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Abstract: Advances in cancer treatment have led to improved long-term survival and fertility is often an important 
aspiration for these patients. This study aimed to provide information regarding fertility preservation, which has 
been under-reported outside of Europe and the USA, for male cancer patients in China, a country with a high 
population and a low income. After screening the retrieved data, a total of nine articles from seven sperm banks in 
mainland China, one assisted reproductive technology unit in Hong Kong and one Andrology Department in Taiwan 
were included. Frozen semen storage is the only method used for fertility preservation for men in China. Testicular 
tissue cryopreservation and spermatogonial stem cell cryopreservation have not been used in clinics in China. Until 
November 4, 2017, there were only 835 male cancer patients who had undergone frozen semen storage. Recently, 
the number of male cancer patients referred for sperm cryopreservation has progressively increased. Of the 734 
patients reported to have pathological cancer, over 1/3 had testicular tumors (263/734; 35.8%). Only four articles 
have reported the number of patients with cryopreserved semen, and only 5.9% (26/440) of these patients utilized 
assisted reproductive technology. However, only four achieved successful live births. Unfortunately, only a few male 
cancer patients realize the necessity of fertility preservation, and these services are highly underutilized.
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Introduction

Cancer is a major public health problem world-
wide [1]. Traditionally, cancer treatments have 
focused on efficacy and safety. With advances 
in cancer treatments, the number of men who 
are long-term survivors of cancer, especially th- 
ose who developed cancer as adolescents, is 
growing [2]. Therefore, the focus of treatment  
is increasingly shifting toward quality of life, 
and fertility is a very important part of that. 
Infertility is a common adverse effect of can- 
cer treatment. The use of gonadotropic chemo-
therapeutic agents such as alkylating agents 
and addition of radiation for cancer treatment 
significantly increased the risk of gonadal dys-
function [3]. Additionally, spermatogonia are 
susceptible to radiation and chemotherapeu- 
tic toxicity [4]. Therefore, preservation of repro-
ductive potential has become a very important 

quality of life issue for cancer survivors: many 
clinical guidelines propose the important role in 
fertility. Prevention of fertility loss due to can- 
cer treatment as well as non-malignant causes 
has been gaining importance over the past few 
decades. However, very few patients know this 
and little has been published regarding this in 
China, a country with high population or low 
income. Not only should the Chinese physician 
improve this, but also the entire world should 
kept a close watch on the situation. Therefore, 
a retrospective review of fertility preservation 
for male cancer patients in China was perform- 
ed to explore the current situation.

Materials and methods

The review was restricted to published research 
articles that reported fertility preservation for 
male cancer patients in China. PubMed, Web of 
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Science, EBSCO, and the two Chinese databas-
es (China National Knowledge Infrastructure 
([CNKI] and WANFAN) were accessed. The liter-
ature was searched to identify pertinent stud-
ies published from inception until November 4 
2017. Key words included the following: “fertili-
ty/reproduction preservation/fertility protec-
tion”, “sperm cryopreservation” OR “testicular 

tissue/spermatogonial stem cells cryopreser-
vation”, and “cancer/tumor/malignancy/neo-
plasm”. The precise search strategy is shown in 
Figure 1. Filters were applied for human spe-
cies and male sex. After eliminating duplicates, 
the titles and abstract of the works were 
checked to exclude studies about other ani-
mals, female patients, or patients without can-

Table 1. Main study outcomes

Studies Regions Study period No. of patients 
with cancer

Diagnosis Utilization 
of ARTTC L O

[6] Beijing July 2006-December 2015 137 - - - 12
[7] Guangdong June 2003-June 2016 288 84 61 143 -
[10] Shandong January 2009-December 2015 47 - - - -
[12] Hunan February 2004-March 2014 97 53 14 89 2
[9] Zhejiang 2005-2013 43 22 - 21 -
[11] Jiangsu December 2007-December 2014 17 7 - 10 -
[8] Shanghai January 1996-December 2010 21 21 - - 5
[13] Hong Kong January 1995-January 2012 110 66 24 44 4
[5] Taiwan 1995-2004 75 10 19 46 3
Total 835 263 118 353 26
TC, testicular tumor; L, lymphadenoma including Hodgkin’s disease and non-Hodgkin’s disease; O, other.

Figure 1. Study flow diagram.
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cer. The reference lists of initially selected and 
pertinent articles were reviewed to identify fur-
ther reports that could be included. Selected 
studies were fully read before final selection. 
Two authors (Fu and Zhang) independently con-
ducted the search. Inconsistencies were solved 
by discussion and re-evaluation of discordant 
selections. If the articles used dates and were 
performed in the same department, then the 
newest was included. Final research was per-
formed on December 31, 2017. IBM SPSS Sta- 
tistics version 22 was used for data entry and 
analysis. The Chi-square test was used for cat-
egorical data and Student’s t test was used for 
continuous variables. P < 0.05 was considered 
statistically significant.

Results

A total of 488 articles were included in the  
initial literature search. Ultimately, nine articles 
regarding nine different regions in China were 
included [5-13]. The main results of the studies 
are presented in Table 1. Sperm cryopreserva-
tion is the only approach used for fertility pres-
ervation in China. Testicular tissue cryopreser-
vation and spermatogonial stem cell cryopre- 
servation has been proven in animal models, 
but the two methods have not been clinically 
applied in China.

At present, there are only 23 human sperm 
banks in mainland China that are officially ap- 
proved by the National Health Planning Com- 
mission and that have the ability to cryopre-
serve sperm. Of these human sperm banks, 
only seven have reported sperm cryopreserva-
tion for male cancer patients. These seven are 
representative of mainland China because they 
are the first sperm banks approved by the gov-
ernment. The total number of patients who uti-
lized these sperm banks in China was only 835, 
from one ART unit in the Hong Kong region, or 
one Andrology Department in Taiwan, which is 
very small compared to the large population of 
cancer patients in China. Chang et al. [5] report-
ed that during the study period, a total of 2642 
male patients younger than 45 years had a 
diagnosis of cancer in their hospital, and the 
total utilization rate of sperm cryopreservation 
was only 2.9% (75/2642).

The number of male patients referred for spe- 
rm cryopreservation has been progressively 
increasing in the past few years. According to 

Song et al. [10], the numbers who used the 
Shandong sperm bank during 2010, 2011, 
2012, 2013, and 2014 were 7, 13, 14, 13, and 
18, respectively; however, this number reached 
28 in 2015. At our unit [6], the number incre- 
ased four-fold, from 35 cases in 2012 to 137 
cases in 2015. In Hong Kong [13], the number 
increased 10-fold from 1995 to 2005.

More than one-third of patients had testicular 
tumors (263/734; 35.8%), whereas two studies 
including 184 patients did not report the type 
of malignancy of the enrolled patients. Only five 
articles [5, 6, 12-14] reported the usage rate of 
cryopreserved semen. The number of patients 
who returned to use their cryopreserved sperm 
for ART was only 26 (5.9%; 26/440). However, 
only four achieved successful live births. 

Discussion

Clinically applied modalities for fertility preser-
vation of male cancer patients include sperm 
cryopreservation, and cryopreservation of tes-
ticular tissue or germ cells. Cryopreservation of 
semen samples is the main option for male fer-
tility preservation [15]. Before puberty, sper-
matogenesis is absent and cryopreservation of 
spermatozoa is not an option. Some Oncofertility 
Programs collect and freeze testicular stem 
cells containing spermatogonial stem cells. An 
increasing number of institutions throughout 
Europe are now offering fertility preservation to 
prepubertal boys. Goossens et al. [16] started 
banking testicular tissue in 2002, and they 
have stored testicular tissue from 47 boys. 

There are limited data available regarding fertil-
ity preservation for male cancer patients in 
China. Only nine studies from seven sperm 
banks in mainland China were found, one ART 
unit in Hong Kong and one Andrology Depart- 
ment in Taiwan. Until October 2017, a total of 
835 Chinese male cancer patients who had 
undergone sperm cryopreservation had been 
reported. The incidence of all cancers was 
293.79 per 100,000 for males in 2013 [17]. 
This suggests under-utilization of these ser- 
vices. In China, before the year 2000, there 
were only three units that reported providing 
sperm cryopreservation services for patients. 
However, due to the efforts of physicians, the 
number of male patients who have frozen and 
preserved their semen has been progressively 
increasing during the past few years. However, 
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currently there have been no units that provide 
testicular tissue or spermatogonial stem cell 
cryopreservation in China. 

For patients to receive proper fertility counsel-
ing, not only reproductive physicians but also 
other health care providers must be educated 
about fertility preservation options and must 
have resources readily available to provide this 
care. Developing fertility preservation programs 
are a good approach to meeting these needs  
in China. Johnson and Kroon [18] reported  
an eight-fold increase in the number of male 
adolescents and a 90% referral rate for male 
adolescents receiving fertility counseling be- 
fore treatment. Furthermore, clinical guidelines 
have an important role in fertility. However, 
there are no practice guidelines advocating fer-
tility preservation for men or physicians in 
China. A survey administered to doctors in 
Qingdao, China [19], showed that most physi-
cians know that cancer will impair fertility, but 
only 60.0% of physicians advise their patients 
to utilize sperm cryopreservation and many of 
them do not how to preservation the fertility for 
their patients. Due to the special relationship 
between physicians and patients in this coun-
try [20], some staff members at the sperm 
bank do not actively participate in fertility pres-
ervation because there are no relevant laws 
and regulations defining clear responsibilities, 
and new techniques may increase medical 
risks and medical problems. Many patients 
never return to the sperm bank after sperm 
cryopreservation, and the staff cannot contact 
them. Because there are no laws regarding how 
to dispose of samples, and because of the 
importance of the sperm, most sperm banks 
have chosen to continue to preserve it, which 
imposes a financial burden. In addition, in 
China, all ART services are private services. At 
our unit, preservation costs approximately CNY 
5000 for the first year and CNY 2000 for every 
year thereafter. This may be a heavy burden  
for low-income families who already need to 
pay for cancer treatments. 

Only 27 men (7.4%; 27/365) returned to use 
their cryopreserved sperm for infertility treat-
ments. This usage rate is similar to those re- 
ported by other international oncology-infertili-
ty centers (2% to 60%), yielding an aggregate 
value of 8% (95% CI, 8% to 9%) [21]. From an 
economic perspective, the effectiveness of 

sperm banking might be questioned. However, 
it should be realized that many patients were 
still young and single at the time of sperm  
cryopreservation. In addition, many of these 
patients may still be undergoing surveillance 
for cancer. Nonetheless, we strongly believe 
that sperm cryopreservation should be con- 
tinued for cancer patients because of long-
term sterility due to germ cell loss, even if only 
a few patients return for treatment.

There are several limitations to this study. First, 
only 9 articles could be found from seven 
sperm banks in mainland China, one from an 
ART unit in Hong Kong and one Andrology 
Department in Taiwan, even though these units 
are representative of China. Of the 7 sperm 
banks, they are representative of mainland 
China for the volume of business and their influ-
ence. Second, a detailed account of some char-
acteristics such as age, semen parameters, 
follow-up period, and efficacy of ART performed 
with cryopreserved sperm samples could not 
be done because most researchers in China 
were not concerned with this topic in the past. 
Some data were singled out from the articles 
that included data of fertility preservation for 
all men, not just cancer patients. Therefore, 
more attention should be focused on this topic, 
and specific studies are required to clarify this 
issue. 

The rate of azoospermia after chemotherapy 
ranges between 0% and 63% [22] Fertility pres-
ervation is very important for male cancer pa- 
tients, especially adolescents. Unfortunately, 
only a few patients realize the necessity of fer-
tility preservation. Sperm cryopreservation is 
the only method of fertility preservation for 
male cancer patients in China. Collection and 
freezing of semen are noninvasive procedures 
that do not require delays in starting treatment 
and can be proposed to most post-pubertal 
cancer patients. Advances in fertility preser- 
vation techniques using testicular tissue or 
spermatogonial stem cell cryopreservation and 
transplantation may be beneficial for prepuber-
tal boys in the future. However, there are no 
practice guidelines advocating fertility pre- 
servation for male cancer patients in China. 
Therefore, not only andrologists and reproduc-
tive physicians but also oncologists and other 
health care professionals should make an ef- 
fort to promote fertility preservation for male 
cancer patients. 
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