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Recent advances in oncology have helped in the survival and cure of increasing numbers
of childhood cancer patients and those during their reproductive age period. This has
increased the need to improve the existing technology, and prompted the search for new
technologies, to minimize the gonadotoxic effects of cancer treatment and preserve
human fertility. Conservative surgical approaches for cancer treatment have been widely
accepted following the progresses in early detection of cancer and accumulating long-
term outcome safety data. Gonadal suppression to increase resistance to cancer
treatment by gonadotropin analogues and sex hormones has been suggested. However,
while the effectiveness is unlikely in the male, there is no general consensus on its success
in the female. Fertility preservation options for both male and female patients include
cryopreservation of embryos, gametes and gonads. While embryo cryopreservation is a
well-established and successful technique, there are several obvious limitations. Gamete
cryopreservation is very successful in the male (sperm freezing) while still experimental in
the female (oocyte freezing), with growing evidence suggesting its potential success.
Gonadal cryopreservation is still in its early stages of experimental development, both in

the male (testicular tissue cryopreservation and in vifro spermatogenesis) and female
(ovarian tissue cryopreservation and in vitro follicular maturation).
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This is the second of a series of three articles dis-
cussing cancer and human reproduction from a
clinical perspective. This article will present a
general overview of two topics. The first: the
different approaches to minimize the reproduc-
tive damage caused by cancer and its treatment,
and the second: the various options for preserv-
ing human fertility in cancer survivors.

The previous article presented a general over-
view of how cancer and its treatment can
adversely affect reproduction in humans, sum-
marizing the nature and extent of those adverse
effects in men, women and their offspring [1].
The third and last article of this series will
present details on the management of repro-
ductive issues in cancer patients, including fer-
tility enhancement by ovarian stimulation and
assisted reproduction, contraceptive needs, as
well as management of reproductive and hor-
monal deficiency, in particular delayed or
absent puberty, menopause and andropause.

In 2006, approximately 1,300,000 new can-
cer cases were expected in the USA with almost
half of them women [2]. Extrapolating from pre-
vious reports, which found 8% of those women
were younger than 40 years of age, more than
50,000 new cancer patients are expected to be
women during their reproductive age group
every year [3]. Moreover, by 2010, it is estimated
that one in every 250 people in the adult popu-
lation will be a childhood cancer survivor. These
figures are due to the improved life expectancy
and survival owing to advances in the diagnosis
and treatment of childhood, adolescent and
adult cancers. Cancer treatments, including
aggressive chemotherapy and radiotherapy,
impose a very high risk for gonadal dysfunction,
leading to impairment or even termination of
gonadal functions in most patients [4].

There are two main approaches to preserve
fertility in cancer survivors. The first includes
interventions to minimize the damaging effect
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of cancer treatment on human reproduction, while the second
includes fertility preservation, mainly by cryopreservation of
gonadal tissues, gametes and embryos. In addition, the option
of an oocyte donor is a viable one that is associated with high
pregnancy rates for women with premature ovarian failure due
to cancer treatment or other reasons. Obviously, the various
options for fertility preservation are not only valid for cancer
survivors, but also for individuals at high risk of premature ces-
sation of reproductive functions, such as women with prema-
ture ovarian failure and patients receiving aggressive chemo-
therapy
indications. Such indications include benign hematological dis-

and/or radiotherapy treatment for noncancer
eases, such as hemoglobinopathies (sickle cell anemia and tha-
lassemias major) and aplastic anemia, as well as severe auto-
immune diseases that did not respond to immunosuppressive
therapy, such as systemic lupus erythematosus and autoim-
mune thrombocytopenia [5]. Other interesting indications
include benign disorders, such as recurrent severe ovarian
endometriosis and prophylactic oophorectomy, that protect
against breast cancer. In addition, during recent years with the
advances in the field of molecular genetics, increasing numbers
of patients undergoing oophorectomy for prophylaxis against
ovarian cancer (e.g., carriers of BRCA mutations) may also ben-
efit from options of fertility preservations. Donnez and Bassil
have summarized those indications in their comprehensive

review [6].

Approaches to minimize reproductive damage caused by
cancer freatment

The two main strategies to minimize reproductive damage
caused by cancer treatment include the application of less dam-
aging cancer treatment modalities and administering agents
that increase the resistance of the gonads to damage by cancer
treatment. BOX 1 summarizes the different options to minimize
the reproductive-damaging effects of cancer treatment.

Minimizing reproductive damage caused by cancer treatment
in females

The most important determining factors for the damaging
effect of cancer treatment are the woman’s age, followed by
the nature and dose of treatment regimens and cancer diagno-
sis. It is also important to mention here that there may be
some individual variability in the sensitivity to reproductive
damage by cancer treatment, which adds to the complexity of
the issue [1].

Applying less damaging cancer treatment modalities

Conservative surgery, less aggressive chemotherapy regimens,
including agents with lower cytotoxicity to the gonads and
applying lower doses of radiation with careful selection of
schedule of implementation of radiotherapy, have all been sug-
gested to minimize reproductive damage. It is important to
stress the crucial rule that the priority in choosing the treatment
modality should go first to the success in curing the malignancy
or achieving the best chance of remission and that fertility pres-

ervation should come second. It is clear that the patient should
never have her chance of survival and cure jeopardized for the
sake of maintaining her fertility [7.8].

Conservative surgery
Conservative surgery aims to preserve the ovaries and uterus
whenever possible without jeopardizing the patient’s chance of
cure and survival; for example, very early-stage ovarian cancer
localized to one side and selected cases of early-stage cervical
cancer. An important example for applying conservative surgery
to preserve fertility in cancer survivors is performing radical
vaginal trachelectomy to remove the uterine cervix while pre-
serving the uterine body for future pregnancy in women with
cervical cancer. The procedure was first performed more than
13 years ago with reports of a successful pregnancy achieved fol-
lowing radical vaginal trachelectomy and pelvic lympha-
denectomy for the treatment of early-stage cervical cancer [9].
However, it is too early to generalize conclusions regarding
the success of this procedure as it is still in its infancy, despite
the preliminary data that suggest its success in providing a
chance of fertility preservation while achieving excellent sur-
vival for a highly selected group of women with cervical cancer
(10). Gershenson has recently reviewed fertility-sparing surgery
for malignancies in women, particularly those with ovarian,
cervical and endometrial malignancies. The author reviews the
accumulating data in the literature supporting the success and
safety of such approaches that preserve ovaries and/or uterus,
for example in early endometrial carcinoma [11]. Accumulating
data supporting the success of the procedure from more recent
reports are encouraging [12-14].

Box 1. Options to minimize the reproductive damaging
effects of cancer treatment.

Options in female patients

® Applying less damaging cancer treatment modalities

- Conservative surgery (effective)

- Transposition of the ovaries away from the field of
radiotherapy such as oophoropexy (effective, if only
radiotherapy is implemented)

¢ Administering agents that increase the resistance of the
ovaries to damage by cancer treatment

- Gonadotropin-releasing hormone analogues
(effectiveness is controversial, however, with the
majority of data suggesting effectiveness)

- Sex steroids (effectiveness is controversial)

- Agents that antagonize the toxic effect of the cancer
treatment on the ovaries (too few data available)

Options in male patients

- Testicular shielding during radiotherapy (effective)
- Hormonal testicular suppression (not effective)
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Ovarian transposition o minimize damage by radiotherapy

Damage by pelvic radiotherapy to the ovaries can be reduced
by surgical transposition of the ovaries (oophoropexy) out of
the field of irradiation. The most common indications for
oophoropexy are patients undergoing radiotherapy for Hodg-
kin’s disease, cervical and vaginal cancer, and pelvic sarcomas.
The technique was first described by McCall and colleagues
approximately half a century ago [15]. Although oophoropexy
was first described through a laparotomy approach, it can cur-
rently be performed laparoscopically [16], with several laparo-
scopic surgical techniques described successfully without sig-
7. The
transposition of the ovaries is classically described by dividing

nificant complications technique of lateral
the utero—ovarian ligament and tubes, then mobilizing the
ovaries (with their infundibulo—pelvic ligaments that carry the
blood supply) into the paracolic gutters so that they lie approx-
imately 5-8 cm above the upper border of the radiation field, a
safety margin that is believed to reduce ovarian radiation dam-
age [18]. Laparoscopic dissection of the infundibulo—pelvic lig-
aments has been suggested to allow a medial oophoropexy to
be performed [19].

While ovarian transposition is usually performed on both
ovaries, recently, the combination of ovarian cryopreservation
and ovarian transposition has been suggested to maximize
future fertility options for women facing pelvic irradiation [20].

The laparoscopic approach enjoys the advantages of less inva-
siveness and fewer adhesions. However, the most important
advantage is the significantly shortened recovery time com-
pared with the laparotomy approach. Thus, unnecessary treat-
ment delays are avoided as the radiotherapy can be initiated
rapidly postoperatively.

Oophoropexy is believed to reduce the ovarian radiation dose
to approximately 5-10% of that if the ovaries remain in their
natural place [21]. Ovarian failure might result if the ovaries are
not removed far enough or if they migrate back to their original
position. Preservation of ovarian function by oophoropexy has
been reported in 16-90% of patients [16,17]. The wide variabil-
ity is thought to be secondary to the inability to calculate and
prevent scatter radiation, concomitant use of chemotherapy
and the different radiation dosages used [22].

Problems encountered in oophoropexy include rare compli-
cations, such as benign ovarian cysts, chronic abdominal pain,
ovarian torsion, adhesions and the risk of ovarian metastasis,
which appears to be extremely rare as only two cases of ovarian
metastasis have been reported. To minimize the risk of metasta-
sis, oophoropexy should be performed in patients with cervical
cancer when the tumor is less than 3 cm and confined to the
cervix in the absence of macroscopic extrauterine spread, irre-
spective to the histological cancer type [23]. Another problem
associated with oophoropexy is that, in certain cases, the ovaries
may need to be repositioned into or close to their original posi-
tion. This is important for women undergoing in vitro fertiliza-
tion (IVF) to facilitate oocyte pick up (transvaginal ultrasound-
guided needle aspiration) and when surgical orthotopic retrans-
position is necessary to achieve a pregnancy.

Cancer and preservation of reproduction

Administering agents that increase the resistance of the
ovaries to damage by cancer treatment

Several agents have been suggested to increase the resistance of
the ovaries against the damaging effects of cancer treatment;
this can be acheived through two mechanisms. The first, by
putting the ovaries into a state of rest to reduce ovarian follicu-
lar cell division and growth, hence the follicles become less vul-
nerable to the antineoplasmic effect of cancer treatment, such
(GnRH)  agonists
(GnRH-a). The second, by directly antagonizing the cytotoxic

as  gonadotropin-releasing hormone

effect of the cancer treatment on the ovaries, such as antiapopo-
totic agents. Unfortunately, until now there are no therapies
that are capable of protecting the ovaries from the cytotoxic
effects of chemotherapy or radiotherapy [24,25).

Agents that suppress ovarian follicular cell growth & division
Gonadotropin-releasing hormone analogues

GnRH analogues include GnRH-a and antagonists and result
in temporary medical castration by suppressing pituitary
gonadotropin production. GnRH-a have been suggested to be
chemoprotective agents. However, the evidence for their ben-
efit is controversial. Small studies reported that GnRH-a were
well tolerated and might protect long-term ovarian function
(2425]. A much larger study by Blumenfeld confirmed the
results of the smaller studies in a group of women (55 lym-
phoma patients) who received GnRH-a for 7-10 days before
chemotherapy treatment. The authors found the rate of pre-
mature ovarian failure to be approximately 5% in the
GnRH-a/chemotherapy group versus 55% in the group
receiving chemotherapy alone, which had a different follow-
up period [24].

However, contradictory results have been published on the
effects of GnRH-a, with strong evidence against their benefit in
protecting ovarian function from the cytotoxic effects of chem-
otherapy from a prospective randomized study that failed to
find an improvement in outcome (ovarian function preserva-
tion) compared with placebo [26]. Moreover, some investigators
even suggested a negative effect from the use of GnRH-a in
breast cancer patients by arresting tumors cells in G, phase and
making them less responsive to chemotherapy [27,28].

On the other hand, despite the controversy behind the use of
GnRH-a to protect the ovaries from the cytotoxic effects of
chemotherapy and contrary to the worries concerning reducing
responsiveness of the breast cancer cells, GnRH-a are used
today both in adjuvant treatment and in metastatic breast can-
cer for reversible medical castration to downregulate pituitary
gonadotropin secretion, leading to suppressed ovarian estrogen
production [29].

Clearly, the retrospective nature of most of the reports and
small sample size significantly reduce the validity of the study
findings. In addition, in these studies GnRH-a were used for
variable durations before chemotherapy and the primary out-
come was simply the return of menstruation rather than docu-
menting ovulation, which are important shortcomings that
explain, in a large part, such controversy. There is obviously a
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need for adequately powered randomized trials to answer the
question whether or not GnRH-a use is of benefit in reducing
the cytotoxic effects of chemotherapy on the ovaries [8].

Currently, there are two important clinical trials underway to
answer this question. The first, by the Southwest Oncology
Group, is aimed at preventing early ovarian failure with GnRH-a
among women with hormone receptor-negative breast cancer
receiving chemotherapy. The second, conducted by the German
Hodgkin’s Lymphoma Study Group, is a randomized, Phase II
trial evaluating GnRH-a and oral contraceptives to preserve fer-
tility in women treated for advanced Hodgkin’s lymphoma (30].

Most recently, a randomized trial including young women
receiving chemotherapy for Hodgkin’s disease investigated the
value of the combined use of the GnRH-a triptorelin with
hormonal add-back by tibolone cotreatment in preventing
ovarian failure. The authors found the combined use of trip-
torelin and tibolone to be a useful tool for preserving ovarian
function because all but three (10%) of the women in this
treatment group returned to spontaneous ovulation and men-
ses, in contrast to 23% of subjects in the control group
(p < 0.05). The use of tibolone was successful in preventing
any significant bone loss with triptorelin as there was no sig-
nificant difference in bone mineral density between the study
and control groups [31].

GnRH antagonists can suppress ovarian function by sup-
pressing pituitary gonadotropin production through direct
antagonism. Those agents can, at least theoretically, achieve
comparable outcomes with GnRH-a in possible protection of
ovarian function against deleterious effects induced by cancer
treatment. However, they have not yet been studied for such
indication in humans.

The available data on the possible protective role of GnRH
antagonists comes only from animal studies, mostly in rodents,
with contradictory results [32]. Moreover, a study even suggested
a depletion of the ovarian follicles through a direct effect of the
GnRH antagonist on the ovary in a murine model [33].

Sex steroids
Different sex steroids (progesterone and combined estro-
gen/progesterone) have been tested at suppressing the ovaries,
to protect them against the cytotoxic effects of cancer treat-
ment. This has not been studied adequately and the available
data are controversial. In a small study, Chapman and Sutcliffe
found more follicles in ovarian biopsies from three patients
who received combination oral contraceptive pills during
chemotherapy than in those who did not (34. However, White-
head and colleagues failed to find a protective effect of combi-
nation oral contraceptive pills in patients who received chemo-
35]. Other

attempted the use of progesterone alone. In rat, progesterone
p prog prog

therapy for Hodgkins disease investigators
was found to have a protective effect when administered 1 week
before the start of cyclophosphamide and during treatment [36];
however, Familiari and colleagues could not find a protective
effect of medroxyprogesterone acetate on human primordial
follicles exposed to cytotoxic drugs [37].

As with the case of GnRH analogues, there is no consensus
on the protective effect of sex steroids. Following findings by
the German Hodgkin’s Lymphoma Study Group, in a retro-
spective study, of a possible protective effect of oral contracep-
tives in younger women undergoing gonadotoxic chemother-
apy, a randomized, Phase II trial was initiated with the aim of
defining a standard cotreatment for the reduction of infertility
rates in young female patients during chemotherapy for Hodg-
kin’s lymphoma [37).

Agents that antagonize the toxic effect of the cancer treatment
on the ovaries

Programmed cell death (apoptosis) is believed to play a signifi-
cant role in the normal physiology of germ cell depletion
(reduction of oocyte and follicular count throughout the female
reproductive life from birth to menopause). Also, it is believed
that the gonadotoxic effects of various cancer treatments are
mediated through apoptosis [38-40]. Hence, it is logic to extrap-
olate that the use of antiapoptotic agents might help in protect-
ing the ovaries against the cytotoxic effects of cancer treat-
ments. On the other hand, it is also logical to extrapolate that
those antiapoptotic agents might have a negative effect through
interfering with the efficacy of cancer treatment agents by inter-
fering with apoptosis in the tumor cells. In conclusion, it is still
very early to draw any conclusions regarding these agents as
research in this area is still in its very early experimental stages.

Minimizing reproductive damage caused by cancer treatment
in males

The efficacy of applying protective agents to reduce the gona-
dotoxic effects of cancer treatment has not been adequately
investigated. Applying the two concepts of gonadal suppression
or administering protective agents (as discussed previously)
does not apply in the situation of males as in females. Hormo-
nal therapy in men is not successful in preserving fertility when
highly gonadotoxic chemotherapy is administered, [26,41] nor
did it speed recovery of spermatogenesis [42,43].

An important reason for the lack of significant research on
the use of protective agents to reduce the gonadotoxic effect of
cancer treatment in the male is the very high success of the
practice of sperm cryopreservation and the success of pregnan-
cies from cryopreserved human testicular tissue [44]. Obviously
this option is not available for male patients before puberty, for
whom the only option would be testicular tissue cryopreserva-
tion and reimplantation [45].

Options for fertility preservation in cancer survivors

There are three main options for fertility preservation, includ-
ing cryopreservation of gonadal tissue, gametes and embryos.
Clearly, the first option is the only option available before
puberty, while the third option is available only for individuals
with current partners who can provide their gametes for crea-
tion of embryos through IVE. In the absence of a current, read-
ily available partner, donor sperm is still an option for single
females. While gamete cryopreservation is very successful for
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males (sperm cryopreservation), oocyte cryopreservation is still
experimental, with variable degrees of success and limited infor-
mation on long-term outcomes (7,8]. BOX 2 summarizes the dif-
ferent options for fertility preservation in patients undergoing
cancer treatment.

Options for females

For female patients in their reproductive age period, age is the
single most important determining factor (on the patient’s side)
of the outcome of fertility preservation after cancer treatment.
Other important factors include cancer diagnosis and type of
treatment, as well as the time available and the potential that
cancer has metastasized to her ovaries. Another crucial factor is
whether the patient has a male partner, with the hope that
embryos can be produced by IVF and then cryopreserved.
Obviously when that option is pursued, the two most impor-
tant questions that arise are whether IVF treatment has a nega-
tive effect on the chance of cure by cancer treatment and
whether such cancer treatment can be postponed until IVF
treatment and embryo cryopreservation has been carried out.
In their most recent recommendation on the fertility preserva-
tion options for cancer patients, the American Society of Clini-
cal Oncology (ASCO) (8] and the American Society for Repro-
ductive Medicine [7] concluded that the currently available
options for fertility preservation in the female include one
established technology (embryo cryopreservation) and two
experimental ones (cryopreservation of oocytes and ovarian tis-
sues) and that the choice of the most suitable strategy for pre-
serving fertility depends on different parameters: the type and
timing of chemotherapy, type of cancer, patient’s age and part-
ner status.

Cryopreservation of embryos

According to the Practice Committee of the American Society
for Reproductive Medicine [7], the only established method of
fertility preservation is embryo cryopreservation. Embryo cryo-

-

Box 2. Options for fertility preservation in patients
undergoing cancer treatment.

Options in female patients

e Embryo cryopreservation (effective with proven success)

¢ Qocyte cryopreservation (experimental with recent
promising results)

e Qvarian tissue cryopreservation (experimental with recent
promising results)

Options in male patients

e Sperm cryopreservation (effective with proven success)

o Testicular tissue cryopreservation and in vitro
spermatogenesis (experimental)

Cancer and preservation of reproduction

preservation is the most successful approach to fertility preser-
vation, with delivery rates per embryo transfer using cryopre-
served embryos reported to be in the range of approximately
10-40% per frozen embryo. The success depends on several
factors, including the woman’s age and presence of infertility
factors, as well as the number, quality and stage of development
at which the embryos were frozen [46,47). However, this option
requires the patient to be of postpubertal age, have a partner or
use donor sperm and be able to undergo a cycle of ovarian stim-
ulation that usually takes approximately 2—-3 weeks. When the
chemotherapy has to be initiated immediately or when stimula-
tion is contraindicated, the option of embryo cryopreservation
may not be feasible.

In patients with estrogen-sensitive cancers (e.g., breast can-
cer), stimulating the development of multiple follicles (control-
led ovarian hyperstimulation) for IVF is associated with high
levels of estrogen, which should be avoided. Interestingly, aro-
matase inhibitors have recently been reported to be successful
in ovarian stimulation. Aromatase inhibitors reduce estrogen
production through blockade of the aromatase enzyme. Ovar-
ian stimulation with aromatase inhibitors has been found to be
associated with significantly lower estrogen production per
growing follicle than other ovarian stimulation agents, such as
clomiphene citrate and gonadotropins [48-50]. Those agents are
particularly promising in light of the recent safety data regard-
ing the outcome of pregnancies achieved after their use in infer-
tile women [51]. Oktay and colleagues compared the combina-
tion of tamoxifen or letrozole with follicle-stimulating
hormone (FSH) for stimulation in women with breast cancer,
with very promising results (52]. In a more recent study, Oktay
and colleagues reported that ovarian stimulation with letrozole
and gonadotropins was a cost-effective alternative for fertility
preservation in breast cancer patients [53]. Such an approach
was found to be associated with reduced estrogen exposure
compared with standard IVE.

Cryopreservation of oocytes

While embryo cryopreservation is an established technique,
oocyte cryopreservation is still an experimental option for
female fertility preservation. Oocyte cryopreservation is an
attractive strategy as it does not require surgery to harvest ovar-
ian tissue and well-tested stimulation protocols for IVF can be
used [7]. Oocyte cryopreservation is a particularly viable option
for fertility preservation in patients for whom a partner is una-
vailable or who have religious or ethical objections to embryo
cryopreservation. The oocytes can be thawed later and fertilized
in vitro. Ovarian stimulation and harvesting requirements are
identical to those applied during the IVF treatment cycle for
embryo cryopreservation. For this reason, oocyte cryopreserva-
tion is associated with similar concerns regarding delays in ther-
apy and potential risks of short-term exposure to high hormo-
nal levels. Further research is needed to delineate the current
success rates and safety, as well as to improve the efficiency of
this procedure before establishing recommendations on the
technique. ASCO recommends that oocyte cryopreservation
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should only be performed in centers with the necessary exper-
tise, with patients participating in institutional review board
(IRB)-approved protocols [8].

Currently, the effectiveness of this technique seems to be very
low, with pregnancy and delivery rates ranging from 1 to 5%
per frozen oocyte [54,55].

The very low success rate of pregnancy per frozen oocyte
(compared with frozen embryo) is due to several problems asso-
ciated with oocyte cryopreservation compared with cryopreser-
vation of sperms or embryos. The mature oocyte (metaphase II
oocyte) is a very large cell that is surrounded by an important
protective layer called the zona pellucida. The metaphase I
oocyte is extremely fragile owing to its large size, high water
content and chromosomal arrangement. In the mature oocyte,
the metaphase chromosomes are lined up by the meiotic spin-
dle along the equatorial plate. The spindle apparatus is docu-
mented to be very easily damaged by intracellular ice formation
during the freezing or thawing process [56,57). This is particu-
larly true with the high water content of the oocyte. Thus, cool-
ing and exposure to cryoprotective agents affect the cytoskele-
ton and might aggravate the already high incidence of
aneuploidy in human oocytes [s8]. In addition, hardening of the
zona pellucida can adversely affect the normal fertilization
process and the need to fertilize cryopreserved oocytes with
intracytoplasmic sperm injection (ICSI) [59].

Cryopreservation of ovarian tissue

Cryopreservation of ovarian tissue is another experimental tech-
nique for fertility preservation. This is the only option available
for prepubertal girls and for woman who cannot delay cancer
treatment to receive ovarian stimulation and harvest oocytes. In
addition, theoretically, cryopreservation of ovarian tissue is the
only experimental technology to reverse menopause.

There are three different techniques that have been reported
for freezing ovarian tissue as fragments of the ovarian cortex,
the entire ovary with its vascular pedicle or as isolated follicles
[60-61]. Most data in the literature involve the first option (ovar-
fan cortical cryopreservation). However, there are emerging
promising results and improvements in the technique of the
second approach (whole-ovary cryopreservation) [62-64].

This promising method of preserving fertility relies on the
idea of cryopreserving ovarian cortical tissue. The ovarian cor-
tex harbors primordial follicles that are more resistant to cry-
oinjury than mature oocytes because the oocytes they contain
have a relatively inactive metabolism and lack a metaphase
spindle, zona pellucida and cortical granules [65].

The follicular viability after cryopreservation and thawing of
ovarian tissue has been demonstrated in several studies with
most of the follicles that survived cryopreservation being pri-
mordial in type [6667]. It has been suggested that maturing
those primordial follicles and obtaining mature oocytes from
them can be performed by three options. The first option is
transferring the ovarian tissue back to the patient (autograft-
ing). Autografting can be done by placing the ovarian tissue
back to its original, normal place in the pelvis (orthotopic

autografting). This method has yielded the first pregnancies
after cryopreservation of ovarian tissue [68-70]. Autografting can
also be performed by placing the ovarian tissue back into the
patient at a site away from the pelvis, such as the subcutaneous
tissue of the patient’s forearm (heterotopic autografting) [71].
Obviously hetertopic autografting requires the use of IVF to
achieve a pregnancy.

The second option is 7 vitro follicular maturation and IVE
This method has already yielded pregnancies in animal experi-
ments [72]. However, this method is very difficult to apply in
humans because of the long period necessary for the primordial
follicle to reach the maturation stage, which is believed to be
approximately 3 months [73].

The third method involves transplanting the human ovarian
tissue into immunodeficient animals, such as mice with severe
combined immune deficiency (xenografting), followed by stim-
ulating the animal to full follicular maturation [3,74,75). This
method has the major advantages of avoiding the risk of reim-
plantation of the primary tumor back to the patient with
autotransplantation and of exposing the animal instead of the
patient to ovarian stimulation. However, there remain the
major problems of the long period needed to grow human folli-
cles to maturity and the theoretical risk of transferring infection
from the animal to the patient, particularly the risk of trans-
species retroviral infection.

There are important risks associated with ovarian tissue cryop-
reservation, including reimplantation of the primary tumor and
malignant transformation [76]. Shaw and colleagues were the
first to report the transmission of lymphoma from a donor to a
graft recipient with fresh and cryopreserved mouse ovarian tissue
samples [77]. However, it is important to note that most cancers
encountered during the reproductive years in humans tend not
to metastasize to the ovaries, with the exceptions of bloodborne
malignancies, such as leukemias, neuroblastoma and Burkitts
lymphoma (76]. In addition, a recent study on the risk of ovarian
tissue cryopreservation in patients with lymphoma found no
evidence of disease contamination in ovarian tissue harvested for
cryopreservation from patients with Hodgkin’s lymphoma (7).
Another important risk in patients undergoing ovarian cryop-
reservation for carrying the mutations of BRCAI and 2 is trans-
mission of the mutations to the offspring. To reduce the risk of
retransplanting cancer back to the patient, a histological assess-
ment for micrometastases should always be carried out on a
small portion of the harvested tissue before cryopreservation.
Evidence for the risk of malignant transformation of the cryop-
reserved tissue after transplantation comes from experiments in
rats, in which heterotopic autotransplantation of cryopreserved
ovarian tissue into the spleen resulted in the development of sex
cord stromal tumors [79]. Currently, there are no reports of can-
cer recurrence after ovarian transplantation, although fewer than
20 procedures have been reported thus far. Similar to oocyte cry-
opreservation, ovarian cryopreservation and transplantation pro-
cedures should only be performed in centers with the necessary
expertise under IRB-approved protocols that include follow-up
for recurrent cancer [s].
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Options for males

The two main options for fertility preservation in males include
cryopreservation of the sperm and testicular tissue. Contrary to
females, the option of fertility preservation by sperm cryop-
reservation is much more successful than oocyte or even
embryo cryopreservation. Moreover, obtaining sperm is much
less inconvenient, less time consuming and less expensive when
compared with obtaining oocytes or embryos. However, this
option is obviously only available to postpubertal male patients,
while for prepubertal boys the only available option is testicular
cryopreservation. Before the era of assisted reproductive tech-
nology and ICSI, sperm quality (count, motility and morphol-
ogy) were very important factors in determining the success of
fertility preservation and achievement of pregnancy following
cancer treatment. Currently, even very poor quality preserved
sperm samples can result in promising outcome (achievement
of pregnancy and live birth) when ICSI is applied.

Recently a scientific panel from ASCO reviewed the available
information supporting sperm and testicular tissue cryopreser-
vation. The panel concluded that the available evidence sug-
gested that sperm cryopreservation is an effective method of
fertility preservation in males treated for cancer. On the other
hand, testicular tissue or spermatogonial cryopreservation and
transplantation or testis xenografting are in the early phases of
experimentation and have not yet been successfully tested in
humans. The panel further noted that available interventions
are unlikely to delay the initiation of cancer treatment once a
patient is successfully referred (7).

Cryopreservation of human sperm

Before discussing the available options for fertility preserva-
tion in the male further, there is an important issue to be
addressed. This issue is the significant underutilization of fer-
tility preservation options for males who are affected by can-
cer. Epidemiological studies confirm that most young male
patients with cancer are not referred for sperm banking [80-82].
In most cases, physicians may not discuss or emphasize the
available opportunities for preserving fertility before cancer
treatment [83].

There are several reasons for this apparent underutilization,
including the psychological and logistic factors, as well as finan-
cial constraints on patients that may further limit sperm bank-
ing (8]. This situation is encountered even more with other
approaches of fertility preservation, particularly ovarian cryop-
reservation. Regarding the psychological factors, while men
may be traumatized regarding their diagnosis or show a lack of
interest in fertility preservation at the time of diagnosis, two
recent surveys suggested that for men who desire children in
the future, lack of timely information is the most common rea-
son for not banking sperm [84,85]. With regards to the financial
constraints, unfortunately most insurance companies in the
USA do not cover sperm cryopreservation. Even when the serv-
ice is partially covered, as in the UK, where the national health
system subsidizes sperm banking for young cancer patients,
many young men are not given referrals (s6]. Moreover, when
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sperm is banked, most studies suggest that only a minority (up
to 30%, but <10% in most cohorts) of men return to use their
stored specimens [87-89].

Semen cryopreservation before chemotherapy, radiotherapy
or surgery affecting the male reproductive system is a widely
available and inexpensive option [90]. Traditionally, the clinical
recommendations include the banking of at least three semen
samples, each collected following an abstinence period of at
least 48 h. The collection period can be completed in approxi-
mately 1 week. However, more samples and longer abstinence
periods (3—4 days), to achieve higher total sperm concentration,
are recommended when circumstances allow [90].

It is strongly recommended to start collecting sperm before
the initiation of cancer therapy because the quality of the sam-
ple and sperm DNA integrity may be compromised, even after a
single treatment session [8291]. However, many patients may
have to start chemotherapy immediately or soon enough to
limit the number of semen samples that can be collected. In
these instances, it is reasonable to make every effort to bank
sperm even after starting treatment [83], since recent progress in
andrology laboratories and the use of assisted reproductive tech-
niques, particularly the technique of ICSI, allows the successful
freezing and future use of a very limited amount of sperm. In
support of this recommendation, several case reports and small
case series have reported the success of collecting sperm from a
postmasturbation urine sample, rectal electroejaculation under
anesthesia [92,93] and testicular sperm aspiration [94].

Sperm cryopreservation in boys and young patients involves
additional considerations as boys start forming sperm (sper-
marche) at approximately 13-14 years. Interestingly, once
sperm are present, the patient’s age does not seem to signifi-
cantly affect the quality of sperm produced [95]. However, in
young patients, collection of semen through masturbation may
be compromised by embarrassment and issues of informed con-
sent, with data suggesting that adolescent boys may be more
successful in collecting samples if a parent does not accompany
them to the sperm bank [9¢].

There are various methods for semen collection, including
masturbation, stimulated ejaculation and even sperm aspiration
from the epidydimis and/or testicles (97]. Sperm aspiration, penile
vibratory stimulation and electroejaculation are viable options for
younger adolescents or patients not capable of ejaculation [9s].

In cases of nonheritable cancer syndromes, there is no evi-
dence that a prior history of cancer increases the rate of congen-
ital abnormalities or cancer in a man’s offspring [99]. However,
recent studies suggested that cryopreserved sperm of untreated
men with cancer may have poor DNA integrity even before
treatment [100], with transiently higher rates of aneuploidy after
chemotherapy and radiotherapy [101], although DNA integrity
of sperm seemed similar to age-matched controls in one cohort
of pediatric cancer survivors [102]. For this reason, men should
be advised of a possible, not yet quantifiable, higher risk of
genetic damage in sperm stored after diagnosis of cancer or ini-
tiation of cancer therapy. It is important to mention here that
such risks are not known for noncancer populations [s].
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Cryopreservation of testicular tissue & in vitro spermatogenesis
This option is available for prepupertal patients. However, the
technology is still experimental. The prepubertal testis does not
produce mature spermatozoa. However, it contains the diploid
stem germ cells from which the haploid spermatozoa will ulti-
mately be derived. The testicular tissue can be harvested before
chemotherapy and cryopreserved [s1], then, when the patient is
cured, the tissue can be thawed and the stored germ cells reim-
planted into the patient’s own testes. Theoretically, the germ
cells would give rise to complete and normal spermatogenesis
in the seminiferous tubules, a procedure known as germ cell
transplantation [103].

Alternatively, as with ovarian tissue cryopreservation dis-
cussed previously, the harvested testicular tissue pieces could be
grafted to an ectopic site (e.g., subcutaneous tissue) in cancer
survivors or in immunodeficient animals (xenografting). The
grafted testicular tissue can be revascularized in the ectopic site
and produce sperm [104]. Also, successful stem cell transplanta-
tion has been reported in many species, including mice [105],
rats, monkeys and humans [106].

As with ovarian tissue cryopreservation, the most important
risk associated with autotransplantation of cryopreserved testicu-
lar dssue is that of reintroducing malignant cells after retrans-
plantation. The risk is greater with hematological cancers, as the
testes can act as sanctuary sites for leukemic cells [107). To avoid
such a risk, the technique of 7 vitro maturation of stem cells has
been suggested. The stored cells could be matured in vitro and
fertilization can be achieved by the use of ICSI. Although the
technique of testicular germ cell harvesting, cryopreservation and
transplantation are effective in mice [108], there are considerable
differences in human spermatogenesis. Alternatively, maturation
of the later stages of spermatogenesis rather than stem cells,
in vitro maturation of diploid stem cells into haploid spermato-
zoa, has been suggested. However, the technique is still at the
very beginning of its development and it appears unlikely to
become technically possible in the near future [109,110].

Recently, Kvist and colleagues found that intact testicular tis-
sue from young boys with nondescended testes tolerated cryo-
preservation with preservation of the ability to produce testis-
specific hormones 7 vitro. These nondescended testes are sur-
gically removed because of the increased risk of developing
malignant tumors. Those results encourage the approach of
preserving the removed testicular tissue for fertility preservation
in adult life (111). More recently, reports have presented encour-
aging data on the success of cryopreservation of the tesicular tis-
sues. Prepubertal testicular tissue from boys was successfully
cryopreserved by slow, programmed freezing with dimethyl sul-
foxide as a cryoprotectant. Keros and colleagues found this
slow, programmed freezing efficient in maintaining the sperma-
togonia, Sertoli cells and stromal compartment during freezing,
thawing and tissue culture [112]. Orthotopic xenografting was
demonstrated by Wyns and colleagues to be associated with the
survival and presence of proliferative activity of spermatogonia
and Sertoli cells from cryopreserved immature human cryp-
torchid tissue [113].

Conclusion

The two established technologies of cryopreservation of
embryos and sperm, as well as the emerging methods, including
cryopreservation of oocytes, ovarian tissues and testicular tissue,
provide hope to increasing numbers of cancer survivors in their
reproductive age period. While embryo and sperm cryo-
preservation are considered accepted standard clinical practices,
other fertility-preservation technologies should be offered
within IRB-approved clinical protocols after thorough coun-
seling regarding the limited data, particularly on long-term out-
comes. As a golden rule, patients safety regarding achievement
of the best chance of cure from cancer treatment should come
first, ahead of any other consideration for fertility preservation.
This is to avoid reducing the chance of the success of cancer
treatment by any delays or exposure to fertility medications for
the sake of fertility preservation. Modern practice of clinical
oncology should include a collaborative bridge with reproduc-
tive endocrinologists to provide cancer patients with adequate
counseling regarding options of preserving their fertility.

Expert commentary

There are still unmet needs for providing adequate reproductive
care for patients undergoing cancer treatment during their
childhood and reproductive period. Several factors could
explain the deficiency in providing such reproductive care,
including a lack of adequate patient counseling, failure to
arrange timely consultation with a reproductive endocrinologist
and financial constraints. It is unfair for patients who are candi-
dates for benefit from the established technologies of sperm and
embryo cryopreservation to forfeit their chances of fertility
preservation. Even though the practices of cryopreservation of
oocytes, ovarian and testicular tissue remain experimental and
should be performed within IRB-approved protocols, these
options should be discussed with the patients, particularly
when causing no delays in cancer treatment. Bridging the gap
between oncologists and reproductive endocrinologists by cre-
ating a hot referral line, as well as adequate health education of
the community and better understanding and support on the
side of the authorities providing financial care for the health
system, should all help in providing more satisfactory reproduc-
tive care for cancer survivors.

Five-year view

The fast-growing reproductive technologies, along with an
increased awareness of the fertility preservation options avalia-
ble, will both improve the availability, utilization and success of
providing adequate reproductive care for cancer survivors. I
expect the recent legislations and restrictions imposed on the
practice of assisted reproduction in Europe, and other places in
the world, regarding restricting the number of oocytes that can
be fertilized during IVE as well as the restrictions on embryo
freezing, to lead to a vast, growing advancement in the technol-
ogy of oocyte cryopreservation. This will inevitably help to
enhance the success of that technology and make it readily
available for cancer survivors. The emerging success of modest
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ovarian stimulation protocols needed for IVF and for harvest-
ing multiple oocytes, for example applying aromatase inhibi-
tors, can help to reduce the risk of exposure to high hormonal
levels. In addition, the low cost of those oral medications (aro-
matase inhibitors) should also help in reducing the overall cost
of reproductive technologies for cancer patients. However,
those agents are still awaiting more research for their approval
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for the indication of ovarian stimulation. The approaches of
spermatogonial stem cell transplantation and ovarian cryop-
reservation with 7z vitro maturation of primordial follicles are
exciting approaches. However, these technologies are still in
their infancy of development, with several obstacles remaining.
It may take more than 5 years before we see those technologies
coming close to clinical application.

[«

ey issues

jeopardize the chance of cure from cancer.

® The success of treatment of cancers that affect individuals during their reproductive period and childhood leads to a growing
number of patients seeking reproductive care, including fertility preservation.

e There is still a wide gap between oncologists and reproductive endocrinologists concerning which patients might benefit from
fertility preservation. This results in an increasing number of cancer patients who miss the chance of preserving their fertility.

® Cancer cure should be the ultimate primary goal of cancer treatment, while fertility preservation should come next. However, no
effort should be spared in trying to preserve reproductive functions by adopting conservative treatment approaches that do not

* The two main strategies to preserve reproductive functions in cancer patients include approaches to reduce the reproductive
damage caused by cancer treatment and fertility preservation by cryopreservation of embryos, gametes and gonadal tissues.

¢ With regards to the strategy of reducing reproductive damage caused by cancer treatment, conservative surgery in selected

candidates is an emerging interesting concept that is more widely accepted, with data accumulating on long-term safety. On the
other hand, while ovarian surgical mobilization and testicular shielding away from the field of radiotherapy have proven effective,
gonadal suppression with gonadotropin-releasing hormone analogues and sex hormones are unlikely to be of benefit for male
patients, although they may be of some help for female patients.

With regards to the strategy of fertility preservation, the technologies of embryo and sperm cryopreservation are well established,
with satisfactory data on their success and long-term safety. On the other hand, the practice of cryopreservation of oocytes,
ovarian and testicular tissues is still experimental and should be offered to patients within institutional review board-approved

clinical protocols.
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