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Sperm origin
The spermatozoon (one sperm) is a mature male germ cell with 

one half of the normal number of chromosomes of any species. It is 
produced in the seminiferous tubules of the testes and fertilizes the 
mature ovum containing one half of the number of chromosomes. It 
is microscopic in size, looks like a translucent tadpole, and has a flat 
elliptical head containing a spherical center section, and a long tail by 
which it propels itself with a vigorous lashing movement (Figure 1A). 

The semen, in addition to sperm, consists of secretions from 
the testes, seminal vesicles, prostate, and bulbourethral glands. The 
spermatogonia (Precursor cell of sperm) contribute by producing 
millions of sperm, while the Sertoli cells secrete fluid to act as a 
suspension for the transport of sperm from the seminiferous tubules and 
genital ducts.1 Different parts of the male urogenital system are shown 
in Figure 1B. The testes are composed of numerous seminiferous 
tubules, where sperm formation takes place. The seminiferous tubules 
mainly contain; spermatogonia which are stem cells of sperm, Sertoli 
cells and Leydig cells which produce testosterone (Figure 1C & 1D). 
After production, sperm are stored in epididymis and at the time of 
ejaculation, pass through the vas deference and urethra. Major volume 
of the semen is contributed by the seminal vesicles and prostate gland. 
The cellular component of the semen should only contain sperm. 
However, occasionally, other cells generally called round cells, 
like epithelial cells, immature germ cells and white blood cells are 
also observed. The presence of non-sperm cells, in semen may be 
indicative of testicular damage (if immature germ cells are present), 
pathology of the efferent ducts or inflammation of the accessory 
glands (if leukocytes are present). The acceptable limit of round cells 
in the semen is up to 1×106 cells per ml. 

Significance of sperm count

The normal lower reference limit for human sperm concentration 
is 15million (15×106) spermatozoa per mL and the lower reference 
limit for the total sperm number is 39×106 spermatozoa per ejaculate.2 
In natural conception only a few sperm reach the ampulla or the 

site of fertilization3 indicating that other are either lost in female 
reproductive tract or expelled after coitus. In intrauterine insemination 
procedure (IUI), 5million motile sperm are recommended for optimal 
conception. In the in vitro fertilization (IVF) procedure, generally 
100, 000 motile sperm are added per one mL of media and in the 
intra-cytoplasmic sperm injection (ICSI) procedure only one sperm 
is injected into each egg. Even in nature only one sperm fertilizes the 
egg. The option of conception, IUI, IVF or ICSI is mainly selected 
based on the number of progressively motile sperm in the ejaculate 
unless there is any other female factor infertility.

Figure 1 (A) Diagrammatic presentation of a sperm, (B) Diagrammatic 
presentation of male urogenital system. The sperm are produced in the 
tubules of testicle. The ejaculate consists of fluid produced by testes, seminal 
vesicles, prostate and bulb urethral glands. (C) A cross section of a tubule. 
Each testicle is composed of numerous tubules. (D) A magnified diagram of 
a section of the tubule. The spermatogonial cells are round but the mature 
sperm take the shape of a tadpole. 

The sperm concentration in the ejaculate varies from person to 
person and even in 2 ejaculates of the same person. It is therefore, 
recommended to report the total number of spermatozoa per ejaculate, 
as this parameter provides a measure of the capability of the testes to 
produce spermatozoa and the patency of the male reproductive tract. 
If no sperm is found in the ejaculate, centrifugation is performed to 
concentrate the sperm in the pellet. However, if no spermatozoa are 
observed in the sediment of the centrifuged ejaculate, azoospermia 
(no sperm) can be suspected. It may not be accurate to declare 
azoospermia based only on one ejaculate as sperm may be found 
in another ejaculate. Also, the centrifugation of ejaculated sample 
at 3000g for 15 minutes does not pellet all spermatozoa from an 
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Abstract

Cancer has significantly harmful effects on sperm count, motility and sexual life of the 
survivor, thereby adversely affecting the fertility and post cancer quality of life. Use of safer 
chemotherapeutic agents, protection from radiation damage, cryopreservation of sperm and 
testicular tissue and use of protective drugs to reduce testicular damage is recommended. 
More research is needed to safeguard fertility of cancer affected children as testicular 
tissue cryopreservation is the only fertility preservation option. Advanced understanding 
of in vitro sperm production is needed. In this era of advanced assisted reproduction, the 
minimum requirement for fertilization is one healthy sperm for one oocyte. Children born 
after chemotherapy do not have statistically significant increase in malignant neoplasms. 
Proper cancer counseling and referral for fertility preservation are of high importance 
to protect fertility. The focus of this review is to share knowledge of sperm formation, 
importance of sperm count, nature of damage to male fertility, remedies to overcome 
damage and to improve post cancer quality of life of male cancer survivors.
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ejaculate. The author recommend diluting the ejaculate with Hepes-
buffered media (1 part semen and 1 part media) before centrifugation 
and examining at least 3 ejaculates at weekly intervals to declare 
azoospermia. 

Other important sperm parameters

In addition to the sperm count, other parameters like sperm 
vitality, motility, morphology and composition of the seminal fluid are 
important for normal sperm function. The progressive sperm motility 
is related to pregnancy rates. The sperm motility should be assessed as 
soon as possible after liquefaction of the sample, preferably 30 minutes 
after ejaculation or within 1 hour following ejaculation, to limit the 
deleterious effects of dehydration, pH or changes in temperature. Each 
ejaculate contains motile and immotile spermatozoa at variable ratio.

Control of sperm production

The follicle stimulating hormone (FSH) and leutinizing hormone 
(LH) are produced by the anterior pituitary gland in response to 
stimulation by gonadotropin releasing hormones (FSH RH, LH RH) 
from the hypothalamus (Figure 2). The FSH induces expression of LH 
receptors on Leydig cells. The LH in turn stimulates the Leydig cells 
in the testicular interstitium to synthesize and secrete testosterone 
which supports spermatogenesis in the germinal epithelium and sperm 
maturation in the epididymis. The Sertoli cells produce inhibin B after 
stimulation by FSH. The secretion of inhibin B and testosterone results 
in a negative feedback to the pituitary and hypothalamus, thereby 
reducing the secretion of the pituitary gonadotropins. The healthy 
male hypothalamic-pituitary-gonadal axis controls two functions that 
are essential for male reproduction: the production of appropriate 
quantities of testosterone and the generation of healthy mature sperm 
capable of fertilizing an oocyte.

Figure 2 Diagrammatic presentation of endocrine pathways for regulation of 
sperm production. 

Effects of cancer on sperm count and patient’s sexual 
life

Cancer and its treatment may put survivors at risk of temporary 
or permanent infertility. The radiation and chemotherapy kill actively 
dividing cells. The cancer cells divide much more actively than most 
other body cells, so they are killed. In males, sperm cells also divide 
actively; therefore, they are also likely to be killed by chemotherapy 
and radiation. An increasing number of young survivors suffer 

subfertility or infertility after cancer treatment. Therefore, the impact 
of cancer treatment on future fertility of adolescent patients is of 
significant concern, both to the patients and their parents.4

The side effects of adolescent cancer treatment also include 
subsequent development of erectile dysfunction and hypogonadism in 
adulthood.5 The erectile dysfunction may be due to physiological and 
psychological changes due to diagnosis of cancer and its treatment. 
The hypogonadism can arise because of testicular radiation, 
chemotherapy or pituitary insufficiency after brain radiation or 
surgery. The hypogonadism results in low testosterone and poor sperm 
count in adolescent testicular cancer survivors, thus cause a negative 
effect on quality of sexual life. The childhood cancer survivors who 
are treated with chemotherapy and/or testis irradiation are at risk 
for gonadal dysfunction, independent of the age at which the cancer 
treatment is administered.6 The germinal epithelium is particularly 
sensitive to direct testicular radiation or by scatter radiation resulting 
from radiotherapy of pelvis, bladder and prostate. More than 50% of 
boys surviving childhood cancer are diagnosed with some degree of 
dysfunction of spermatogenesis.5 

The recovery of spermatogenesis in long-term survivors of 
childhood cancer depends on the type of cancer, type and duration 
of treatment and the organ involved. Azoospermia and oligospermia 
are common long-term side effects in male childhood Hodgkin’s 
lymphoma patients after radiotherapy and chemotherapy, especially 
when alkylating agents, e.g. mustine or procarbazine, are used.6 After 
chemotherapy, sperm production slows down or may stop altogether. 
Some sperm production usually returns in 1 to 4 years, but it can 
take up to 10 years. If sperm production has not recovered within 4 
years, it’s less likely to return. Regular follow up visits to determine 
spermatogenesis, sexual function and psychological wellbeing are 
recommended.

Difficulty achieving a pregnancy can certainly affect the quality 
of life for the patients and their families. These patients, therefore, 
should be followed up in an organized manner to address these issues 
after their treatment because infertility symptoms may not arise until 
many years after the cancer treatment. It is best that physicians discuss 
these risks with cancer patients before cancer treatment begins. The 
Ethics Committee of ASRM recommends that clinicians should 
inform patients receiving potentially gonadotoxic therapies about 
options for fertility preservation and future reproduction prior to the 
initiation of such treatment.7 All available options should be offered 
and can be performed alone or in combination, often without causing 
significant delay to cancer treatment.

Strategies to prevent cancer damage

Sperm cryopreservation: Sperm cryopreservation is the gold 
standard for maintaining fertility in male survivors of cancer. It is 
highly recommended for all males regardless of age and type of cancer. 
The frozen semen maintains the reproductive potential indefinitely 
while stored at the temperature of liquid nitrogen (-196˚C).8 
The other options are gonadal transposition, and testicular tissue 
cryopreservation and re-implantation.9 It is imperative to preserve the 
fertility of male cancer patient, as it is a basic human right.10

Successful pregnancies and deliveries have been reported after use 
of cryopreserved semen from cancer patients.11,12 It is recommended 
to obtain 2-3 ejaculates per patient before cancer treatment because 
sperm concentration, motility and quality of sperm are usually poor in 
cancer patients. The abstinence period of 48 hours is appropriate.13 In 
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emergency situations, if possible semen samples can be cryopreserved 
after 24 hours of abstinence or even 2 ejaculates on the same day can 
be frozen. 

The laboratories should decide the number of cryovials/straws 
based on the sperm concentration and motility. Efforts should be made 
to maximize the cryovials/straws as multiple units can be thawed if 
more sperm are needed. The repeated thawing and refreezing sperm 
will compromise their viability.14,15 With the advent of ICSI, one normal 
sperm per oocyte is needed and using cryopreserved spermatozoa, 
success rates are comparable to standard IVF and ICSI procedures 
in infertile couples.16 The idea is to preserve enough sperm for future 
procedures to meet future family needs. Usually semen samples from 
cancer patients are compromised and generally not suitable for natural 
conception or IUI. In such cases ICSI is the only choice. 

If ejaculation is not possible for the patient, electro-ejaculation, 
penile vibratory stimulation and search for spermatozoa in urine 
samples or in tissue retrieved by testicular sperm extraction (TESE) 
are useful alternatives.16 A post-ejaculation urine sample, to rule 
out retrograde ejaculation, is easy to collect and is less invasive. 
The sperm cryopreservation provider should train the staff in 
communicating/managing the adolescent cancer patients and their 
families about sperm cryopreservation and increase utilization of 
fertility preservation referrals to increase provision of service to 
males at risk before cancer treatment initiation.17 The staff must be 
knowledgeable about the infertility risks associated with cancer 
therapies and proactively address fertility with all patients who might 
one day wish to have a child.18 

Testicular tissue cryopreservation

Semen retrieval is not possible in pre-pubertal boys and may not 
always be possible in adolescents. In such cases, cryopreservation 
of testicular tissue (Isolated spermatogonial stem cells) is a viable 
means of preserving fertility.19 However, still there is challenge in 
pre-pubertal male’s testicular tissue cryopreservation. Although 
spermatogonial cells are present but mature spermatozoa are absent. 
In such cases testicular tissue preservation is needed to safeguard the 
best interests of the child.4 The author recommends that this option 
should be offered to pre-pubertal patients as scientific progress 
in this field is encouraging and in vitro spermatogenesis from 
spermatogonial cells may become a reality. To minimize trauma to the 
patients, testicular tissue extraction should be combined with other 
interventions requiring anesthesia, such as bone marrow sampling.20,21 

Overall long-term survival of childhood cancer has steadily 
increased up to about 80%, owing to optimized treatment regimens,6,22 
therefore, every possible option must be considered for fertility 
preservation. For adult patients with non-obstructive azoospermia, 
severe oligozoospermia, necrozoospermia or ejaculation disorders, 
TESE is often the only acceptable means of tissue/sperm retrieval for 
fertility preservation.22 

Use of drugs to reduce testicular damage

Another option, although still experimental, to prevent testicular 
damage, is the use of drug therapies that reduce the gonadotoxic 
impact of chem- or radiotherapy. Co-administration of the immune-
modulating compound AS101 during cyclophosphamide treatment 
appears to provide protection.22 Also use of precision medicine which 
takes into account the influence of individuals’ genes, environment 
and lifestyle exposures to tailor interventions is possible.23 Some 

biomarkers are increasingly capable of distinguishing genotypic or 
phenotypic traits of individual tumors, and are being linked to the 
selection of treatment protocols. For example platinum derivatives are 
commonly employed against solid tumors that kill cells by covalent 
attachment to DNA.24 

Effect of testicular cancer on fertility

Fertility may be poor during the two years before testicular cancer 
is discovered. Although only 1 to 3 percent of men with testicular 
cancer get cancer in both testicles, the cancer-free testicle may not 
be totally normal. Testicular germ cell tumors, account for more than 
97% of testicular cancers. Almost all testicular germ cell cancers 
are treated with surgery to remove the affected testicle, followed by 
radiation or chemotherapy. The 15-year survival rates for testicular 
cancer are 95%. Testicular cancer patients often face sexual and 
fertility problems after treatment. The men with bilateral testicular 
removal require lifelong testosterone supplementation.25 Most men 
with one healthy testicle may produce sufficient male hormones 
and sperm to continue sexual relations and father children, however, 
sperm banking is highly recommended prior to treatment.

Quality of life and future challenges for male cancer 
survivors

The quality of life may decline significantly during cancer treatment 
and may remain low for a variable period after cure. A significant 
number of cancer patients report lower overall physical well-being 
than their peers. Many survivors also suffer from a fear of recurrence 
of cancer.25 Also, patients experience a loss of support due to reduced 
contact with medical professionals. A good case management can 
improve quality of life and ease re-entry to normal life.26 

Cancer survivors may experience psychological distress due to 
effects of cancer treatment on their reproductive and sexual function 
and intimate relationships. Assessment of psychological health should 
be a key part of long term follow-up, and provision should be made for 
specialist psychological input where indicated.27 Although the negative 
psychosocial impact of cancer-related infertility is now well accepted, 
there is need to explore how to improve clinical management of fertility 
issues in the context of cancer care.18 Ideally a well-connected network 
of oncologists, fertility specialists and psychologists is required to 
address fertility preservation and reproductive health issues before 
and after the cancer treatment. The Fertility Consortium established 
at the North Western University, Chicago, USA <http://oncofertility.
northwestern.edu/> is a good example of interdisciplinary initiative 
designed to explore the reproductive future of cancer survivors.

Management of adolescent cancer patients

In adolescent cancer patients, screening for male gonadal 
functions should be carried out annually. The screening should consist 
of age-appropriate history with specific attention to growth, pubertal 
development and problems with libido, impotence, or fertility.4 
About 85% of the testicle is germinal tissue, so a reduced testicular 
size and soft consistency are indicative of decreased germinal tissue. 
Spermatogenesis can be verified directly by semen analysis or 
indirectly by serum levels of FSH and LH. An abnormal semen analysis 
is suggestive of either germ cell damage, ejaculatory dysfunction or 
hormone deficiencies. The male survivors of childhood cancer have 
a greater than 2.6-fold increased risk for erectile dysfunction. It is 
important that care giver pay attention to cancer survivor’s sexual 
health and make efforts for early detection and intervention.28
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Post cancer assisted reproductive technology results

The live birth rate using assisted reproductive technologies 
among cancer patients is at least comparable to that of the non-cancer 
population.29 Studies on women who conceived spontaneously many 
years after chemotherapy treatment found no statistically significant 
increase in congenital malformations or malignant neoplasms in the 
resulting offspring,7 or after assisted reproduction.30 However, if the 
patient has an inheritable cancer, technique of prenatal genetic testing 
provides a way to prevent transmission of that risk to offspring. 

The use of advanced technologies of assisted reproduction like 
ICSI,31 PICSI,32 calcium ionophore activation33 and sperm motility 
inducers,34 enhances successful pregnancies using extremely poor 
quality fresh or cryopreserved sperm. The granulocyte colony-
stimulating factor promotes proliferation of undifferentiated 
spermatogonia, leading to a modest enhancement of spermatogenic 
regeneration from surviving spermatogonia after high-dose alkylating 
chemotherapy.35

It is recommended that the cancer survivor with severe 
oligozoospermia (sperm counts ≤5×10⁶/mL) whose attempts to 
achieve pregnancy have been unsuccessful for 6 months or more, 
should be referred to a male reproductive health specialist for detailed 
counselling or consideration of sperm cryopreservation if not already 
performed regardless of sperm count. After one year of failed attempts 
to achieve pregnancy, couple should seek help from fertility specialist. 
A pre-pubertal patient who has no signs of puberty by 14 years of age 
or who shows failure of pubertal progression referral to a pediatric 
endocrinologist is recommended.36

Conclusion
Cancer survival rate has increased significantly; however, 

cancer and its treatment adversely affect fertility and sexual life of 
the survivors. Cancer is affecting children, adolescents and adults. 
Therefore, cancer treatment providers should train their staff to 
meet needs of each patient category and address not only the cancer 
treatment but also the fertility, sexual health and post cancer life quality. 
Ideally a well-connected network of oncologists, fertility specialists 
and psychologists is required to address fertility preservation and to 
overcome reproductive health challenges before and after the cancer 
treatment. 
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