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Chapter 2
Fertility Management for Women with Cancer

Sanjay K. Agarwal, MD and R. Jeffrey Chang, MD

Cancer is now a disease with a variety of treatment options that are leading to
longer and more productive lives in survivors. More than 200,000 men and women
under the age of 45 years are diagnosed with cancer annually. However, challenges
remain for cancer survivors striving to return to normalcy. Infertility can be a
consequence of many of the more aggressive chemo- and radiation therapies that
prolong and save lives. The ability to easily preserve sperm prior to cancer
treatment provides hope at the time of diagnosis to have families later in life for
male survivors. A notable example is Tour de France winner Lance Armstrong,
who has three children conceived by using sperm collected and frozen days before
he underwent the massive chemo- and radiation therapy that saved his life. When
faced with a similar devastating diagnosis, women and girls have the same hope for
recovery but lack the fertility preservation options that Mr. Armstrong was given.
Unlike sperm, the female germ cell, the oocyte or egg, must be retrieved surgically.
Moreover, the vast majority of collected oocytes will be immature at collection and
cannot be used immediately by a woman who is ready to start a family.

Many of the principles and technologies discussed in this chapter in the context
of cancer patients can equally well be applied to women with benign pelvic diseases
that threaten their fertility. For example, some women with severe endometriosis or
pelvic infection may need to have their ovaries removed as a part of radical surgical
treatment for these diseases. In others, during the process of surgically removing
ovarian cysts, germ cells can be damaged, thus reducing the woman’s fertility.
Further, the treatment of benign diseases such as Bechet syndrome and
glomerulonephropathies may require chemotherapy that could, just as with cancer
patients, reduce ovarian reserve.

Ovarian Physiology

The process of germ cell (oocyte) loss from mid-pregnancy to menopause is a
normal physiologic process (Fig. 2.1). At mid-pregnancy, a female fetus has about
seven million germ cells that comprise the ovarian reserve. With atresia, this
number is reduced to about one million per ovary at birth. The decline in germ cell
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Fig. 2.1 Photomicrographs illustrating the age-related decline of primordial follicle numbers in
human ovaries (From Erickson GF. An analysis of follicle development and ovum maturation.
Sem Reprod Endocrinol 1986; 4:233-254 by permission of Thieme Medical Publishers, Inc.)

number continues such that by puberty there is a total of about 300,000 germ cells,
and by menopause, around 1,000 remain. Thus, prior to spontaneous ovulation,
there is a degenerative process of oocyte attrition, the mechanism of which is not
well understood. With the onset of menstruation and normal ovulatory function, it
is estimated that dozens of oocytes are consumed monthly to achieve a single
ovulation. At around age 35-38, there is acceleration in oocyte atresia until the
ovarian reserve is exhausted and menopause ensues (Fig. 2.2).

It is evident that, in women, the complete loss of the germ cell population is
a result of both spontaneous ovulation as well as an undefined atretic mechanism.
While unknown environmental and epigenetic phenomena may be harmful to germ
cells, several causative factors such as cancer treatment, including chemotherapy and
radiation, as well as elective social activities such as smoking, may accelerate the rate
of oocyte loss, thus decreasing fertility and bringing the age of menopause forward.

The decline in germ cell number is mirrored by a decline in female fertility.
With increasing age, particularly after the age of 35 years, a woman’s natural
fertility and chance of success with assisted reproduction declines. Since there can
be quite substantial variations in fertility with age, the clinical assessment of a
woman’s “ovarian reserve” typically involves not just age but also changes in the
release of pituitary follicle-stimulating hormone (FSH) and corresponding
production of estradiol and inhibin B by granulosa cells within ovarian follicles. As
the germ cell pool declines and fewer ovarian follicles are present, there is a
decrease in ovarian inhibin B production. Inhibin B provides negative feedback to
FSH secretion and hence an increase in FSH can be detected as a result of declining
inhibin B. Since FSH values vary during the menstrual cycle, it is standard practice
to obtain a measurement of serum FSH on day 3 of the menstrual cycle. An estradiol
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Fig. 2.2 Graph depicting the age-related decrease in primordial follicle numbers with increased
rate of loss from around 35-38 years of age (From Faddy MJ, et al. Accelerated disappearance of
ovarian follicles in mid-life: implications for forecasting menopause. Hum Reprod 1992;
7(10):1342-1346 by permission of Oxford University Press.)

Table 2.1 Common tools for assessing ovarian reserve in clinical practice

Female age
Day 3 serum FSH (with estradiol)
Transvaginal ultrasound determination of antral follicle count

level is determined on the same day to ensure that the FSH value is accurate and
not artificially lowered by a high circulating estradiol level as may occur in the
presence of premature follicular development. A more recent addition to the
assessment of ovarian reserve has been the ultrasound evaluation of ovarian antral
follicle count. For this, transvaginal ultrasonography is performed and the number
of small antral follicles in the ovaries is documented. The number declines with age
[1,2], and ideally, the observation of a total follicle count of 12 or more from both
ovaries is reassuring. Table 2.1 outlines the commonly used strategies for
determining ovarian reserve in current clinical practice.

For the patient with a cancer diagnosis, the implementation of treatment in a
timely manner is essential in order to have optimal success with life-saving
therapies. Therefore, waiting for day 3 in the menstrual cycle to determine FSH and
estradiol levels for evaluation of her ovarian reserve is not always feasible. For this
reason, when assessing whether or not a cancer patient is a candidate for
fertility-preserving therapies, and in order to provide accurate fertility counseling,
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the assessment of ovarian reserve by an estimate of age and antral follicle count is
of critical importance.

Ovarian reserve testing also has a role following cancer therapy in women medically
suitable for pregnancy by helping to determine remaining ovarian function and
hence, the appropriate degree of aggressiveness with which one should undertake
fertility therapy.

Impact of Cancer Therapies on Ovarian Function

The term “ovarian failure” indicates the irreversible loss of ovarian function with
failure of follicular development and ovulation. Concurrently, estrogen production
by the ovaries is essentially eliminated and declines to menopausal levels. The loss
of ovarian function in a woman less than 40 years of age is considered to be
premature ovarian failure. Assessment of the impact of cancer therapies on ovarian
function is hampered by inconsistent and varied definitions of amenorrhea and
ovarian failure, and in variable time of follow up. Although most studies use a
12-month interval in evaluating post-therapy amenorrhea, it may take up to 16 months
to develop in women under 40 years of age [3].

Both chemotherapy and radiation therapies used for the treatment of cancer can
lead to premature ovarian failure. The likelihood of this unfortunate consequence
depends on the precise therapy and increases with the age of the woman. It should
be remembered that because of sporadic ovulation in women with premature
ovarian failure, pregnancies have been reported. Even survivors of childhood
cancer have an increased risk on premature menopause, which is dependent upon
radiation dose to the ovaries, number of alkylating chemotherapy agents used and
their cumulative dose, as well as a diagnosis of Hodgkin’s lymphoma [4]. Radiation
therapy to the pelvis can have a significant direct negative impact on ovarian
function. As with chemotherapy, the extent of damage not only depends on the age
of the woman but also on radiation dose and field of treatment. Doses as low as
4-6Gy in adults and 10-20Gy in children can lead to irreversible decrease in
ovarian function with some experiencing ovarian failure [5-9]. The likelihood of
ovarian damage can be reduced by surgically moving the ovaries (ovariopexy)
away from the radiation field prior to radiation [10]. Total body irradiation of
children is particularly likely to lead to ovarian failure, with 90% of those over 10
years of age being affected. It should be remembered that although the impact of
irradiation on ovarian function is of profound importance, the uterus can also be
damaged by such therapy. Uterine consequences of radiation include decrease in
uterine cavity volume [11,12] and decreased blood flow, which may explain the
increase in miscarriage and other pregnancy complications seen in women
conceiving after pelvic irradiation.

Non-pelvic irradiation can also impact fertility. For example, cerebral irradiation
may disrupt central hypothalamic-pituitary regulation of ovarian function resulting
in hypogonadotropic hypogonadism [12]. Fortunately, conventional therapies such
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as ovulation induction with gonadotropin injections or in vitro fertilization (IVF)
and embryo transfer usually suffice to restore fertility.

Breast cancer is the most prevalent cancer to affect women. Although the
likelihood of developing this cancer increases with age, about 1 in 3 women are
premenopausal at the time of diagnosis [13]. Fortunately, cancer related mortality
for breast cancer has decreased dramatically such that with modern management,
most women with this diagnosis can expect to live long, productive lives. As a
result, premenopausal women with a diagnosis of breast cancer represent a sizeable
population concerned about their fertility after cancer therapy [14]. Breast cancer,
as well as other cancers, is commonly treated with adjuvant chemotherapeutic
agents. Alkylating agents do not have a cell-specific effect and hence have a
particularly high propensity for irreversibly damaging resting immature oocytes
(primordial follicles). Cyclophosphamide is the chemotherapeutic agent that is
most commonly implicated in decreasing ovarian function and does so in a
dose-dependent manner.

Age and duration of therapy are other important factors in determining risk
of ovarian failure, with older women being more vulnerable than young [15,16].
A clear example regarding the major the impact of age is provided by the study of
Goldhirsch et al. [16], in which premenopausal women undergoing classic 6-month
cyclophosphamide, methotrexate, and fluorouracil (CMF) adjuvant chemotherapy for
breast cancer were studied and found to have a 33% risk of amenorrhea if under 40
years and an 81% risk if older. The same study also demonstrated the impact of duration
of therapy, in that those treated for 1 month had less than half the rate of amenorrhea
suffered by those receiving 6 months of chemotherapy. The antimetabolites
5-fluorouracil and methotrexate in the CMF regimen have not been shown to cause
increased risk of amenorrhea. In combination, these two agents had a 9% amenorrhea
rate compared with a 69% rate with CMF in an age-matched population [3].

Preventing chemotherapy-induced ovarian toxicity has been the largely
unrealized hope of pretreatment with pharmaceutical agents such as gonadotropin
releasing hormone (GnRH) agonists or oral contraceptives. The expectation was
that if ovarian metabolism could be made quiescent, then any negative effect of the
chemotherapy on ovarian tissue would be minimized. In practice, this theory
has not been found to be as successful as once hoped. Only one randomized study
has been performed that evaluated 18 women undergoing chemotherapy for
Hodgkin’s disease [17]. Administration of GnRH agonist prior to and for the
duration of chemotherapy was not found to prevent the development of
drug-induced amenorrhea during the 3 years of follow up. Incidentally, men were
also included in this study, and as with the women, there was no preservation of their
fertility with GnRH agonist therapy as documented by the development of
oligospermia. In women, this relative lack of efficacy may be explained by the fact
that since oral contraceptives and probably GnRH agonists do not preserve ovarian
reserve (there is no delay in menopause in users), it is reasonable to infer that they
do not prevent the physiologic atrophy of germ cells. Given that chemotherapy
damages primordial follicles, it is perhaps understandable why gonadal suppression
prior to and during chemotherapy does not prevent ovarian damage.
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Current Techniques of Fertility Preservation

Most current methods of preserving fertility in women involve cryopreservation of
ovarian tissues. The objective of cryopreservation is to maintain viability of tissue
after long-term storage. It is the basis for all forms of fertility preservation for
cancer sufferers. Cryopreservation requires cooling tissue from 37°C to the
temperature of liquid nitrogen (-196°C), storage at this temperature, and then
rewarming to 37°C at some later date. As the temperature of the tissue decreases
below the freezing point, the water within the tissue forms ice crystals and expands.
This expansion can damage the integrity of membranes and intracellular organelles
rendering the cells non-viable. Strategies for the prevention of cell damage
associated with freezing include the use of either permeating or non-permeating
cryoprotectants. Permeating agents are small molecules that enter the cells and
prevent ice crystal formation. Non-permeating agents remain extracellular and
draw out the cellular water, hence essentially dehydrating the cells and thus
preventing intracellular ice crystal formation.

The conventional method for freezing embryos is called the slow freeze method,
and is a technique that can also be used for freezing oocytes and ovarian cortex
strips. Cryoprotectants such as dimethyl dulfoxide (DMSO) and, more recently,
sucrose are used. The temperature is lowered at a very slow rate of about 0.33°C
per minute until reaching —32°C, at which point the sample is put in liquid nitrogen
where it is rapidly cooled to —196°C.

Vitrification (rapid freeze) is an alternative strategy for cryopreservation and, as
the name suggests, involves the rapid freezing of the sample. High doses of
permeating cryoprotectants are used and once allowed to equilibrate, but before
toxicity can ensue, the sample is quickly frozen in liquid nitrogen. Rapid thawing
is required with this technique to prevent ice crystal formation.

The most successful and only therapeutic option that is widely available for
women with cancer wanting to preserve their fertility is to undergo IVF and embryo
freezing. This can take precious weeks to accomplish and requires a male partner
or the use of donor sperm. The alternatives, which include freezing sections of
ovarian cortex or freezing either mature or immature oocytes, still have more
limited availability, though with time and increased interest in these techniques
both success and availability will increase.

Embryo Freezing

The traditional, and currently the only, well established therapeutic option
allowing for fertility after cancer therapy is the storage of frozen embryos. This
strategy requires that the patient undergo ovarian stimulation for the in vivo
maturation of oocytes and subsequent retrieval of mature oocytes prior to
initiation of cancer therapy. The oocytes are fertilized on the day of egg retrieval
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and the resultant embryos are cryopreserved. At the time of the patient’s
choosing, embryos can be thawed and transferred into either the patient’s own
uterus, providing that her uterus is viable for pregnancy, or that of another woman
(gestational surrogate).

The basic technologies necessary for embryo freezing are in clinical use through-
out the world on a daily basis. Therefore, availability of services should not be an
insurmountable problem. During conventional gonadotropin-stimulated ovulation
induction for IVF, it is hoped that a minimum of around 4, and ideally about 1015,
dominant follicles develop. Generally, the actual number of mature follicles attainable
decreases with declining ovarian reserve. During the process of ovulation induction,
the development of multiple dominant follicles may give rise to substantial increases
in ovarian estradiol production due to increased granulosa cell number. In these situ-
ations, circulating estradiol concentrations may exceed 3,000 pg/ml. This is substan-
tially greater than that of a natural, unstimulated ovulatory cycle with peak estradiol
levels of about 300 pg/ml. This can be a concern for women with estrogen-dependent
cancers such as certain breast cancers and benign diseases such as endometriosis.
A strategy to successfully induce ovulation for IVF in these women without produc-
ing high estradiol levels has been described [18]. It involves adding an aromatase
inhibitor to the usual gonadotropin-based ovarian stimulation protocol. Aromatase
inhibitors prevent the formation of estrogen from androgen precursors and resultant
serum estradiol levels are substantially reduced compared with conventional IVF
stimulation and can actually be less than that seen in a natural cycle.

Success rates with frozen embryo cycles depend primarily on the woman’s age
at the time the eggs were retrieved and fertilized (Table 2.2) and not the age of
the woman in whose uterus they are eventually transferred. Once frozen, the
embryos can be thawed and transferred years later without a time-dependent
decrease in success. For the cancer patient, problems with this strategy are two-
fold. First, the time required for oocyte maturation with ovulation induction is
generally about 2 weeks from the onset of menses. Hence, if the decision to
undergo conventional IVF and embryo freezing is made much after about day 3
of the menstrual cycle, the day of the menstrual cycle by when ovulation induc-
tion is usually initiated, the patient will have to wait until the onset of the next
menstrual period prior to initiating ovulation induction. Second, because embryos
rather than oocytes are frozen, there is a need for an acceptable source of sperm.
This is not usually a problem if the patient is married or in some other committed
relationship. However, for others not in such relationships, the difficult decision
of using donor sperm has to be made.

Table 2.2 2005 National frozen cycle results — Society for Assisted Reproductive Technology

Female age at time of embryo transfer

Thawed embryos from non-donor oocytes <35 35-37 38-40 41-42
Number of transfers 8,622 4,379 2,636 898
Percentage of transfers resulting in live births 31.8 27.9 23.1 15.6

Average number of embryos transferred 2.4 2.5 2.6 2.7
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Ovarian Tissue Freezing

Ovarian cryopreservation has been shown to be successful in a variety of animal mod-
els and to a limited degree in humans. The technique involves the freezing of ovarian
cortex segments for later thawing and transplanting either back to the ovarian site
(orthotopically) or to some other location (heterotopically). The ovarian cortex is used
because it is this part of the ovary that is particularly rich in primordial follicles. In
order for cryoprotectants to penetrate the tissue, the cortical strips need to be no more
than 2mm thick. Tissue samples from cancer patients need to be evaluated by a
pathologist to detect the presence of any metastatic cancer cells. One of the problems
encountered with this technique is a decrease in primordial follicles within the grafted
tissue. This is due to hypoxia from a delay in revascularization. The loss of primordial
follicles in cryopreserved ovarian cortex strips ranges from 50 to over 90% [19-21],
which is reflected in FSH levels that usually remain elevated and inhibin B levels that
remain low, even after re-transplantation. Survival of grafts after transplant depends
on angiogenesis and neovascularization. As improved understanding of the mecha-
nisms involved spur improved techniques, the outcomes will improve.

Advantages of this technique over the freezing of embryos are that sperm is not
necessary at the time of freezing and no delay in cancer therapy is required for
oocyte maturation and retrieval. Indeed, ovarian tissue retrieval and freezing can be
performed at any time during the cycle, without delaying chemotherapy or radiation
therapy. Once the frozen tissue is thawed and transplanted back in to the patient,
it is possible that in addition to any fertility benefits, enough estrogen may be
produced to at least temporarily treat menopausal symptoms and prevent the onset
of osteoporosis. Although the technique is limited by ischemic injury to the
transplant tissue, the major theoretical concern with applying this technique to cancer
patients is the risk of transplanting back cancer cells with the ovarian tissue.

Pregnancy after orthotopic autotransplantation of cryopreserved human ovarian
cortex may be possible naturally. Indeed, this is the ultimate goal of the technique.
However, for the purposes of fertility and because of the decrease in germ cell
numbers, women undergoing this technique usually require aggressive, high-dose
gonadotropin stimulation of the ovarian cortex grafts and are thus usually considered
to be in the category of “low responders” with a diminished ovarian reserve. If
some ovarian tissue is left in situ at the time of ovarian cortex removal and pregnancy
occurs some time after orthotopic ovarian tissue transplantation, it may be difficult
to determine whether the source of the fertilized oocyte was the grafted ovarian tissue
or the ovarian tissue that was left in situ.

There is much less experience and success with heterotopic autotransplantation.
It is possible that the common subcutaneous transplant sites in the forearm or
abdomen render the graft likely to fail functionally because of lower temperature
and higher physical stress due to inadvertent increases in pressure than normally
experienced in the pelvis [22,23]. These grafts need a degree of ovulation induction
prior to the retrieval of mature oocytes, which then are used in intracytoplasmic
sperm injection (ICSI) and embryo transfer.
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Oocyte Freezing

Oocyte cryopreservation is developing as another technology for individuals
wishing to preserve fertility but who are not willing to commit to a sperm donor. It
can also be an option for those with a partner who, for time constraints, cannot
defer cancer therapy for a sufficient time to undergo conventional ovulation
induction for IVF and embryo freezing. Because of the complex and fragile nature
of the oocyte, oocyte freezing has been technically challenging and success,
although improving, has been limited. With this technology, either mature or
immature oocytes are obtained and cryopreserved.

Mature oocytes can be obtained by ovulation induction and oocyte retrieval as
is done for IVF. However, rather than fertilizing the oocytes prior to freezing
embryos, the mature oocytes are frozen. Because of the large size of mature
oocytes, they are particularly susceptible to damage during cryopreservation.
Ice crystal formation, zona pellucida hardening, and meiotic spindle anomalies
have been detected and are associated with reduced oocyte survival and fertilization
and increased aneuploidy [24-27]. Although zona pellucida hardening can be
overcome with ICSI, there are no good solutions available currently for the
disruption of meiotic spindles that occurs when freezing mature oocytes. In
addition, although this strategy obviously does not afford any advantage with
regard to time needs as compared with conventional IVF and embryo freezing, it
does allow a woman to freeze eggs without committing to the source of sperm at
that time. Hence, for those not in a committed relationship and wishing to keep
their sperm options open, the technology is of potential value.

In order to overcome the time requirements essential for harvesting mature
oocytes, a newer strategy for oocyte freezing has evolved. This strategy involves
obtaining immature oocytes from unstimulated or minimally stimulated ovaries and
after in vitro maturation of the oocytes, freezing either the oocytes themselves or,
if sperm is available, embryos. Because of the greater number of small follicles in
the ovaries of women with polycystic ovary syndrome (PCOS), most cases
described so far have been from PCOS ovaries. After retrieval, the oocytes have
typically been made to undergo in vitro maturation (Fig. 2.3) prior to either freezing
or fertilization. A less well explored alternative is to freeze immature oocytes soon
after retrieval without significant in vitro maturation. After thawing, the oocytes
would require in vitro maturation prior to fertilization and embryo transfer. The
potential advantage of freezing immature oocytes is that they are smaller and
metabolically less active than mature oocytes.

Oocyte freezing strategies have several potential advantages over regular IVF
embryo freezing. The time for ovulation induction is not necessary, and for this
reason, there is less delay in initiating chemotherapy. Additionally, patients are not
exposed to pharmaceutical doses of gonadotropins and high estradiol levels during
in vivo oocyte maturation, and commitment to a sperm source is not needed at the
time of oocyte retrieval. The relative importance of these advantages varies from
patient to patient.
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Fig. 2.3 Morphological classification of cumulus-enclosed oocytes retrieved from small antral
follicles. Germinal vesicle-stage oocytes are enclosed in 3 (A) to 10 (B) layers of tightly com-
pacted corona cells. (C) Oocytes enclosed in layers of compacted proximal granulosa cells and
expanded distal granulosa cells. (D) Oocytes enclosed in expanded cumulus cells (similar to IVF-
collected oocytes). (E) Atretic oocytes can be retrieved within fully enclosed cumulus-corona cell
layers or partially denuded from cumulus-corona cells (as shown here), or completely naked, with
or without a degenerative ooplasmic aspect. All panels, scale bar=50pm (From Jurema MW,
Nogueira D. In vitro maturation of human oocytes for assisted reproduction. Fertil Steril 2006;
86:1277-91 by permission of Elsevier.)

One study compared chromosome configurations and meiotic spindle micro-
tubules in oocytes that had undergone in vitro maturation to those that had been
matured in vivo [28]. The investigators used confocal microscopy and fluorescent
immunocytologic staining to analyze oocytes from women with PCOS following
retrieval at an immature stage and in vitro maturation. These were then compared
with oocytes from women with PCOS that had undergone conventional in vivo matu-
ration with gonadotropin stimulation. The findings were that in vitro matured oocytes
were more likely to have abnormal chromosome configurations and disordered
meiotic spindle microtubules. Whether the same outcome will hold true for oocytes
retrieved from women with a more normal endocrine profile is yet undetermined.

Although success with in vitro oocyte maturation is increasing rapidly, it is still
largely limited by the available culture systems. As these and other necessary areas
of expertise improve, it is expected that outcomes with this exciting new technology
will also improve. Indeed, aspirating immature oocytes and performing in vitro
oocyte maturation is already being touted as a useful adjunct to, and a possible
replacement for, in vivo oocyte maturation in the current IVF clinic [29-31].
This is especially true for women at particularly high risk for ovarian hyperstimulation
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syndrome with gonadotropin-stimulated conventional IVF. With continuing
refinement of oocyte freezing technology, the number of oocytes needed for a
reasonable chance of pregnancy will decrease. Currently, one can expect a less than
2% chance of pregnancy per thawed oocyte [32]. Despite the current low pregnancy
rate per oocyte with the use of aspirated immature oocytes that have undergone in
vitro maturation, numerous pregnancies have been reported. There has only been
one report of a congenital anomaly following oocyte cryopreservation: a child with
an isolated ventricular septal defect [33]. It is also encouraging that, in an albeit
limited evaluation, children born as a result of this technology do not appear to
show developmental delay during infancy and early childhood [34].

Future Directions

Although the ability to reliably produce successful pregnancies from the harvesting
of immature oocytes with subsequent in vitro maturation will likely be the easiest
to achieve, there is clearly room for improved success in this and other technologies
described in this chapter. Improved outcomes will only come from the deeper
understanding of physiologic processes and the development of cryopreservation
techniques that are less traumatic to the tissue being frozen. In addition, in the case
of ovarian cortex freezing and autotransplantation, improved stimulators of
angiogenesis and neovascularization will also be necessary. As these technologies
mature, algorithms and guidelines will be developed to ensure that they are used
appropriately. Indeed, these strategies may provide a reasonable way for women
without cancer or significant fertility-threatening disease to preserve their fertility
options for social reasons.

Summary

With time, great strides are being made in the care of cancer sufferers. The longevity
and quality of life of these unfortunate individuals continues to improve and the
word “cure” is more commonly being heard. In a similar manner, there is also much
reason for optimism regarding the future fertility options for patients with cancer
as well as for those with other diseases that have a high likelihood of rendering a
female infertile prior to completing her family. Figure 2.4 outlines the various cryo-
preservation technologies currently available. While IVF and embryo freezing
remain the gold standard at the present, refinements in in vitro maturation of
oocytes and cryopreservation of oocytes and ovarian cortex will lead to improved
results and availability of these technologies.

Counseling patients of child-bearing age or their parents regarding future fertility
when faced with a life-threatening cancer diagnosis is difficult but extremely
important. With modern approaches to cancer care, survival rates have improved
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Fig. 2.4 Strategies for the preservation of fertility in women undergoing treatment for cancer or
other diseases that are likely to render them infertile

significantly. Therefore, the health care team has a responsibility to provide
screening to identify these patients, provide education so that an informed decision
can be made as rapidly as possible, and have a team ready to preserve fertility once
a decision has been made. With the improvements in fertility outcomes for these
patients, appropriate education of key communities, including cancer sufferers and
their health care providers, will be necessary to ensure that the issue of fertility after
cancer is at least discussed and offered to those in whom it is appropriate.

References

—

. Hendriks DJ, Mol BW, Bancsi LF, et al. Antral follicle count in the prediction of poor ovarian
response and pregnancy after in vitro fertilization: a meta-analysis and comparison with basal
follicle-stimulating hormone level. Fertil Steril 2005;83:291-301.

2. Erdem A, Erdem M, Biberoglu K, et al. Age-related changes in ovarian volume, antral follicle
counts and basal FSH in women with normal reproductive health. J Reprod Med
2002;47:835-839.

3. Bines J, Oleske DM, Cobleigh MA. Ovarian function in premenopausal women treated with
adjuvant chemotherapy for breast cancer. J Clin Oncol 1996;14:1718-1729.

4. Sklar CA, Mertens AC, Mitby P, et al. Premature menopause in survivors of childhood cancer:
a report from the childhood cancer survivor study. J Natl Cancer Inst 2006;98:890-896.

5. Wallace WH, Thomson AB, Kelsey TW. The radiosensitivity of the human oocyte. Hum
Reprod 2003;18:117-121.

6. Horning SJ, Hoppe RT, Kaplan HS, et al. Female reproductive potential after treatment for
Hodgkin’s disease. N Engl J Med 1981;304:1377-1382.

7. Lushbaugh CC, Casarett GW. The effects of gonadal irradiation in clinical radiation therapy: a
review. Cancer 1976;37:1111-1125.

8. Thibaud E, Ramirez M, Brauner R, et al. Preservation of ovarian function by ovarian trans-

position performed before pelvic irradiation during childhood. J Pediatr 1992;121:880-884.



2 Fertility Management for Women with Cancer 27

9. Wallace WH, Shalet SM, Hendry JH, et al. Ovarian failure following abdominal irradiation in

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.
25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

childhood: the radiosensitivity of the human oocyte. Br J Radiol 1989;62:995-998.

Morice P, Juncker L, Rey A, et al. Ovarian transposition for patients with cervical carcinoma
treated by radiosurgical combination. Fertil Steril 2000;74:743-748.

Critchley HO, Bath LE, Wallace WH. Radiation damage to the uterus — review of the effects
of treatment of childhood cancer. Hum Fertil 2002;5:61-66.

Ogilvy-Stuart AL, Shalet SM. Effect of radiation on the human reproductive system. Environ
Health Perspect 1993;101 Suppl 2:109-116.

Jemal A, Thomas A, Murray T, et al. Cancer statistics, 2002. CA Cancer J Clin
2002;52:23-47.

Partridge AH, Gelber S, Peppercorn J, et al. Web-based survey of fertility issues in young
women with breast cancer. J Clin Oncol 2004;22:4174-4183.

Goodwin PJ, Ennis M, Pritchard KI, et al. Risk of menopause during the first year after breast
cancer diagnosis. J Clin Oncol 1999;17:2365-2370.

Goldhirsch A, Gelber RD, Castiglione M. The magnitude of endocrine effects of adjuvant
chemotherapy for premenopausal breast cancer patients. The International Breast Cancer
Study Group. Ann Oncol 1990;1:183-188.

Waxman JH, Ahmed R, Smith D, et al. Failure to preserve fertility in patients with Hodgkin’s
disease. Cancer Chemother Pharmacol 1987;19:159-162.

Oktay K, Hourvitz A, Sahin G, et al. Letrozole reduces estrogen and gonadotropin exposure
in women with breast cancer undergoing ovarian stimulation before chemotherapy. J Clin
Endocrinol Metab 2006;91:3885-3890.

Baird DT, Webb R, Campbell BK, et al. Long-term ovarian function in sheep after ovariectomy
and transplantation of autografts stored at —196 C. Endocrinol 1999;140:462-471.

Aubard Y, Piver P, Cogni Y, et al. Orthotopic and heterotopic autografts of frozen-thawed
ovarian cortex in sheep. Hum Reprod 1999;14:2149-2154.

Nisolle M, Casanas-Roux F, Qu J, et al. Histologic and ultrastructural evaluation of fresh and
frozen-thawed human ovarian xenografts in nude mice. Fertil Steril 2000;74:122-129.
Wolner-Hanssen P, Hagglund L, Ploman F, et al. Autotransplantation of cryopreserved ovarian
tissue to the right forearm 4(1/2) years after autologous stem cell transplantation. Acta Obstet
Gynecol Scand 2005;84:695-698.

Oktay K, Buyuk E, Veeck L, et al. Embryo development after heterotopic transplantation of
cryopreserved ovarian tissue. Lancet 2004;363:837-840.

Trounson A. Spindle abnormalities in oocytes. Fertil Steril 2006;85:838; discussion 841.
Lanzendorf SE. Developmental potential of in vitro- and in vivo-matured human oocytes collected
from stimulated and unstimulated ovaries. Fertil Steril 2006;85:836—-837; discussion 841.
Kanaya H, Murata Y, Oku H, et al. Successful monozygotic twin delivery following in vitro
maturation of oocytes retrieved from a woman with polycystic ovary syndrome: case report.
Hum Reprod 2006;21:1777-1780.

Baka SG, Toth TL, Veeck LL, et al. Evaluation of the spindle apparatus of in-vitro matured
human oocytes following cryopreservation. Hum Reprod 1995;10:1816-1820.

Li Y, Feng HL, Cao Y], et al. Confocal microscopic analysis of the spindle and chromosome
configurations of human oocytes matured in vitro. Fertil Steril 2006;85:827-832.

Dal Canto MB, Mignini RM, Brambillasca F, et al. IVM — the first choice for IVF in Italy.
Reprod Biomed Online 2006;13:159-165.

Piquette GN. The in vitro maturation (IVM) of human oocytes for in vitro fertilization (IVF):
is it time yet to switch to IVM-IVF? Fertil Steril 2006;85:833-835; discussion 841.

Jurema MW, Nogueira D. In vitro maturation of human oocytes for assisted reproduction.
Fertil Steril 2006;86:1277-1291.

Sonmezer M, Oktay K. Fertility preservation in young women undergoing breast cancer therapy.
Oncologist 2006;11:422-434.

Winslow KL, Yang D, Blohm PL, et al. Oocyte cryopreservation/a three year follow up of
sixteen births. Fertil Steril 2001;76 (Suppl 1):120-121.

Shu-Chi M, Jiann-Loung H, Yu-Hung L, et al. Growth and development of children conceived
by in-vitro maturation of human oocytes. Early Hum Dev 2006;82:677-682.



2 Springer
http://www.springer.com/978-0-387-72292-4

Oncofertility

Fertility Preservation for Cancer Survivors
Woodruff, T.; Snyder, KA, (Eds.)

2007, XV, 263 p., Hardcover

ISBN: @78-0-387-72292-4



