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EFFECTS OF RADIOTHERAPY

FUTURE PROOFING FOR 
RT PATIENTS
ZIYAD AL – DIBOUNI

The impact of radiation therapy on fertility and the preservation 
options available. 

T
he early detection of malignancies along with 
the combined use of surgical intercession, 
chemotherapy and radiation therapy (RT) has 
improved the long-term survival rates and quality 
of life of cancer survivors1-4.

The main concept of RT is using ionising radiation 
to cause damage to tumour cells’ DNA, disrupting their 
cell cycle and eventually leading to cell death5. RT can 
be administered as external beam therapy, intracavity or 

as adjuvant therapy5, but exposure to ionising radiation 
can also affect healthy, dividing and non-dividing 
cells causing physiological issues such as infertility 
or premature gonadal failure6. Non-dividing cells are 
affected less by RT which is given over the course of 
a few weeks (fractions)7 in order to reduce the effect 
on dividing cells6. The impact of RT varies between 
individuals and is dependent on the patients age, gender, 
fractionation schedule, the exposure dose and field of 
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treatment8,9, but one of the most common concerns 
faced by younger patients is their ability to reproduce 
and start a family post-treatment10.

Specific guidelines have been developed to form 
fertility treatment plans around these factors while taking 
into account the relationship status of the patient, the 
presence or absence of a male partner and the likelihood 
of ovarian metastases occurring11. However, some 
patients do not receive the necessary counselling11 which 
should be offered, highlighting the potential effect 
treatment may have on their future ability to reproduce, 
the preservation options available, as well as quality of 
life and challenges of parenthood after cancer6.

The aim of this paper is to explore and discuss the 
effects of radiation therapy on fertility, followed by the 
established preservation techniques available for both 
males and females. The legal and ethical implications of 
these techniques will also be reviewed.

METHOD
A review of the literature was performed across PubMed, 
ScienceDirect and Oxford Academic with additional 
sources being located from citation lists of relevant 
articles. 

Journal articles from 2009 onwards were included 
to ensure relevance and reliability while articles not in 
English, not free to access and in press were excluded. 

Studies that reported radiation therapy of the head 
and neck region were also included in this study 
because of the association between the gonads and the 
hypothalamic-pituitary axis. Articles that described the 
biological effects of radiation therapy, discussed the legal 
and ethical implications and suggested preservation 
techniques were eligible for inclusion, in order to 
achieve the aims of this manuscript.

Search parameters were refined by using Boolean 
connectors and utilised the keywords: radiation therapy, 
cancer treatment, fertility, preservation, bioethics, 
assisted reproductive technique (ART), infertility, cancer, 
radiotherapy and reproductive health.

RESULTS
After searching the keywords across PubMed, 
ScienceDirect and Oxford Academic, a total of 1424 
articles were identified. From these articles, 808 were 
removed after screening against the inclusion (journal 
articles from 2009 onwards) and exclusion criteria 
(non-English, in press and non-free articles) resulting 
in 616 free access journal articles. Further assessment 
of these articles resulted in 440 being removed due to 
non-relevance and duplication, leaving 176 full text 
articles being selected for abstract review. After screening 
of citation lists, a total of 17 additional articles were 
identified, resulting in 45 articles being used in this 
review. 

The inclusion and exclusion process for these articles 
is shown in Figure 1 in the form of a PRISMA diagram. 

MALE FERTILITY AND PRESERVATION
In starting abdomen/pelvic RT, male patients may 
still be able to produce sperm in the first two months 
due to the relative resistance of matured germ cells12. 
The testes do however, have a very low threshold to 
ionising radiation with immature germ cells being 
more radiosensitive13,14. RT impacts fertility in a dose 
dependent manner, with an inverse relationship existing 
between the patients age at the time of treatment14,15. 
Higher doses to the gonads increases the possibility of 
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azoospermia and oligozoospermia occurring15,16, with 
doses between 0.1-1.2Gy and greater than 4Gy resulting 
in oligozoospermia and sterility respectively9,14,17. 
Doses greater than 1.2Gy from fractionated RT can 
result in irreversible azoospermia and men undergoing 
intensity-modulated RT for prostate cancer can receive 
scattered dose of between 0.93-6.3Gy18. It should be 
noted in some cancers such as Hodgkin’s lymphoma 
fertility preservation may not be possible as azoospermia 
would be present before commencement of RT19. 
According to Vigersky et al, this is due to the association 
of gonadal dysfunction in Hodgkin’s lymphoma20, and 
so highlights the importance of establishing reproductive 
capability prior to treatment.

The establishment of male fertility is conducted by 
sperm analysis looking at sperm concentration, motility 
and morphology19, while the ability of sperm recovery 
depends on the surviving spermatogonial stem cells 
ability to differentiate12. Ionising radiation causes sperm 
DNA abnormalities and defects in sperm count and 
motility9,21, however damaged sperm can still retain 
the capacity of fertilisation due to the ART technique 
intracytoplasmic sperm injection (ICSI) (Table 1). 
Pregnancies derived from these defected sperm have 
an increased probability of producing offspring with 
congenital abnormalities and even cancer21. 

Sperm cryopreservation and storage is the simplest 
and main option of preservation in men21. Sperm is 
collected via masturbation pre-RT to ensure the integrity 
and quality of the sperm’s DNA. Multiple samples can be 
collected and frozen/stored for years6, while techniques 
such as ICSI can overcome the issue of low sperm count 
and motility9 to allow fertilisation of oocytes.

Preservation options in pre-pubertal males are limited 
(due to the lack of mature sperm) with testicular tissue 
cryopreservation being the only option26. This method 
aims to produce sperm from immature testicular tissue 
that is re-introduced into the seminiferous tubules27. 
Despite being an experimental approach to protect 
fertility in pre-pubertal males with testicular cancer, 
there are fears of cancer re-emergence26 along with the 
uncertainty of the re-introduced tissue being able to 
produce viable sperm28. Current research is concerned 
with studying the developmental pathway of germ 
cells in order to create embryonic stem cells from male 
testicular tissue29.

The most common surgical approach for the treatment 
of testicular cancer is the use of unilateral orchidectomy, 
which allows the patient to remain some capacity of 
fertility5, but some surgical intercession and radiation 
treatment of bladder and prostate malignancies can cause 
disruption to normal sexual function due to their close 
proximity to the gonads5,30.
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Technique Description

Intracytoplasmic 
sperm injection 
(ICSI)

This technique involves injecting the sperm into the oocyte, 
bypassing the glycoprotein layer called the zona pellucida that would 
have prevented interaction between the two in the first place22.

Embryo 
Cryopreservation

Gonadotropin injections are given to promote multi-follicular 
growth. The oocytes are then retrieved by transvaginal ultrasound 
guided needle aspirate under sedation before being fertilised23, by 
sperm in the laboratory.

In-Vitro 
Fertilisation (IVF)

This involves the mixing of sperm and egg in the laboratory allowing 
the formation of an embryo that is then returned to the uterus23.

In-vitro maturation 
(IVM)

IVM is the retrieval of immature oocytes which are then allowed to 
mature24 in the laboratory before being inseminated by male gametes, 
without requiring the need for ovarian stimulation.

Pre-implantation 
genetic diagnosis 
(PGD)

The screening of embryos to detect birth defects and offspring with 
a high risk of inherited cancers25. PGD is ethically accepted however 
concerns arise with regards to the storage or disposal of embryos 
containing the inherited cancers25.

Records identified through 
database searching 

(n = 1424)
Articles removed after 
applying inclusion and 

exclusion criteria 
(n = 808) 

Free Access Journal Articles 
identified 
(n = 616)

Articles removed due to 
duplication and not matching 

relevance 
(n = 440)

Full text articles selected for 
abstract review 

(n = 176)

Articles excluded after  
abstract screening 

(n =148)

Articles included found  
from citation list 

(n = 17)

Number of full text  
articles used  

(n =45)

Figure 1: PRISMA Diagram 
showing exclusion process.

Table 1: Description of assisted 
reproductive techniques.
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FEMALE FERTILITY AND PRESERVATION:
Exposing ovaries to ionising radiation from abdomen/
pelvic RT causes DNA damage to granulosa cells (which 
support the development of follicles and viability of 
oocytes in females), leading to cell death, follicular 
atrophy and depletion of the ovarian reserves31,32. 
From birth women have a predetermined number of 
oocytes, which naturally declines over time23. It has 
been estimated that doses between 10-20Gy and 4-6 
Gy8 in paediatrics and adults respectively, is needed to 
eradicate half of these ovarian reserves33. Moreover, it is 
thought that primordial oocytes are more resistant to RT 
than mature ones34, with an inverse square relationship 
occurring between the age of the patient, exposure dose, 
field of treatment and fractionation schedule31,35,36. 

Radiation to the pelvis causes anatomical and 
physiological changes to the vagina and uterus. Changes 
to the vagina include a loss of lubrication, stenosis and 
sexual issues being reported37, with RT diminishing 
uterine perfusion, volume, elasticity and endometrial 
thickness34. This can make participation in sexual 
intercourse problematic or unappealing, and changes 
to the uterine physiology can restrict its ability for 
embryo implantation and carrying a pregnancy to 
term34. The frequency of premature births, miscarriages 
and intrauterine growth restriction has been shown to 
be significantly higher in females who undergo pelvic 
RT9. Ionising radiation exposure to the cranium can 
also cause fertility impairment due to the disruption of 
hormonal regulation by the hypothalamic-hypophyseal-
ovarian axis38. This results in reduced secretions of 
gonadotrophins and can cause amenorrhoea eventually 
leading to infertility, with doses between 35Gy and 45Gy 
needed for this to occur32,38.

Embryo cryopreservation requires a male gamete in 
order to be of use and has a high success rate in leading 
to a clinical pregnancy23, with fertilisation occurring 
by ICSI or in-vitro fertilisation (IVF) (Table 1). This 
method (along with oocyte vitrification) requires up to 
12 days of ovarian stimulation with follicle-stimulating 
hormone (FSH) and daily visits for blood and ultrasound 
monitoring, before eggs can be harvested, fertilised and 
stored24,34. Some patients with hormonal dependent 
cancers such as breast cancer, may not be suitable 
for embryo cryopreservation due to the use of high 
oestradiol levels24,39.

Oocyte vitrification is more appealing to women with 
no partners or who do not wish to use sperm donors, 
or who are restricted by either their ethical or religious 
views40. The use of FSH in ovarian stimulation is thought 
to be associated with an increased risk of breast cancer 
re-emergence due to elevated serum oestrogen within 
the body24. The effect of this elevated oestrogen in other 
cancer patients is indistinct and so some patients may 
feel safer opting for in-vitro maturation24 (Table 1). 
Currently, embryo/oocyte cryopreservation remains the 
best possible conception option41, and so counselling is a 
necessity due to the ethics of embryo possession rights if 
couples decide to separate.

Pre-pubertal girls’ ovaries are unresponsive to the lack 
of hormones required for ovulation34 and so ovarian 
tissue cryopreservation is their primary preservation 
option24. This technique is still experimental and has a 
risk of re-introducing cancerous cells34, after ovarian 
tissue is re-implanted at a later date40. Promisingly, 
a retrospective analysis conducted in 2015, showed 
that out of the seven women who had ovarian tissue 
re-implanted, six became pregnant spontaneously with 
only one woman undergoing IVF42. 

Female fertility can also be preserved by contralateral 
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ovarian transposition, providing protection against 
direct RT as the ovaries are surgically relocated from 
their normal anatomical location35 depending on the 
size and location of the planned treatment area40. This 
allows the continuation of normal endocrine function35, 
and is considered standard practice in pre-menopausal 
women40. It has been estimated that half of patients 
undergoing this procedure retain some capacity of 
fertility, as it seems scatter radiation and vascular damage 
from the procedure causes failure36. In patients suffering 
from cancer of the cervix, loop excision techniques and 
radical trachelectomy allows the surgical management 
of the cancer while preserving the uterus and fertility5. 
However, in some cases, treatment options such as 
hysterectomy and bilateral oophorectomy, which 
impact fertility, are unavoidable5, thus the importance of 
preserving fertility pre-treatment.

LEGAL AND ETHICAL ASPECTS
Reproductive autonomy is a basic human right that 
does not involve one person, but a partner, the resultant 
child, extended family and society43. An individual can 
choose to preserve their fertility but society has no 
moral compulsion to help as it is seen as a liberty right 
rather than a claim right2. However, in a medical setting, 
doctors have a responsibility to repair what they damage 
under the ethical principle of non-maleficence, and so in 
the context of cancer treatment, reproductive autonomy 
goes from being a liberty right to a claim right44.

Due to economic concerns affecting society and 
healthcare organisations, some argue that fertility 
preservation can only be afforded by the few, thereby 
reinstating social dogmas44. Furthermore, some question 
if it is the best allocation of already scarce funding and 
resources of healthcare organisations26. 

The ethics of each treatment should be considered 
and whether or not it will serve the best interest of the 
patient. Some argue fertility preservation gives a sense 
of ‘false hope’ of reproduction when in reality this may 
not be possible2. However, counterarguments have said 
that this sense of hope may be the sole purpose a patient 
is willing to go through their treatment regime and 
overcome their disease2. 

An ethical study in a fertility clinic found that there 
were concerns for the future health of the child when 
parents were a carrier of a genetic disease45. The risk of 
passing on the ailment to the future child, as well as 
the impact on that child’s life if they grow up without 
a mother/father (in the event of the patient’s death44) 
has to be contemplated. However, with pre-implantation 
genetic diagnosis (Table 1), embryos containing the 
inherited cancer can be detected25. Spouses of deceased 
patients have legal rights to dispose or use stored gametes 
or embryos, providing this was agreed before death 
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occurred. However, there is a grey area of what fertility 
clinics should do with stored gametes and embryos 
in the event of the death of a cancer patient with no 
post-death plan, non-payment of fees or being lost to 
follow-up25.

Gamete cryopreservation are established techniques 
and some question if tissue cryopreservation should be 
offered due to its experimental nature42. In pre-pubertal 
children who are unable to cryopreserve sperm and eggs, 
these experimental treatments are their only option. Some 
contend it is unethical to use tentative procedures on 
infants and recommend their exclusion from being offered 
preservation44. Nevertheless, the Declaration of Helsinki 
does not discount children from experimental procedures, 
on the conditions that consent is obtained and the child 
accepts and comprehends what is being done44.

In the UK, parents of children under the age of 16 can 
give proxy consent to medical procedures if it is deemed 
to be in the best interest of the child9. A child can however, 
refuse treatment, if they are deemed to have the aptitude 
to understand the complexities associated with a cancer 
diagnosis2. To overcome this issue a ‘two-step’ consent 
process is being introduced where at the time of diagnosis 
a decision can be made to harvest and store gametes, with 
the decision on whether or not to use them being made at 
a later date when reaching adulthood2. 

STUDY LIMITATIONS
The reliance on previous publications that were free to 
access was a restriction of the search methodology along 
with the omission of non-English and in press articles, 
which could have resulted in the oversight of relevant 
information.

Despite the number of articles investigating the effects 
of RT on males outweighing those on females, a majority 
of the papers made female fertility preservation their 
main focus. This, along with the inability to compare and 
contrast the different doses gametes receive from treating 
gender specific cancers, further restricted the potential of 
impartial comparison between the sexes. 

An area of further study would be to compare 
and contrast the doses patients receive from RT and 
chemotherapy to see which has more of an impact on 
fertility.

CONCLUSION
Modern medicine has both improved accuracy in the 
diagnosis and treatment of cancers, thereby increasing the 
survival rate among patients. Sperm cryopreservation is 
the simplest and most effective technique and should be 
offered to all reproductive aged men pre-RT. Contralateral 
ovarian transposition remains the standard practice 
in being able to maintain female fertility and normal 
endocrine function, with embryo cryopreservation being 
the preferred alternative if treatment cannot be delayed.

Lastly, it is imperative that counselling should be 
offered at the time of diagnosis. In order to facilitate 
enhanced patient care, fertility preservation counselling 
should be conducted alongside any cancer treatment 
programme and done in a systematic way that covers 
the impact of RT on fertility, the post-RT consequences 
and the legal and ethical implications of proposed 
preservation.
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