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Germ cell tumors arise in childhood but peak at around 30 years of age. They
are the most common cancers in males under the age of 35. Over 95% arise in
the testes while a minority originate in extragonadal sites such as the anterior
mediastinum, or mainly in childhood the pineal gland or the sacrococcygeal
area. These tumors show an extraordinary sensitivity to chemotherapy (and for
seminoma, also to radiation) and cure rates are relatively high even in second or
subsequent relapses. Very few data are present in the literature regarding
patients diagnosed after 50 years and no specific trials have been conducted in
this setting. Nearly all patients reported in the literature had testicular cancers,
with occasional reports of extragonadal tumors. Despite the fact that > 50 years
may be considered an “elderly” population, these patients are treated with the
same cisplatin containing combinations as their younger counterparts with
consequent higher toxicity. In this review we will present epidemiological and
clinical data from this rare population of patients with testicular cancer.
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Introduction

Testicular cancers account for only 1% of all tumors in males but are the most
common cancer in men between 15 and 39 years of age (1).

The disease is extremely rare prepuberty (2) and its frequency declines after the age of
50 (1).

Very few data exist regarding the clinical characteristics and outcome in patients with
testicular cancer after the age of 50 due to the rarity of this disease in elderly individuals.

01 frontiersin.org


https://www.frontiersin.org/articles/10.3389/fonc.2022.972151/full
https://www.frontiersin.org/articles/10.3389/fonc.2022.972151/full
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fonc.2022.972151&domain=pdf&date_stamp=2022-09-16
mailto:rosti.giovanni@gmail.com
https://doi.org/10.3389/fonc.2022.972151
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology#editorial-board
https://www.frontiersin.org/journals/oncology#editorial-board
https://doi.org/10.3389/fonc.2022.972151
https://www.frontiersin.org/journals/oncology

Secondino et al.

We will try to summarize what we know regarding
epidemiological, histological and clinical aspects of these
tumors arising in the this population.

Usually, the term elderly in Medical Oncology refers to
patients 70 years and above, but due to epidemiology of
testicular tumors, we consider 50 as “elderly”.

Epidemiology

Testicular tumors are divided into germ cell and non-germ
cell cancers. The vast majority (over 95%) are of germ cell origin,
and the others include sex cord stromal tumors (i.e., Leydig cell
tumors and Sertoli cell tumors), together with some other
extremely rare diseases (3).

Other primary neoplastic diseases originating in the testes
are lymphoma, usually B cell type (3).

Germ cell tumors include seminoma and non-seminoma
and the very rare spermatocytic tumors, called spermatocytic
seminoma until a few years ago (3).

Seminoma is slightly more frequent than non-seminoma in
patients below 50 years and it tends to develop at a later mean
age (around 35 years) compared to non-seminoma. Cases of
mixed histology (seminoma and non-seminoma) have to be
considered as non-seminoma for therapy and prognosis despite
the different percentages of the various components: teratoma,
yolk-sac tumors, embryonal carcinoma, choriocarcinoma, and
seminoma. Nearly 70-80% of germ cell tumors express at least
one of the following tumor markers; beta-hCG, alfa-fetoprotein,
LDH (4).

The incidence of germ cell tumors is increasing worldwide,
albeit with marked regional differences. Very rare in Africa and
among Afro-American populations and in Asia, they have a
higher incidence in Nordic European counties especially
Denmark, Norway and Sweden.

Nevertheless, the increase in incidence has been observed all
over the world including those areas mentioned above with a
lower frequency of the disease (5). It is a disease involving adult
young adolescents and males in their third and fourth decades.
The incidence of germ cell tumors declines markedly towards
the age of 50, and tumors in patients above the age of 60 are
extremely rare (6).

The mechanisms underlying this complicated epidemiological
picture are not fully understood.

Information on this topic derives from the Surveillance,
Epidemiology and End Results Program (SEER) Registry from
National Cancer Institute of the USA (7), which reported the
low incidence in patients older than 50 years. The frequency
decreases even more in the group between 60-85 years old.
Specifically, the incidence rate by ages at diagnosis for all races
(Hispanic included), between 2014 and 2018, was 4.6 (95% CI 4.3-
4.9) per 100,000 patients among 50-54 year olds; 3.4 (95%CI 3.1-
3.6) per 100,000 among 55-59 year olds; 2.3 (95%CI 2.1-2.6)
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per 100,000 patients among 60-64 yearolds; 1.5 (95%CI 1.3-
1.8) per 100,000 patients among 65-69 year olds; 1.3 (95%CI
1.1-1.6) per 100.000 patients among 70-74 year olds; 0.9 (95%CI
0.7-1.2) per 100,000 among 75-79 years old; 1 (95%CI 0.8-1.4)
per 100,000 patients among 80-84 yearolds; 0.8 (95%CI 0.6-1.1)
per 100,000 patients 85 years old and above.

Interestingly, Afro-American and Hispanic populations have
a lower probability of developing testicular cancer in later years; 1
(95%CI 1.3-2.4) per 100.000 among 50-54 years old versus 5.4
(95%CI 5-5.8) per 100,000 in white for the same age group; 1 (95%
CI 0.6-1.5) per 100,000 among 55-59 years old versus 3.9 (95%CI
3.6-4.3) in black and white populations respectively.

In contrast, in Caucasian patients, diagnosis of testicular
cancer is recorded even in the 85 years and above group.
Moreover, the long-term trends in SEER Age-Adjusted
incidence rates between 1975 and 2018, showed an increasing
incidence of testicular cancer between the ages of 50-64, whereas
above 65 the incidence was stable over this period.

Focusing on more recent trends in SEER Age-adjusted
incidence rates (between 2014-2018), although the group
above 65 years old appears stable, the incidence of testicular
tumors slightly increased in 65- to 74-year-olds, but slightly
decreased after 75 (Figure 1).

In males aged 0-49 years, only 217 individuals have to be
followed throughout their lives in order to detect a testicular
tumor; this number increases to 2084 in the age range 50-69 and
4652 in the range 70-84 (1), which demonstrates the rarity of this
cancer in older populations.

The oldest patient in the literature was a remarkable case of
pure embryonal carcinoma in an Afro-American of 96 years (8).

In a survey from forty-one US cancer registries for the years
1999-2014, 9353 seminomas, 2227 non-seminomas, 533
spermatocytic tumors, 4534 lymphomas, 288 sex cord stromal
tumors were diagnosed in men aged 50 years and older (9). The
majority of non-seminoma were mixed germ cell tumors (1339)
followed by embryonal carcinoma (426). Regarding seminoma,
74% of the patients were aged 50-59, 18% were 60-69, 6% 70-79,
and the few remaining were older than 80. For non-seminoma,
76% were aged 50-59, 17% were 60-70, 6% were 70-80 and only
1%, or less, above 80.

In a smaller review in the UK among 50 cases of GCT
diagnosed at the age of 60 years and above (average age was 67),
the majority was seminoma (82%) and only 2 cases had pure non-
seminoma (embryonal carcinoma). Vascular invasion was seen in
18 cases (36%), while rete testis invasion in 70%. Eleven cases were
T1. As far as tumor size is concerned, median was 6 cm (6).

In one of the few studies addressing this population (over 50
years of age) from the Memorial Sloan Kettering Cancer Centre
(10), the percentage of non-seminoma was 34.7% and seminoma
62.7%. Altogether, out of nearly 4000 patients observed at this
high-volume referring center, only 5.6% were above 50 years of
age at diagnosis and primary mediastinal germ cell cancer was
rare (0.3%).
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FIGURE 1
Recent trends in SEER age-adjusted incidence rates, 2000-2018.
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In a large scale-study from the Cancer Registration
Committee of the Japan (11), 11% of 1119 patients have been
diagnosed with primary testicular cancer above 50 years of
age, and the incidence of seminoma in elderly patients was
reported as significantly higher (75%) than the younger
population (61%).

Differences in stage and outcome
between young and elderly patients

Data from the population-based Cancer Registry in the
Netherlands (12), indicate that patients above the age of 50
years have worse disease-specific survival. The 5-year relative
survival rate is approximately 94% in men younger than 50 years
versus 74% in those older than 50 years (all stages).

The same Dutch authors, using the data from the SEER
Program of the National Cancer Institute in the USA, analysed
12,811 patients with testicular cancer. Nearly 93% were younger
than 50 years of age (nearly 50% each with seminoma and non-
seminoma). Eight percent of the study population was older than
50 years (8) and the majority of these cases was seminoma (72%).

Interestingly, patients who developed a germ-cell tumor
before the age of 50 years had better 10-year relative survival
than those who developed one after the age of 50 (90.8% versus
84%). The largest difference in survival was seen within the first
year after diagnosis.

When stratifying by histology, the difference in relative
survival remained. When stratifying by stage no difference was
observed in the 10-year relative survival between younger and
older patients in localized (Stage 1) seminoma (97.9% versus
98%). When analysing non-seminoma (Stage 1) cases, a
significant difference was observed (95.1% versus 88.9%).

In advanced patients, the 10-year relative survival was
markedly better for patients< 50 years than their older
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counterparts: 89.7% versus 69.6% for seminoma and 76.9%
versus only 57% for non-seminoma (Table 1).

Again, the major difference was observed in the first year
after diagnosis. Theprevious data from SEER take into
consideration patients treated from 1973 until 1997, so those
treated before the widespread use of cisplatin combinations may
have received less intensive or less appropriate treatment (9).

When the Authors re-analysed the data taking into
consideration patients > 50 years treated after 1985 (when
cisplatin was universally employed), relative survival was in
fact better than for those patients treated before 1985, but
nevertheless the difference remained.

More recent data from England and Wales (13) confirm the
poorer prognosis of patients older than 50 years of age. Even if
survival rose substantially for older men during the 1990s and
the decline in survival became less marked, the 5-year survival
was over 90% for men diagnosed under the age of 50, but less
than 70% for men aged 70-79 years (all stages included). In the
Japanese study (11) despite the fact that elederly patients have
been diagnosed in general in good prognosis group (84% versus
53%) cancer-specific survival was not superior compared to the
one of patients < 50years.

TABLE 1 Summarizes the main characteristics of germ cell tumors
when diagnosed in “elderly” patients.
Incidence /100.000 (according to age) 50-54 yrs: 4.6
55-59 yrs: 3.4
60-64 yrs: 2.3
65-69 yrs: 1.5
=270 yrs: <1

Prevalent Histology Non Seminoma

10 —yrs survival Stage I Seminoma=98%

Non Seminoma=89%

10-yrs survival in Advanced Disease Seminoma=77%

Non Seminoma=57%

1/ line therapy BEP remains the preferred option
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The possible causes of reduced survival rates in patients with
germ cell tumors > 50-60 years is a matter of concern.

Very few such patients have been accrued in clinical trials in
the last decades also due to the rarity of such cases (9), so
detailed clinical characteristics and treatment tolerability and
outcome are lacking.

Treatments and related toxicities

We have no information in the elderly population regarding
retroperitoneal lymph node dissection in such patients from
large mono-institutional series or reviews (14, 15). However,
such procedure is recommended in a limited number of GCT
patients, according to guidelines.

As far as chemotherapy is concerned, the BEP schedule has
become the standard medical treatment for the last few decades
(16), consisting of cisplatin, etoposide and bleomycin. All three
drugs have been shown to be associated with increased toxicity
in the elderly (17), and this raises the possibility that elderly
patients may have received a modified, reduced dose to counter
high toxicity and /or have been left untreated for fear of
treatment-related toxicity (18, 19).

All these publications dealt with elderly patients in general,
so leaving an open question mark regarding “relatively elderly”
germ cell cancer patients, and again the evaluation of the effect of
chemotherapy in older patients with testicular cancer is
hampered because they are rarely included in clinical trials.

In a recent paper on good risk patients, some were above the
age of 50, but the median age was 30 years, and no specific data
on elderly patients were reported (20).

Virtually no data exist on patients older than 50 years
receiving second or subsequent line therapy (refractory/
relapsing patients).

There is some data from the European Society for Blood and
Marrow Transplantation (EBMT) on 234 patients aged 50-59
years and on 26 patients aged 60-69 years who underwent high-
dose chemotherapy and stem cell rescue at relapse (21).

In these patients, treatment-related mortality was dependent
on the high-dose regimen rather than other characteristics, the
best tolerated schedule being carboplatin and etoposide. The
death rate due to treatment was below 4%.

A recent report from Indiana University on 116 relapsing
germ cell tumor patients > 40 years at initiation of high-dose
chemotherapy (median age 40.1 to 70.5 years) showed similar
outcome and toxicity in < 40 and > 40 years, with toxic death
rate around 3% (22).

The largest mono-institutional series of 50 patients older
than 50 years treated with first line (mainly EP or BEP or
carboplatin and etoposide in a minority of cases) chemotherapy,
has been published by Memorial Sloan Kettering Cancer Centre
(10) including 236 such patients (62% seminoma).
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The 5-year actuarial overall survival for patients diagnosed <
50 years was 0.89 and 0.82 for those in the older age category.
Thirty-eight of these patients have died, 23 of germ cell tumors, 5
of second non-germ cell cancer and 10 from non-cancer causes.

Treatment-related complications were frequent among all
regimens. In 60% of patients treatment had to be discontinued or
shifted to another regimen or delivered with a delay of more
than seven days. Interestingly, 22 (44%) patients experienced at
least one episode of febrile neutropenia, in six despite the use of
primary prophylaxis with G-CSF from cycle one. The authors
recommend anyway the use of granulocyte colony stimulating
factors (G-CSF or pegylated G-CSF) in all patients with
advanced germ cell cancer in first line (10).

Advanced age has also been identified as a predictive factor
for developing febrile neutropenia in an Austrian study (23),
together with poor performance status and poor-risk.

Age-related changes in organ function influence class-specific
toxicity, and hematopoietic reserve is also thought to decrease
with age. Moreover, it should be kept in mind that all regimens
employed in treatment of germ cell tumors (BEP or EP mainly)
are used in a population of patients usually younger than 40 -45
years of age. In some centres (24), the policy is to use prophylactic
dose attenuation (i.e., delivering just one dose of bleomycin, or
substituting carboplatin to cisplatin or reducing the doses of
etoposide). At present, however, the acceptable results obtained
in these patients with current treatment regimes, and the rarity of
these tumors in older age cohorts, means that there is insufficient
evidence to justify any dose reduction.

In a recent report by the International Germ Cell Cancer
Collaborative Group (IGCCG-Update Consortium) (25) age has
for the first time been included among the negative prognostic
factors together with the presence of lung metastases. Each
decade translates into a 25% increase in the risk of progression.

Very limited data are available in the adjuvant setting in this
patient population (26) where feasibility has been reported also
in patients over 70. A single course of adjuvant chemotherapy,
either carboplatin for seminoma or BEP for non-seminoma, can
be proposed in well informed patients, also considering the
much more aggressive treatment (and maybe not feasible) that
would be required in case of recurrence.

Spermatocytic tumors (formerly
spermatocytic seminoma)

This term was adopted in 2016 as a replacement of
spermatocytic seminoma (3). In fact, this entity has no
correlation with seminoma: no in situ neoplasia is apparent, as
it does not originate from in situ germ cells, no extragonadal
disease is seen, there are no cases in females, no chromosomal
alterations typical of other germ cell tumors are present (e.g.,
isochromosome 12p), and it presents with a negative tumor
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marker profile (4). It originates from the germ cell lineage, has a
very rare potential for metastatic disease (25), and has never
been reported in combination with other germ cell types. It is
rare (nearly 1% of all germ cell tumors), and is more frequently
bilateral compared to seminoma. Nevertheless, it is the most
frequent germ cell tumor in more advanced ages: median age is
in the sixth decade (25) and it is extremely rare in young
adolescents. Nearly 70% are reported on patients over 40 years
of age.

While the incidence of seminoma and non seminoma
decline after 50 years, the incidence of spermatocytic tumors
increases steadily (9).

Vascular invasion is present only in a minority of cases
(27, 28) and median maximum diameter is around 5 cm. The
prognosis is rather good except for rare sarcomatous
transformations. The sometime used term “anaplastic
spermatocytic tumor” does not carry a worse prognosis and
generally these tumors are very indolent. In the rare event of
metastasis to the retroperitoneal lymph nodes they are treated
with radiation therapy. Generally, orchidectomy is enough for
the vast majority of these tumors which are considered as benign
in the vast majority of cases.

In the event of metastatic disease and when surgery is not or
no more an option, chemotherapy (BEP or BEP-like) has been
used but with poor results, from the few reported cases in the
literature (26).

Discussion

Elderly patients are considered in our review those patients >
50 years of age. From the few data in the literature from different
geographical areas, it is clear that the majority of such patients
have a diagnosis of seminoma, generally with better stage
categorization (i.e. good prognosis risk), while non-seminoma
or mixed tumors are rarer in this population. The percentage of
elderly patients is around 6-11% of the whole testicular germ cell
incidence, with declining number of cases in subsequent
decades. Seminoma has a similar prognosis that the younger
counterpart in Stage I, while Stage I non-seminoma seems to
have poorer survival rate. In metastatic disease the difference is
even more striking with just half of non-seminoma patients alive
at 10 years or more.

The reason for such a discrepancy in outcome has not fully
understood and the reduced intensity chemotherapy regimens in
elderly population, may have a role (11).

The International Guidelines do not address the topic of
treatment of elderly germ cell tumors, but just take into
consideration germ cell tumors as a whole; the recent report
by the IGCCCG Updated Consortium has anyway included age
as a prognostic factor itself in non-seminoma, but no specific
recommendation regarding treatment have been presented (25).
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The use of granulocyte colony stimulating factors appears to
be mandatory in these patients as suggested by some
Authors (10).

Very few data exit on adjuvant treatment in these patients
(29), and the decision has to be taken according to patient choice
and comorbidities, and virtually no data are available on
managing residual disease.

Conclusions

Elderly patients may represent a challenge for medical
oncologists, due to the rarity of the disease in this cohort, and
to the possible toxicity of the active drugs.

Nevertheless excellent results can be achieved in this
population (11) when proper drugs doses and timing
are maintained.

In early stages, personalized approaches such as preference
for full dose single course adjuvant BEP in high-risk non-
seminoma, compared to surveillance, may be preferred
considering that three or four courses of BEP in refractory
disease, may have an increased risk of toxicity.

We think that age per se has not to be considered as an
insuperable obstacle in order to give these patients the possibility
to gain the same exceptional results, obtained in younger
patients with the same disease.

Author contributions

GR, PP, SS, and EN contributed to conception and design of
the study. DA collected the data. GR wrote the first draft of the
manuscript. SS, FN, PP, OC, AT, and LJRN wrote sections of the
manuscript. All authors contributed to manuscript revision,
read, and approved the submitted version

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

frontiersin.org


https://doi.org/10.3389/fonc.2022.972151
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Secondino et al.

References

1. AIRTUM/AIOM. (2021). Available at: https://www.aiom.it.

2. Pinkerton CR. Malignant germ cell tumors in childhood. Eur ] Cancer (1997)
33:895-901. doi: 10.1016/S0959-8049(97)00157-3

3. Moch H, Cubilla AL, Humphrey P, Reuter VE, Ulbright TM. The 2016 WHO
classification of tumors of the urinary system and Male genital organs- part a:
Renal, penile, and testicular tumours. Eur J Urol (2016) 70:93-105. doi: 10.1016/
j.eururo.2016.02.029

4. Pedrazzoli P, Rosti G, Soresini R, Ciani S, Secondino S. Serum tumour
markers in germ cell tumours: From diagnosis to cure. Crit Rev Oncol Hemat
(2021) 159:103224. doi: 10.1016/j.critrevonc.2021.103224

5. Trabert B, Chen J, Davesa SS, Bray F, McGlynn KD. International patterns
and trends in testicular cancer incidence, overall and by histology subtype 1973-
2007. Andrology (2015) 3:4-12. doi: 10.1111/andr.293

6. Berney DM, Warren AY, Verma M, Kudahetti S, Robson JM, Williams MV,
et al. Malignant germ cell tumours in the elderly: A histopathological review of 590
cases in men aged 60 years or over. Modern Pathol (2008) 21:54-9. doi: 10.1038/
modpathol.3800978

7. SEER. Cancer stat facts. In: Testicular cancer (2020). Bethesda (MD): NCI.
Available at: https://seer.cancer.gov/statfacts/html/testis.html.

8. Tuttle JPJr., Pratt-Thomas HR, Thomason WB. Embryonal carcinoma of the
testis in elderly men. J Urol (1999) 118:1070-2. doi: 10.1016/S0022-5347(17)
58302-0

9. Ghazarian AA, Rusner C, Trabert B, Braulin M, Mc Glynn K, Stang A, et al.
Testicular cancer among US men aged 50 years and older. Cancer Epidemiol (2018)
55:68-72. doi: 10.1016/j.canep.2018.05.007

10. Feldman DR, Voss MH, Jacobsen EP, Jia X, Suyarez A, Turkalo S, et al.
Clinical features, presentation, and tolerance of platinum-bases chemotherapy in
germ cell tumor patients 50 years of age and older. Cancer (2013) 119(14):2574-81.
doi: 10.1002/cncr.28025

11. Kawai T, Tanada YCancer Registration Committee of the Japanese
Urological Association. Clinical characteristics of testicular germ cell tumors in
patients aged 50 years and older: A large-scale study from the cancer registration
committee of the Japanese urological association. J Urol (2017) 24(2):124-8. doi:
10.1111/iju.13268

12. Spermon JR, Witjes JA, Kiemeney LALM. Difference in stage and
morphology-adjusted survival between young and elderly patients with a
testicular germ cell tumor. Adult Urol (2002) 60:889-93. doi: 10.1016/S0090-
4295(02)01886-1

13. Nur U, Rachet B, Mitry E, Cooper N, Coleman MP. Survival from testicular
cancer in England and Wales up to 2001. Br J Cancer (2008) 99(S1):520-82. doi:
10.1038/sj.bjc.6604597

14. Nicolai N, Miceli R, Artusi R, Piva L, Pizzocaro G, Salvioni R. A simple model for
predicting nodal metastasis I patients with clinical stage I nonseminomatous germ cell
testicular tumors undergoing retroperitoneal lymph node dissection only. J Urol (2004)
171:172-6. doi: 10.1097/01.ju.0000101513.64777.£2

Frontiers in Oncology

06

10.3389/fonc.2022.972151

15. Rodrigues GJ, Guglielmetti GB, Oviedo M, Bhat KRS, Patel VR, Coehlo R.
Robot-assisted retroperitoneal lymphadenectomy: The state of art. Asian J Urol
(2021) 8:27-37. doi: 10.1016/j.ajur.2020.09.002

16. Williams SH, Lohrer PJ, Einhorn LH. Chemotherapy of advanced testicular
cancer. Sem Urol (1984) 4:230-7.

17. Sekine I, Fukuda H, Kunitoh H, Saijo N. Cancer chemotherapy in the
elderly. Japan J Clin Oncol (1998) 28:463-73. doi: 10.1093/jjco/28.8.463

18. Balducci L, Extermann M. Cancer chemotherapy in the older patients: What
the medical oncologist needs to know. Cancer (1997) 80:1317-22. doi: 10.1002/
(SICI)1097-0142(19971001)80:7<1317::AID-CNCR18>3.0.CO;2-A

19. Berkman B, Rohan B, Sampson S. Myths and biases related to cancer in the
elderly. Cancer (1994) 74:2004-08. doi: 10.1002/1097-0142(19941001)74:7
+<2004::AID-CNCR2820741703>3.0.CO;2-W

20. Funt SA, McHugh DJ, Tsai S, Knezevic A, O’Donnel D, Patil S, et al. Four
cycles of etoposide plus cisplatin from patients with good-risk advanced germ cell
tumors. Oncologist (2021) 26:483-91. doi: 10.1002/onco.13719

21. Necchi A, Lo Vullo S, Rosti G, Badoglio M, Giannatempo M, Raggi D, et al.
Administration of high-dose chemotherapy with stem cell support in patients 40
years of age or older with advanced germ cell tumours: A retrospective study from
the European society for blood and marrow transplantation database. Bone
Marrow Transpl (2017) 52:8. doi: 10.1038/bmt.2017.106

22. Agrawal V, Abonour R, Abu Zaid M, Althouse MS, Ashker R, Albany C, et al.
Survival outcome s and toxicity in patients 40 years old or older with relapsed
metastatic germ cell tumors treated with high-dose chemotherapy and perihpheral
blood stemcell transplantation. Cancer (2021) 127:3751-60. doi: 10.1002/cncr.33771

23. Terbuch A, Posch F, Partl R, Zurl B, Bauernhofer T, Pichler M, et al. Risk
stratification for febrile neutropenia in patients with testicular germ cell tumors.
Cancer Med (2018) 7:508-14. doi: 10.1002/cam4.1317

24. Wheater MJ, Manners J, Nolan L, Simmondo D, Hayes MC, Mead GM, et al.
The clinical features and management of testicular germ cell tumours in patients aged 60
years and older. BJU Int (2011) 108:1794-99. doi: 10.1111/j.1464-410X.2011.10252.x

25. Gillessen S, Sauve N, Collette L, Daugaard G, de Wit R, Albany C, et al.
Predicting outcomes in men with metastatic nonseminomatous germ cell tumors
(NSGCT): Results from the IGCCCG update consortium. J Clin Oncol (2021)
39:1563-74. doi: 10.1200/JC0O.20.03296

26. Grogg JB, Schneider K, Bode PK, Wettstein MS, Kranzbuhler B, Eberli D, et al. A
systematic review of treatment outcomes in localised and metastatic spermatocytic tumors
of the testis. ] Cancer Res Clin Oncol (2019) 145:3037-45. doi: 10.1007/s00432-019-03056- 1

27. Eble JN. Spermatocytic seminoma. Hum Pathol (1994) 25:1035-42. doi:
10.1016/0046-8177(94)90062-0

28. Hu R, Ulbright TM, Young RH. Spermatocytic seminoma. A report of 85
cases emphasizing its morphology spectrum including some aspects not widely
known. Am ] Surg Pathol (2019) 43:1-11. doi: 10.1097/PAS.0000000000001001

29. Rosti G, Carminati O, Soresini E, Chignoli R, Serra F. Testicular germ cell
cancer in the elderly. A Case report- Arg Geriatr Oncol (2021) 6:39-41.

frontiersin.org


https://www.aiom.it
https://doi.org/10.1016/S0959-8049(97)00157-3
https://doi.org/10.1016/j.eururo.2016.02.029
https://doi.org/10.1016/j.eururo.2016.02.029
https://doi.org/10.1016/j.critrevonc.2021.103224
https://doi.org/10.1111/andr.293
https://doi.org/10.1038/modpathol.3800978
https://doi.org/10.1038/modpathol.3800978
https://seer.cancer.gov/statfacts/html/testis.html
https://doi.org/10.1016/S0022-5347(17)58302-0
https://doi.org/10.1016/S0022-5347(17)58302-0
https://doi.org/10.1016/j.canep.2018.05.007
https://doi.org/10.1002/cncr.28025
https://doi.org/10.1111/iju.13268
https://doi.org/10.1016/S0090-4295(02)01886-1
https://doi.org/10.1016/S0090-4295(02)01886-1
https://doi.org/10.1038/sj.bjc.6604597
https://doi.org/10.1097/01.ju.0000101513.64777.f2
https://doi.org/10.1016/j.ajur.2020.09.002
https://doi.org/10.1093/jjco/28.8.463
https://doi.org/10.1002/(SICI)1097-0142(19971001)80:7%3C1317::AID-CNCR18%3E3.0.CO;2-A
https://doi.org/10.1002/(SICI)1097-0142(19971001)80:7%3C1317::AID-CNCR18%3E3.0.CO;2-A
https://doi.org/10.1002/1097-0142(19941001)74:7+%3C2004::AID-CNCR2820741703%3E3.0.CO;2-W
https://doi.org/10.1002/1097-0142(19941001)74:7+%3C2004::AID-CNCR2820741703%3E3.0.CO;2-W
https://doi.org/10.1002/onco.13719
https://doi.org/10.1038/bmt.2017.106
https://doi.org/10.1002/cncr.33771
https://doi.org/10.1002/cam4.1317
https://doi.org/10.1111/j.1464-410X.2011.10252.x
https://doi.org/10.1200/JCO.20.03296
https://doi.org/10.1007/s00432-019-03056-1
https://doi.org/10.1016/0046-8177(94)90062-0
https://doi.org/10.1097/PAS.0000000000001001
https://doi.org/10.3389/fonc.2022.972151
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Testicular tumors in the “elderly” population
	Introduction 
	Epidemiology
	Differences in stage and outcome between young and elderly patients
	Treatments and related toxicities
	Spermatocytic tumors (formerly spermatocytic seminoma)
	Discussion
	Conclusions
	Author contributions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


