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Testicular cancer occurs in the testes of the male reproductive system and is the most common cancer in
adolescent and young adult (AYA) men. However, recently, there have been more cases of testicular
cancer in men older than 40 years. Therefore, trends of testicular cancer during the past 40 years were
retrospectively examined, focusing on age and histology. Patients who were diagnosed with testicular
cancer at our institution between 1980 and 2019 were enrolled in this study. The patients were divided into
groups by the year of diagnosis (1980s, 1990s, 2000s, and 2010s), age at diagnosis (14, 15 to 39, and
older than 40 years), and histological type (seminoma and non-seminoma). A total of 563 patients were
diagnosed with testicular cancer over the 40-year period. The median age at diagnosis increased
continuously, from 28 years to 31 years, 34 years, and 38 years in each period, respectively (p < 0.001).
Moreover, most testicular cancer patients were of the AYA generation, whereas the ratio of patients older
than 40 years increased significantly since 2000 (p < 0.001). The relative proportion of seminoma also
increased more than 50% since 2000. In the seminoma group, median age increased from 31 years to 41
years during the 40-year period (p < 0.001). In conclusion, the age at diagnosis is rising for testicular
cancer patients. Clinicians should recognize that testicular cancer affects not only the AYA generation, but
there has been a shift to older than 40 years, especially in seminoma.
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ment for TC has improved, and even patients with metasta-

Introduction

Testicular cancer (TC) can affect one or both testes,
and most TCs develop in the male reproductive gland cells
known as germ cells. Testicular germ cell tumors are histo-
logically divided into two main types, seminoma and non-
seminoma. TC is the most common cancer in adolescent
and young adult (AYA) men (Katanoda et al. 2017), with an
incidence of one to two cases per 100,000 males per year in
Japan. In Western countries, its incidence is two to ten
cases per 100,000, and it has been increasing (Trabert et al.
2015; Ylonen et al. 2018). The registry study by the
Japanese Urological Association in 2005 and 2008 showed
that 30.7% of TC patients had metastases at their initial
medical examinations (Miki et al. 2014). However, treat-

ses could be expected to achieve long-term survival with
appropriate chemotherapy, including multi-agent chemo-
therapy comprising bleomycin, etoposide, and cisplatin
(BEP) or etoposide, ifosfamide, and cisplatin (VIP), and/or
residual tumor resection (Shintaku et al. 2008; Kojima et al.
2015). In Japan between 2000 and 2010, the 5-year overall
survival of TC patients with intermediate and poor progno-
ses of the International Germ Cell Cancer Collaborative
Group classification (IGCCC) (International Germ Cell
Cancer Collaborative Group 1997) was 89% and 83%,
respectively (Kojima et al. 2015).

Recently, we noted that the age of patients with TC
and the ratio of seminoma cases were increasing in daily
practice. However, to the best of our knowledge, there have
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been no reports of the long-term changes in the age of TC
patients in Japan. This study therefore retrospectively
examined trends over time in the age and histology of TC
patients.

Materials and Methods

Patients diagnosed with TC at our institution between
January 1980 and December 2019 were enrolled. Patients
with extragonadal germ cell tumors were also included,
because they received the same treatment as TC. However,
it remains controversial whether extragonadal germ cell
tumors represent metastases from undetected or regressed
TC or tumors developed in extragonadal sites. Tumors
were staged according to the Union for International Cancer
Control TNM classification (Brierley et al. 2017). TC with
metastases was classified as having a good, intermediate, or
poor prognosis according to the IGCCC. The study proto-
col was approved by the Ethics Committee of Tohoku
University Hospital (IRB No. 2017-1-1058).

The patients were divided into four groups according
to the year of diagnosis: 1980 to 1989, 1990 to 1999, 2000
to 2009, and 2010 to 2019. In addition, the patients were
assigned to three age groups according to the age at diagno-
sis: 14 years or younger, 15 to 39 years (AYA generation),
and 40 years or older. Ratios of age groups were calculated
as age-adjusted ratios. Age adjustment was performed
using the age distributions of the 1985, 1995, 2005, and
2015 male populations of Miyagi Prefecture, to reduce the
differences between regions in Japan (Ministry of Internal
Affairs and Communications 2020). The patients were
divided by histological type into two groups: seminoma and
non-seminoma.

Continuous variables are shown as medians (interquar-
tile range, IQR). The Wilcoxon rank-sum test was used to
compare the median ages of TC patients. Comparisons
among groups were also performed using analysis of vari-
ance (ANOVA) and the chi-squared test. In addition, over-
all survival rates were estimated using the Kaplan-Meier
method, and the log-rank test was used to compare data. A
probability value of less than 0.05 was considered signifi-
cant.

Results

A total of 563 patients were diagnosed with TC at our
institution during the past 40 years. The median age was 34
years (IQR: 27-41 years). Overall, 263 patients (46.7%)
had seminoma, and 300 (53.3%) had non-seminoma; 293
patients (52.0%) were stage [; and 126 (22.4%), 70
(12.4%), and 74 (13.1%) patients with metastases were cat-
egorized as having good, intermediate, and poor prognoses,
respectively.

The median age at diagnosis increased continuously,
from 28 years (IQR: 23-33 years, n = 54) to 31 years (IQR:
25-38 years, n = 136), 34 years (IQR: 27-40 years, n = 181)
and 38 years (IQR: 29-44 years, n = 192) in each period,
respectively (Fig. 1). The age increased obviously every
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Fig. 1. Change in the median age at diagnosis of testicular
cancer patients from 1980 to 2019.
Box plots show the 25™ and 75™ percentiles (bottom and
top of the box, respectively), median (band within the
box), 2.5" and 97.5" percentiles (whisker terminals), and
outliers. The comparisons among groups were performed
using the Wilcoxon rank-sum test.
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Fig. 2. Ratio of age groups in each period.
(a) Age distribution of the actual number; (b) age-adjusted
distribution.

ten years. In addition, most TC patients (80.1%) were of
the AYA generation, but the ratio of patients older than 40
years increased significantly since 2000 (p < 0.001, Fig.
2a). Even when the age distribution was adjusted to the
1985 age profile of men in Miyagi Prefecture, the ratio of
patients older than 40 years reached 28.8% in the past
decade (p = 0.019, Fig. 2b), significantly different from
16.7% in the 1980s.

As to histological type, the numbers of both semino-
mas and non-seminomas increased (Fig. 3); in particular,
the relative proportion of seminomas also increased from
37.0% to 39.7%, 51.4%, and 50.0% in each period, respec-
tively. In the seminoma group, the median age increased
constantly from 31 years (IQR: 27-43 years) to 34 years
(IQR: 28-41 years), 36 years (IQR: 32-42 years), and 41
years (IQR: 36-46 years) in each period, respectively (Fig.
4a). The median age in the non-seminoma group also
increased constantly from 26 years (IQR: 22-31 years) to
29 years (IQR: 23-36 years), 30 years (IQR: 25-39 years),
and 33 years (IQR: 27-39 years) in each period, respec-
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. 3. Change in the number of testicular cancer patients by
pathological type from 1980 to 2019.
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. 4. Trends in age of testicular cancer patients by
pathological type.
Shown are the changes in median age at diagnosis of pa-
tients with seminoma (a) and non-seminoma (b) from
1980 to 2019. Box plots show the 25" and 75" percen-
tiles (bottom and top of the box), median (band within
the box), 2.5™ and 97.5™ percentiles (whisker terminals),
and outliers. The comparisons among groups were per-
formed using the Wilcoxon rank-sum test.
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Fig. 6. Overall survival of testicular cancer patients.
(a) Overall survival of testicular cancer patients stratified
by the year of diagnosis. (b) Overall survival according
to the age at diagnosis.

tively (Fig. 4b). The age of patients between 2010 and
2019 increased markedly compared with that before 2010,
in both the seminoma and non-seminoma groups.

The number of good prognosis and no metastasis
groups increased, and their ratios increased from 65%
before 2000 to approximately 80% after 2000 (Fig. 5).
Conversely, the proportion of the poor prognosis group
decreased from 16.7% to 17.6%, 12.1%, and 9.9% in each
period, respectively.

Regarding the laterality of TC, the right and left testes
were involved in 276 (48.7%) and 258 (45.8%) patients,
respectively. Seventeen (3%) patients developed TC in
bilateral testes. Of 17 patients, 14 (82.4%) had metachro-
nous bilateral TCs with a median age at first TC of 26 years
(IQR: 23-34 years), and 3 (17.6%) had synchronous TCs
with ages of 27, 39, and 48 years. In patients with meta-
chronous TCs, the median age at the second TC was 38
years (IQR: 33-45 years), and the median interval between
the 1% and 2™ TCs was 10 years (IQR: 8-13 years).
Moreover, 12 patients (70.6%) had seminoma, and 5
(29.4%) had non-seminoma.

The median follow-up period was 75 months (IQR:
28-134 months). According to the year of diagnosis, the
overall survival rates at 5 years were 78.1% for the 1980s,
85.9% for the 1990s, 97.6% for the 2000s, and 94.3% for
the 2010s (p < 0.001) (Fig. 6a). Regarding the age at diag-
nosis, the overall survival rates were similar in the AYA
generation and in patients older than 40 years (Fig. 6b). In
addition, the overall survival rates at 5 years were 98.5%
for the no metastasis group, 98.3% for the good prognosis
group, 80.7% for the intermediate prognosis group, and
65.0% for the poor prognosis group (p < 0.001) (Fig. 7a).
In particular, the overall survival rates were significantly
higher for patients between 2000 and 2019 than for those
between 1980 and 1999 in the intermediate (p = 0.007) and
poor (p = 0.004) prognosis groups (Fig. 7b).

Discussion
In the current study, the age at diagnosis of TC patients
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Fig. 7. Overall survival in the IGCCC groups.
(a) Overall survival of testicular cancer patients stratified
by the International Germ Cell Cancer Collaborative
Group classification (IGCCC). (b) Overall survival in
the intermediate and poor prognosis groups of the
IGCCC by the year of diagnosis: 1980 to 1999, and 2000
to 2019.

increased gradually from 28 years to 38 years over the past
40 years. In particular, the median age in the seminoma
group reached 41 years in the 2010s. The ratio of semi-
noma also showed a clear increase. The trends were similar
to those of the previous reports (Ruf et al. 2014;
Drevinskaite et al. 2019). In Germany, the ratio of semi-
noma was 64.5%, and the median age of patients with semi-
noma was 40 years (Brandt et al. 2019). Interestingly, the
ratio of patients older than 40 years increased from 16.7%
in the 1980s to 28.8% in the 2010s, even when the age dis-
tribution was adjusted to the 1985 age distribution.
Leveridge et al. (2018) reported that 32% of TC patients,
especially 42% in the seminoma group, were older than 40
years in Ontario in the period of 2000-2010. Schaffar et al.
(2019) also showed that the most substantial increase was
observed in the 40-49 years age group of TC patients
between 1970 and 2012, and the highest incidence rate was
in the 30-39 years age group. Taking the recent reports of
the trends of TC into consideration, TC patients older than
40 years might increase further in Japan.

The pathogenesis of these trends in TC remains
unclear, but one possibility is a change in lifestyle. High
intake of dairy products, particularly milk and cheese, has
been reported to be associated with an increased risk of TC
(Ganmaa et al. 2002; Garner et al. 2003). The dairy prod-
ucts contain estrogen, contributing potentially to affecting
hormone balance. In addition, postnatal exposure to envi-
ronmental toxins, including organochlorines, polychlori-
nated biphenyls, polyvinyl chlorides, and smoking might be
resulting in TC (Meeks et al. 2012). Another possibility is
prenatal exposure to maternal hormones, particularly estro-
gens (Weir et al. 2000). Further investigations are needed
to clarify the pathogenesis of TC in the future.

The standard therapy for TC with metastasis currently
is multi-agent chemotherapy. In the present study, 48% of
TC patients had metastases. In the survey by the Japanese
Urological Association, approximately 30% of TC patients

had metastases at their initial medical examinations (Miki
et al. 2014). Thus, many TC patients have a chance of
being treated with chemotherapy. Their age should be con-
sidered when performing chemotherapy using the BEP regi-
men, since increased age at diagnosis is associated with the
risk of pulmonary toxicity due to bleomycin (Simpson et al.
1998). The risk of bleomycin-induced pneumonitis, result-
ing in fatal toxicity, increases with age over 40 years, more
particularly over 50 years, a cumulative dose of bleomycin
of 300 mg or more, impaired renal function, and heavy cig-
arette smoking (Simpson et al. 1998; de Wit 2007). The
favorable response rate and survival with BEP for advanced
TC 1is similar to that with VIP (Nichols et al. 1998).
However, VIP results in greater myelosuppression and geni-
tourinary toxicities than BEP. Recently, long-acting granu-
locyte colony-stimulating factor has been used for severe
neutropenia. This option is available for VIP, but not for
BEP, which includes weekly injections of bleomycin.
Moreover, antiemetic medications have also improved, and
adverse events of VIP may be increasingly more manage-
able than before. Therefore, the patient’s age should be
kept in mind in the decision-making process leading to che-
motherapy for TC.

The overall survival rates of TC patients have
improved over time, and they reached approximately 95%
since 2000 in the present study. The mortality of TC has
decreased in most countries in Europe since the 1970s
(Bosetti et al. 2011), because cisplatin-based therapies were
introduced in the late 1970s. Moreover, the standard multi-
agent chemotherapy for TC with metastasis was established
in the 2000s in Japan. The decreased TC mortality in the
present study was similar to the decreases seen in Europe.
In addition, Fossa et al. (2011) reported that the mortality in
TC patients older than 40 years was significantly higher
than that in patients younger than 40 years. However, the
mortality of TC patients older than 40 years was similar to
that of the AYA generation in the present study. It is likely
that the adverse events of multi-agent chemotherapy for TC
might be manageable, as mentioned above.

During the last four decades, we treated 17 (3%)
patients with bilateral TCs; 14 of them had metachronous
bilateral TCs with a median interval between the 1 and 2™
TCs of 10 years. Bilateral TCs were reported to affect
approximately 1-3% of TC patients (Ohyama et al. 2002;
Zequi Sde et al. 2012; Kopp et al. 2017). The metachro-
nous TCs had a median interval to 2™ TC of 73 months,
with more than 25% being longer than 10 years after the 1*
TC (Kopp et al. 2017). The interval between the 1% and 2™
TCs was longer than the 5-year follow-up period for relapse
of TC recommended generally by the EAU guidelines on
TC (Laguna et al. 2020). Moreover, Kopp et al. (2017)
reported that the incidence of bilateral TCs increased over
time, from 1.7% in 1989-1994 to 3.8% in 2010-2014. In
Japan, the number of bilateral TCs might increase further
with the increase of TC patients. Therefore, long-term fol-
low-up has to be reconsidered after treatment for TC. If
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their follow-up has finished, TC patients should be advised
to perform regular self-checks during their lifetime.

The present study has several limitations. It was a ret-
rospective, single-institutional study, and there might be a
bias in the age of patients with TC because our institution is
a high-volume center for its treatment. However, most
patients with TC in our medical district were referred to our
hospital. In fact, we treated more than 500 patients at our
institution over 40 years, and 52% of the patients were clas-
sified as stage I. In the future, larger prospective trials are
needed to confirm these findings. In addition, the Pacific
coast of the south Tohoku region was exposed to low-dose
radioactive materials following an earthquake (March 11,
2011). In the present study, the number of TC patients was
93 between 2002-2006, 88 between 2007-2011, and 96
between 2012-2016, respectively. However, radioactive
contamination might have an effect on the incidence of TC
in the future. Thus, a future study should examine if there
is an additional increase of TC due to radioactive contami-
nation in the Tohoku region.

In conclusion, the age at diagnosis is rising for patients
with TC, and the age of TC patients may increase in the
future. Thus, clinicians should recognize that the common
age of TC is not only the AYA generation, but there is a
shift to patients older than 40 years.
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