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Abstract One of the clinical hallmarks of hereditary
cancer susceptibility disorders is a younger-than-usual age
at diagnosis. Familial aggregation of testicular germ cell
tumor (TGCT) has been reported, but data on whether
familial TGCT cases are diagnosed at an earlier age are
inconclusive. Here we compared the age at diagnosis of
familial TGCT cases with that of population cases in sev-
eral countries. Familial TGCT is defined as affected indi-
viduals from families with >2 cases of TGCT. Age at
diagnosis of familial cases from the United States, Canada,
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United Kingdom, Australia and New Zealand, Norway, and
Hungary was compared to cases identified in population-
based cancer registries from the respective country, using
the generalized estimation equation method. Age at diag-
nosis was statistically significantly younger for familial
TGCT cases from North America (P = 0.024), the United
Kingdom (P < 0.0001), and Australia and New Zealand
(P = 0.0033) compared with population cases. When
stratified by histology, the difference in age at diagnosis
distribution between familial and population cases was
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observed for seminoma cases from North America
(P = 0.002) and the United Kingdom (P < 0.0001) and
non-seminoma cases from the United Kingdom (P = 0.029)
and Australia and New Zealand (P = 0.0023). In summary,
we found that the age at diagnosis for familial TGCT cases
is, on the average, 2-3 years younger than that for the
population cases in North America, United Kingdom,
and Australia and New Zealand. The younger age at diag-
nosis might be suggestive of a genetic basis for familial
TGCT.

Keywords Age at diagnosis - Familial - Non-seminoma -
Population-based testicular cancer - Seminoma -
Testicular germ cell tumor

Abbreviations

ITCLC International testicular cancer linkage
consortium

TGCT  Testicular germ cell tumor

Introduction

Testicular germ cell tumor (TGCT) is the most common
malignancy in males ages 15-45. The age-standardized
annual incidence rate worldwide is approximately 1.5/
100,000, with substantial variations between countries [1].
Family history is among the few established risk factors for
TGCT [2, 3]. Although genetic susceptibility has been
implicated in familial TGCT [4-6], no high-penetrance
susceptibility locus has been identified. Recent genome-
wide linkage studies suggested that multiple genes, each with
modest effects, contribute to TGCT susceptibility [7, 8].

Based on Knudson’s two-hit theory of carcinogenesis
[9], one of the main features of single-trait gene hereditary
cancers is an earlier age-at-diagnosis [10]; however, it is
less clear if familial cancers not associated with a single-
gene trait are also diagnosed at an earlier age. Reports on
familial TGCT age-at-diagnosis have been conflicting [4,
11-14]; however, most of the data were from small series.
Moreover, the clinicopathologic characteristics of familial
TGCT have not been shown to be different from sporadic
cases [13-15].

Histologically, TGCT is classified into seminoma and
non-seminoma. The average age-at-diagnosis for semi-
noma is in the fourth decade of life, about 7-8 years older
than non-seminoma [3, 14, 16, 17]. To investigate whether
familial TGCT cases are diagnosed at a younger-than-usual
age, we compared them with population cases in North
America (United States and Canada), United Kingdom,
Australia and New Zealand, Norway, and Hungary.
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Materials and methods
Familial cases

Familial TGCT cases were previously ascertained through
the International Testicular Cancer Linkage Consortium
(ITCLC) [7, 18]. Briefly, participants were from families
with >2 confirmed cases of invasive TGCT or a combi-
nation of TGCT and extragonadal germ cell tumor, and
with DNA available from at least one case. Participants
were enrolled in protocols approved by the participating
centers’ Institutional Review Boards and provided
informed consent for use of their genetic, demographic,
and family history data. Information on deceased family
members was provided by their next-of-kin or study par-
ticipants. Eligibility and clinical data were ascertained by
enrolling centers using pathology reports, medical records,
death certificate, or participant’s report. For this analysis,
we included countries contributing >25 cases with non-
missing histology and age-at-diagnosis to the ITCLC.
Cases from the United States and Canada were combined
to form the “North America” group. Cases from England
and Ireland were combined, as were cases from Australia
and New Zealand. We analyzed all cases together and by
tumor histology (seminoma and non-seminoma). Cases
with missing histology were included in the overall anal-
ysis, but excluded from the analyses by histology.

Population cases

Population cases were identified from population-based
cancer registries for the respective countries. Using the
International Classification of Diseases for Oncology, ICD-
0O-3, coding scheme, we included cases with topography
code of C62.0-C62.9 and the following morphology codes:
9061, 9062, and 9063 (seminoma); 9065, 9070, 9071,
9080, 9081, 9082, 9102, 9084, 9085, 9100, 9101, 9083
(non-seminoma); cases with a morphology code of 9064
(germinoma) were included in the overall analysis, but
excluded in the analyses by histology.

Statistical analysis

The age-at-diagnosis distributions for familial and popu-
lation TGCT by countries/regions were estimated using the
kernel density method [19]. Differences in age-at-diagnosis
for familial and population TGCT, overall and stratified by
histology, were evaluated using the generalized estimation
equation [20], which takes the within family correlation of
age-at-onset into account. Interactions between the differ-
ence in age-at-diagnosis between familiar and population
TGCT and geographical location were tested using the
Generalized Linear Model [21].
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Results

A total of 817 familial TGCT cases and 62,817 population
cases from North America, the United Kingdom, Norway,
Australia and New Zealand, and Hungary were included
(Table 1). Familial and population TGCT age-at-diagnosis
distribution curves for each country/region are shown in
the Fig. 1.

North America

The mean age-at-diagnosis was 2 years younger for
familial TGCT compared with population cases (95%
CI = -3.7, —0.3, P = 0.024). When examined by histol-
ogy, familial seminoma cases were diagnosed 3.2 years
younger than population seminoma cases (95% CI = —5.2,
—1.2, P = 0.002). Familial non-seminoma cases were also
younger at diagnosis than population cases, but the dif-
ference was not statistically significant (—0.9, 95% CI =
—2.8,0.9, P = 0.33).

United Kingdom

Compared with population cases, the age-at-diagnosis was
3.1 years younger (95% CI = —4.0, —2.1, P < 0.0001) for

all familial TGCT cases, 3.0 years younger (95% CI =
—4.3, —1.8, P < 0.0001) for familial seminoma cases, and
1.5 years younger (95% CI = —-2.9, —0.2, P = 0.029) for
familial non-seminoma cases.

Australia/New Zealand

Age-at-diagnosis was reported in 5-year age groups in the
Australian Tumor Registry; consequently, the median age-
at-diagnosis for population cases was imputed, assuming
equal distribution of cases for each age within an age
group. Overall, familial TGCT cases were diagnosed
3.5 years younger than population cases (95% CI = —5.9,
—1.2, P =0.0033). Familial non-seminoma cases were
diagnosed at a younger age than population cases (—2.8,
95% CI = —5.2, —0.4, P = 0.0023). No difference in age-
at-diagnosis was observed for seminoma.

Norway

The age-at-diagnosis for familial TGCT cases was
younger than that of population cases; however, the dif-
ference was not statistically significant, either for all cases
(=2.4, 95% CI = —5.3, 0.3, P = 0.10) or when stratified

Table 1 Number of familial and population testicular germ cell tumor cases by regions/countries

Regions/countries Familial Population® Mean age differences
- - - —  (95% CI) P-value
Number Age at diagnosis Number Age at diagnosis
median (range) median (range)
North America All 188 31 (14-82) 24,446 33 (0-92) —2.0 (=3.7, =0.3), P = 0.024
Seminoma 59 34 (20-58) 13,591 36 (12-92) —3.2 (=52, —1.2), P = 0.0017
Non-seminoma 94 26 (14-56) 10,550 28 (0-90) —0.9 (-2.8, 0.9), P = 0.33
United Kingdom All 480 32 (2-87) 20,211 35 (0-95) —3.1 (4.0, —2.1), P < 0.0001
Seminoma 212 35 (20-65) 12,450 37 (12-93) —3.0 (—4.3, —1.8), P < 0.0001
Non-seminoma 188 27 (2-66) 7,517 30 (0-95) —1.5 (-2.9, —0.2), P = 0.029
Norway All 65 30 (16-72) 6,541 33 (15-95) —2.4(-5.3,0.3), P =0.10
Seminoma 36 33 (24-72) 3,611 37 (15-95) —2.8 (—6.6, 0.9), P = 0.14
Non-seminoma 27 28 (16-45) 2,930 28 (15-88) —2.3 (=52, 0.6), P =0.119
Australia and New Zealand All 54 31 (19-62) 10,374 34 (0-90)° —3.5(-5.9, —1.2), P = 0.0033
Seminoma 31 31 (20-62) 6,690 35 (10-90) —3.2 (—6.5, 0.1), P = 0.059
Non-seminoma 22 30 (19-43) 3,684 29 (0-90) —2.8 (5.2, —0.4), P = 0.023
Hungary All 30 31 (20-55) 1,245 32 (0-87) —1.69 (—4.9, 1.6), P = 0.31
Seminoma 9 36 (20-55) 693 35 (17-87) —1.7 (-84, 5.1), P =0.63
Non-seminoma 10 28.5 (21-42) 552 28 (0-75) 1.1 (=3.1,5.3), P = 0.61

? Population cases for North America: SEER-17, 1973-2003; United Kingdom: Office of National Statistics, 1990-2004; Norway: Cancer
Registry of Norway, 1953-2005; Australia and New Zealand: Australian Tumor Registry, 1982-2003; and Hungary: Hungarian Cancer Registry,

2001-2006

b Age at diagnosis for population cases were reported in 5-year age groups. Individual age at diagnosis is obtained using imputation method

@ Springer



454 P. L. Mai et al.
Fig. 1 Kernel density curves 5 5
for familial and population = North America United Kingdom
testicular germ cell tumor cases 2 4 4
in North America, United 5
Kingdom, Australia and New B 3 3
Zealand, Norway, and Hungary g 2 2
2
T 1 1
0]
il 0
0 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70 80
Age at diagnosis Age at diagnosis
= 5
= 5| Australia Hungary
24 4
&
3 3 3
3
® 2 2
=
T 1 1
[}
o 0 0

0 10 20 30 40 50 60 70 80 0
Age at diagnosis

Norway

N oW Bk O

-

Relative frequency (%)

10 20 30 40 50 60 70 80
Age at diagnosis

e Familial TGCT
mm=_ Population TGCT

0O 10 20 30 40 50 60 70 80

Age at diagnosis

by histology (—2.8, 95% CI = —6.6, 0.9, P = 0.14 for
seminoma; —2.3, 95% CI = —5.2, 0.6, P = 0.12 for non-
seminoma).

Hungary

Familial TGCT cases were not statistically significantly
younger than population cases (—1.7, 95% CI = —4.9, 1.6,
P = 0.31). When examined by histology, familial semi-
noma cases had a statistically non-significant 1.7 years
younger age-at-diagnosis compared with population cases
(95% CI = —8.4, 5.1, P = 0.63). There was no evidence
of a younger age-at-diagnosis for familial non-seminoma
(1.1, 95% CI = —3.1, 5.3, P = 0.61).

There was no evidence of interaction between regions/
countries and the difference in age-at-diagnosis for familial
cases and population cases, either overall (P = .78), or
when stratified by histology (P = 0.99 for seminoma and
P = 0.82 for non-seminoma).
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Discussion

From this large international collection of familial TGCT
cases, we observed that familial cases, on average, were
diagnosed 2-3 years younger than population cases, with
seminoma demonstrating a larger difference. Moreover,
the younger age-at-diagnosis among familial cases is
observed in the US and Canada, the United Kingdom, and
Australia and New Zealand, with no evidence of a dif-
ferential effect by geographical locations. Although
familial TGCT cases were diagnosed at a younger age
than population cases in Norway and Hungary, these
differences did not reach statistical significant levels,
likely because of the small number of familial cases
enrolled.

Previously reported data on age-at-diagnosis of familial
TGCT are inconsistent; while some studies suggested that
familial TGCT was diagnosed about 3-5 years earlier
than sporadic cases [4, 11], which is similar to our
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findings, others did not show any differences [12-14].
However, most of these studies were small series with
limited numbers of familial cases. Our study compared a
large number of familial TGCT cases to unselected
population cases from several countries. Because the
mean age-at-diagnosis for TGCT varies by country/geo-
graphical region, we compared familial cases from each
region to the corresponding population-based cancer
registry.

Earlier screening for breast, colorectal, and prostate
cancer may be recommended for those with a family his-
tory of early diagnosis of the same cancer [22]. Although
we observed a statistically significant younger age-at-
diagnosis for familial TGCT, it is unclear if this difference
is clinically meaningful. Currently, there are no standard
screening recommendations for TGCT, either in the gen-
eral population or among individuals at increased risk.
Thus, our finding, though may be suggestive of a genetic
basis for familial TGCT, is unlikely to alter health care
recommendations for individuals with a family history of
TGCT.

This study has several strengths. First, this is the largest
group of familial TGCT cases with age-at-diagnosis
reported to date. Second, we compared familial TGCT
from each region/country with cases from the respective
population-based cancer registries, thus eliminating the
effect of differences in TGCT age-at-diagnosis by geo-
graphical locations. Furthermore, despite the variations in
mean age-at-diagnosis of TGCT by country, the earlier
age-at-diagnosis for familial TGCT was consistently
observed across all regions/countries examined. Lastly, we
were able to examine seminoma and non-seminoma sepa-
rately, which is important given known differences in
average age-at-diagnoses by histology.

This report also has some potential limitations. Clini-
copathologic data for familial cases was obtained from
multiple sources; thus, the age-at-diagnosis might not have
been accurate in cases where pathology reports were not
available. Additionally, study participants were either
referred by their healthcare providers or self-referred to one
of the study centers in response to advertisement. It is
possible that families/cases with earlier age-at-diagnosis
were more likely to participate in the ITCLC.

In summary, in this international, multicenter study, we
observed a younger age-at-diagnosis for familial TGCT
cases compared with population cases obtained from can-
cer registries across all regions/countries examined. This
finding is suggestive of a genetic basis for familial TGCT,
though further studies are needed.
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