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Abstract
Seminomas and nonseminomas (embryonal carcinomas, yolk sac tumors, teratomas,
choriocarcinomas, mixed germ cell tumors) are the major histologic types of testicular germ cell
tumors (TGCT). TGCTs composed of both seminomatous and nonseminomatous elements have
been coded as their nonseminoma component in the World Health Organization (WHO)
classification. In the late 1980's, a provisional International Classification of Diseases for
Oncology (ICD-O) morphology code for mixed germ cell tumors was introduced. Using data from
the Surveillance, Epidemiology and End Results (SEER) Program and two population-based
German cancer registries, we examined the impact of MGCT classification on TGCT trends.
Cases were identified using ICD-O topography (ICD-9: 186; ICD-10: C62) and morphology codes
(seminoma = 9060-9062, 9064; embryonal carcinoma = 9070; yolk sack tumor = 9071; teratoma =
9080-9084, 9102; choriocarcinoma = 9100, 9101; MGCT = 9085; all nonseminoma = 9065-9102).
As MGCTs and teratoma are often grouped as a single histologic group, we analyzed teratoma
both including and excluding MGCTs. Between 1988 and 2007, incidence rates of MGCT in the
U.S. increased 407%. Rates of teratoma including MGCT increased 80% while rates of teratoma
excluding MGCT decreased 71%. Rates of embryonal carcinoma [-40%] and choriocarcinoma
[-22%] also declined, suggesting that the code for MGCT is now being used for any mixed
histology. Similar declines in incidence were observed in the German comparison populations.
The declines in incidence of teratoma (excluding MGCT), embryonal carcinoma and
choriocarcinoma in the US data since 1988 are likely due, in part, to increases in classifying any
TGCT with mixed histology as MGCT. These results suggest that analysis of trends in specific
histologic types of nonseminoma should be interpreted cautiously.
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Introduction
Testicular germ cell tumors (TGCT) are the most common malignancy among United States
(US) men aged 15 to 34 years (Altekruse et al., 2010). TGCTs are histologically classified
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as seminomas and nonseminomas according to the International Classification of Diseases
for Oncology (ICD-O) (Fritz et al., 2000). Nonseminomas can be further subdivided into
embryonal carcinomas, teratomas, yolk sac tumors and choriocarcinomas based on
morphologic codes (Egevad et al., 2007; Parkin et al., 1998). According to the World Health
Organization (WHO) classification, TGCTs composed of both seminomatous and
nonseminomatous elements have been coded as their nonseminoma component (mixed
embryonal carcinoma and teratoma, mixed teratoma and seminoma, and choriocarcinoma
and teratoma/embryonal carcinoma), however, they have also been collectively categorized
as ‘tumors of more than one histologic type’ (Woodward et al., 2004). A provisional field
test morphology code (9085) for Mixed Germ Cell Tumors (MGCT) was introduced in the
1st and 2nd versions of ICD-O (Percy et al., 1990). Starting in the late 1980's in the US, the
MGCT morphology code was increasingly used and it became a standard morphology code
in the ICD-O 3rd version (Fritz et al., 2000). To examine the impact of this classification
scheme on trends in TGCT in the US, we analyzed data from the National Cancer Institute's
Surveillance, Epidemiology and End Results (SEER) Program and two population-based
cancer registries in Germany.

Materials and Methods
Incidence data for TGCT in the US were obtained from the SEER Program, a population-
based cancer registry system (SEER 2010). Data that include approximately 10% of the US
population, covering the years 1973-2007, were drawn from the nine original SEER
registries (Connecticut, Hawaii, Iowa, New Mexico, Utah, San Francisco-Oakland, Detroit,
Seattle-Puget Sound, and Atlanta).

Incident cases among men 15-49 years old were identified using ICD-O topography (ICD-9:
186; ICD-10: C62) (World Health Organization, 1977, 1992) and morphology codes
(seminoma = 9060-9062, 9064; embryonal carcinoma = 9070; yolk sac tumor = 9071;
teratoma = 9080-9084, 9102; choriocarcinoma = 9100, 9101; MGCT = 9085; all
nonseminoma = 9065-9102). As MGCTs and teratoma have often been classified as a single
histologic group (9080-9085), we analyzed teratoma both including and excluding
morphology code 9085. Spermatocytic seminomas (code 9063) were not included in the
analysis because they occur primarily among older men and are considered to have a distinct
pathogenesis. Yolk sac tumors (code 9071) were not included in the analysis because they
occur primarily in young boys and our analyses were limited to TGCT cases among 15-49
year olds.

Statistical Analysis
The SEER*Stat statistical package was used to calculate US TGCT incidence rates, age-
adjusted to the US 2000 standard population. Rates were calculated for 5-year time periods
to provide more stable estimates due to the small number of tumors in some groups. Rates
were plotted by calendar year of diagnosis using a logarithmic scale for the ordinate.

For comparison with the results from the US SEER registries we used population-based
incidence data from the Federal State of Saarland in West Germany covering the years 1973
to 2007 and pooled population-based incidence data from three cancer registries in East
Germany covering the years 1963 to 2007. The histology-specific incidence trends from
these databases were recently reported by Stang et al. (Stang et al., 2009). The same
histologic subgroups were used to compare trends in incidence between the US SEER
registries and the East and West German registries. Age-adjusted TGCT incidence rates
were calculated using the US 2000 standard population and age-specific incidence rates
from the German population-based registries.
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The percent change (PC) in nonseminoma histology-specific rates was calculated over the
specified time periods (1988-2007 for US and West Germany and 1983-2007 for East
Germany) by taking the difference between the average rate of the first two years and the
average rate of the last two years. The difference is then divided by the average rate of the
first two years and multiplied by 100.

Results
Between 1973 and 2007, 18,770 TGCTs (10,433 seminomas, 8,337 nonseminomas) were
recorded in the SEER-9 registries among men 15-49 years of age. Of the nonseminomas,
there were 2,944 embryonal carcinomas (35.3%), 2,442 MGCTs (29.3%), 2,145 teratomas
excluding MGCTs (25.7%), 689 choriocarcinomas (8.3%), and 117 nonseminomas not
further classified (code 9065) (1.4%). Age-specific TGCT incidence trends by histologic
group are shown in Figure 1. The average annual percentage change (APC) in incidence
over the entire time period (1973-2007) increased for seminoma [APC = 1.94, 95% CI =
1.57, 2.31] and remained relatively constant for nonseminoma [APC = 1.09, 95% CI = 0.81,
1.37].

In the SEER registry the first use of the MGCT morphology code occurred in 1984 with
sporadic use through 1987 (72 cases recorded between 1984 and 1987). As of 1988, the
MGCT code was commonly being used (Figure 1). Based on the percent change in
incidence rates from 1988-2007 (Table 1), the rates for teratoma including MGCT increased
80.4%. During the same time period, the incidence rates for teratoma (excluding MGCT)
decreased 71.1%, while MGCT rates increased 406.6%. The incidence rates for embryonal
carcinoma [percent change (PC) = -39.5%] and choriocarcinoma [PC = -22.2%] declined
from 1988 to 2007 as well. For all histologic subtypes the patterns were similar when
stratified by race (white, black, other) and age at diagnosis (15-24, 25-34 and 35-49 years).

The percent change was also calculated from 1988-2007 for West Germany and from
1983-2007 for the East Germany (Table 1). Consistent with the percent change in incidence
rates in the SEER data for the years 1988-2007, there were large increases in the incidence
of MGCT over the observed time periods for both East [PC = 835.3%] and West [PC =
1071.0%] Germany. Similar to the decrease in incidence rates of embryonal carcinoma,
choriocarcinoma and teratoma excluding MGCT in the US data, the incidence rates for
embryonal carcinoma in East Germany as well as choriocarcinoma and teratoma excluding
MGCT in both East and West Germany decreased (Table 1).

Discussion
We evaluated trends in specific histologic subtypes of nonseminoma TGCT and found that
starting in the late 1980's the incidence rates of embryonal carcinoma, choriocarcinoma and
teratoma excluding MGCT were declining in US and German population-based cancer
registries. During the same time period we observed large increases in incidence rates for
MGCT in all three cancer registries.

The change in histology coding pattern for nonseminomatous TGCT makes it difficult to
evaluate subtype specific trends in nonseminoma because it appears that the MGCT
categorization has evolved to include more than just tumors with teratoma and seminoma
(Collins & Pugh, 1964). This is the first study that we know of that highlights the impact of
changing histology code usage on trends in nonseminoma TGCT. Further, the change in
histology coding patterns identified in the SEER cancer registry was confirmed in two
German population-based cancer registries. The largest decline in rates of choriocarcinoma
and embryonal carcinoma occurred during the intervals 1983-1987 and 1988-1992. It is
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unlikely that the rates of specific TGCT histologies changed dramatically in such a short
time period, rather it is likely that changes in the ICD-O coding schema (tumors previously
coded as embryonal carcinomas and choriocarcinomas are now being coded as MGCTs),
increased awareness of the availability of the MGCT code on the part of the pathologists,
increased understanding of teratomas, and improved identification of multiple cell types as a
result of the introduction of immunohistochemistry with monoclonal antibodies have all led
to the changing trends over time demonstrated by our data. Collectively the changing trends
suggest that MGCT is being used for all mixed histologies, whether they are tumors with
combinations of nonseminoma histologies or tumors with both seminomatous and
nonseminomatous elements.

SEER data are descriptive only and as such do not allow for any assessment of etiology/
causality. Given that this study is an analysis of registry data, it is subject to limitations
incurred with the use of such data including the potential for incomplete data, lack of
secondary review of histopathologic diagnoses and minor inconsistencies in tumor
classification as a result of changing staging systems over time. Further, our results highlight
another potential limitation of registry data: inconsistencies in histologic tumor classification
as a result of changing ICD codes and coding practice over time.

In summary, the declines in incidence of teratoma (excluding MGCT), embryonal carcinoma
and choriocarcinoma in the US data since 1988 are likely due, in part, to increases in
classifying any TGCT with mixed histology as MGCT. Similar declines in incidence were
observed in the German comparison populations. These results suggest that any analysis of
trends in specific histologic subtypes of nonseminoma should be interpreted with caution.
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Figure 1.
Age-adjusted incidence trends for TGCT histologic groups in SEER-9 registries, United
States, 1973-2007.
*Percent change in age-adjusted incidence rate from 1988 to 2007.
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