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Abstract 

Infertility is an increasingly important issue for patients surviving cancer. Significant improvements in cancer management have led to greater numbers of patients living healthy and fulfilling lives for many years after a diagnosis of cancer, and the ability to bear children is a major component of well-being. Infertility is particularly challenging in gynaecological cancer, where multiple treatment modalities are often employed. Surgery may involve the removal of reproductive organs and subsequent chemotherapy may also lead to infertility. Mitigation of this through the use of cryopreservation of embryos, oocytes or ovarian tissue before chemotherapy may enable subsequent pregnancy in the patient or a surrogate mother. Suppression of ovarian function during chemotherapy is less well established, but promises a reduction in infertility without the risks associated with surgery. Similarly, evolving chemotherapy regimens with replacement of alkylating agents will reduce the incidence of infertility. With a combination of these techniques, an increasing proportion of patients may be able to conceive after completion of treatment, and there is no evidence of an increase in congenital abnormalities. This review discusses chemotherapy-induced infertility, interventions and success rates, and demonstrates that individualisation of management is required for optimum outcome.
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Core tip: This paper summarises the main scenarios in which infertility presents a clinical problem in gynaecological malignancies subsequent to the use of chemotherapy. Many patients may have pre-existing infertility due to related medical conditions, and prior surgical interventions may be an important factor. Other factors to be considered include the associated prognosis and the potential need for rapid commencement of chemotherapy. The various technologies for fertility preservation are reviewed and their strengths and weaknesses discussed. The paper stresses that an individualised approach is necessary for each patient and that discussion of the issues at an early stage of management is important.
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INTRODUCTION

Infertility and subfertility are common sequelae of the management of gynaecological malignancies, and are a cause of psychological stress in cancer survivors. In one survey, three quarters of patients younger than 35 years who were childless at the time of diagnosis expressed a desire to have children[1], while in a second study of adolescent females with cancer, over 80% of patients and their parents were interested in fertility preservation[2]. The ability to have children is also a determinant of well-being in cancer survivors[3,4]. Fertility issues in cancer patients have been made more prominent by an increase in survivorship across all cancers. By 2015, it has been estimated that 4% of all adults in the United Kingdom will be cancer survivors, and in some cancers, such as germ cell tumours and lymphomas, the proportion cured or surviving more than 10 years is much higher.
The management of gynaecological malignancies involves three treatment modalities which may contribute to a loss of fertility; surgery, pelvic radiotherapy and chemotherapy, resulting in fertility preservation being a particularly challenging area. A large proportion of patients will have surgery or radiotherapy that precludes a subsequent pregnancy, including the removal of both ovaries and/or uterus. However, fertility sparing surgery including unilateral oophorectomy or trachelectomy may be feasible[5,6]. While subsequent chemotherapy may cause infertility, this is by no means invariable. In addition, fertility preservation techniques such as embryo cryopreservation may be performed prior to both surgery and chemotherapy, thus allowing the option of surrogate pregnancy. In this paper we will specifically review the effects of chemotherapy on fertility, and techniques that may be employed to improve the chances of a successful pregnancy.

CHEMOTHERAPY INDUCED INFERTILITY
At birth females are believed to have their full lifetime quota of oocytes, and these are progressively lost from the menarche. These oocytes, enclosed within granulosa cells as primordial follicles, are immature, but following activation enter a growing phase and some of these will enter the pre-ovulatory phase. Many others will undergo atresia and not reach the ovulatory phase. Once the number of remaining oocytes falls below a critical number, menopause ensues. The rate at which primordial follicles are recruited into the activated growing state is controlled by feedback mechanisms including the release of anti-mullerian hormone[7].

 There are several mechanisms by which chemotherapy can result in infertility. Chemotherapeutic drugs predominantly damage growing follicles as these are the active cell population. However some drugs may also damage the granulosa cells in the resting primordial follicles, leading to death of the immature oocyte. In addition to this direct damage, the loss of growing follicles will in turn disrupt chemical feedback loops and stimulate recruitment of more primordial follicles into this phase. With repeated cycles of chemotherapy, the result is an increase in primordial follicles leaving the resting pool and entering activation leading to a reduced pool at the end of chemotherapy[8]. 

 The risk of infertility following chemotherapy depends on ovarian reserve. Age at chemotherapy has a big impact on the risk of infertility after treatment.  In breast cancer regimens, for example, the commonly used adjuvant chemotherapy combinations (triplets including cyclophosphamide, fluorouracil, methotrexate and an anthracycline) are likely to cause permanent amenorrhoea in more than 80% of women over the age of 40 years but in less than 20% of women below the age of 30 years[9]. Anti-mullerian hormone levels have been shown to be useful as a marker of ovarian reserve[10] and levels fall more dramatically with increasingly gonadotoxic regimens in pre- and post-pubescent girls undergoing chemotherapy[11]. The risk varies with the type of chemotherapy, and alkylating agents such as cyclophos- phamide are now rarely used in the first line management of gynaecological malignancies.

Chemotherapy induced infertility in ovarian cancer patients

The main areas in which fertility-sparing surgery may be considered and combined with chemotherapy are early unilateral epithelial ovarian cancer (FIGO stages Ia and Ic), and in the treatment of malignant ovarian germ cell tumours.  The latter are usually unilateral and even in advanced disease, surgery conserving the contralateral ovary and uterus is feasible.  Germ cell tumours generally affect a young population, and fertility after chemotherapy has been frequently reported in this patient population, although reports generally rely on retrospectively collected data in this rare tumour group.

 Several papers have demonstrated that return of a normal menstrual cycle is common after chemotherapy and normal childbearing is possible. Many of these papers include different chemotherapy regimens including cyclophosphamide, dactinomycin and vincristine, cisplatin, vincristine and bleomycin (PVB), forerunners to the now commonly used regimen of bleomycin, etoposide and cisplatin (BEP). 

 The MD Anderson Cancer Centre published a retrospective series of 26 patients treated with at least 3 cycles of BEP, 16 of whom underwent unilateral salpingo-oophrectomy. Questionnaires were completed surveying menstrual function and fertility. Of the 15 patients completing the questionnaire (only one did not but was known to be pregnant at her last follow up), 10 had maintained their normal menstrual function during treatment and 3 patients who had disrupted menstruation during chemotherapy had resumption of normal menses within 6 mo of completion of treatment. Three of these patients conceived without difficulty. Only one patient remained amenorrheic and this patient was subsequently diagnosed with dysgerminoma in the remaining ovary[12].

 A further study of 52 women, who all underwent BEP chemotherapy with a median follow up period of 68 mo, included 41 patients who had had fertility-sparing surgery. Of these patients, one had high dose chemotherapy and stem cell transplant and was diagnosed with intermittent biological ovarian endocrine dysfunction. Normal menstrual cycles were observed following treatment in 39 of the 40 patients who achieved complete remission having undergone fertility-sparing surgery. Of these patients 16 patients had attempted and 12 patients (75%) had successfully achieved conception. There were a total of 15 normal term pregnancies in this patient group. There was also one ongoing pregnancy, one miscarriage and one termination[13].

 Another published study included 74 patients with malignant ovarian germ cell tumours with a mean age of 20.9 years. Of these, 47 patients received chemotherapy (30 BEP, 8 PVB, 3 VAC, 4 POMB/ACE, 2 other platinum based), 62% were amenorrhoeic during chemotherapy and 92% resumed normal menses after chemotherapy. Of these, 20 patients attempted conception and 19 were successful, including one after 12 mo. Fourteen live births were recorded in this group and four patients were pregnant at the time of writing the manuscript. No birth defects were reported in the offspring[14].

 In early stage epithelial ovarian cancer, fertility data is limited, largely due to the relatively small proportion of patients for whom fertility remains an issue either due to age or surgery. Epithelial ovarian cancer, in contrast to germ cell tumours tends to affect women later in life and also frequently presents at an advanced stage where fertility-sparing surgery is not possible without compromising survival. For women with early stage ovarian cancer adjuvant platinum based chemotherapy is recommended for stage IC cancer and stage IA or B cancer in high-grade tumours only. A combination of platinum with paclitaxel is the standard of care but depending on individual characteristics, some patients will receive single agent platinum.  

 There are some retrospective studies of fertility following a conservative approach for early stage ovarian cancer, however numbers are small and the individual treatment characteristics are not always clear for the chemotherapy patients becoming pregnant. One multicentre retrospective study looked at 52 patients with stage I epithelial ovarian cancer who were treated with fertility sparing surgery between 1965 and 2000. 42 had stage IA disease  and 10 stage IC. Twenty patients had adjuvant chemotherapy with 11 receiving cisplatin or carboplatin with paclitaxel and one single agent cisplatin. The remainder had melphalan or cisplatin and cyclophosphamide. Twenty-four patients attempted pregnancy and 17 conceived (71%), leading to 26 term pregnancies and 5 spontaneous abortions. No congenital abnormalities were reported. The estimated survival was 98% at 5 years[15]. 

 From these studies it is clear that there is a realistic expectation of pregnancy after chemotherapy for ovarian cancer where fertility sparing surgery is possible. However the numbers in such studies are small. Studies commonly document return of menses after chemotherapy but this should not be used as a surrogate endpoint for fertility. In other tumour groups it has been shown that even those who return to normal menstruation may have problems with infertility and not infrequently early menopause. A significant proportion of these women have a history of endometriosis which in itself is associated with infertility[16].Therefore women must be carefully counselled taking into account age at treatment, risk of a somewhat increased chance of infertility compared to the population average and narrowed fertile window even if menstruation does resume[17]. The effects of targeted therapies which are entering clinical practice on fertility are unknown.

Chemotherapy induced infertility in other gynaecological cancers

Cervical cancer continues to be a problem in young women and a proportion of early stage cancers can be treated by fertility preserving surgery. When these cancers recur cytotoxic chemotherapy is increasingly used for the treatment of advanced disease. Following the publication of two randomised controlled trials demonstrating a survival gain from the use of cisplatin based combinations compared to single agent therapy, confidence has increased in their use(18,19(. The prognosis is often poor and of the order of 1-2 years but some type 1 tumours may remain controlled for several years with the use of chemotherapy and in selected cases hormone therapy.

Chemotherapy may also be used for the treatment of advanced or recurrent  endometrial cancer, which is becoming an increasing problem in younger women  in view of the epidemic of obesity affecting the western world. However, these women will not have an intact uterus and gestational surrogacy may be the only available option. Vulvar cancer is also increasing in younger women, in many cases associated with HPV. However, experience with chemotherapy is limited and remissions are generally of short duration.

PRESERVING FERTILITY 

Fertility preservation in women undergoing chemotherapy may involve the choice of a chemotherapy regimen less likely to induce infertility as discussed above, the cryopreservation of embryos, oocytes or ovarian tissue, or the suppression of ovarian function during chemotherapy. Each of these techniques has potential advantages and disadvantages and the appropriate approach is dependent on clinical and social circumstances. 

Embryo cryopreservation 

Cryopreservation of embryos relies on in vitro fertilisation (IVF) techniques that have been in use for over 30 years, and have led to millions of conceptions and live births. In this procedure, eggs are harvested following ovarian stimulation, IVF is performed and embryos are then frozen and stored prior to thawing and implantation at a later date. Ovarian stimulation generally involves around 2 wk of daily injections of follicle-stimulating hormone (FSH), during which oestrogen levels and follicular growth are monitored. Final maturation of the oocyte is induced through injection of human chorionic gonadotrophin and oocytes are aspirated under ultrasound guidance. Oocyte retrieval involves an outpatient surgical procedure, using a vaginal ultrasound probe to guide transvaginal aspiration of eggs. The procedure may be performed under sedation or general anaesthesia. Eggs are fertilised in vitro by sperm obtained from the patient’s partner or donor sperm, and the zygote is then grown in vitro for up to 5 d prior to cryopreservation.  

 The first pregnancy following embryo cryopreservation was reported in 1983, with the first live birth reported the year after. Since then it is estimated that several hundred thousand babies have been born from cryopreserved embryos. Individual success rates are relatively high, with a pregnancy rate of around 60% following transfer in two reported series[20,21]. A recent review of the literature suggests that with modern techniques, cryopreserved embryos implant at comparable rates to fresh embryos[22]. The length of storage does not impact significantly on subsequent pregnancy outcome[23], and successful pregnancy has been reported following storage for over 10 years[24]. Embryo cryopreservation does not appear to be associated with an increased risk of congenital abnormalities[25,26].

 In patients with oestrogen sensitive tumours such as endometrial or breast cancer increasing oestrogen levels may promote tumour growth. This has led to the investigation of alternative methods of ovarian stimulation in which low dose FSH is combined with tamoxifen or letrozole[27]. While this appears to be a feasible strategy, the utility in preventing cancer recurrence or progression is unproven.

 While cryopreservation of embryos is well established, several potential disadvantages exist. As discussed above, ovarian stimulation must start within the first three days of the menstrual cycle, and this technique risks delaying the commencement of chemotherapy by up to 5 wk. In addition a small percentage of patients may need more than one cycle of ovarian stimulation in order to successfully obtain oocytes. This delay in commencement of therapy may cause anxiety in patients and their families, and be unacceptable to patients, leading to a decision to forgo fertility preservation.

Oocyte cryopreservation

Embryo cryopreservation may also be inappropriate for patients who are not currently in a stable relationship, and who do not wish to use donor sperm. Cryopreservation of oocytes may be preferable in these women. The procedure for egg cryopreservation is identical to that described above except that unfertilised eggs are harvested and stored. These oocytes are later thawed and fertilised, frequently using techniques such as intracytoplasmic sperm injection (ICSI), before implantation.
 Cryopreservation of oocytes is less well developed than that of embryos, as oocytes are more vulnerable to damage during the freezing process, and it was initially feared that this technique would lead to increased birth defects. While the first reports of pregnancy following oocyte cryopreservation were made in the 1980’s, these did not proceed to term and low success rates deterred further investigation. However, improved techniques led to increasing success in cryopreservation in the latter half of the 1990’s and a live birth following oocyte cryopreservation and ICSI was reported in 1997[28], with several other reported successes following. A recent review of the literature has identified over 900 live births following oocyte cryopreservation; reassuringly this study showed no apparent increase in congenital abnormalities[29]. 

 Cryopreservation of ovaries remains significantly less successful than that of embryos. In a meta-analysis published in 2006, live birth rates of around 2% were reported per oocyte thawed while the overall live birth rate per embryo transfer was 21%[30]. In a different study a rate of only one live birth per 65 embryo transfer cycles was achieved[31]. Recently, an alternative technique of cryopreservation has been developed which employs vitrification instead of slow-cooling. This technique involves the use of flash cooling and a higher concentration of cryoprotectants thus preventing the formation of ice crystals, and leading to the formation of an amorphous glass-like state instead. The use of vitrification and/or other technical advances have led to significantly increased oocyte survival following freeze-thawing, with rates of between 50 and 90% now reported[32]. 

 The advantage with this technique is that there is no requirement for a partner or donor sperm. Additionally some people have religious or ethical beliefs which are opposed to embryo freezing. However the technique is less successful than embryo cryopreservation and is only available in certain centres. In addition, most funding agencies will not currently fund the technique due to its low success rate, and thus high cost per live birth.

Cryopreservation of ovarian tissue

This is very much an experimental technique in which ovarian tissue is surgically removed, frozen and then reimplanted after cancer treatment. At laparoscopy an ovarian wedge biopsy is performed, followed by dissection of the ovarian cortex into thin strips which contain immature follicles. These are then cryopreserved and reimplanted after completion of chemotherapy. The first success with this techniques was reported in 2000, with resumption of ovarian function after transplantation[33]. The first case of a live birth following ovarian transplantation was reported in 2004[34]. Subsequent debate has suggested it is not possible to convincingly prove that the pregnancy resulted from the transplant rather than from the in situ ovary[34,35]. However, over 10 live births have now been reported[36-39], supporting the validity of the technique. 

 Ovarian cryopreservation requires ovarian reserve in order to be successful and is therefore less likely to be a viable option in patients over 40 years of age. A disadvantage to the technique is the risk of implantation of cancer cells[40], which must be considered and discussed with the patient prior to the procedure. It has been proposed as an option in preadolescent children[41]. Additionally, the procedure involves the use of general anaesthesia for both the ovarian biopsy and subsequent reimplantation, with attendant risks.

OVARIAN SUPPRESSION WITH GNRH ANALOGUES 
Suppression of ovarian function through the use of GnRH analogues would be hypothesised to reduce the likelihood of subsequent ovarian failure, and such protection has been shown in animals[43]. It is thought they may act in several ways. By suppressing the ovaries, recruitment of primordial follicles into the maturation phase is prevented, leading to a reduction of the number of follicles in the vulnerable actively growing phase during exposure to cytotoxic drugs. The resultant low oestrogen state is thought to reduce circulation and therefore drug delivery to the ovaries and it has also been proposed that GnRH agonists upregulate anti-apoptotic factors in the ovary[44].  While early phase studies have been promising[45,46], there remains insufficient evidence to support  the safety and effectiveness of gonadotropin-releasing hormone analogues and other means of ovarian suppression on fertility preservation. A Cochrane review published in 2011 identified four randomised controlled trials in this field, the combined results of which showed an increased chance of resumption of menses with co-treatment with intramuscular or subcutaneous GnRH agonists (RR 1.90, 95%CI: 1.30-2.79) but no difference in pregnancy rates[47]. However, more recently published randomised trials have not shown significant differences in resumption of menses[48,49]. 

 A large Italian randomised controlled trial did show a significant difference with use of GnRH analogues with a rate of early menopause following adjuvant chemotherapy for breast cancer of 25.9% in the control group compared to 8.9% in the group that received the GnRH analogue, triptorelin[50]. A limiting factor of the data is that it is nearly all from breast cancer populations who frequently will receive tamoxifen after chemotherapy which itself may interfere with menstruation. The follow up period is generally insufficient to allow evaluation of pregnancy rates and risk of premature menopause after resumption of menses. Results of ongoing trials such as the Southwest Oncology Group study, Prevention of Early Menopause Study are awaited along with mature data from some of the already published studies to be able to more conclusively evaluate this approach.

AVAILABILITY AND FUNDING

Fertility preservation techniques are not uniformly available, with techniques such as oocyte and ovarian cryopreservation limited to specialist centres, between which reported success rates vary. Funding availability also differs widely, both between and within countries. In the United Kingdom for example, the NHS may fund up to three cycles of IVF for any woman with infertility, but there is significant regional variation in the criteria applied, and the number of cycles funded. The cost of a self-funded cycle of IVF in the United Kingdom is approximately £5000 (approximately US $8000), and storage of embryos and oocytes may additionally incur costs of several hundred pounds per year. The costs for cryopreservation techniques are likely to be higher in the United States.
CONCLUSION 
Infertility is a major concern in patients undergoing treatment for gynaecological malignancies, and can be overcome by a range of techniques, which have been outlined here. While fertility preservation will not be feasible in every patient, a discussion of the issue should be entered into early in the management of each patient, taking account of the local availability of services. A multidisciplinary approach will enable complex individualised interventions, which are necessary to maximise the chances of subsequent fertility and pregnancy. Counselling of patients is essential, and support should be available in the event of the procedure being unsuccessful. 

 While there are clearly ethical constraints on research, further progress with oocyte and ovarian cryopreservation is required to achieve comparable success rates to embryo implantation. Standardisation of techniques and cost reduction should make it feasible for funding agencies to provide more equitable availability of fertility preservation.
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