer histology in
our study and no prior studies have reported differences in the
biology of testicular cancer by race/ethnicity, so these factors
are unlikely to explain the poorer survival we observed for
Hispanic, Black, and Asian/PI AYAs. Other potential medi-
ators of the effects of race/ethnicity on testicular cancer are
chronic stress due to racial/ethnic discrimination® or
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differences in treatment compliance (after treatment initia-
tion) between racial/ethnic groups, factors we could not
measure in this study.

SEER studies of men of all ages utilized a limited number of
county-level SES indicators to study the relationship of SES
with testicular cancer.'>™'® Our results with census-tract level
neighborhood SES support lower overall and testicular cancer—
specific survival for AYAs residing in low SES neighborhoods
for both seminoma and nonseminoma. Lower neighborhood
SES has frequently been shown to correlate with worse cancer
outcomes at all ages of diagnosis and for many different types
of cancer.>’?%*%% In this context, neighborhood SES is
conceptualized as an independent risk factor for survival, not
a proxy for individual SES, and mediates poorer individual
survival outcomes through neighborhood-level factors dif-
ferent from individual SES indicators.”®*® These mediators
may include reduced mental he211th,26_28 chronic stress,%’27
aspects of the neighborhood social environment,>*>’ and
reduced quality or availability of healthcare and support
services in lower SES neighborhoods. 283931

Previous studies have reported greater survival among
AYAs compared with survival among older men.'®!” We
have shown that younger AYAs (15-24 years of age) have
greater overall survival than older AY As (25-39 years of age)
from nonseminoma, which could be due to younger AYAs
having fewer comorbidities, differences in treatment in the
pediatric setting versus the adult setting, or the ability of
younger patients to withstand more intense treatment regi-
mens.'* Worse survival among unmarried compared with
married patients has been reported previously for men of all
ages with testicular cancer'>'” and for many cancer types.*®
The reason for this disparity is unknown, but may relate to less
social support for unmarried persons following a cancer di-
agnosis.>” Improved survival for patients more recently diag-
nosed with seminoma may be due to incremental
improvements in approaches to radiotherapy and chemother-
apy that better manage toxicity and secondary effects.'”

This study of survival of AYAs with testicular cancer is
unique among other studies of testicular cancer survival in
that it examines survival specifically among young men.
These young men bear the majority of the burden from
testicular cancer > and AYAs as a group can be especially
vulnerable to factors that affect cancer treatment and
outcome.*® Our study does have limitations. Data on co-
morbid conditions were not available in the registry and
information on health insurance was not available until
2001. In addition, detailed American Joint Committee on
Cancer staging information was not available for testicular
cancer before 2004, so SEER summary staging was used.
SEER summary stage does not account for factors within
its categories that may affect survival, such as degree of
extension or the size of the primary tumor. We were also
not able to include information on serum markers of tes-
ticular cancer or receipt of RPLND. In addition, the CCR
does not provide information on individual level SES. In
the future, it will be important to consider differences in
survival according to individual level SES and whether
individual and neighborhood SES independently contrib-
ute to survival. Finally, as with all registry studies, we
must consider differential misclassification of race/eth-
nicity. However, it has previously been determined that the
level of agreement between CCR data and self-reported

DEROUEN ET AL.

race/ethnicity is excellent for Whites and Blacks and in-
termediate for Hispanics and Asians.*'*?

Conclusion

Race/ethnicity and neighborhood SES were independently
associated with overall and testicular cancer specific survival
among AYAs. Hispanic AYAs experienced significantly
worse, and Black and Asian/PI AYAs experienced sugges-
tively worse, overall survival after nonseminoma testicular
cancer. Improvements in survival over time were more pro-
nounced for seminoma testicular cancer, while the better
survival observed among younger AYAs was limited to
nonseminoma testicular cancer. The survival differences
between race/ethnicity, age group, and year of diagnosis by
histologic type may reflect differences in prognosis and ex-
tent of testicular cancer treatment. Further research should
address factors that mediate the observed associations be-
tween race/ethnicity and neighborhood SES with testicular
cancer survival among AYAs.
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