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Jeffrey E. Roberts, MD

Fertility preservation for young 
cancer patients 
Subfertility and gonadal failure are possible after childhood 
exposure to chemotherapy, making future reproductive function  
a growing survivorship issue that must be addressed.

ABSTRACT: Recent advances in 

cryopreservation are providing ef-

fective fertility preservation op-

tions for young Canadians requiring 

chemotherapy for cancer. Both fe-

male and male patients can opt to 

freeze gametes before undergoing 

treatment. Embryo, oocyte, and 

ovarian tissue freezing are possible 

for females, and sperm freezing is 

possible for males. The decision to 

proceed with fertility preservation 

is made by taking into account the 

patient’s age, diagnosis, oncology 

treatment plan, fertility status, and 

personal/social situation. Manage-

ment should include surveillance of 

ovarian reserve, counseling on fertil-

ity and sexual health, and provision 

of egg and embryo banking in cas-

es where the patient’s reproductive 

lifespan is likely to be significantly 

reduced. Barriers to fertility preser-

vation include a lack of awareness 

and the high cost of these services. 

A multidisciplinary approach to care, 

education of oncology professionals 

and patients on issues related to re-

production, and better funding can 

help ensure that cancer patients re-

ceive timely counseling and appro-

priate fertility preservation services. 

M odern chemotherapeutic 
protocols are highly effec-
tive at destroying malignant  

cells, but also damage ovaries and  
testicles in the process, leading to 
infertility in a sizable percentage of 
patients. This is a challenging survi-
vorship issue faced by fertility spe-
cialists and cancer specialists alike. 
Most young cancer survivors desire 
future pregnancy, and the psycho-
logical impact of infertility can be 
greater than the effects of the cancer 
itself, with overt PTSD seen in some 
cases.1 Fertility preservation treat-
ments can increase the likelihood of 
future pregnancy. More importantly, 
they can also provide patients with 
hope and a positive distraction dur-
ing a very negative time in their lives. 
Young patients often have a limited 
understanding of their own reproduc-
tion and what options exist through 
modern assisted reproductive tech-
nology (ART), and are unlikely to 
seek advice on fertility preservation; 
therefore, referral to a fertility spe-
cialist with the ability to discuss and 
deliver these services is critical. 

Ovarian reserve testing
Ovarian reserve (the pool of primor-
dial follicles) and reproductive poten-
tial both decline as women age.2 The 

reduction in natural fertility with age 
is mirrored by the lower pregnancy 
rates with medical fertility treatments 
such as in vitro fertilization (IVF). 
Chemotherapeutic agents acceler-
ate the age-related loss of primordial 
follicles through an increase in re-
cruitment of ovarian follicles (burn-
out theory), apoptosis of supporting 
granulosa cells, and disappearance of 
eggs.3,4 The toxicity of chemothera-
peutic treatments varies according 
to the specific agents administered, 
dose, and protocol, and the reproduct-
ive potential of the patient at the time 
of treatment.5-8 Primordial follicles 
are not mitotically active, so they 
are still sensitive to alkylating agents 
(a mainstay of most combination 
chemotherapy), which are cell cycle-
independent drugs that can cause dir-
ect DNA damage. 
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The clinical measure of reproduc-
tive toxicity has traditionally been 
ovarian failure rates, which range 
from less than 20% to over 80%. Re-
gardless of the type of chemothera-
peutic agent administered, at least a 
portion of the ovarian reserve will be 
lost, even if this is not immediately 
apparent clinically.9,10 Ovarian failure 
occurs when a woman’s follicle popu-

lation drops to a point where hormone 
fluxes are inadequate to maintain a 
normal menstrual cycle. In terms of 
the capacity to conceive with her own 
eggs, a patient is rendered sterile at 
this point. 

Normal menstrual function can 
be sustained with less than 10% of 
ovarian mass, making ovarian failure 
a very late measure of reduced fertil-
ity. Even if a patient is deemed to be 
at minimal risk for premature ovarian 
failure, it is safe to assume that her 
reproductive lifespan will be short-
er despite the resumption of regular 
menstrual cycles.4,11-15 A survey of 
2532 cancer survivors between the 
ages of 18 and 40 showed that infer-
tility rates were higher than rates of 
acute ovarian failure, highlighting the 
fact that the impact on fertility can be 
underestimated if the focus is simply 

on menstrual disruption.10 For breast 
cancer, which is the most common 
cancer in reproductive-age women, 
chemotherapy likely advances repro-
ductive age by at least 10 years. 

The decision to proceed with fer-
tility preservation treatments requires 
taking into account the patient’s age, 
diagnosis, oncology treatment plan, 
fertility status, and personal/social 

situation. Even if not undergoing go-
nadotoxic treatments, all reproduc-
tive-age women now have the option 
to improve on the prospects of future 
pregnancy through ART, and the de-
cision-making process is largely the 
same, albeit less urgent. In the case 
of breast cancer, plans must account 
for the 2-year period of recurrence 
observation following completion 
of chemotherapy and the lengthy 
delays possible when adjuvant hor-
mone therapies are employed. It is 
important that the oncology team be 
consulted prior to initiating fertility 
preservation treatment. Careful coor-
dination of the fertility preservation 
protocol is required to allow for the 
timely delivery of the cancer treat-
ment, with a clear understanding that 
cure takes precedence. 

Ovarian reserve testing is impor-

tant for tailoring a woman’s ovarian 
stimulation protocol and for provid-
ing a reasonable estimate of her like-
lihood of pregnancy in the future. All 
measures of ovarian reserve are af-
fected by chemotherapy, and patients 
with a history of chemotherapy expo-
sure appear to have a lower potential 
for pregnancy.16 A cycle day 3 follicle- 
stimulating hormone serum level has 
been the standard way to evaluate 
ovarian reserve for many years, with 
anti-Müllerian hormone (AMH) level 
now proving to be a better predictor 
of reproductive outcomes and a more 
convenient option, as it can be per-
formed at any time in the menstrual 
cycle. Unfortunately, AMH testing 
is not an insured service in BC, cost-
ing approximately $70. In combina-
tion with patient age, the AMH level 
is also useful for quantifying the ef-
fects of chemotherapy in individuals, 
for predicting response to ovarian 
stimulation, live birth rates, and for 
ovarian reserve surveillance.17,18 A 
transvaginal pelvic ultrasound with 
antral follicle count is an essential 
part of the basic fertility assessment 
of these patients, and is as predic-
tive as the AMH level for ovarian re-
sponse to gonadotropins.19

In vitro fertilization 
and embryo freezing
The mainstay of fertility preservation 
in female patients is the freezing of 
egg and embryos generated through 
the IVF process.20,21 It is important to 
minimize any delay of cancer treat-
ments and to maximize the number of 
eggs without causing undue discom-
fort for the patient or complications 
such as ovarian hyperstimulation syn-
drome or ovarian torsion. With con-
current use of aromatase inhibitors, 
gonadotropins can be administered to 
maximize embryo yield while mini-
mizing the normally elevated estro-
gen levels encountered during these 

For breast cancer, the most common 

cancer in reproductive-age women, 

chemotherapy likely advances 

reproductive age by at least 10 years.
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treatments, which can be particularly 
important for the breast cancer pa-
tient. IVF protocols are principally 
defined by the methods used to block 
the surge of luteinizing hormone. In-
hibiting the ovulatory process allows 
for the precise timing of the egg re-
trieval procedure and prevents pre-
mature luteinization of the uterus to 
allow for transfer of fresh embryos. 
Gonadotropin-releasing hormone 
antagonist protocols provide the 
most flexibility for ovarian stimula-
tion. These treatment cycles tend to 
be shorter, require less gonadotropin 
medication (which reduces costs), 
and can virtually eliminate the risk of 
ovarian hyperstimulation syndrome 
when a gonadotropin-releasing hor-
mone agonist (GnRHa) is adminis-
tered to trigger final maturation of 
eggs for harvest.22 The ultimate goal 
is to maximize the number of eggs 
retrieved, while minimizing any risks 
and delay of cancer treatments.

Cryopreservation of embryos has 
remained the principal fertility pres-
ervation treatment for decades. It is 
employed by all IVF clinics for the 
banking of supernumerary embryos 
generated through IVF and for situ-
ations when pregnancy is ill-advised 
for medical reasons or is being delayed 
for social reasons. The likelihood of 
future pregnancy depends on the pa-
tient’s age, the number of embryos 
obtained, and the number of IVF cy-
cles performed. Of great importance 
is the growing body of evidence that 
demonstrates higher pregnancy rates 
and better perinatal outcomes when 
a frozen embryo transfer rather than 
a fresh embryo transfer is used.18,23-27  
A recent exciting advance in the tech-
nology is the use of embryo biopsy 
techniques for choosing embryos 
for use, by screening out aneuploidy 
(comprehensive chromosomal screen-
ing) and single gene defects (preim-
plantation genetic diagnosis).28 

Oocyte and ovarian 
tissue freezing
For women wanting reproductive 
autonomy, or those without a male 
partner, oocyte cryopreservation 
has become the standard method of 
preserving fertility. Historically, the 
technique has been beset by lower 
pregnancy rates compared with em-
bryo cryopreservation, but improve-

ments have been seen with recent 
advances in vitrification, the flash-
freezing technology now being of-
fered by most Canadian IVF clinics. 
The poor outcomes of the past were 
related to several technical challen-
ges inherent in freezing and thawing 
of oocytes, the largest human cells. 
Mature (meiosis II) eggs provide the 
best chance for pregnancy, but have 
several characteristics that make them 
susceptible to cryodamage, including 
large size (low surface area to volume 
ratio) and high water content, which 
makes the egg vulnerable to ice crys-
tal formation, rupture, and limited 
permeability to cryoprotectant solu-
tions. Recent studies have found 
pregnancy rates with frozen eggs ap-
proaching those of fresh.29,30 Despite 
the potential obstacles, clinical and 
neonatal outcomes to date attest to the 

safety of this technology, and it is now 
recognized by the Canadian Fertility 
and Andrology Society as a standard 
of care.31

Reports of reduced amenorrhea 
rates in young women using adjuvant 
gonadotropin-releasing hormone ag-
onists throughout chemotherapy have 
prompted research into the protective 
properties of GnRHa for the ovary. 

Proposed mechanisms of action in-
clude hypogonadotropism-induced 
ovarian quiescence, reduction of 
ovarian blood flow, and agonistic ef-
fects on ovarian receptors for gonad-
otropin-releasing hormone. Although 
not presently endorsed by the most 
recent guideline of the American So-
ciety of Clinical Oncology (2013) as 
a standard method of fertility preser-
vation,7 two large RCTs suggest that 
a reduction in the risk of premature 
menopause is approximately 50% in 
patients undergoing chemotherapy 
for breast cancer.32,33 GnRHa adminis-
tration prior to and during chemother-
apy is presently used widely in BC.

Since the first experiments with 
ovarian transplantation in animals, 
steady advances have been made in 
human subjects.7 Patients receiving 
chemotherapy or radiotherapy that 

For women wanting reproductive autonomy, 

or those without a male partner, oocyte 

cryopreservation has become the standard 

method of preserving fertility.
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targets the ovary can be considered 
candidates for ovarian tissue cryo-
preservation, particularly if they are 
undergoing abdominal surgery. At an 
appropriate time after completion of 
the patient’s cancer therapy, the tis-
sue is thawed and transplanted ortho-
topically or heterotopically within the 
pelvis. The major barrier for this tech-
nology is survival of the transplant. 
With fewer than 100 documented 
live births from transplanted ovar-
ian tissue, the potential for reseeding 

of metastatic disease, and the surgi-
cal risks inherent in undergoing two 
procedures, ovarian transplantation is 
considered experimental and gener-
ally reserved for cases where oopho-
rectomy is already planned. 

Sperm freezing
For men, fertility preservation typ-
ically involves cryopreservation of 
ejaculated sperm.7 Rarely, surgical 
collection directly from the epididy-
mis or testicle is required. The testicle 
is very sensitive to even low doses of 
systemic chemotherapeutic agents. 
Additionally, cancer patients com-
monly present with reduced sperm 
counts secondary to their illness. Re-
duction of spermatogenesis results 
from effects on the epithelium. Ley-
dig function is typically unaffected, so 

testosterone deficiency is uncommon. 
Oligospermia and azoospermia rates 
range from 70% to 98% depending 
on the follow-up period. Spermato-
genesis can recover at variable times, 
so long-term sperm testing is rec-
ommended.34 Some patients are ren-
dered azoospermic for life, and one 
study found cancer survivors were 
50% more likely to be infertile.34,35 
Importantly, fetal malformation rates 
are elevated for up to 2 years follow-
ing chemotherapy, so sperm should 

be banked prior to treatment for both 
fertility preservation and the health of 
any offspring.36 The amount of sperm 
required for banking will depend on 
the clinical scenario, timeline to treat-
ment, and availability of the patient.

Preserving fertility in 
children and adolescents
Cure rates for childhood cancers ex-
ceed 80% for most types. Despite 
the larger ovarian reserve of most 
young patients going into treatment, 
subfertility and gonadal failure are 
possible after childhood exposure to 
chemotherapy, making future repro-
ductive function a growing survivor-
ship issue for these patients as they 
transition into adulthood. The Child-
hood Cancer Survivor Study, which 
compared patients exposed to chemo-

therapy with randomly selected sib-
lings, found a thirteenfold increase in 
the rate of ovarian failure in female 
cancer survivors.37 

Children and adolescents with 
cancer are frightened, but their ability 
to understand the impact that medical 
treatments will have in future should 
not be discounted. They typically lack 
knowledge about their own reproduc-
tion and existing technologies for as-
sisting with fertility, but do eventually 
want children.1 Assuming that fertility 
preservation procedures are technical-
ly possible, all fertility preservation 
techniques are available to these pa-
tients. There are no legal restrictions 
in Canada to the application of assist-
ed reproductive technology in pediat-
ric cases, so long as the reproductive 
material is reserved for the patient. 

Decisions on proceeding with 
treatment need to respect the patient’s 
level of understanding of the medical 
issues, as well as the risks and ben-
efits of the technologies. For girls, 
challenges with vaginal procedures 
can often be addressed with the use 
of transabdominal pelvic ultrasound 
for monitoring of ovarian stimulation 
and general anesthesia for harvesting 
of eggs. For boys, sperm recovery 
will depend on their stage of sexual 
development. Masturbation and ex-
posure to pornography present ethi-
cal concerns, but for the most part is 
the only feasible approach. Obtaining 
appropriate consent is critical before 
employing invasive techniques such 
as testicular sperm retrieval and elec-
troejaculation. As well, a fair estimate 
of the probability of obtaining mature 
sperm is needed.

In terms of reproductive health, 
transition to adulthood is poorly ad-
dressed by our medical system. Ad-
equate management should include 
ovarian reserve surveillance, coun-
seling on fertility and sexual health, 
and provision of egg and embryo 

Children and adolescents with cancer are 

frightened, but their ability to understand 

the impact that medical treatments will 

have in future should not be discounted. 
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banking in cases where a woman’s 
reproductive lifespan is likely to be 
significantly reduced. All patients 
must be made aware of the fact that 
pregnancy is possible in the vast ma-
jority of cases, irrespective of gonadal 
function, through the use of egg and 
sperm donation technologies. In the 
event of premature ovarian failure, 
patients should be counseled on the 
use of hormone replacement. 

Barriers to services
Recent advances in cryopreservation 
are providing effective fertility pres-
ervation options for Canadians, yet 
barriers to services exist for cancer 
patients. A multidisciplinary approach 
to care and education of oncology pro-
fessionals and patients on issues relat-
ed to reproduction are both required. 
More work is needed to increase 
awareness in BC and to ensure that 
patients receive appropriate fertility 
preservation counseling and services 
in a timely manner. The high cost of 
these services must also be addressed. 
Presently, only Ontario and Quebec 
provide funding for egg, sperm, and 
embryo banking. Fertile Future, a 
national charity that is committed to 
making these treatments affordable 
for cancer patients, currently provides 
up to $3000 toward clinical costs for 
female patients and $350 for male pa-
tients. The pharmaceutical companies 
that manufacture gonadotropins used 
in IVF have been providing compas-
sionate medications for many years. 
No area of our profession is more in 
need of public support and we will 
continue to lobby provincially and 
federally for these critical services.

Summary
While modern chemotherapeutic 
protocols are highly effective at de-
stroying malignant cells, they also 
lead to infertility in a sizable percent-
age of patients. This is a challenging 

survivorship issue for fertility spe-
cialists and cancer specialists alike. 
Fertility preservation for males usu-
ally involves freezing sperm, and for 
females involves ovarian reserve sur-
veillance and freezing of embryos, 
oocytes, or ovarian tissue. Young pa-
tients with cancer should be referred 
to a fertility specialist with the ability 
to discuss and deliver these services. 
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Fertility preservation for cancer patients
• Breast cancer is the most common cancer in reproductive-age woman.

• Alkylating agents used in chemotherapy are gonadotoxic.

• The ability to have children in future is important to the majority of 
cancer patients.

• Options for fertility preservation include:
– Embryo freezing (with partner sperm or donor sperm).
– Oocyte freezing.
– Ovarian tissue freezing (experimental).
– Sperm freezing.

• Fertility preservation can generally be performed at little or no cost to 
the patient through the Fertile Future Foundation.



222 bc medical journal vol. 60 no. 4, may 2018 bcmj.org

Fertility preservation for young cancer patients

12. Larsen EC, Muller J, Schmiegelow K, et 

al. Reduced ovarian function in long-term 

survivors of radiation- and chemotherapy-

treated childhood cancer. J Clin Endo-

crinol Metab 2003;88:5307-5314.

13. Larsen EC, Muller J, Rechnitzer C, et al. 

Diminished ovarian reserve in female 

childhood cancer survivors with regular 

menstrual cycles and basal FSH <10 IU/l. 

Hum Reprod 2003;18:417-422.

14. Thomas-Teinturier C, El Fayech C, Oberlin 

O. Age at menopause and its influencing 

factors in a cohort of survivors of child-

hood cancer: Earlier but rarely premature. 

Hum Reprod 2013;28:488-495.

15. Barton SE, Najita JS, Ginsburg ES. Infertil-

ity, infertility treatment, and achievement 

of pregnancy in female survivors of child-

hood cancer: A report from the Childhood 

Cancer Survivor Study cohort. Lancet 

Oncol 2013;14:873-881.

16. Dolmans MM, Demylle D, Martinez- 

Madrid B, Donnez J. Efficacy of in vitro 

fertilization after chemotherapy. Fertil 

Steril 2005;83:897-901.

17. Arce JC, La Marca A, Mirner Klein B, et al. 

Antimullerian hormone in gonadotropin 

releasing-hormone antagonist cycles: 

Prediction of ovarian response and cumu-

lative treatment outcome in good-progno-

sis patients. Fertil Steril 2013;99:1644-

1653. 

18. Brodin T, Hadziosmanovic N, Berglund L,  

et al. Antimüllerian hormone levels are 

strongly associated with live-birth rates 

after assisted reproduction. J Clin Endo-

crinol Metab 2013;98:1107-1114.

19. Scheffer GJ, Broekmans FJ, Dorland M, 

et al. Antral follicle counts by transvaginal 

ultrasonography are related to age in 

women with proven natural fertility. Fertil 

Steril 1999;72:845-851.

20. Cakmak H, Rosen MP. Ovarian stimula-

tion in cancer patients. Fertil Steril 2013; 

99:1476-1484.

21. Morris SN, Ryley D. Fertility preservation: 

Nonsurgical and surgical options. Semin 

Reprod Med 2011;29:147-154.

22. Oktay K, Turkcuoglu I, Rodriguez-Wall-

berg KA. GnRH agonist trigger for women 

with breast cancer undergoing fertility 

preservation by aromatase inhibitor/FSH 

stimulation. Reprod Biomed Online 2010; 

20:783-788.

23. Shapiro BS, Daneshmand ST, Garner FC, 

et al. Evidence of impaired endometrial 

receptivity after ovarian stimulation for in 

vitro fertilization: A prospective random-

ized trial comparing fresh and frozen-

thawed embryo transfer in normal re-

sponders. Fertil Steril 2011;96:344-348. 

24. Rogue M, Lattes K, Serra S, et al. Fresh 

embryo transfer versus frozen embryo 

transfer in in vitro fertilization cycles: Asys-

tematic review and meta-analysis. Fertil 

Steril 2013;99:156-162.

25. Pelkonen S, Koivunen R, Gissler M, et al. 

Perinatal outcome of children born after 

frozen and fresh embryo transfer: The 

Finnish cohort study 1995-2006. Hum Re-

prod 2010;25:914-923.

26. Marino JL, Moore VM, Willson KJ, et al. 

Perinatal outcomes by mode of assisted 

conception and subfertility in an Australian 

data linkage cohort. PLoS One 2014; 

9:e80398. 

27. Wennerholm UB, Henningsen AK, Ro-

mundstad LB, et al. Perinatal outcomes of 

children born after frozen-thawed embryo 

transfer: A Nordic cohort study from the 

CoNARTaS group. Hum Reprod 2013; 

28:2545-2553.

28. Forman EJ, Hong KH, Treff NR, Scott RT. 

Comprehensive chromosome screening 

and embryo selection: Moving toward 

single euploid blastocyst transfer. Semin 

Reprod Med 2012;30:236-242.

29. Cobo A, Garia-Velasco JA, Coello A, et al. 

Oocyte vitrification as an efficient option 

for elective fertility preservation. Fertil 

Steril 2016;105:755-764.

30. Doyle JO, Richter KS, Lim J, et al. Suc-

cessful elective and medically indicated 

oocyte vitrification and warming for au-

tologous in vitro fertilization, with pre-

dicted birth probabilities for fertility pres-

ervation according to number of 

cryopreserved oocytes and age at retriev-

al. Fertil Steril 2016;105:459-466.

31. Canadian Fertility and Andrology Society. 

Position statement on egg freezing. Octo-

ber 2014. Accessed 8 March 2018. 

https://cfas.ca/public-affairs/position-

statements/.

32. Del Mastro L, Boni L, Michelotti A, et al. 

Effect of the gonadotropin-releasing hor-

mone analogue triptorelin on the occur-

rence of chemotherapy-induced early 

menopause in premenopausal women 

with breast cancer: A randomized trial. 

JAMA 2011;306:269-276.

33. Moore HC, Unger JM, Phillips KA, et al. 

Goserelin for ovarian protection during 

breast-cancer adjuvant chemotherapy. N 

Engl J Med 2015;372:923-932.

34. Rivkees SA, Crawford JD. The relation-

ship of gonadal activity and chemother-

apy-induced gonadal damage. JAMA 

1988;259:2123-2135.

35. Green DM, Kawashima T, Stovall M, et al. 

Fertility of male survivors of childhood 

cancer: A report from the Childhood Can-

cer Survivor Study. J Clin Oncol 2010; 

28:332-339.

36. Guillaume M, Walschaerts M, Le Mit-

ouard M, et al. Impact of Hodgkin or non-

Hodgkin lymphoma and their treatments 

on sperm aneuploidy: A prospective study 

by the French CECOS network. Fertil Ster-

il 2016;107:341-350.

37. Green DM, Kawashima T, Stovall M, et al. 

Fertility of female survivors of childhood 

cancer: A report from the Childhood Can-

cer Survivor Study. J Clin Oncol 2009; 

27:2677-2685.


