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Purpose of review

The overall survival and cure rates of patients with childhood
and adult malignancies have improved dramatically, but
cancer treatment can be associated with diminished
reproductive potential. However, research on the
preservation of fertility in these patients has given patients
new options. This article discusses the mechanisms of
reproductive failure after cancer therapy and the currently
available fertility preservation strategies.

Recent findings

Ovarian transposition is still a viable option if radiotherapy is
to be used alone. Modifications in assisted reproductive
technology that decrease peak estradiol levels are ideal for
breast cancer survivors. Embryo freezing technology
offers excellent pregnancy rates. Oocyte freezing is
available for women without a partner, but there is more
limited experience with this technique. Understanding

the concepts of graft function after the autotransplantation
of frozen—thawed ovarian tissue has resulted in great
strides in the technical requirements for success.
Summary

Gonadotropin-releasing hormone analogues are the

only available medical protection means for gonadotoxic
chemotherapy. Assisted reproductive technology

offers excellent results, but the protocols require a

delay in implementing chemotherapy. Despite recent
reports of embryo development after the transplantation
of cryopreserved-thawed ovarian tissue, clinical experience
is limited and the technique remains experimental.
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Introduction

The treatment of childhood and adult malignancies
carries a substantial risk of compromise of reproductive
potential. Many patients are expected to survive these
cancers and lead normal lives. Consequently, fertility
preservation has become more important. Besides the
expected difficulties with fertility, pregnancy-associated
disorders such as early pregnancy loss, premature labor and
low birthweight have been described after cancer treat-
ment [1]. In this article we will review recent literature
on the pathophysiology of chemotherapy/radiotherapy-
induced gonadal toxicity and recent data on the outcome
of techniques used for fertility preservation. Although the
focus of this review is on the cancer patient, the com-
ments also apply to other disorders such autoimmune
disease, which often occurs in reproductive age women
who are treated with chemotherapy.

Chemotherapy-induced ovarian failure
Premature ovarian failure (POF) is a well-known conse-
quence of exposure of the female gonad to chemother-
apeutic drugs. A wide variety of malignant and non-
malignant conditions during the reproductive age are
treated with gonadotoxic chemotherapy. Poirot efr al.
[2] reported on a group of women under 16 years of
age who requested preservation of fertility with ovarian
tissue cryopreservation. The tumors in these patients are
listed in Table 1.

Breast cancer is the commonest malignancy in women
during the reproductive age that often requires immedi-
ate fertility intervention [3°°]. Fifteen per cent of all
breast cancer cases are estimated to occur at less than
40 years [4]. Cervical cancer is the other common malig-
nancy seen in reprodutcive age women that may require
fertility-preserving intervention. It is estimated that
50% of the 13 000 new cervical cancer cases that were
diagnosed in the United States are under the age of
35 years [5°].

Chemotherapy-induced gonadotoxicity is almost always
irreversible. Histological sections of the ovary after treat-
ment with cytotoxic drugs known to cause ovarian failure
show a spectrum of changes ranging from decreased
numbers of follicles to absent follicles to fibrosis. The
exact incidence of POF after chemotherapy is difficult to
establish because many factors contribute to ovarian
failure. The most important parameters are the age of
the patient, the drug class, and the cumulative dose of the
drug. The risk of gonadal damage increases as the age of
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Table 1. Most frequent cancer types in patients requesting
fertility preservation

Childhood cancers
Ewing's sarcoma
Leukemias
Lymphomas
Neuroblastomas
Wilm's tumor

Adult tumors
Breast cancer
Cancer of the cervix
Colorectal carcinoma
Lymphomas
Sarcomas

the woman increases and is most likely caused by the
presence of a lower number of remaining oocytes com-
pared with the younger patient. Cytotoxic chemothera-
peutic agents are not equally gonadotoxic (Table 2).
Chemotherapy that includes alkylating agents is particu-
larly gonadotoxic. These drugs may impair follicular
maturation or deplete primordial follicles. Temporary
amenorrhea will result when maturing follicles are
destroyed by cytotoxic drugs, whereas permanent ame-
norrhea or POF is seen when all primordial follicles are
destroyed. A fascinating observation was recently
reported in a paper in Nature [6°°]. The dogma of ovarian
physiology is that germline stem cells do not occur in the
postnatal ovary. In other words, there are no cells avail-
able to generate new oocytes. If primordial cells are
depleted (menopause) or destroyed through therapy,
no new oocytes are generated. That study showed the
presence of germline stem cells in the adult ovary and
therefore the potential for the regeneration of new
oocytes if depleted by chemotherapy. Methods that
specifically protect these cells may lead to new therapies
to replenish destroyed follicles.

Radiotherapy-induced gonadal damage
Several cancers afflicting young premenopausal women
can be cured with radiation therapy. The degree and

Table 2. Gonadotoxicity of different chemotherapeutic agents

Low risk
Methotrexate
5-Fluorouracil
Actinomycin D
Bleomycin
Vincristine
6-Mercaptopurine

Intermediate risk
Cisplatin
Adriamycin

High risk
Alkylating agents
Cyclophosphamide
Busulfan
Melphalan
Nitrogen mustard

Source: Sonmezer and Oktay [16°], reproduced with permission.

persistence of ovarian damage is related to the patient’s
age, the total dose, and the number of episodes needed to
deliver the dose. Radiation is more toxic when given in a
single dose compared with fractionated doses [7]. Two
studies indicated that the breakpoint for radiation-induced
ovarian failure is approximately 300 ¢Gy to the ovaries.
Only 11-13% experienced ovarian failure below 300 cGy
versus 60-63% above that threshold value [8]. The radia-
tion doses to the ovaries with standard pelvic radiation
therapy will uniformly induce ovarian failure. The addition
of chemotherapy increases the risk of POF [9,10].

The ovarian follicles are remarkably vulnerable to DNA
damage from ionizing radiation, resulting in a significant
reduction in the ovarian follicle pool. Oocytes show a
rapid onset of pyknosis, chromosome condensation, dis-
ruption of the nuclear envelope and cytoplasmic vacuo-
lization. Serum levels of follicle-stimulating hormone
(FSH) and luteinizing hormone increase progressively
within 4-8 weeks after radiation exposure along with a
decline in serum estradiol levels. A dose-dependent
reduction in the primordial follicle pool was noted upon
exposing the ovary to radiotherapy [11]. It is estimated
that less than 2 Gy is enough to destroy 50% of the oocyte
population (LDLs, < 2 Gy) [12].

Fertility preservation strategies

A wide array of options have been tested as fertility
preserving strategies. However, none of them was tested
in a prospective randomized controlled trial. Many of the
available techniques are promising but are still experi-
mental techniques.

Pharmacological protection

After noting that the premenarchal ovary appears to be
less sensitive to cytotoxic drugs [13,14], investigators
attempted to mimic this state by using gonadotropin-
releasing hormone (GnRH) agonists. Previous animal
studies in different species had shown that GnRH ago-
nists could protect the ovary against cyclophosphamide-
induced damage. Blumenfeld [15°] reported several
studies on the potential protective effects of GnRH
agonists against the deleterious effects of chemothera-
peutic agents. All the reports demonstrated a diminished
frequency of POF in patients who received a GnRH
agonist before starting chemotherapy. However, the ret-
rospective nature of the control group makes the obser-
vations less robust. The length of follow-up was not
comparable between the two groups, with the GnRH
agonist group having a shorter follow-up. From such
studies, it cannot be determined whether the lower
incidence of ovarian failure was caused by GnRH agonist
treatment or the shorter follow-up.

Some authors have questioned the value of GnRH gona-
dal suppression in women in preserving ovarian function
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against chemotherapy [16°]. Primordial follicles initiate
follicle growth through an unknown mechanism, which is
gonadotropin independent. This was exemplified in a
recent study of a patient with an FSH receptor mutation
that presented with POF but with normal follicle devel-
opment to the small antral stage [17°°]. There is some
controversy regarding the existence of GnRH receptors
on the human ovary, whereas GnRH receptors have
clearly been detected in the rat ovary. The response
may thus not be similar across species. If the sole
mechanism of gonad protection with GnRH agonists
were through the suppression of gonadotropins, espe-
cially FSH, then treatment would not be expected to
protect the primordial follicle population that represents
the ovarian reserve.

Some prepubertal children receiving gonadotoxic che-
motherapy may eventually have POF [18]. Meirow et al.
[19] proposed that as younger patients have a larger
ovarian reserve a decreased frequency of immediate
amenorrhea does not mean that the gonads are unaffected
by the chemotherapy, but simply that they have a
sufficient number of oocytes not to demonstrate imm-
ediate ovarian failure. This controversy on the effective-
ness of GnRH agonists will only be resolved with
a prospective randomized clinical trial. Suppressive
therapy with a variety of oral steroids such as oral contra-
ceptives or progestins has not been shown to be effective
in preventing damage from chemotherapy or radiation
therapy.

Ovarian transposition

For patients subjected to gonadotoxic radiotherapy, ovar-
ian function could be maintained by transposing the
ovaries out of the field of irradiation. The ovarian dose
after transposition is reduced to approximately 5-10% of
that of in-situ ovaries [20].

Lateral ovarian transposition was typically performed by
laparotomy, with division of the utero-ovarian ligament
and tube and the ovaries were moved to the paracolic
gutters so that they would lie 3 cm above the upper
border of the field. Bidzinski et al. [21] confirmed that
ovarian function was preserved if they were transposed at
least 3 cm from the upper border of the field. Ovarian
failure may result if the ovaries are not moved far enough
out of the radiation field or if they migrate back to their
original position. Currently, it has been recommended
that ovarian transposition is performed laparoscopically
just before initiating radiation therapy. Bisharah and
Tulandi [22°°] reported a case of laparoscopic lateral
ovarian transposition in a patient with rectal adenocarci-
noma, whereby the utero-ovarian ligaments were divided
but the ovaries remained attached to the distal fallopian
tubes, potentially improving the chances for ovum
pick-up. The patient achieved a spontaneous pregnancy.

An important advantage of laparoscopic ovarian trans-
position is that radiation therapy can be initiated imme-
diately postoperatively preventing failure as a result of
the ovaries migrating back. A further advantage of
the laparoscopic approach, which offers rapid postopera-
tive recovery, is the possibility of repeating the laparo-
scopy again if the postoperative assessment of the
transposed ovaries shows that the radiation dose is still
significant.

Several papers addressed concerns regarding pregnancy
outcomes after pelvic irradiation. Swerdlow et al. [23]
confirmed that there was no excess of stillbirths, low
birthweight, congenital malformations, abnormal karyo-
types, or cancer in the offspring of women treated for
Hodgkin’s disease. However, Fenig et al. [24] cited an
increase in low birthweight and spontaneous abortions,
especially if conception occurred less than a year after
radiation exposure. They advised delaying pregnancy for
a year after completing radiation therapy.

Assisted reproductive technology

The patient also has the option of preserving gamete
function ex vivo with assisted reproductive technology
(ART). In women without a partner, freezing mature or
immature oocytes may be the only practical option. The
main factor that may influence the outcome in oocyte
cryopreservation is its structural complexity. A variety of
cellular and subcellular structures of the human oocyte,
such as the zona pellucida and meiotic spindle, appear to
be very sensitive to cryopreservation damage.

Despite the early disappointing results, with low survival,
fertilization, and pregnancy rates after the in-vitro ferti-
lization (IVF) of thawed oocytes, recent studies have
suggested increased success rates [25,26°27°]. Porcu
and colleagues [28°°] recently instituted a programme
of oocyte cryopreservation for oncology patients. Over a
period of 4 years, 18 patients awaiting chemotherapy and
radiotherapy for neoplastic disease were offered oocyte
cryopreservation. Pregnancies occurred after fertiliza-
tion and transfer of the cryopreserved oocyes. Pregnan-
cies occurred even with oocytes that had been
cryopreserved for years. Several techniques were intro-
duced that have improved pregnancy rates with oocyte
cryopreservation. First, rather than the traditional slow
freezing protocols that are used for embryos, rapid freez-
ing by vitrification was introduced and improved oocyte
thaw survival [25,26°27°]. Second, the use of intracyto-
plasmic sperm injection has improved fertilization rates
[28°°]. Vitrification protocols typically use ethylene glycol
and dimethylsulphoxide as cryprotectants. Yoon and
colleagues [27°] reported survival rates of 68%, fertiliza-
tion rates of 71%, and a pregnancy rate of 21% per embryo
transfer. However, only seven babies were obtained from
the cryopreservation of 474 oocytes. Although progress
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has been made, the process requires improvement before
this approach can replace embryo cryopreservation.

Embryo cryopreservation was introduced to maximize
the conception chances from a single cycle. The human
embryo is very resistant to damage from cryopreservation.
The post-thaw survival rate of embryos ranges between
35 and 90%, and if multiple embryos were available for
cryopreservation cumulative pregnancy rates can be more
than 60% [29]. Delivery rates per embryo transfer utiliz-
ing cryopreserved embryos are reported by the Society for
Assisted Reproductive Technology to be in the range of
18-20%. This is the option with the best outcome for the
patient. This option may not be acceptable to prepuber-
tal, adolescent girls, and women without a partner. How-
ever, if acceptable, long-term data are available about the
outcome of children born from these procedures.

A potential problem with breast cancer patients is the
extremely high estradiol levels achieved with IVF. Typi-
cally, there is an interval of 6 weeks between surgery and
the initiation of chemotherapy for breast cancer. Rather
than the standard protocol, a short flare protocol is used
that usually requires less time to achieve follicle recruit-
ment. Similarly, in patients with cancer of the cervix
rather than the standard protocol, a short flare protocol is
used that usually requires less time to achieve follicle
recruitment [30]. However, there is some concern that in
patients with breast cancer the high estrogen levels
obtained in an IVF cycle may impact on long-term
survival. For this reason, some centers have offered
natural cycle (unstimulated) IVF. A single oocyte is
usually aspirated. However, cancellation rates are high
and the pregnancy rates are very low (7.2% per cycle and
15.8% per embryo transfer) [31°%,32]. Conventional con-
trolled ovarian hyperstimulation is associated with a
significant increase in serum estrogen, which might
affect the overall prognosis. Consequently, tamoxifen,
a non-steroidal antiestrogen commonly used in breast
cancer patients, was recently investigated for ovarian
stimulation and IVF in breast cancer survivors [31°°].
Tamoxifen 40-60 mg was started on day 2 or 3 of the
cycle and was given daily for 5-12 days. The control
group consisted of patients who had an unstimulated
IVF cycle. The tamoxifen group had a significantly
higher numbers of mature oocytes, peak estradiol, and
embryos (mean of 1.6 embryos versus 0.6 embryos) than
the natural cycle group [31°°].

Recent work has focused on other drugs that try to main-
tain low estradiol levels during IVF cycles. Aromatase
P450 aromatizes androgens to estrogens. Letrozole is a
potent and highly selective third-generation inhibitor
that competitively inhibits the activity of aromatase
enzyme [33]. Letrozole significantly suppresses plasma
estradiol, estrone and estrone sulphate levels. Letrozole

was shown to be more effective than tamoxifen in the
treatment of advanced stage postmenopausal breast
cancer [34°°].

Moreover, letrozole was introduced as a promising ovu-
lation induction agent. Repeated clinical studies docu-
mented its clinical feasibility in ovulation induction. It
could be used independently or in combination with
FSH. It was also used for the treatment of poor respon-
ders [35°°]. Many groups are currently testing the
feasibility of ovarian stimulation with aromatase inhibi-
tors in breast and endometrial cancer patients. The
patient is stimulated with gonadotropins and an aroma-
tase inhibitor is simultaneously introduced to reduce
serum estradiol levels. Oocyte development is unaf-
fected. A luteinizing hormone-releasing hormone
antagonist is also used to prevent a premature luteinizing
hormone surge.

A recent study compared pre-cancer treatment ART and
embryo cryopreservation with post-cancer treatment
ART and immediate transfer. As expected, women
undergoing IVF after chemotherapy had a poorer
response to gonadotropins and produced fewer embryos
and fewer pregnancies [36]. A recent case report exem-
plified this treatment approach of performing IVF before
rather than after chemotherapy [37°]. Controlled ovarian
stimulation, IVF, and embryo freezing were performed
before fluorouracil-based chemotherapy in a 28-year-old
woman who underwent subtotal colectomy for colorectal
cancer. Three years later, when the clinical and hormonal
analysis confirmed ovarian failure, two thawed embryos
were transferred to the uterus. She gave birth at term to a
3200 g infant.

Cryopreservation and transplantation of ovarian tissue
Opvarian tissue cryopreservation and transplantation is an
experimental procedure introduced to preserve fertility
in women with threatened reproductive potential. Unlike
a suspended single cell, tissue cryopreservation presents
serious physical constraints related to heat and mass
transfer and the potential formation of ice crystals, which
is responsible for the freeze—thaw injury [38]. Conse-
quently, better survival is expected from primordial
follicles because of their smaller size and lack of follicular

fluid.

As in other reproductive technologies, animal models
have provided useful information in transferring methods
to treat human infertility. With the sheep ovary providing
a reliable tool, Baird and associates [39] pioneered the
sheep ovarian transplantation model. Using cryopre-
served—thawed ovarian cortical strips, they showed folli-
cular survival and endocrine function, as well as
restoration of fertility after transplantation of cryopre-
served—thawed ovarian cortical strips.
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There are several potential uses of cryopreserved ovarian
tissue: transplantation back into the host, in-vitro matura-
tion of primordial follicles and xenografting into a host
animal. Each has significant potential problems. If the
tissue is transplanted back into the patient, there is a
potential for the reintroduction of a cancer nidus. This
limits the use of autotransplantation with malignancies
that are known to have a predilection for the ovaries, such
as leukemia and certain types of breast cancer. Using the
present techniques, ovarian tissue is removed from the
patient before chemotherapy by laparoscopy. It is frozen
in small strips. When the patient is ready for pregnancy
they are transplanted back into the patient in a hetero-
topic or orthotopic site. Ischemic injury to the graft can
occur at any of three time intervals in the process: at the
time of harvesting the ovarian tissue and preparation
before cryopreservation; during the freezing or thawing
of the graft; or after transplantation. As this is an avascular
graft, ischemic injury to the transplanted tissue results in
the loss of virtually the entire growing follicle population
and a significant number of primordial follicles [39]. Our
studies looked at the effects of pre-freezing ischemia and
the cryopreservation process on follicular damage. The
studies confirmed that the pre-transplant process did
not have a major impact on follicular damage [40]. It is
post-transplant ischemia that determines the outcome of
the graft.

Oktay and associates [41°°] developed three different
surgical techniques of ovarian cortical strip transplanta-
tion: orthotopic transplant into the pelvis or heterotopi-
cally into the arm or abdominal wall. The orthotopic
transplant was in a patient with benign disease who
required oophorectomy and subsequently underwent
transplant of the strips into the pelvis. Ovarian function
ceased within the first 9 months [16°]. In two cases of
heterotopic transplant to the arm (brachiradialis muscle)
with fresh ovarian cortical strips ovarian function ceased
after 3 years. In a recent trial by Oktay and colleagues
[41°°], they transplanted frozen-banked ovarian tissue
underneath the lower abdominal skin in a 36-year-old
breast cancer survivor. Hormonal functions were
restored. Percutancous oocyte aspiration resulted in
the generation of a four-cell embryo that was transferred
but no pregnancy occurred [41°°]. This one embryo was
obtained after multiple cycles of ovarian stimulation.

As discussed, the main limitation of ovarian tissue cryo-
preservation and transplantation is the loss of a large
fraction of follicles during the initial ischemia after
transplantation. For this reason, we proposed the trans-
plantation of a whole ovary using a vascular graft [42]. In
an animal trial, we obtained whole ovaries that were
cryopreserved and transplanted with a vascular anasto-
mosis to the inferior epigastric vessels [43°]. We clearly
showed that there was a restoration of reproductive

function in those animals with a successful anastomosis.
One potential effect of the autotransplantation of frozen—
thawed ovarian tissue is the induction of anti-ovarian
antibodies [44°]. This could potentially impact the ferti-
lization potential of the oocytes obtained from the graft.

Other methods of using cryopreserved ovarian tissue
The in-vitro maturation of primordial follicles obtained
from frozen—thawed ovarian cortical strips is a possibility
that is not available in the near future. Transplantation
studies in immunodeficient mice clearly showed follicle
maturation and the completion of meiosis I in prepara-
tion for ovulation and potential fertilization [45°°]. Con-
cerns regarding viral infections as well as general ethical
reservations may limit the use of this option in clinical
practice.

Conclusion

There is tremendous interest in the preservation of
fertility in cancer survivors. A support group website
(htep://www.fertilehope.org) is now available to help
patients. A physician dealing with cancer patients needs
to be aware of the options that are available to patients. If
there is time, ART with conventional IVF and embryo
cryopreservation offers the best clinical outcome. Dis-
cussion with the oncologist to design an appropriate
protocol for ovarian stimulation is necessary. Ovarian
transposition is another excellent option if radiotherapy
alone is used. Laparoscopy is clearly the technique of
choice. Some options, such as treatment with GnRH
agonists, are popular but are not supported by rando-
mized clinical trials. Finally, ovarian tissue banking offers
hope but is still considered experimental.

References and recommended reading

Papers of particular interest, published within the annual period of review, have
been highlighted as:

e of special interest

ee of outstanding interest

1 Green DM, Whitton JA, Stovall M, et al. Pregnancy outcome of female
survivors of childhood cancer: a report from the Childhood Cancer Survivor
Study. Am J Obstet Gynecol 2002; 187:1070-1080.

2 Poirot C, Vacher-Lavenu MC, Helardot P, et al. Human ovarian tissue
cryopreservation: indications and feasibility. Hum Reprod 2002; 17:1447-
1452,

3 Weir HK, Thun MJ, Hankey BF, et al. Annual report to the nation on the status

ee of cancer, 1975-2000, featuring the uses of surveillance data for cancer
prevention and control. J Natl Cancer Inst 2003; 95:1276-1299.

An important report evaluating the status of cancer prevelance, prevention and

control in the fourth quarter of the 20th century in the USA.

4 Jemal A, Murray T, Samuels A, et al. Cancer statistics, 2003. CA Cancer J Clin
2003; 53:5-26.

5 Waggoner SE. Cervical cancer. Lancet 2003; 361:2217-2225.

.
An up-to-date review of the current concepts of the epidemiology and mangement
of cervical cancer.

6 Johnson J, Canning J, Kaneko T, et al. Germline stem cells and follicular
ee renewal in the postnatal mammalian ovary. Nature 2004; 428:145-150.
An exceptional article challenging the long-lived dogma of mammalian germline
stem cell kinetics. It provides the first evidence of postnatal germline stem cell
renewal in mammals.


http://www.fertilehope.org/

26 Gynecologic oncology and pathology

7  Meirow D, Nugent D. The effects of radiotherapy and chemotherapy on female
reproduction. Hum Reprod Update 2001; 7:535-543.

8 Husseinzadeh N, Nahhas WA, Velkley DE, et al. The preservation of ovarian
function in young women undergoing pelvic radiation therapy. Gynecol Oncol
1984, 18:373-379.

9  Gaetini A, De Simone M, Urgesi A, et al. Lateral high abdominal ovariopexy: an
original surgical technique for protection of the ovaries during curative radio-
therapy for Hodgkin's disease. J Surg Oncol 1988; 39:22-28.

10 Williams RS, Littell RD, Mendenhall NP. Laparoscopic oophoropexy and
ovarian function in the treatment of Hodgkin disease. Cancer 1999; 86:
2138-2142.

11 Gosden RG, Wade JC, Fraser HM, et al. Impact of congenital or experimental
hypogonadotrophism on the radiation sensitivity of the mouse ovary. Hum
Reprod 1997; 12:2483-2488.

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

13 Chiarelli AM, Marrett LD, Darlington G. Early menopause and infertility in
females after treatment for childhood cancer diagnosed in 1964-1988 in
Ontario, Canada. Am J Epidemiol 1999; 1560:245-254.

14 Tangir J, Zelterman D, Ma W, Schwartz PE. Reproductive function after
conservative surgery and chemotherapy for malignant germ cell tumors of
the ovary. Obstet Gynecol 2003; 101:251-257.

15 Blumenfeld Z. Ovarian cryopreservation versus ovarian suppression by GnRH
e analogues: primum non nocere. Hum Reprod 2004; 19:1924-1925.

An excellent debate that summarizes all the studies on GnRH agonist use for the
‘pro’ side.

16 Sonmezer M, Oktay K. Fertility preservation in female patients. Hum Reprod
e  Update 2004; 10:251-266.

An up-to-date review of the current methods of fertility preservation in patients at
risk of POF. It reviews in detail the controversy on the use of GnRH agonists,
especially the ‘con’ side.

17 Meduri G, Touraine P, Beau |, et al. Delayed puberty and primary amenorrhea

ee associated with a novel mutation of the human follicle-stimulating hormone
receptor: clinical, histological, and molecular studies. J Clin Endocrinol Metab
2003; 88:3491-3498.

This paper describes a novel homozygous Pro(519)Thr mutation in a patient with

POF.

18 Teinturier C, Hartmann O, Valteau-Couanet D, et al. Ovarian function after
autologous bone marrow transplantation in childhood: high-dose busulfan is a
major cause of ovarian failure. Bone Marrow Transplant 1998; 22:989-994.

19 Meirow D, Lewis H, Nugent D, Epstein M. Subclinical depletion of primordial
follicular reserve in mice treated with cyclophosphamide: clinical importance
and proposed accurate investigative tool. Hum Reprod 1999; 14:1903-1907.

20 Howell SJ, Shalet SM. Fertility preservation and management of gonadal failure
associated with lymphoma therapy. Curr Oncol Rep 2002; 4:443-452.

21 Bidzinski M, Lemieszczuk B, Zielinski J. Evaluation of the hormonal function
and features of the ultrasound picture of transposed ovary in cervical cancer
patients after surgery and pelvic irradiation. Eur J Gynaecol Oncol 1993;
14:77-80.

22 Bisharah M, Tulandi T. Laparoscopic preservation of ovarian function: an
ee underused procedure. Am J Obstet Gynecol 2003; 188:367-370.
This paper gives a good overview of this novel technique for ovarian transposition.

23 Swerdlow AJ, Jacobs PA, Marks A, et al. Fertility, reproductive outcomes, and
health of offspring, of patients treated for Hodgkin's disease: an investigation
including chromosome examinations. Br J Cancer 1996; 74:291-296.

24 Fenig E, Mishaeli M, Kalish Y, Lishner M. Pregnancy and radiation. Cancer
Treat Rev 2001; 27:1-7.

25 Katayama KP, Stehlik J, Kuwayama M, et al. High survival rate of vitrified
human oocytes results in clinical pregnancy. Fertil Steril 2003; 80:223-224.

26 Liebermann J, Tucker MJ, Sills ES. Cryoloop vitrification in assisted reproduc-

e tion: analysis of survival rates in >1000 human oocytes after ultra-rapid
cooling with polymer augmented cryoprotectants. Clin Exp Obstet Gynecol
2003; 30:125-129.

This a large series discussing the effectivness and the feasibility of the cryoloop

vitrification of human oocytes.

27 Yoon TK, Kim TJ, Park SE, et al. Live births after vitrification of oocytes in a

e stimulated in vitro fertilization-embryo transfer program. Fertil Steril 2003;
79:1323-1326.

A good report of pregnancies with the use of vitrified oocytes.

28 Porcu E, Fabbri R, Damiano G, et al. Oocyte cryopreservation in oncological
ee patients. Eur J Obstet Gynecol Reprod Biol 2004; 113(Suppl. 1):S14-S16.
This paper provides evidence of the long-term effectiveness of an oocyte freezing
programme in cancer patients. By far the centre with the most experience with this
technique.

29 Son WY, Yoon SH, Yoon HJ, et al. Pregnancy outcome following transfer of
human blastocysts vitrified on electron microscopy grids after induced
collapse of the blastocoele. Hum Reprod 2003; 18:137-139.

30 Meniru GlI, Craft I. In vitro fertilization and embryo cryopreservation prior to
hysterectomy for cervical cancer. Int J Gynaecol Obstet 1997; 56:69-70.

31 Oktay K, Buyuk E, Davis O, et al. Fertility preservation in breast cancer

ee patients: IVF and embryo cryopreservation after ovarian stimulation with
tamoxifen. Hum Reprod 2003; 18:90-95.

A clinical study on 12 patients providing evidence that tamoxifen stimulation

appears to result in a higher number of embryos and may provide a safe method

of IVF and fertility preservation in breast cancer patients.

32 Pelinck MJ, Hoek A, Simons AH, Heineman MJ. Efficacy of natural cycle IVF: a
review of the literature. Hum Reprod Update 2002; 8:129-139.

33 Pfister CU, Martoni A, Zamagni C, et al. Effect of age and single versus
multiple dose pharmacokinetics of letrozole (Femara) in breast cancer pa-
tients. Biopharm Drug Dispos 2001; 22:191-197.

34 Mouridsen H, Gershanovich M, Sun Y, et al. Phase Il study of letrozole versus

ee tamoxifen as first-line therapy of advanced breast cancer in postmenopausal
women: analysis of survival and update of efficacy from the International
Letrozole Breast Cancer Group. J Clin Oncol 2003; 21:2101-2109.

This study documents the superiority of letrozole over tamoxifen in first-line

endocrine therapy in postmenopausal women with advanced breast cancer.

35 Mitwally MF, Casper RF. Aromatase inhibition reduces gonadotrophin dose

ee required for controlled ovarian stimulation in women with unexplained inferti-
lity. Hum Reprod 2003; 18:1588-1597.

These authors have pioneered the use of aromatase inhibition with letrozole and

have shown that the FSH dose required for ovarian stimulation is reduced and

serum oestrogen levels are reduced.

36 Ginsburg ES, Yanushpolsky EH, Jackson KV. In vitro fertilization for cancer
patients and survivors. Fertil Steril 2001; 75:705-710.

37 Azem F, Amit A, Merimsky O, Lessing JB. Successful transfer of frozen—
e thawed embryos obtained after subtotal colectomy for colorectal cancer and

before fluorouracil-based chemotherapy. Gynecol Oncol 2004; 93:263-265.
A case report making the point for embryo freezing before cancer chemotherapy.

38 Mazur P. The role of intracellular freezing in the death of cells cooled at
supraoptimal rates. Cryobiology 1977; 14:251-272.

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

40 Jeremias E, Bedaiwy MA, Biscotti C, Falcone T. Assessment of injury in
cryopreserved ovarian tissue. Fertil Steril 2003; 79:651-653.

41 Oktay K, Buyuk E, Veeck L, et al. Embryo development after heterotopic
ee transplantation of cryopreserved ovarian tissue. Lancet 2004; 363:837-840.
The first ever human embryo derived from cryopreserved—thawed ovarian tissue.

42 Jeremias E, Bedaiwy MA, Gurunluoglu R, et al. Heterotopic autotransplanta-
tion of the ovary with microvascular anastomosis: a novel surgical technique.
Fertil Steril 2002; 77:1278-1282.

43 Bedaiwy MA, Jeremias E, Gurunluoglu R, et al. Restoration of ovarian function

e  after autotransplantation of intact frozen-thawed sheep ovaries with micro-
vascular anastomosis. Fertil Steril 2003; 79:594-602.

An animal study that shows the feasibility of vascular grafts for the preservation of

ovarian function with frozen—-thawed whole organ transplant.

44 Esfandiari N, Falcone T, Bedaiwy MA, et al. Autologous transplantation of

e cryopreserved ovary induces the generation of antiovary antibodies in sheep.
Fertil Steril 2003; 80:1062-1064.

An animal study that measured anti-ovarian antibodies in the serum of transplanted

sheep.

45 Gook DA, Edgar DH, Borg J, et al. Oocyte maturation, follicle rupture and

ee |uteinization in human cryopreserved ovarian tissue following xenografting.
Hum Reprod 2003; 18:1772-1781.

The development of cryopreserved-thawed human ovarian cortical strips to the

antral stage with periovulatory changes after xenografting and exposure to a

luteinizing stimulus.



	Fertility preservation and pregnancy outcome after malignancy
	Introduction
	Chemotherapy-induced ovarian failure
	Radiotherapy-induced gonadal damage
	Fertility preservation strategies
	Pharmacological protection
	Ovarian transposition
	Assisted reproductive technology
	Cryopreservation and transplantation of ovarian tissue
	Other methods of using cryopreserved ovarian tissue

	Conclusion
	References and recommended reading


