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Chapter 28

In-vitro maturation for fertility preservation
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INTRODUCTION

Fertility preservation for females is a medical 
issue of the utmost importance that has recently 
gained attention by researchers, health-care 
providers, and the public. Fertility preserva-
tion should be considered in cases of patients 
with malignant diseases undergoing potentially 
gonadotoxic treatments, patients with other 
diseases undergoing similar treatments, such 
as some cases of systemic lupus erythematosus 
(SLE), and practically by all women at risk for 
premature ovarian failure. Fertility preservation 
may also be considered for women approaching 
their fourth decade without a partner to start 
a family but wishing to preserve their fertility 
potential.

INDICATIONS FOR FERTILITY 
PRESERVATION

Patients undergoing potentially 
gonadotoxic treatments

In the modern era, cancer is considered as a 
common lethal disease. It was estimated that in 
2003, over 650 000 new cases of female cancer 
were diagnosed in the USA. It is encouraging 

that during the last three decades there has been 
a tremendous improvement in the success rates 
of cancer treatments and a continual rise in the 
survival rates1. It is estimated that, in the fore-
seeable future, one in 250 people will be a cancer 
survivor2.

Unfortunately, the agents used for treatment 
of many types of cancer, even though success-
ful in up to 95% of patients, carry a considerable 
risk for the future fertility potential. Patients (and 
their families) are now seeking more than just 
cure for their disease – they wish to have other 
options to try to preserve their fertility potential 
for a future normal healthy and fulfilling life.

The ovaries, containing a limited number 
of germ cells, are prone to irreversible damage 
as a result of chemotherapy3. The ovaries may 
undergo follicular loss that may end up in a 
complete absence of follicles and ovarian fibro-
sis, leading to premature ovarian failure, infer-
tility, and a premature menopause4,5. The rates 
of premature ovarian failure and infertility are 
affected by many factors – particularly the age 
of the woman at the time of treatment. Young 
women and prepubescent girls are much more 
likely to retain some degree of ovarian function 
compared with women in their late 30s and 40s. 
Other features which affect the rates of ovarian 
failure are the type of disease, the duration of 
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treatment, and the combination of chemothera-
peutic agents.

Some drugs present a higher risk for ovar-
ian failure. Cyclophosphamide is the drug 
probably most associated with ovarian failure 
and subsequent infertility. Cyclophosphamide 
causes depletion of primordial follicles even 
at low doses, but the damage is dependent on 
both the dose and the cumulative dose given. 
Cyclophosphamide is used for treating both 
malignant diseases and non-malignant diseases 
such as SLE5–8.

The patient’s age correlates with the risk of 
premature ovarian failure. As age advances the 
ovarian primordial follicle pool declines and the 
woman has a shorter duration to ovarian failure 
after exposure to gonadotoxic drugs9. Even if the 
normal cycling pattern is resumed, patients who 
have been treated with gonadotoxic drugs are 
more prone to develop premature ovarian failure 
later in life10–12.

Ionizing radiation also causes a reduction 
in the primordial follicle pool; oocytes are sen-
sitive to radiation and show pyknosis, chromo-
some condensation, disruption of the nuclear 
envelope, and cytoplasmic vacuolization. These 
result in oocyte depletion and may cause ovarian 
failure and infertility13,14. The ovarian damage 
is dose related and the cut-off dose for ovarian 
damage depends on the age, extent, and type of 
radiotherapy. It was calculated that the thresh-
old for destroying 50% of the oocytes is 200 cCy. 
Less than 150 cCy will have minimal or no del-
eterious effect in young women, whereas 250– 
500 cCy will cause infertility in about 60% of young 
women (aged 15–40 years) and in almost 100% of 
women over 40 years13–15. Oophorectomy (with 
or without uterine conservation) in women with 
borderline ovarian cancers will also lead to iatro-
genic premature ovarian failure and infertility.

Patients with genetic abnormalities

Young patients with Turner’s syndrome mosaics 
are destined to have premature ovarian failure 

and infertility. However, adolescent girls with 
Turner’s syndrome mosaics may still have some 
follicles in their ovarian cortical tissue16. The 
follicles and/or oocytes retrieved may be pre-
served for future fertility. The issues of whether 
the oocytes retrieved from girls with Turner’s 
syndrome have a normal chromosomal comple-
ment and of their fertility potential still need to 
be addressed.

The fragile-X premutation is also associated 
with premature ovarian failure17, and female 
carriers should be advised of this risk and may 
consider fertility preservation. Obviously, any 
oocytes or embryos cryopreserved from these 
women would need to undergo some form of 
karyotypic evaluation (such as preimplantation 
genetic diagnosis or polar body testing) prior to 
embryo transfer.

Extending the fertile age span

In the last three decades, women have tended to 
delay childbirth and the mean age at first deliv-
ery continues to rise in most countries. However, 
advancing female age is associated with declining 
fertility, increased miscarriage rates, increased 
congenital and chromosomal abnormalities, and 
poorer obstetric and neonatal outcome18. These 
are due to decreasing numbers and quality of 
oocytes. Therefore, women in their thirties with-
out a partner may consider fertility preservation. 
However, discussion of the psychologic and 
social issues arising from ‘social’ fertility pres-
ervation, although important, is well beyond the 
scope of this chapter.

OPTIONS FOR FERTILITY 
PRESERVATION

Various strategies for fertility preservation have 
recently been discussed in the medical litera-
ture and in the worldwide media. The strategies 
today could be regarded as either ovarian protec-
tion in vivo or extracorporal cryopreservation. 
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Nevertheless, most of these strategies should 
currently be regarded as still experimental.

Ovarian protection

Ovarian transposition

To avoid or to lower the radiation dose to the 
ovaries, the ovaries can be transposed out of 
the direct radiation field. Ovarian transposition 
should be considered prior to local radiotherapy 
in cancer patients younger than 40 years in whom 
gonadotoxic chemotherapy is not indicated. It 
necessitates a surgical procedure. Laparoscopic 
transposition is usually preferred19.

GnRH analogs

Decreasing gonadal function by administering a 
GnRH analog during chemotherapy cycles may 
protect the ovaries against the sterilizing effects 
of chemotherapy; however, although animal stud-
ies and some human retrospective studies show 
some benefit, the mechanism of action is not 
clear20. Furthermore, the efficacy of GnRH analog 
in reducing ovarian damage is not yet clear.

Apoptosis

Apoptosis, the programmed cell death of the 
germ cells, may also have a role in chemo- and 
radiotherapy-induced cell depletion. Some 
experimental compounds may inhibit the che-
motherapy- and radiotherapy-induced oocyte 
apoptosis. Unfortunately, treatments inhibit-
ing apoptosis are still far away from clinical 
implementation21,22.

Ovarian tissue cryopreservation

In cryopreservation of ovarian tissue, hundreds 
to thousands of immature oocytes may be pre-
served, and the primordial follicles seem much 
less susceptible to cryoinjury. However, at 
least two surgical procedures are needed: one 
for harvesting the ovarian tissue and at least a 

second (or in some cases a second and a third) 
to transplant the cryopreserved ovarian tis-
sue. Furthermore, in cases of transplantation to 
a heterotopic site (such as the forearm or the 
abdominal subcutaneous fat), an IVF procedure 
is needed as well. To date, less then a handful 
of pregnancies from transplanted ovarian tissue 
have been reported23–25. 

Although retransplantation of ovarian tissue 
carries the added benefit of re-instituting ovar-
ian hormonal function as well as the possibility 
of future fertility, transplantation of the frozen–
thawed ovarian cortex tissue strips back to the 
patient also carries the risk of re-seeding meta-
static disease26. So far, ovarian graft life seems 
to be short lived, although the reasons for this 
are unclear. Possible causes for the poor ovarian 
function include cryoinjury, a depletion in the 
number of primordial follicles, and poor vascu-
lar perfusion of the transplanted graft.

As an alternative, the primordial follicles ide-
ally could be cultured in vitro to mature oocytes. 
This would be a very attractive option as many 
hundreds of primordial follicles would be avail-
able, even from very small biopsy specimens. 
Unfortunately, however, in humans this technol-
ogy still awaits further research and is far from 
clinical practice27,28.

Embryo and oocyte cryopreservation 
after ovarian stimulation

Mature oocytes can be harvested from the ovaries 
after controlled ovarian hyperstimulation, allow-
ing generation of embryos and their subsequent 
cryopreservation. This has the advantage that 
embryo cryopreservation and subsequent trans-
fer is an established treatment for couples with 
infertility and is practised around the world. 

However, there are two major drawbacks for 
the conventional IVF with ovarian stimulation 
and subsequent embryo cryopreservation. The 
first is the time interval needed for IVF; this ranges 
from 2 to 6 weeks, beginning at the patient’s next 
menstrual period, which may sometimes be too 
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long to wait prior to starting chemo- or radiother-
apy due to the natural course of the malignant 
disease. The second is that ovarian stimulation 
is associated with relatively high estradiol levels 
that may not be safe in cases of estrogen-sensi-
tive tumors such as breast cancer, or in women 
with a high likelihood of thromboembolism, as 
well as for other patients wishing to avoid ovar-
ian stimulation.

To avoid the high estradiol levels associated 
with ovarian stimulation for cancer patients 
(particularly breast cancer), letrozole or tamoxi-
fen plus low-dose FSH protocols have been used. 
These protocols are associated with lower peak 
estradiol levels, but do not totally avoid ovarian 
stimulation29.

After collection of the mature oocytes, the 
oocytes can be fertilized using the partner’s 
sperm. The resulting embryos will be frozen for 
future thaw and transfer. Transferring frozen-
thawed embryos is an integral part of assisted 
reproductive technology (ART) programs. 
Survival rates per thawed embryos are 60–90% 
and the pregnancy rate per thaw is 20–25%30,31. 
When sperm is not available then oocyte cryo-
preservation may be considered; this will be dis-
cussed in the next section.

IN-VITRO MATURATION FOR 
FERTILITY PRESERVATION

Avoiding hormonal stimulation

Ovarian stimulation for collection of oocytes 
can be totally avoided by collecting immature 
oocytes. As discussed elsewhere in the book, in-
vitro maturation (IVM) of oocytes collected via 
transvaginal ultrasound-guided aspiration has 
been performed since 1994; almost 1000 babies 
have been born and the clinical pregnancy rate is 
currently around 35% per cycle. Immature oocyte 
collection can be offered for cancer patients with 
no ovarian stimulation and thus with no con-
cerns regarding aggravating hormone-sensitive 

disease. The only hormonal treatment needed is 
a single injection of hCG 36 h prior to the collec-
tion to improve the IVM rate32.

Timing of oocyte retrieval

For women undergoing immature oocyte retrieval 
for IVM, the collection can be performed during 
the follicular phase prior to ovulation for normal 
ovulating patients, and on almost any given day 
for PCOS patients. Thus, patients scheduled for 
therapy do not have to wait for the beginning of 
the next menstrual bleeding and then undergo 
ovarian stimulation. Patients with PCOS may 
have the collection at almost any given time 36 h 
after the hCG injection. Ovulating patients seen 
first during the follicular phase can have the col-
lection soon after their initial visit. In the cases 
seen first during the luteal phase, due to lack 
of sufficient information on collections during 
the luteal phase, we tend to wait for the subse-
quent follicular phase. In the normal ovulating 
patient, a mature oocyte can be collected as well 
as immature oocytes; the presence of a dominant 
follicle does not hamper the maturation and 
developmental potential of the small antral fol-
licles33. Therefore, collecting immature oocytes 
from unstimulated ovaries may save valuable 
time, time that may have critical importance for 
patients with malignant disease.

The short time needed may even enable 
more than one oocyte collection to be performed 
in the interval available before the gonadotoxic 
treatment is initiated. Typically this would be 
in women with breast cancer following surgery 
and prior to starting chemotherapy. The imma-
ture oocytes collected can be cryopreserved as 
immature germinal vesicle oocytes, or as in-vitro 
matured mature oocytes, or can be fertilized and 
cryopreserved as embryos.

Cryopreservation of immature oocytes

Immature oocytes as compared with mature 
oocytes have a smaller volume and no meiotic 
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spindle, and the chromosomes are protected 
within a nuclear membrane. Therefore, it could 
be presumed that freezing of immature oocytes 
would yield better survival rates. Nevertheless, 
cryosurvival and subsequent maturation rates 
of immature oocytes have been disappointing 
so far. Pregnancies have been reported, but the 
overall experience is still poor34–36.

Cryopreservation of mature oocytes

Conventional cryopreservation

Although the first live birth from a cryopreserved 
oocyte was reported almost 20 years ago37, the 
overall results for mature oocyte cryopreserva-
tion have been discouraging. The oocytes are 
more vulnerable to the freezing process (slow 
freezing) than are embryos. Intracellular ice for-
mation can cause membrane rupture, abnormal 
cortical granular reaction, zona hardening, and 
damage to the meiotic spindle and cytoskeleton. 
The meiotic spindle damage might result in chro-
mosomal abnormalities. The reported survival 
rates for mature oocytes (collected from stimu-
lated ovaries) are around 50%38,39. There are no 
data concerning rates of in-vitro matured oocytes 
surviving conventional oocyte cryopreservation 
(slow freezing).

Vitrification

Vitrification has been used successfully 
for the cryopreservation of human oocytes. 
Cryoprotectants in high concentration are used 
to induce a glass-like state; the cell is then rap-
idly frozen, avoiding the formation of intracel-
lular ice. Live births after vitrification of oocytes 
have been reported, but there are still concerns 
about the effects of the high concentrations on 
the vulnerable oocytes40,41.

Recently we have vitrified mature oocytes 
collected from stimulated ovaries in two studies. 
In the first study, 15 patients over-responding to 
ovarian stimulation underwent oocyte collection 

and oocyte vitrification, instead of cycle cancella-
tion or converting to IVF. The oocytes were thawed 
and fertilized, and the subsequent embryos were 
transferred within the following few months. 
The oocyte survival, fertilization, and cleavage 
rates were 85.8%, 73.7%, and 82.5%, respec-
tively. The clinical pregnancy and implantation 
rates were 46.7% and 22.4%, respectively. In the 
second study, 17 patients underwent ovarian 
stimulation for IVF. The collected oocytes were 
vitrified after collection. Within the following 
months the oocytes were thawed, fertilized, and 
transferred. The oocyte survival, fertilization, 
and cleavage rates were 89%, 72.5%, and 80.4%, 
respectively. The clinical pregnancy and implan-
tation rates were 41.2% and 16.4%, respectively 
(McGill Reproductive Center, unpublished data). 
Thus oocyte vitrification seems to be a poten-
tially promising technique with high oocyte sur-
vival rates. This technique should probably be 
implemented in fertility preservation programs 
for patients wishing to preserve their fertility 
and who do not have a partner.

Patients who cannot undergo ovarian stimu-
lation or those who do not want to have ovarian 
stimulation have the option of immature oocyte 
collection from unstimulated ovaries. The imma-
ture oocytes will be matured in vitro and then 
vitrified for future use. However promising this 
option may be, the patients should be strongly 
advised of the experimental nature of this work.

Embryo cryopreservation after IVM

Patients who have a male partner and are wishing 
to preserve oocytes fertilized by their partner’s 
sperm should undergo immature oocyte collec-
tion from unstimulated ovaries and then the 
oocytes would be fertilized utilizing ICSI. The 
resulting embryos would be vitrified or cryopre-
served for a future transfer.

As noted above, embryo cryopreserva-
tion is an effective and reproducible treat-
ment modality within conventional stimulated 
IVF. Similarly, many babies have been born  
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following cryopreservation and subsequent thaw-
ing of embryos generated from IVM oocytes42.

IVM FOR FERTILITY PRESERVATION –  
THE McGILL EXPERIENCE

We have recently reported the retrieval of imma-
ture oocytes from unstimulated ovaries of a can-
cer patient before gonadotoxic therapy for oocyte 
vitrification purposes. A 33-year-old stage II 
breast cancer patient was seen on day 10 of the 
menstrual cycle, hCG was given, and 19 imma-
ture oocytes collected on day 12. Six oocytes 
matured on day 13 and 11 more matured on day 
14. Altogether, 17 mature oocytes were vitrified 
without any delay in chemotherapy43.

Since that report, 32 patients with various 
malignant diseases have undergone 35 immature 
oocyte collections – 16 patients with breast can-
cer, 9 patients with Hodgkin’s lymphoma, and 7 
further patients with other malignancies (non-
Hodgkin’s lymphoma, anaplastic oligodendro-
glioma, Ewing’s sarcoma, rhabdomyosarcoma, 
endometrial carcinoma, abdominal desmoid 
tumor, and desmoplastic ovarian tumor). The 
indications for immature oocyte collection with-
out ovarian stimulation were at least one of the 
following:

(1) Hormone-sensitive disease

(2) Patient’s request to avoid ovarian stimula-
tion and

(3) Lack of sufficient time for an IVF cycle 
prior to starting chemo- or radiotherapy.

Of these patients 20 who underwent 23 
oocyte collections without ovarian stimula-
tion elected to have their oocytes cryopre-
served, rather than generate embryos, because 
they did not have a partner. One patient had 
a partner but the couple chose not to use the 
husband’s sperm for fertilization, and to cryo-
preserve oocytes. From these women, a total of 
226 oocytes were collected; 18 were mature on 

the day of collection, 8 were at the metaphase 
I stage, and 200 were germinal vesicle oocytes. 
Of these occytes, 143 were matured in vitro and 
a total of 160 mature oocytes were vitrified; the 
average maturation rate was 66.3% ± 30.5%.

The other 12 patients, with a partner, under-
went 12 oocyte collections without ovarian stim-
ulation. For these couples, a total of 97 oocytes 
were collected; 8 were mature on the day of 
collection and 89 were germinal vesicles (GV) 
oocytes. Sixty oocytes matured in vitro and the 
average maturation rate was 64.8% ± 27.8%. 
Following ICSI, 55 mature oocytes were fertil-
ized, giving an average fertilization rate of 84.4% 
± 15.9% and 53 resulting embryos were vitrified. 
To date, none of the cancer patients has returned 
for an embryo transfer.

CONCLUSIONS

Fertility preservation is of the utmost importance 
to patients undergoing gonadotoxic chemo- and/
or radiotherapy, and also for patients facing 
the risk of premature ovarian failure as well 
as for others wishing to preserve their fertility 
potential.

The options vary between ovarian protec-
tion, ovarian tissue cryopreservation, and oocyte 
or embryo cryopreservation. Collection of imma-
ture oocytes from unstimulated ovaries followed 
by IVM of the oocytes does not carry the theoretic 
risk of re-instituting the metastatic malignant 
disease that transplanting ovarian tissue carries. 
Collection of immature oocytes from unstimu-
lated ovaries followed by IVM of the oocytes can 
be performed for patients with a hormone-sensi-
tive disease without risk of aggravating the dis-
ease. Collecting the immature oocytes does not 
require the same time needed for ovarian stimu-
lation and the waiting time for the beginning of 
the next menstrual cycle. Thus precious time 
may be saved and therapy is not delayed.

Oocytes of patients without a partner 
should be vitrified after IVM and oocytes of 
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patients with a partner should be fertilized after 
IVM and the resulting embryos then vitrified. 
However promising IVM of oocytes may seem, 
especially for patients for whom this may be the 
only safe procedure for preserving fertility, the 
patients and their families should be informed 
of the experimental nature of these treatments 
and of the lack of information concerning sur-
vival, fertilization, and pregnancy potential of 
oocytes frozen/vitrified after IVM.
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