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Introduction

Human germ cell tumours (GCTs) originate from stem cells 
of the germ line or the early embryo. GCTs are classified 
into testicular germ cell tumours (TGCTs) or extragonadal 
germ cell tumours (EGCTs), as they occur in the gonads 

(ovaries and testes) or in extragonadal sites.
EGCTs are a heterogeneous group of neoplasms, and can 

arise virtually anywhere, but typically the site of origin is in 
the midline of the body, including the sacral, retroperitoneal 
and mediastinal regions and the midline of the brain (1). The 
aetiology of a malignant tumour is considered multifactorial, 
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including abnormalities in early embryonic development and 
chromosomal abnormalities (1). There is little research on 
EGCTs and their effects of human reproductive health. Only 
a few studies have examined these tumours in the form of 
case reports or case series (2). Patients with EGCTs showed 
a significant lower sperm concentration and lower inhibin B 
levels than those patients with other malignancies as seen in 
the Haematological malignancy and Sarcoma’s groups (3). 
Jacobsen et al. showed that low semen quality is a risk factor 
for patients with EGCTs (4).

Testicular cancer, which accounts for only 1% of all 
cancers, is one of the most common malignancies in young 
adult men, with a maximum age range of 20–44 years 
(5,6), and the overall survival rate is up to more than 95% 
of patients being cured (7-9). Because of the high survival 
rates, the preservation of fertility potential is a particularly 
important consideration for the patients before the treatment 
as testicular tumours might affect spermatogenesis, and 
the semen quality of patients is generally decreased 
(3,10,11). Testicular cancer patients are more likely to see 
a fertility specialist than men with other cancers, possibly 
because they had already been treated by a urologist (12). 
Guidelines published by the American Society of Clinical 
Oncology (ASCO) recommend that the discussion about 
fertility preservation with patients should be initiated as 
soon as possible after the initial diagnosis of cancer (13). 
Treatment options for malignant GCTs include surgery 
and chemotherapy. Some studies have reported that sperm 
count and motility are significantly lower in men with 
testicular tumours. One study reported that 50.0% of 
patients presented with a decrease in sperm concentration 
after orchiectomy. Even before surgery, approximately half 
of patients with TGCTs presented poor semen quality (14).

Compared to EGCTs, there are many studies on TGCTs 
and semen quality. However, there is little material about 
the differences in sperm parameters between patients 
with EGCTs and those with TGCTs. To determine the 
differences between them, we analysed demographic 
factors, semen parameters and the disposition of banked 
sperm in the Human Sperm Bank, West China Second 
University Hospital, Sichuan University between 2010 and 
2019. The aim of this study was to describe the effects of 
TGCTs and EGCTs on spermatogenesis and semen quality. 
It is important to pay attention to the fertility conservation 
of GCTs, especially among young men. We present the 
following article in accordance with the STROBE reporting 
checklist (available at https://dx.doi.org/10.21037/tcr-21-
1697).

Methods

Patient population

In accordance with the guidelines and processes established 
by our sperm bank, 87 cancer patients seeking fertility 
preservation were counselled by an andrology physician 
and fully informed about the procedure. The information 
provided included the different methods of fertility 
preservation and the procedures for the future use of the 
specimens. All patients received a physical examination. 
The medical records of all cancer patients who attempted 
sperm banking at our Human Sperm Bank from January 
2010 to December 2019 were reviewed. These data 
included the following: age at diagnosis, cancer type, pre- 
and post-cryopreservation semen analysis results, the 
number of straws stored, current banking status, usage of 
the frozen semen, and the reproductive outcome of using 
frozen/thawed spermatozoa. The disposition categories 
were ongoing storage within our unit, electively discarded, 
failure to bank, used, and death. Many types of cancer 
were determined by the oncologist’s letter or histological 
diagnosis. However, there are still some cancer diagnoses 
unavailable, and we followed up those cancer patients by 
our phone call and some patients can’t get through or 
don’t answer our phone. Moreover, some patients come 
to our unit to freeze sperm by themself rather than being 
recommended by a doctor. So, some patients’ definite 
diagnoses are unavailable. The study was conducted in 
accordance with the Declaration of Helsinki (as revised in 
2013). This study was approved by the Ethics Committee 
of the West China Second University Hospital (No. 2020-
001), and individual consent for this retrospective analysis 
was waived.

Semen samples

Semen samples were obtained by masturbation into sterile 
containers. All the samples were placed in an incubator at  
37 ℃ until liquefaction and were subsequently analysed 
within 1 hour. The following semen parameters were 
evaluated according to the World Health Organization 
(WHO) 1999, 2010 guidelines: sperm concentration, 
volume and progressive motility (grades a + b) (15,16).

Cryopreservation of the spermatozoa was performed as 
follows. Sperm cryopreservation was performed as follows. 
The liquefied semen sample was transferred to a 2.0 mL 
sterile cryotube with Sperm Cryoprotectant Kit [Anhui 
Anke Biotechnology (Group) Co., Ltd., China], glycerol-
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egg yolk free cryopreservative medium, final glycerol 
concentration of 7.5% (17,18) added dropwise until a 
3:1 sample: medium ratio. The final volume of diluted 
seminal fluid in a tube was 1 mL. Then straws were stored 
at 4 ℃ for 15 minutes and then suspended above of liquid 
nitrogen 5 cm for 10 minutes before being stored in liquid 
nitrogen. For semen thawing, straws were placed at room 
temperature for 1 minute and then were transferred to 
a beaker containing 37 ℃ water until all ice crystals had 
disappeared. A diagnosis of azoospermia was confirmed by 
centrifugation at 3,000 g for 15 minutes of the entire semen 
sample.

Statistical analysis

The statistical methodology consisted of Mann-Whitney 
test and Student’s t-test. In all cases, P<0.05 was considered 
statistically significant.

Results

Population studied

There were 87 males with GCTs who attempted sperm 
cryopreservation from January 2010 to December 2019. 
GCTs included 14 EGCTs (16.1%) and 73 TGCTs 
(83.9%) (Figure 1). EGCTs were classified into mediastinal 
germinoma (10/14), intracranial germinoma (2/14) and 
retroperitoneal germinoma (2/14). Mediastinal germinoma 

was the most common type of EGCT in our unit, which 
included 1 teratoma, 6 non-teratoma and 3 unspecified. 
There are two subtypes of TGCT, namely, seminoma 
and non-seminoma (19,20). Seminomas are the most 
usually diagnosed type of testicular cancer, accounting for 
approximately half of all cases (19,21). Non-seminomas 
include elements of teratoma, embryonal carcinoma, 
yolk sac tumour and choriocarcinoma. We collected 36 
seminomas and 21 non-seminomas to conduct sperm 
cryopreservation. Moreover, there were 16 TGCTs that 
could not be definitively diagnosed as seminomas or non-
seminomas due to failing to follow up cancer patients 
by telephone, so they were labelled as unspecified. 
Non-seminomas included 14 mixed non-seminomas, 5 
embryonal carcinomas, and 2 teratomas in our institution 
(Figure 1).

Semen parameters

Median sexual abstinence was in the range of at least 2 days 
and at most 7 days (22). However, a few of the patients 
had a longer period of sexual abstinence than 7 days due to 
emergency treatment (data not shown). The mean age at 
banking was statistically significant difference in patients 
with TGCTs and those with EGCTs. However, there was 
no statistical significance in semen volume, pre-freeze 
concentration, pre-freeze motility, post-thaw concentration, 
post-thaw motility or recovery rate between the two types. 

Germ cell tumors  
(n=87)

Testicular tumors  
(n=73)

Extragonadal germ cell tumors
(n=14)

Retroperitoneal 
germinoma

(n=2)

Intracranial 
germinoma

(n=2)

Mediastinal 
germinoma  

(n=10)

Unspecified 
(n=16)

Non-seminoma 
(n=21)

Seminoma 
(n=36)
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Non-teratoma 
(n=6)

Teratoma  
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Teratoma 
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Mixed non 
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Figure 1 Flow diagram of the GCT patients who presented to Sichuan human sperm bank from 2010 to 2019 for sperm cryopreservation. 
GCT, germ cell tumour.
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Both patients with TGCTs and EGCTs showed low 
pre-freeze and post-thaw sperm concentrations. Semen 
characteristic evaluation per diagnosis is listed in Table 1.  
The median sperm concentration was 19.5×106/mL  
in the seminoma group and 33×106/mL in the non-
seminoma group; this difference was not significant. Pre-
freeze motility was also not significantly different between 
the seminoma group (54.5%) and the non-seminoma group 
(50%) irrespective of tumour stage (Table 2). However, the 
non-seminoma group (24.5%) had significantly lower median 

levels of post-thaw sperm motility than the seminoma 
group (36.5%). Statistical analyses did not reveal significant 
differences in sperm count or recovery rates between those 
two groups (Table 2).

Disposition of cryopreserved sperm

The fate of cryopreserved sperm in testicular cancer 
categories included ongoing storage (67%), electively 
discarded (24%), failure to bank (7%), and used (2%)  

Table 1 Demographics and semen parameters of patients with GCT

Parameters TGCTs EGCTs Lower reference limitsf P valuec

Age at banking (years)a 27±7.5 21.5±4.0 NA 0.0009d

Volume at banking (mL)a 3.8±1.6 3.4±1.6 1.5 [1.4–1.7] 0.5303d

Pre-count (106/mL)b 25.5 [0.9–159] 26 [2–105] 15 [12–16] 0.6264e

Pre-progressive motility (%)b 49 [3.1–83] 48 [13–70] 40 [38–42] 0.5206e

Post-count (106/mL)b 15.8 [0.6–89] 19 [1–83] NA 0.8390e

Post-motility (%)b 28 [2.6–61] 31 [0.66–58] NA 0.9277e

Recovery rates (%)b 59.5 [6.8–89.6] 58.4 [2.2–84.6] NA 0.9136e

a, mean ± standard deviation; b, median [range]; c, P<0.05 significant; d, t-test was used; e, Mann-Whitney test was used; f, lower reference 
limits: 5th centiles and their 95% confidence intervals according to the WHO 2010 guidelines. Pre-concentration and pre-progressive 
motility: count of spermatozoa (million/mL) and percentage of spermatozoa with progressive motility before banking; post-count and 
post-progressive motility: count of spermatozoa (million/mL) and percentage of spermatozoa with progressive motility after thawing;  
recovery rate (%): the percentage recovery of progressively motile spermatozoa after thawing as compared to fresh spermatozoa  
before banking. GCT, germ cell tumour; TGCTs, testicular germ cell tumours; EGCTs, extragonadal germ cell tumours; WHO, World Health  
Organization.

Table 2 Characteristics of patients with seminomatous and non-seminomatous TGCTs

Parameters Seminoma Non-seminoma Lower reference limitsf P valuec

Age at banking (years)a 23.9±5.2 28.3±5.8 NA 0.0066d

Volume at banking (mL)a 3.7±1.6 3.7±1.6 1.5 [1.4–1.7] 0.9727d

Pre-count (106/mL)b 19.5 [1.5–64] 33 [3.4–159] 15 [12–16] 0.1614e

Pre-motility (%)b 54.5 [9–83] 50 [10–74] 40 [38–42] 0.2414e

Post-count (106/mL)b 9.6 [1–56] 22.5 [1.6–78] NA 0.0687e

Post-motility (%)b 36.5 [6–51] 24.5 [3–61] NA 0.0187e

Recovery rates (%)b 61.9 [17.1–77.8] 56.7 [28.6–89.60] NA 0.2761e

a, mean ± standard deviation; b, median [range]; c, P<0.05 significant; d, t-test was used; e, Mann-Whitney test was used; f, lower reference 
limits: 5th centiles and their 95% confidence intervals according to the WHO 2010 guidelines. Pre-concentration and pre-progressive 
motility: count of spermatozoa (million/mL) and percentage of spermatozoa with progressive motility before banking; post-count and 
post-progressive motility: count of spermatozoa (million/mL) and percentage of spermatozoa with progressive motility after thawing;  
recovery rate (%): the percentage recovery of progressively motile spermatozoa after thawing as compared to fresh spermatozoa before 
banking. TGCTs, testicular germ cell tumours; WHO, World Health Organization.
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(Figure 2A). Five TGCT patients exhibited azoospermia 
(three seminomas, one mixed non-seminoma, one embryoma) 
and failed to perform sperm cryopreservation.

Onco-testicular sperm extraction (onco-TESE) could 
not be provided at the time of orchiectomy because of a 
shortage of embryologists and urologists to perform the 
emergency TESE. Conceptions were achieved in 61.5% 
(8 out of 13), with 38.5% (5 out of 13) of the pregnancies 
resulting in delivery. Two testicular cancers used 
cryopreserved semen for ART, and both couples had their 
babies.

The fate of cryopreserved sperm of EGCTs only 
included ongoing storage (71%) and electively discarded 
(29%) (Figure 2B). However, no EGCT patients applied to 
have their semen used for ART.

Discussion

Tumours in men could be classified as two groups based 
on their location: TGCT and EGCT. Testicular cancer 
includes both seminoma and non-seminoma. Seminomas 
are the most commonly diagnosed type of testicular cancer, 
accounting for approximately half of all cases. Non-
seminoma can be pure or histologically mixed to include 
elements of embryonal carcinoma, teratoma, yolk sac 
tumour, and choriocarcinoma (21). EGCTs are histologically 
heterogeneous and are more common among male children 
aged 15 to 19 years (23,24). In our study, we found that the 

EGCT group were younger than the TGCT group. So, 
this may be one of the reasons accounting for the fact that 
the EGCT group were significantly younger. EGCTs are 
commonly hypothesized to arise from abnormal primordial 
germ cell migration during embryogenesis (25) and are 
often seen in the sacral, retroperitoneal and mediastinal 
regions and the midline of the brain (1). Moreover, EGCTs 
are uncommon tumours, and most descriptions of these 
tumours are in the form of case reports.

Many studies  have examined TGCTs. Surgical 
treatment of testicular cancer such as orchiectomy has an 
even greater effect on fertility (26). Two studies showed 
that no differences in semen analysis were observed 
between pre‐ and post‐orchiectomy TGCT groups (10,14). 
So, although patients with testicular cancer are generally 
recommended to initiate therapy as soon as possible, there 
is still plenty of time in which semen cryopreservation may 
be performed. Our data are consistent with the literature, 
in that a significant reduction in sperm motility and 
concentration were observed in patients with testicular 
cancer (11,27,28). Our findings were that the post-thaw 
motility is significantly lower in the non-seminoma group 
than seminoma group. However, it is not yet known 
if testicular cancer histology may determine different 
alterations to semen quality. Although some investigators 
show that non-seminoma patients showed a greater 
decrease than seminoma patients the total number of 
sperm with progressive motility, other investigators did 

Ongoing storage (n=50) 

Electively discarded (n=18) 

Failed to bank a sample (n=5) 

Used for fertility treatments (n=2)

Ongoing storage (n=10) 

Electively discarded (n=4)

67%

24%

7% 2%

71%

29%

A B

Figure 2 Outcomes for the 87 GCT patients who attempted banking. (A) Outcomes of patients with TGCTs who attempted banking. 
(B) Outcomes of patients with EGCTs who attempted banking. GCT, germ cell tumour; TGCTs, testicular germ cell tumours; EGCTs, 
extragonadal germ cell tumours.
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not find that difference (10,29,30). However, one study 
suggested that men with a non-seminoma presented with a 
lower number of motile morphologically normal sperm in 
the ejaculate than men with a seminoma (10). So, if sperm 
from non-seminoma are frozen and then thawed, the 
samples may show lower post-thaw motility than do sperm 
from seminoma patients.

In our study, both patients with TGCTs and EGCTs 
showed low pre-freeze and post-thaw sperm concentrations, 
and the endocrinology may the one reason for this. We 
tried to follow up with the referring clinic, but the patients 
were treated in different hospitals and the time interval is 
long, so it is difficult for us to follow up with the referring 
clinic about endocrinology. According to the literature, 
van Casteren et al. showed inhibin B levels were found 
significantly lower in the patients diagnosed with EGCTs 
than in those with TGCTs (3). In addition, the production 
of human chorionic gonadotropin (hCG) by the tumour 
may inhibit spermatogenesis (31). We plan to check the 
hormone levels, such as follicle-stimulating hormone (FSH), 
luteinizing hormone (LH), testosterone (T), estradiol (E2), 
inhibin B and hCG in our unit in future to study the root 
cause of low concentration.

Although the survival rates of GCTs, especially TGCTs, 
have increased, this low utilization rate is caused by 
various psychological and sociological factors (6). A recent 
systematic review of 30 studies showed that the utilization 
rate of preserved sperm is only 10% in those who bank 
sperm (32). However, over the course of 10 years, 2% of the 
patients who had TGCTs used their cryopreserved semen 
from our facility, and no EGCT patients returned to use in 
EGCTs. The fact that GCT patients were relatively young 
and had no plan to have babies might be the main reason 
for the low usage rate. Cost may be another barrier to the 
rate of sperm utilization. For patients with EGCTs, disease 
progression and poor prognosis accounted for the lack of 
use. Therefore, for patients with cancers, the usage rate 
of banked sperm is an issue that might be as important as 
the sperm quality. Further research is necessary to answer 
questions about how to manage the fertility of survivors of 
cancers.

Conclusions

In conclusion, based on our existing research, it may be 
speculated that semen samples from patients with TGCTs 
and EGCTs have a high risk of gonadal dysfunction and 
impaired semen quality. This suggests that we should pay 

more attention to the fertility conservation of young men 
with GCTs.
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