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Abstract

Introduction—The aim of this study was to provide detailed age-specific (5-year age groups)

and histology-specific (histologic subtypes of seminoma and nonseminoma) relative survival

estimates of testicular germ cell cancer patients in Germany and the United States (U.S.) for the

years 2002–2006 and to compare these estimates between countries.

Methods—We pooled data from 11 cancer registries of Germany and used data from the U.S.

(SEER-13 database) including 11 508 and 10 774 newly diagnosed cases (1997–2006) in

Germany and the U.S. respectively. We estimated 5-year relative survival (5-year-RS) by

histology and age based on period analysis.
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Results—5-year-RS for testicular germ cell tumors was 96.7% and 96.3% in Germany and the

U.S. respectively. 5-year-RS for spermatocytic seminoma was close to 100% in both countries. 5-

year-RS for nonseminoma was lower than for classical seminoma in Germany (93.3% versus

97.6%) and the U.S. (91.0% versus 98.2%). Among nonseminomas, choriocarcinomas provided

the lowest 5-year-RS in both countries (Germany 80.1%, U.S. 79.6%). Age-specific 5-year-RS for

seminoma showed only little variation by age. 5-year-RS for nonseminomas tended to be lower at

higher ages, especially for malignant teratoma.

Discussion—This is the first study that provides up-to-date survival estimates for testicular

cancer by histology and age in Germany and the U.S. Survival after a diagnosis of testicular

cancer is very comparable between Germany and the U.S. 5-year-RS for spematocytic seminoma

was close to 100% and the lowest 5-year-RS occurred among choriocarcinoma. Higher age at

diagnosis is associated with a poorer prognosis among nonseminoma patients.
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Introduction

Information on survival of cancer patients is an important indicator of cancer control,

besides the numbers of new cases (incidence) and deaths (mortality). Survival information is

needed for estimating how many cancer survivors are alive at any one time in order to plan

health services [1]. With modern therapeutic approaches, 5-year survival after the diagnosis

of testicular cancer exceed 90% in many countries [2]. Several prognostic factors of

testicular cancers have been identified including histologic group, extent of disease, and age

at diagnosis. However, the independent prognostic relevance of these factors controlling for

confounders has been disputed until recently [3].

A recent large cohort study based on the Surveillance Epidemiology and End Results

database (SEER 17) of the U.S. examined for the first time the effect of age on testicular

cancer-specific observed mortality while taking into account diseases characteristics (extent

of disease: localized or metastasized, i.e. regional or distant metastases), treatment factors

(radiotherapy, retroperitoneal lymph node dissection), and sociodemographic variables by

use of multivariable regression techniques. An important finding of this study was the

adverse effect of age at diagnosis (< 40 years versus 40+ years) on testicular cancer-specific

mortality within both subgroups of testicular germ cell tumors, seminoma and

nonseminoma. As in many other studies, this study used broad categories of histology

(seminoma versus nonseminoma) and age (< 40 years versus 40+ years) [4].

Many previous studies reported relative survival (RS) of testicular cancer. However, many

reports did not even distinguish between seminoma and nonseminoma and also included

testicular tumors other than germ cell tumors [1,2,5–13]. Some studies distinguished by

histology but only in broad terms by providing separate RS estimates for seminoma and

nonseminoma [14–19]. Age stratification of RS estimates - if any- either was not reported or
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was based on broad categories especially in the age range 15–40 years

[1,2,6,7,10,12,14,16,18].

The aim of our study was to provide detailed age-specific (10-year age groups) and

histology-specific (histologic subtypes of seminoma and nonseminoma) relative survival

estimates of testicular germ cell cancer patients in Germany and the United States (U.S.) for

the years 2002–2006 and to compare these estimates between countries.

Material & Methods

German Cancer Registry data

A collaborative study of cancer survival in Germany was initiated by the German Cancer

Research Center and the Association of Epidemiological Cancer Registries (GEKID) in

2009. Details of the project have been published recently [20]. Briefly, we pooled data from

11 cancer registries of Germany covering a population of 33 million people (Table 1). The

estimated completeness of cancer registration was over 80% in all registries and over 90% in

most registries in 2004–2006. Follow-up was performed by linkage to death certificates of

the respective state and in some registries additional linkage to population registries to get

information about deaths or migration to other states. Two of the smallest cancer registries

covering urban populations (Hamburg and Bremen) registered out-migrations of cancer

patients (any cancer) by record linkage with population registries. Out-migration rates

leading to the loss of follow-up were 1.7% in Hamburg and 2.8% in Bremen [20].

SEER-13 database

In addition, we extracted testicular cancer cases diagnosed in 1997–2006 of the SEER-13

(Surveillance Epidemiology and End Results) database for comparative analysis [21].

Patients with testicular cancer diagnosed in 1997–2006 who were at least 15 years old at the

time of diagnosis were included in the analysis. SEER employs resource intensive follow-up

to capture the last date of contact for each cancer case, with standards specifying that active

follow-up be conducted for 95% of cases [22]. Cases are matched to the National Death

Index, Social Security, Medicare and Medicaid data as well as records of contact with

physicians, pathology labs and hospital registries. If persons with cancer moved out of a

registry area, follow-up was tracked no matter where they moved within the U.S. We

excluded cases diagnosed at autopsy and death certificate only cases (DCO).

Coding and grouping of morphology codes

All registries coded cancer topography, morphology and behaviour according to ICD-O-3

(International Classification of Diseases for Oncology) [23]. These codes were converted

into ICD-10 (International Classification of Diseases) using the rules of the International

Association of Cancer Registries (IACR) [24]. All registries recorded cancer cases

according to the rules of the International Agency for Research on Cancer. We used ICD-O

morphology codes to classify the tumors. Morphology codes 9060–9062 and 9064 identified

classical seminomas. Code 9063 identified spermatocytic seminomas. Nonseminoma

without mixed germ cell tumors included codes 9065, 9070–9072, 9080–9084, and 9100–

9102 while code 9085 identified mixed germ cell cancers. Specific nonseminoma entities
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included embryonal carcinoma (9070), yolk sac tumors (9071), malignant teratoma (9080–

9084, 9102), and choriocarcinoma (9100–9101). Germ cell tumors coded as 9065 are

nonseminomatous germ cell tumors without further specification.

Starting in the late 1980s, a provisional field code for mixed germ cell tumor morphology

(MGCT) was introduced into the 1st and 2nd versions of the ICD-O [23]. The MGCT

morphology code (9085/3) became a standard morphology code in the ICD-O 3rd version

[25]. Incidence trend analyses of testicular cancer in the U.S. and Germany suggest that the

ICD-O code “mixed germ cell cancer” is being used for all mixed histologies, whether they

are tumours with combinations of nonseminoma histologies or tumours with both

seminomatous and nonseminomatous elements [26].

Statistical methods

We estimated 5-year relative survival (5-year-RS) which is the ratio of the observed

probability of survival and the probability that would have been expected if the cancer

patients had only experienced the normal (background) mortality of the general population

in which they live, given the same distribution of factors such as age, sex, geographic area,

and calendar period. Expected survival was estimated according to the Ederer II method

using life tables stratified by country, calendar year, age, and sex [27]. Conventional

survival analysis (cohort analysis) refers to cohorts of individuals diagnosed many years

before and not to patients diagnosed more recently. We therefore used period analysis to

estimate RS. Unlike cohort analysis, period analysis of RS exclusively takes survival

experience of cancer patients in the most recent calendar period into account and closely

predicts survival proportions of patients diagnosed in that period [28].

We used cancer patients diagnosed between 1997–2006 for the 5-year-RS estimation of the

years 2002–2006. To compare the overall 5-year-RS between countries, we adjusted 5-year-

RS estimates to the age distribution of testicular cancer cases (germ cell and non-germ cell)

in Germany using the age groups 15–24, 25–29, 30–34, 35–39, 40–44, 45+ years and

corresponding weights 0.11, 0,13, 0.19, 0.21, 0.16, and 0.20. Furthermore, we compared 5-

year-RS estimates by 10-year age groups (15–24, 25–34, 35–44, 45+ years) (seminoma,

nonseminoma). For nonseminoma subtypes, we present only 5-year-RS estimates for three

age groups (15–24, 25–34, 35+ years) as the number of cases became too small.

Staging to subdivide testicular cancers into localized, regionally metastasized, or distantly

metastasized tumors revealed large proportions of missing data (47%) in the German data

set as either information on regional lymph node involvement or on presence of distant

metastases was missing. We therefore did not standardize German age-specific RS estimates

by stage. For the U.S. data, we standardized age-specific RS estimates by stage (localized,

regional lymph node metastases, distant metateses). We used the overall stage distribution of

the histologic group for standardizing age-specific RS estimates. All calculations were

carried out using SAS software (version 9.2), using macros developed for period analysis

[29].
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Results

During the period 1997 through 2006, overall 11 508 and 10 774 primary invasive testicular

cancers (ICD10: C62) have been registered in Germany and the U.S. (SEER-13). The vast

majority of these cancers were germ cell cancers (Germany 96.5%, U.S. 97.9%). Overall

9,628 out of 10,547 germ cell cancer patients in the SEER program were whites. Only about

a fifth of all testicular germ cell tumors occurred among men aged 45 years or more

(Germany: 19.7%, U.S. 16.4%). The proportion of death certificate only (DCO) and autopsy

only cases was small (Germany: 2.5%, U.S. 0.13%) and depended on age.

The estimated age-standardized 5-year-RS for testicular germ cell tumors was 96.7% and

96.3% in Germany and the U.S. respectively. Although based on small numbers, the 5-year-

RS for spermatocytic seminoma was close to 100% in both countries. 5-year-RS for

nonseminoma was considerably lower than for classical seminoma in Germany (93.3%

versus 97.6%) and the U.S. (91.0% versus 98.2%). 5-year-RS estimates for mixed germ cell

tumors were between those for classical seminoma and nonseminoma. Among

nonseminomas, 5-year-RS was lowest for choriocarcinomas in both countries (Germany

80.1%, U.S. 79.6%). 5-year-RS estimates were very comparable between Germany and the

U.S. (Table 2).

Age-specific 5-year-RS for seminoma showed only little variation by age. 5-year-RS for

nonseminoma (mixed GCTs excluded) declined with age in both countries, but lower

survival was essentially restricted to the minority of patients aged 45+ years (Germany: 15–

24 years 97.1%, 45+ years: 86.8%; U.S.: 15–24 years 93.6%, 45+ years 87.6%). The

analysis of 5-year-RS of nonseminoma subtypes revealed that especially 5-year-RS of

malignant teratoma and choriocarcinoma declined with increasing age. Age-specific 5-year-

RS estimates for yolk sac tumors were based on only small numbers (Figure 1 & Figure 2).

Standardization by stage of age-specific 5-year-RS of the U.S. resulted in some attenuation

of the age effect. However, higher age remained associated with lower age-specific 5-year-

RS of nonseminoma, especially malignant teratoma (Supplementary Table 1).

Discussion

The detailed age- and histology-stratified RS estimates of testicular cancer for Germany and

the U.S. provide some new insights into the prognosis of testicular cancer. After a diagnosis

of spermatocytic seminoma the prognosis is nearly perfect (estimated 5-year-RS of close to

100%) in Germany and the U.S. The WHO classification of testicular tumors considers

spermatocytic seminomas as benign tumors that can become a life threatening disease if it

progresses to sarcoma (i.e. becomes a new entity) [30]. Furthermore, among subtypes of

nonseminoma, estimated 5-year-RS is lowest for choriocarcinoma. Also we provide for the

first time RS estimates for MGCTs. Whereas 5-year-RS for seminoma showed only little

variation by age, 5-year-RS for nonseminomas tended to be lower at ages 45 years and

more. The age dependency of 5-year-RS of nonseminoma occurs especially among

malignant teratomas.
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The separate 5-year-RS estimation for MGCTs that were earlier treated as nonseminoma

showed that 5-year-RS estimates are in between the 5-year-RS estimates of classical

seminoma and nonseminoma that exclude MGCTs. Based on previous incidence trend

analyses, we believe that the morphology code for MGCTs may include all mixed

histologies, whether they are tumors with combinations of nonseminoma histologies or

tumors with both seminomatous and nonseminomatous elements [26]. Therefore, MGCTs

may reflect a heterogeneous group of histologies. In a population-based study of

Luxembourg, 122 of 397 testicular cancer cases (31%) were MGCT. Overall 65 tumors

(53%) included a seminomatous component and 47% included only mixed non-

seminomatous components [31].

Empirical evidence of the age dependency of the prognosis of testicular cancer goes back at

least to 1943 [32]. We were able to corroborate the association between age at diagnosis and

prognosis. Standardization by stage across age groups of the U.S. data resulted in some

attenuation of survival differences by age. However, two recent studies were able to show

the independent effect of age on the prognosis of testicular cancer by adjustment for extent

of disease [4,33]. In contrast to detailed analyses by Fossa et al. [4], the association between

age and 5-year-RS virtually occurred only among nonseminoma patients in our study. This

apparent discrepancy may be explained by the way, Fossa et al. analyzed SEER-17 data. In

contrast to our analyses, they adjusted for several variables including extent of disease,

treatment, and others and modeled the 10-year testicular cancer-specific mortality rate.

Adjustment strengthened the association between age (15–39 years versus 40+ years) and

cancer-specific survival among seminoma patients.

Potential explanations for the age dependency of prognosis are reduced treatment intensity

combined with increased therapy-related toxicity among older men [4]. The most likely

explanation for this age effect is a higher early excess mortality after diagnosis of

metastasized testicular cancer. Spermon et al. observed the largest difference in RS between

testicular cancer patients younger than 50 years and older ones within the first year after

diagnosis [14]. This difference was most prominent among patients with regional or distant

metastases at diagnosis. The EUROCARE-4 study revealed that decreasing 5-year-RS with

age is mainly due to decreasing 1-year survival with age, while survival conditional on

surviving the first year changes only modestly with advancing age [10]. In a Dutch study,

RS estimates for patients 50 years or more were only higher after one year of follow-up (<

50 years: 99%, ≥50 years: 93%) [16].

Some limitations to our study need mention. First, when we stratified 5-year-RS estimates

by histology, we relied on the morphology codes provided by the cancer registries. Lack of

standardization of histological criteria to differentiate between subtypes of germ cell cancers

among pathologists and lack of standardization of coding criteria (for example regarding the

use of MGCT morphology) can produce some apparent differences between registries. An

earlier pathology review study in Australia including 1,009 testicular cancer cases diagnosed

between 1950 and 1978 has shown that the diagnostic accuracy can vary across centers and

over time [34]. Although all registries that we included in our analyses recorded cancer

cases according to the rules of the IACR and coded cancer topography, morphology and

behaviour according to ICD-O-3, this does not rule out some heterogeneity of registration
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and coding. Second, despite of the use of large cancer registry files, some of our 5-year-RS

estimates (e.g. choriocarcinoma and yolk sac tumors) were quite imprecise due to the low

number of registered cases. Third, we were not able to provide a comparison of stage-

adjusted RS estimates due to the substantial proportion of missing data on TNM in the

German data set.

In conclusion, we provided detailed up-to-date estimates of histology- and age-specific

relative survival of germ cell tumors of the testis in Germany and the U.S. 5-year-RS for

spermatocytic seminoma was close to 100% in both countries. Choriocarcinomas provided

the lowest 5-year-RS in both countries. Whereas 5-year-RS for seminoma showed only little

variation by age, 5-year-RS for nonseminomas tended to be lower in patients aged 45+ years

at diagnosis.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Bremen), Roland Stabenow (Cancer Registry of Berlin and the New Federal States), Stefan

Hentschel, Alice Nennecke (Cancer Registry of Hamburg); Joachim Kieschke, Eunice Sirri

(Cancer Registry of Lower Saxony), Bernd Holleczek (Cancer Registry of Saarland),

Katharina Emrich (Cancer Registry of Rhineland-Palatinate), Hiltraud Kajüter, Volkmar

Mattauch (Cancer Registry of North Rhine-Westphalia), Alexander Katalinic (Cancer

Registry of Schleswig-Holstein), Klaus Kraywinkel (Robert Koch Institute, Berlin),

Hermann Brenner, Adam Gondos, Lina Jansen (DKFZ).
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Figure 1.
Age-specific estimated relative survival of major histologic groups of testicular germ cell

tumors in Germany and the U.S

White bars: Germany, black bars: U.S.; whiskers: 95% confidence intervals
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Figure 2.
Age-specific estimated relative survival of subgroups of nonseminomatous testicular germ

cell tumors in Germany and the U.S.

White bars: Germany, black bars: U.S.; whiskers: 95% confidence intervals
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