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Summary

Objectives—Familial aggregation of testicular germ cell tumor (TGCT) has been reported, but it
is unclear if familial TGCT represents a unique entity with distinct clinicopathologic characteristics.
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Here we describe a collection of familial TGCT cases from an international consortium, in an effort
to elucidate any clinical characteristics that are specific to this population.

Materials and Methods—Families with >2 cases of TGCT enrolled at 18 of the sites participating
in the International Testicular Cancer Linkage Consortium were included. We analyzed
clinicopathologic characteristics of 985 cases from 461 families.

Results—A majority (88.5%) of families had only 2 cases of TGCT. Men with seminoma (50% of
cases) had an older mean age at diagnosis than nonseminoma cases (P=0.001). Among individuals
with a history of cryptorchidism, TGCT was more likely to occur in the ipsilateral testis (kappa=0.65).
Cousin pairs appeared to represent a unique group, with younger age at diagnosis and a higher
prevalence of cryptorchidism than other families.

Conclusions—Clinicopathologic characteristics in these familial TGCT cases were similar to
those generally described for non-familial cases. However, we observed a unique presentation of
familial TGCT among cousin pairs. Additional studies are needed to further explore this observation.
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Introduction

Testicular germ cell tumor (TGCT) is rare in the general population, but is the most common
malignancy in adolescent and young adult males ages 15-45. The age-standardized incidence
rate worldwide is approximately 1.5/100,000, with substantial variations between countries
[1]. Familial TGCT account for only a small number of all cases; approximately 1-3% of men
with TGCT report one or more affected first-degree relatives [2,3]. Family history is one of
the few established risk factors for TGCT. The relative risk of TGCT is higher among siblings
(8-10 fold increase) than among fathers or sons (4-6 fold increase) of affected individuals
[4,5]. This relative risk is higher than for most other cancer types [6] and cannot be accounted
for solely by shared environmental factors [7], suggesting that genetic susceptibility is an
important factor in this disease. Segregation analyses have suggested that genetic susceptibility
is important in familial TGCT [8-10]; however, no single gene locus has been identified. A
recent genome wide linkage study demonstrated that TGCT susceptibility was likely to be due
to several genes with modest or small effects on risk [11,12].

Epidemiologic studies suggest that, aside from family history, risk factors for TGCT include
personal history of previously-diagnosed TGCT and cryptorchidism or other disorders of male
urogenital differentiation [4,13-15]. TGCT is classified histologically into seminoma and non-
seminoma (including pure non-seminoma and mixed germ cell tumors), with seminoma
accounting for approximately 50%-55% of all cases and having an average age at diagnosis in
the fourth decade of life, about 7-8 years later than non-seminoma [2,4,15-18]. There are few
studies describing the clinical phenotype of familial TGCT, with the majority of data coming
from case reports and series with small numbers of patients[18-22], and it remains unclear if
familial TGCT cases have distinctly different clinicopathologic characteristics from non-
familial cases.

The International Testicular Cancer Linkage Consortium (ITCLC) was initially formed in
1994, with the goal of pooling resources to identify TGCT susceptibility genes [23]. More than
20 centers from 14 countries around the world have contributed data and genetic material to
the Consortium. Here we describe the clinicopathologic characteristics of the families and
TGCT cases from ITCLC centers that sought IRB approval for inclusion of patients’ clinical
data in this report.
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Materials and Methods

Data Collection

The International Testicular Cancer Linkage Consortium has been described in details
elsewhere [11,23]. In brief, families with at least two confirmed cases of invasive TGCT, or a
combination of TGCT and extragonadal germ cell tumor, and with genetic material from at
least one affected case were enrolled in the Consortium. Participants were enrolled in protocols
approved by the participating centers’ Institutional Review Boards and provided informed
consent for use of their genetic material, de-identified (coded) demographic data, and family
history information. Clinicopathologic data regarding deceased family members were as
reported by study participants or obtained from their next-of-kin. Eligibility and clinical data
were ascertained by enrolling centers in the ITCLC. Families from the 18 centers with IRB
approval for sharing clinicopathologic data with the Consortium were included in the current
analysis. Eight families with extragonadal germ cell tumor as one of the minimally-required
two cases required for inclusion in the Consortium were excluded from this analysis.

A diagnosis of invasive TGCT was ascertained by pathology reports, medical records, death
certificate, or by participant’s report. Data collected included date of birth, age at diagnosis,
tumor histology, testis affected (left, right), laterality of disease (unilateral, bilateral), personal
and family history of cryptorchidism or inguinal hernia, and genetic relationship between cases
in the family. It is important to note that since the focus of ascertaining families was collecting
DNA for genome-wide linkage analysis, the extent to which detailed medical histories were
obtained from affected and unaffected family members varied substantially among
participating institutions.

We grouped tumor histology into two categories: seminoma and non-seminoma (including
pure non-seminoma and mixed tumors). The relationship between cases in each family was
classified as siblings (there were 4 families in which half-siblings were the affected individuals;
they were included in the sibling category), first cousins, father-son, uncle-nephew,
grandfather-grandson, and complex. The complex category included families in which the
relationship between the cases did not fit one of the previous categories, or consisted of a
combination of two or more of those categories (i.e., a family with 2 brothers and their uncle
with TGCT was labeled complex, as it contained both an uncle-nephew and a sibling
relationship). For families in which TGCT occurred in separate generations (e.g., father-son,
uncle-nephew, grandfather-grandson, and some complex families), we categorized the cases
as belonging to the first or second generation based on their birth order. We also grouped cases
into three birth periods based on the individual’s year of birth: born before 1953, born between
1953 and 1963, and born after 1963.

Statistical analysis

Clinicopathologic characteristics, including age at diagnosis; tumor histology; side (left testis,
right testis); laterality (unilateral, bilateral); and personal history of cryptorchidism or inguinal
hernia, were summarized for all cases and by case relationship, generation, and birth cohort.
Those with missing values for a particular variable were excluded from the corresponding
analysis. For individuals with bilateral TGCT, data from the first tumor diagnosed were used
inthese analyses. Individuals with bilateral tumors were also analyzed separately. Comparisons
across groups were performed using chi-square test for categorical variables, and the non-
parametric Wilcoxon-Mann-Whitney test and Kruskal-Wallis test as appropriate for
continuous variables.

For the assessment of histology concordance between relatives, we restricted the analysis to
families with two cases, since we could not sensibly categorize larger families with both
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concordant and discordant cases. Histology concordance between relatives and between tumors
in bilateral cases, and side concordance for participants who reported having cryptorchidism
or inguinal hernia were examined using Kappa statistics. Kappa coefficient values between 0.4
and 0.6 were considered to represent moderate correlation, while values above 0.6 were
considered strong correlation. Negative kappa values are biologically unlikely and not reported
in this study. All statistical analyses were performed using SAS software version 9.1 (SAS
institute, Inc., Cary, North Carolina).

Summary of families

The analytic cohort consisted of 985 TGCT cases from 461 families contributed to the ITCLC.
Table 1 summarizes the numbers of TGCT cases as well as the prevalence of cryptorchidism,
TGCT in association with cryptorchidism, and inguinal hernia cases, stratified by case
relationship. Nearly 90% of families had only 2 cases of TGCT while 53 families (11.5 %)
contained >3 cases. The maximum number of cases in a single family was five (two families).
Ninety-eight (21.3%) families reported having >1 member with cryptorchidism, and 101
(21.9%) families reported >1 member with inguinal hernia. Seventy-six (16.5%) families had
>1 member with both TGCT and cryptorchidism. Almost half (48.6%) of the families were
sibling sets.

Summary of cases overall and by case relationship

The mean age at TGCT diagnosis was 32.6 for the entire cohort (Table 2). When families were
stratified by case relationship, grandfather-grandson cases had the oldest mean age at diagnosis
(37.4 years, range 29.0-45.9), while cousin pairs had the youngest mean age at diagnosis (29.2
years, range 27.8-30.6). Sixty-four (6.5%) of the cases had bilateral disease. Of the 677 TGCT
cases with side specified, tumors were distributed equally between the left and right testis.
Fourteen percent (88/633) of cases had either unilateral or bilateral undescended testicles, while
11.6% (70/604) had inguinal hernia.

Seminoma accounted for 51.6% of all cases with known histology, with father-son families
having the highest (58.3%) and grandfather-grandson families having the lowest (37.5%)
proportion of seminoma cases. The mean age at seminoma diagnosis was approximately 7
years older than nonseminoma (35.7 years versus 28.8 years, p<.001).

Two hundred and sixty-six families with two cases had detailed histology information for both
cases. Overall, there was no evidence of within-family concordance of histology (kappa=0.15).
No evidence of histology concordance was observed when examined by case relationship
(Table 2).

Summary of cases by generations and birth cohort

There were 184 families in which disease occurred in two separate generations. The mean age
at diagnosis for the first generation was 11.1 years (95% CI 8.9-13.2 years) older than that of
the following generation (Table 3). This difference was seen in all case relationship categories,
and when stratified by histology (data not shown). The first/older generation also had a higher
proportion of seminoma than the second generation (66.7% vs. 45.6%, p=.0006). No
differences in laterality, TGCT side distribution, or proportion of cases having a history of
cryptorchidism or inguinal hernia were observed between the older and younger generations.

To evaluate variations in clinicopathologic characteristics by birth cohort, we divided the cases
into three groups based on birth year. Among the 766 cases with known birth year, cases from
older birth cohorts were older at TGCT diagnosis and more likely to have seminoma (Table
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3). Laterality, side distribution, and history of cryptorchidism and inguinal hernia did not vary
by birth cohort.

Bilateral cases

There were 64 cases of bilateral TGCT from 61 families. In 9 (14%), the tumors were
synchronous. Among those who had metachronous disease, the mean interval between
diagnoses was 7.4 years (range 1-20 years). The mean age at first tumor diagnosis was younger
compared with age at diagnosis for unilateral cases (29.3 years versus 32.9 years, p=.009). The
histology distribution among the first diagnosis of bilateral cases was similar to that of the
entire cohort (p=.93).

Of the 49 patients with known histology for both TGCT, concordance was poor between the
two histological diagnoses (kappa=0.38). However, when examined by histology of the first
diagnosis among those with metachronous bilateral disease, the second tumor histology was
more likely to be of the same histology in patients whose first tumor was a seminoma (79.2%
seminoma for second tumor, p=0.004), but not in patients whose first tumor was a
nonseminoma (58.3% nonseminoma for second tumor, p=0.41). Nine individuals with bilateral
TGCT had synchronous disease; 6 had bilateral seminoma while 3 had discordant histologies.
There was no patient with synchronous bilateral nonseminoma.

Cryptorchidism and inguinal hernia

Among those with available information, 13.9% (88/633) had a previous history of
cryptorchidism and 11.6% (70/604) had a history of inguinal hernia. The age at TGCT
diagnosis was similar between cases with and without a history of cryptorchidism (Table 4).
There were no differences in histology distribution by history of cryptorchidism or inguinal
hernia. Sixty-seven of the 88 patients reporting cryptorchidism specified the side. Among these,
55 developed TGCT on the same side as the cryptorchid testis (kappa=0.65). When examined
separately by histology, concordance was greater for nonseminoma (kappa=0.72) than for
seminoma (kappa=0.48). There was poor side concordance between a previously-diagnosed
inguinal hernia and tumor (data not shown). Of the 24 patients reporting bilateral
cryptorchidism, 4 (16.7%) developed bilateral TGCT.

Discussion

In this largest collection of familial TGCT cases yet reported, seminoma accounted for
approximately 50% of all cases, and had an older mean age at diagnosis compared with
nonseminoma, with slight variations by case relationship. The features of familial TGCT are
similar to that described for TGCT in general. Among multi-generation families, the mean age
at diagnosis was significantly higher for the older generation compared with the following
generation. Similarly, the age at TGCT diagnosis declined from earliest to most recent birth
cohort. There was no evidence of histology concordance between cases within a family, an
observation that has been reported previously for father-son and sibling sets [2]. Among
metachronous bilateral cases, there was significant histologic correlation between the two
diagnoses for those whose first diagnosis was a seminoma, but not for those whose first
diagnosis was a nonseminoma. TGCT was more likely to occur on the same side as a reported
cryptorchid testis, particularly for nonseminoma.

Overall, our familial TGCT cases did not present a distinctive histologic type, although pooling
pathology information from a large number of centers poses a limitation in detecting subtle
distinctive pathologic characteristics in these pathologically complex neoplasms. We currently
are engaged in a central pathology review of familial TGCT and non-familial TGCT cases in
order to systematically search for potential subtle differences.
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As has been reported for non-familial cases, bilateral TGCT accounts for 1-5% of all TGCT
cases, with a majority being metachronous [15,24-27]. The risk of developing a second
testicular cancer has been observed to be similar for first sesminoma and nonseminoma in some
studies [25-27]; however, in a large population-based study, patients with an initial unilateral
seminomatous testicular cancer had a higher risk of developing a metachronous contralateral
testicular cancer than those with an initial non-seminomatous testicular cancer [15]. When
seminomatous and non-seminomatous tumors were considered together, histologic
concordance appears to be random, with concordance occurring in approximately half the cases
[18,24-27], but when first histology type was taken into account, seminoma patients had a
higher chance of having a histologically concordant metachronous tumor in the contralateral
testis, while in nonseminoma patients the second metachronous testicular cancer was more
likely to be a seminoma than a nonseminoma [15]. Data regarding bilateral disease prevalence
in familial TGCT are limited, with estimates ranging from 6-15% [8,19,22]. In this study,
bilateral disease was reported in 6.5% of all cases. Similar to non-familial TGCT, overall
histology concordance for bilateral cases in this cohort was low. Patients with a seminoma
were more likely to have a histologically concordant contralateral tumor, as has been reported,;
however, for those with a nonseminoma, the histology of the contralateral tumor was not
differentially distributed. Although the number of bilateral cases in this cohort is small, this
observation suggests that determinants of histology in familial cases may be similar to non-
familial cases.

Cryptorchidism is a well-established TGCT risk factor. A meta-analysis estimated that
cryptorchidism is associated with a TGCT relative risk of 4.8 for the ipsilateral testis [13].
TGCT risk is also increased for the contralateral testis, albeit to a lesser degree [7].
Cryptorchidism has been reported in 5-10% of TGCT overall and 11% of familial cases [22,
28]. However, the pathogenesis of cryptorchidism remains uncertain, and it is unclear whether
cryptorchidism is a surrogate indicator of TGCT risk, or is itself a TGCT precursor. Thus, it
is difficult to speculate whether the prevalence of cryptorchidism would be elevated among
individuals with a predisposition to developing TGCT. Nearly 14% of our familial TGCT cases
reported a personal history of cryptorchidism; however, detailed information regarding disease
severity was not available, since these diagnoses were self-reported. The design of this study
prohibits a quantitative estimate of TGCT risk associated with cryptorchidism in the familial
setting.

The pathogenesis of TGCT is not established, but it has been proposed to start during in
utero embryogenesis [29]. Testicular carcinoma in situ, or intratubular germ cell neoplasia, is
thought to be a precursor lesion that may transform into either a seminoma or a
nonseminomatous tumor, a process that is likely to be influenced by multiple genetic and
environmental factors [30]. Although some studies suggest that seminoma and nonseminoma
have distinct risk factors [31,32], this has not been clearly established, and the distinct risk
factors for different histologic types, if they exist, have not been identified. Thus, it is possible
that genetic predisposition may increase the occurrence of precursor lesions in utero, with
histologic differentiation occurring randomly, or influenced by as yet unknown environmental
exposures. This could potentially explain the lack of a distinctive phenotype among familial
TGCT cases.

Genetic anticipation is a phenomenon in which hereditary disorders become more severe in
successive generations, as manifest by decreasing age at disease-onset and increasing clinical
severity of the disorder. This pattern has been described in familial TGCT in families with
affected fathers and sons [19,20,33]. We observed a significant decrease in age at familial
TGCT diagnosis from older to younger generations, though it is possible that the observed
difference is an artifact secondary to various statistical biases [34]. Anticipation is difficult to
prove. For example, because persons from the most recent generation must be younger than
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their ancestors, there is a limit to how old the oldest case can be in the most recent generation,
a form of ascertainment bias. A similar bias may be the basis for the apparent birth cohort effect
(younger age at disease-onset in more recent birth cohorts) seen in our data. Another potential
explanation for what resembles genetic anticipation is that younger men with more aggressive
disease may be less able to father children post-treatment, while grandfathers and fathers with
older age at disease-onset and less aggressive histologic type may be more likely to have had
their families before being diagnosed with cancer and more likely to remain fertile after
treatment (i.e., “fecundity bias”). This is particularly relevant in TGCT, since most of the
fathers would have had their cancer at a time when the chances of cure for the young
nonseminoma patients were much poorer than for the older seminoma patients, and treatment
was often gonadotoxic, compromising fertility. With the introduction of cisplatin and more
effective treatment regimens, younger patients with nonseminoma are more likely to survive
and remain fertile after treatment, but their children may not yet be old enough to develop
testicular cancer. Increasing disease severity is an important aspect of anticipation;
unfortunately, we do not have information on tumor stage or grade in this study. Thus, we do
not have evidence from our study to support the notion of anticipation in familial TGCT.

Among multiple-case/same generation families, cousin pairs had significantly younger mean
age at diagnosis than siblings. Cousin pairs also differed from other familial patterns by having
a higher prevalence of cryptorchidism. This combination of characteristics may suggest that
cousin sets represent a phenotypically distinctive subset among all familial TGCT, a difference
which could be exploited in further genetic linkage studies. However, this finding could also
represent a false positive, resulting from ascertainment bias. Cousin pairs with earlier age at
diagnosis may be more likely to be recognized and referred for inclusion in research studies.

The International Testicular Cancer Linkage Consortium family set is the largest reported
group of familial TGCT cases collected. The current study population is comprised of a
heterogeneous group of families from 18 research programs in 14 countries. Clinicopathologic
data obtained from the participants and their affected relatives allowed us to carry out a
comprehensive description of the familial TGCT phenotype. However, the study also has
several weaknesses. First, the families were not systematically and uniformly evaluated under
a single standardized clinical research protocol; each institution determined its own
examination and data collection strategy. There is, therefore, the near certainty that some
findings are subject to error due to nonstandardized measurements. Second, the TGCT
diagnoses were confirmed objectively with documented pathology reports, medical records,
or death certificate, in only 66% of cases. However, the findings did not change when the
analyses were restricted to only those with a confirmed diagnosis (data not shown). Third,
ascertainment bias is unavoidable in this study design. 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 with certain characteristics were more likely to self-
refer or be recognized and referred by their healthcare providers. The cases in this study are
from countries with different TGCT incidence rates. It is unclear if the rates of familial TGCT
among countries also vary to the same degree; however, the potential difference in incidence
rates of familial TGCT should not have influenced the results if the characteristics of the
familial cases were unique in some way.

In summary, we report the clinicopathologic profile of 985 men with familial TGCT. The
primary rationale for this analysis was the attempt to elucidate any clinical characteristics
specific to familial TGCT that may help us understand better the etiology of this entity.
Furthermore, given the evidence for genetic heterogeneity in familial TGCT, we hoped that a
detailed analysis of phenotype in this large set of families might identify subsets of multiple-
case TGCT kindred that shared a specific clinical presentation which could reflect a common
underlying genetic etiology. Our analysis suggests overall that familial TGCT is generally
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similar to non-familial TGCT, at least with reference to the characteristics available for
analysis. Although the cousin pairs appeared to represent a unique group, the finding could be
a result of bias and needs to be explored further. An analysis of linkage data from cousin pair
pedigrees may yield useful information, if in truth they represent an etiologically homogenous
subgroup of familial TGCT families.
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