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[bookmark: _Toc405792989][bookmark: _Toc405793222][bookmark: _Toc203291117][bookmark: _Toc448924830]Chair’s foreword
The Advisory Committee on Assisted Reproductive Technology (ACART) has prepared this consultation document to present proposed advice to the Minister of Health that the use of cryopreserved ovarian tissue to restore ovarian function become an established procedure. This means that stored ovarian tissue could be used by fertility clinics to restore a woman’s own reproductive function without the need for ethical approval by the Ethics Committee on Assisted Reproductive Technology (ECART).

Human assisted reproductive technologies are continuously developing and rapidly changing. This dynamic is recognised in New Zealand’s Human Assisted Reproductive Technology Act 2004 (HART Act). The HART Act seeks to secure the benefits of assisted reproductive technology while protecting the health and safety of all individuals, particularly women and children, in the use of these technologies.

ACART has previously provided advice to the Minister that a procedure or treatment become an established procedure. In 2009, following ACART’s advice to the Minister, the use of frozen eggs in fertility treatment became an established procedure.

Ovarian tissue cryopreservation was declared an established procedure in 2005. The subsequent use of the tissue was not, as the safety of its use could not be adequately assessed at the time. ACART is now proposing to advise the Minister that the use of cryopreserved ovarian tissue to restore ovarian function become an established procedure. Currently women in New Zealand are able to cryopreserve and store ovarian tissue, but are unable to use it. ACART has reviewed the recent evidence and considered the risks, benefits and ethical issues associated with the use of cryopreserved ovarian tissue. ACART has concluded that there is good to reason to allow women to use cryopreserved ovarian tissue to restore ovarian function as an established procedure.

We welcome feedback on our proposed advice to the Minister. Your comments will help ACART to finalise its advice to the Minister on the use of cryopreserved ovarian tissue to restore ovarian function.

[image: image1-1.jpeg][image: ]
Alison Douglass
Chair, Advisory Committee on Assisted Reproductive Technology

April 2016
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[bookmark: _Toc203291118]

[bookmark: _Toc448924831]How to have your say
[bookmark: _GoBack]Your feedback is important to help ACART finalise its advice to the Minister of Health on the use of cryopreserved ovarian tissue to restore ovarian function. 

Please take this opportunity to have your say. A feedback form is at the back of this document. You may give feedback on your own behalf or as a member of an organisation. You can contribute your views by:
1.	emailing a completed feedback form or your comments to acart@moh.govt, or
2.	posting a completed feedback form or your comments to:
ACART Secretariat
PO Box 5013
Wellington.

ACART welcomes your views on any or all of the issues raised. 

Publication of feedback on ACART’s website
We will place all feedback on ACART’s website as it is received, including your name and contact details, unless you request otherwise by ticking the relevant boxes in the feedback form. 

Official Information Act requests — feedback
Please note that all feedback, including your name and contact details, may be requested by any member of the public under the Official Information Act 1982 (the Act). The Act requires the Ministry of Health (the Ministry) to release your feedback, including your name and contact details, to the person who requested it unless one of the exceptions set out in Part 1 of the Act applies. If there is any part of your feedback that you consider should be withheld under the Act, please make this clear on your feedback form, noting the reasons. 

Official Information Act requests — name and contact details
In accordance with guidance from the Ombudsman, the Ministry’s standard procedure is to not release the name and contact details of a submitter who has given feedback in their private capacity (i.e. not in a professional capacity or on behalf of an organisation) and who has requested that the information not be published by ticking the relevant boxes on the feedback form. 

Where feedback is given on behalf of an organisation, the Ministry will release the name and contacts details of the submitter and the organisation unless there are other reasons for withholding the information in accordance with the Act. If you consider that your/your organisation’s name and/or contact details should be withheld under the Act, please make this clear on your feedback form, noting the reasons.

Further guidance on releasing information under the Act is available at www.ombudsman.parliament.nz/resources-and-publications 

The closing date for feedback is Monday 4 July 2016.


[bookmark: _Toc405792991][bookmark: _Toc405793224]
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[bookmark: _Toc448924832]Executive summary
In 2005, storage of cryopreserved ovarian tissue was declared an established procedure. This means it can be routinely offered by fertility clinics and does not require case by case ethical review by the Ethics Committee on Assisted Reproductive Technology (ECART). The subsequent use of cryopreserved ovarian tissue to restore ovarian function was not included in the established procedure because of the novelty of the procedure and limited evidence available at the time.

Women in New Zealand therefore may cryopreserve and store ovarian tissue, but are unable to use it in New Zealand. There are now good reasons to allow women to use their own cryopreserved ovarian tissue to restore ovarian function and increase the possibility of reinstating reproductive function.

The Advisory Committee on Assisted Reproductive Technology (ACART) has reviewed recent evidence and considered the risks, benefits and ethical issues associated with this use of cryopreserved ovarian tissue.

ACART proposes advising the Minister of Health that the use of cryopreserved ovarian tissue to restore ovarian function in the woman from whom the tissue was excised should become an established procedure for the following reasons:
There have been significant advances, and an increasing uptake in the use of cryopreserved ovarian tissue for restoring fertility and ovarian function in women.
Ovarian tissue cryopreservation is currently an established procedure and with fertility preservation becoming an integral part of cancer treatment, there is likely to be increasing demand to use stored tissue.
Women with grafted ovarian tissue do not appear to experience a relapse in cancer more often than women who have not undergone an ovarian tissue transplant.
Women in New Zealand with stored ovarian tissue may travel overseas where ovarian tissue transplantation is permissible, for example to Australia. It would be preferable for women to receive treatment in New Zealand.
The available evidence suggests that there are no reported risks to the resulting children born from cryopreserved ovarian tissue compared to children conceived naturally or through other methods of assisted reproductive technologies.
There are no significant ethical issues associated with the use of cryopreserved ovarian tissue to restore ovarian function.

If the Minister approves the use of cryopreserved ovarian tissue to restore ovarian function as an established procedure, ACART will keep a watching brief on international developments and reported findings in the use of cryopreserved ovarian tissue.
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[bookmark: _Toc448924833]Introduction
[bookmark: _Toc448924834]Purpose
Ovarian tissue cryopreservation is an established procedure but the subsequent use of cryopreserved ovarian tissue is not.
This consultation document invites public comment on the proposed advice from the Advisory Committee on Assisted Reproductive Technology (ACART) to the Minister of Health (the Minister) that the use of cryopreserved ovarian tissue to restore ovarian function in the woman from whom the tissue was excised, for her own treatment, become an established procedure.
[bookmark: _Toc441843385][bookmark: _Toc199038770][bookmark: _Toc199046128][bookmark: _Toc199647881][bookmark: _Toc200435891][bookmark: _Toc431815874][bookmark: _Toc435101437][bookmark: _Toc448924835]Scope of ACART’s proposed advice
[bookmark: _Toc431818826][bookmark: _Toc435101438][bookmark: _Toc441843386]In scope
ACART’s proposed advice focuses on the use of cryopreserved ovarian tissue by the woman from whom the tissue was excised, for her own treatment, to restore ovarian function.
Restoring ovarian function
The aim of restoring ovarian function is to restore hormonal activity and production of eggs suitable for fertilisation. The primary intention for restoring ovarian function is to provide a potential option for restoring a woman’s fertility. In addition to restoring hormonal activity and producing eggs, other physiological processes are interrelated with ovarian function. For example, preventing early onset of osteoporosis and cardiovascular disease in young women, enabling pre-pubescent girls to undergo puberty at the appropriate age, preventing early onset menopause, and reducing hormone therapies following gonadotoxic treatment.
[bookmark: _Toc431818827][bookmark: _Toc435101439][bookmark: _Toc441843387]Out of scope
The use of frozen eggs and embryos are considered out of scope because these are already established procedures.
Donation of cryopreserved ovarian tissue to another individual
ACART is not proposing that the donation of cryopreserved ovarian tissue to another individual should become an established procedure. Based on current evidence, ACART does not support the transplantation of cryopreserved ovarian tissue to another individual. The potential benefits to be gained are outweighed by the uncertainties and potential risks to the recipient, including rejection of the transplanted tissue or the possible transfer of malignant cells and disease.
Use of cryopreserved ovarian tissue for research purposes
Women may decide they do not wish or need to use their cryopreserved ovarian tissue. In this case, they may choose to discard the tissue or donate it for research purposes. Where the subsequent use of stored ovarian tissue is intended for research, this falls within the scope of human reproductive research. ACART is not making any proposal in regards to the use of surplus cryopreserved ovarian tissue in human reproductive research.
Any research proposal involving the use of donated ovarian tissue is covered by ACART’s Guidelines for Research on Gametes and Non-Viable Embryos and will require ECART approval.[footnoteRef:1] [1: 	Section 16, HART Act 2004.] 

This situation is comparable to individuals with stored eggs or sperm. If there are eggs or sperm that they do not intend to use, they have the option to donate to others, discard, or donate to research. However, in light of the current evidence, ACART considers that cryopreserved ovarian tissue should not be donated to another individual for their therapeutic use.
[bookmark: _Toc431815875][bookmark: _Toc435101440][bookmark: _Toc441843388][bookmark: _Toc448924836]ACART’s role
ACART’s role under the Human Assisted Reproductive Technology Act 2004 (HART Act 2004) is to:
issue guidelines and advice to the Ethics Committee on Assisted Reproductive Technology (ECART) on any matter relating to any kind of assisted reproductive procedure, human reproductive research, and extended storage of gametes and embryos
provide the Minister with advice on aspects of, or issues arising out of, different kinds of assisted reproductive procedures or human reproductive research
monitor the application and health outcomes of assisted reproductive procedures and established procedures and developments in human reproductive research.
The HART Act 2004 enables ACART to recommend that the use of cryopreserved ovarian tissue to restore ovarian function be one of the following:
an established procedure
subject to ethical approval on a case-by-case basis (therefore requiring guidelines)
subject to a moratorium
prohibited.
An established procedure is a procedure that is declared established under section 6 of the HART Act 2004 and that can be routinely undertaken by fertility clinics, without the clinic having to seek ethical approval from ECART on a case-by-case basis.
In giving advice to the Minister, ACART is required by the HART Act 2004 to provide the Minister with a report that sets out:
information about the procedure or treatment
an assessment, drawn from published and peer-reviewed research, of the known risks and benefits to health of the procedure or treatment
advice on whether, in its expert opinion, the known risks to health resulting from the procedure or treatment fall within a level of risk that is acceptable in New Zealand
an ethical analysis of the procedure or treatment
advice on whether, in its expert opinion, the Minister should recommend that the procedure or treatment be declared an established procedure.
This document follows the above format.
[bookmark: _Toc373151668]
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[bookmark: _Toc448924837]Background: ovarian tissue cryopreservation
[bookmark: _Toc431815878][bookmark: _Toc435101442][bookmark: _Toc441843390][bookmark: _Toc448924838][bookmark: _Toc373151669]What is ovarian tissue cryopreservation?
Ovarian tissue cryopreservation is a technology that has been developed for preserving reproductive potential in girls and women with medical conditions such as cancer. Women who undergo cancer treatments, such as chemotherapy or radiotherapy, may experience adverse consequences to their fertility, for example early onset of menopause. Cancer treatments, such as chemotherapy and radiotherapy, may have potentially gonadotoxic effects causing menopause or adverse consequences for her fertility.
Ovarian tissue cryopreservation has been used since the late 1990s. Currently, the ovarian tissue cryopreservation procedure is most commonly used in young girls (ie. prepubertal) and women facing the possible loss of their fertility from cancer treatment.
It is sometimes also used by young girls and women with a genetic disease, or non-malignant disease where treatment may adversely affect their fertility.
[bookmark: _Toc199038775][bookmark: _Toc199046133][bookmark: _Toc199647886][bookmark: _Toc200435896][bookmark: _Toc431815880][bookmark: _Toc435101444][bookmark: _Toc441843391][bookmark: _Toc448924839]Ovarian tissue cryopreservation in New Zealand
In 2005 ovarian tissue cryopreservation was declared an established procedure under the HART Order 2005.
As part of implementing the HART Act 2004, and before ACART was established, an independent committee, the Advisory Group on Assisted Reproductive Technologies (the Advisory Group) advised the Director-General of Health on the risks and benefits of various assisted reproductive technologies. The Advisory Group recommended that ovarian tissue cryopreservation become an established procedure. The Advisory Group considered that the risks of ovarian tissue cryopreservation were those associated with the surgery to retrieve the tissue, and were therefore minimal. The procedure offered women and girls about to undergo cancer treatment the opportunity to retain their reproductive potential.
The Advisory Group’s recommendation was accepted. The established procedure includes:
collecting and preparing ovarian tissue for freezing,
freezing and storing the tissue, and
thawing and discarding the tissue.
In its 2005 report, the Advisory Group did not recommend that the subsequent use of cryopreserved ovarian tissue should become an established procedure. The Advisory Group advised that the safety of such use was in doubt due to the novelty of the procedure and limited evidence available at the time.
An effect of excluding the use of cryopreserved ovarian tissue from the established procedure is that ECART must approve the use of the tissue. To date ACART has not issued any guidelines or advice on the use of cryopreserved ovarian tissue, therefore ECART has not been able to consider any applications on the use of cryopreserved ovarian tissue.
As a result, women in New Zealand may cryopreserve and store ovarian tissue, but are unable to use it.
[bookmark: _Toc431815881][bookmark: _Toc435101445][bookmark: _Toc441843392][bookmark: _Toc448924840]Use of cryopreserved ovarian tissue to restore ovarian function
Once ovarian tissue has been cryopreserved it may be thawed and transplanted into the woman from whom it was excised.
The primary use of cryopreserved ovarian tissue is to restore ovarian function. The aim of restoring ovarian function is to restore production of ovarian hormones and eggs suitable for fertilisation. These contribute to restoring a woman’s potential fertility.
Fertility has been restored following transplantation of the tissue in two different situations – transplantation to the original site of the ovaries and/or transplantation to a site outside of the ovaries.
In most European countries, cryopreserved ovarian tissue must only be used by the woman from whom it originated. It is illegal to treat another person with the tissue.
It is estimated more than 10,000 women internationally have stored cryopreserved ovarian tissue for fertility purposes, and an estimated 200 women have received transplantation worldwide. There is growing awareness that in addition to providing gametes, transplanted tissue may serve an important endocrine function for the woman.
[bookmark: _Toc441843393][bookmark: _Toc448924841]ACART monitoring of the procedure
ACART has kept a watching brief on developments in the use of cryopreserved ovarian tissue. In 2010 the Committee commissioned a technical report to review the use of cryopreserved ovarian tissue and obtain further information.[footnoteRef:2] ACART at the time concluded that the limited evidence did not support further work to enable the use of the tissue in New Zealand. [2: 	Anderson R. 2010. Report on the Current Status of the Use of Cryopreserved Ovarian Tissue. URL: www.acart.health.govt.nz/report-current-status-use-cryopreserved-ovarian-tissue-2010] 

In 2014 ACART commissioned a further technical report ‘Report on the current status of the use of cryopreserved ovarian and testicular tissue for the Advisory Committee on Assisted Reproductive Technology of New Zealand’ by Professor Claus Andersen of Oslo University.[footnoteRef:3] Based on the findings, ACART agreed to develop advice to the Minister that the use of cryopreserved ovarian tissue to restore ovarian function should become an established procedure. [3: 	Professor Claus Yding Andersen is a Professor of Human Reproductive Physiology at the University of Copenhagen. He was commissioned to produce the technical report due to his significant and recent expertise in both ovarian and testicular cryopreserved tissue, including safety and outcomes. He is a leading fertility treatment clinician and has headed the Danish programme on fertility preservation since it began in 1999.] 
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[bookmark: _Toc448924842]Assessment of known risks and benefits to health associated with the use of cryopreserved ovarian tissue to restore ovarian function
[bookmark: _Toc373151670]This section summarises the known risks and benefits associated with the use of cryopreserved ovarian tissue to restore ovarian function as discussed in the ‘Report on the current status of the use of cryopreserved ovarian and testicular tissue for the Advisory Committee on Assisted Reproductive Technology of New Zealand’. The report is included in full at Appendix 1.[footnoteRef:4] [4: 	Note that the technical report discusses the use of both cryopreserved ovarian and testicular tissue. In this proposed advice, ACART is addressing the use of cryopreserved ovarian tissue. The use of cryopreserved testicular tissue will be considered in the future as a separate project when sufficient international studies have indicated the utility and safety of this tissue.] 

[bookmark: _Toc192693826][bookmark: _Toc199038778][bookmark: _Toc199046136][bookmark: _Toc199647889][bookmark: _Toc200435899][bookmark: _Toc431815883][bookmark: _Toc435101447][bookmark: _Toc441843395][bookmark: _Toc448924843]Risks
[bookmark: _Toc192693827][bookmark: _Toc435101448][bookmark: _Toc441843396]Risks to the tissue
There are no reports that suggest the cryopreservation procedure itself imposes any change in the tissue and could lead to unwanted side effects upon transplantation. In addition, there are no reports on any potential risks to a woman’s health through the use of cryopreserved ovarian tissue in terms of oocytes and subsequent embryos being abnormal or less viable as compared to mature oocytes obtained in in vitro fertilisation (IVF) treatment.
There is a risk of damage to oocytes and follicles in the ovarian tissue during the cryopreservation procedure. Data suggests that women who undergo IVF treatment following transplantation of thawed tissue have lower rates in oocyte retrieval rate and embryo formation. Consequently, this has an effect on pregnancy rates.
Currently it is not possible to predict who will conceive, and who will not, from their transplanted tissue. This in turn has an effect on understanding pregnancy rates.
It is not yet possible to detect the number of follicles present without destroying the tissue in the process, nor is there solid information of the survival rate of follicles following transplantation to a woman. The chances of conception will in part depend on the age of the woman at the time of tissue cryopreservation. The older the woman, and therefore her ovarian tissue, contributes to a lower chance of conceiving. In addition to age, the collected amount of tissue may correspond to the number of follicles that could develop, and affect the subsequent success of the treatment.
[bookmark: _Toc192693828][bookmark: _Toc435101449][bookmark: _Toc441843397]Outcomes for children born from cryopreserved ovarian tissue
Currently more than 35 children have been born in eight countries from transplanted cryopreserved ovarian tissue. All babies born have been reported to be healthy. There is no information to suggest children born from cryopreserved ovarian tissue are any different from children conceived naturally.
At this time, there is no systematic reporting of pregnancy and birth data. Consequently, this limits the information available in terms of pregnancy outcomes, and has implications on the monitoring and assessment of longer-term health outcomes on babies born from cryopreserved ovarian tissue.
There are also no long term follow-up studies on the children and their development at present. It is too early to identify if there are any adverse observations of a child’s development or psychological outcomes, given the current ages of children born to date. There is insufficient information on resultant chromosomal abnormalities or congenital malformations or epigenetic disorders. Current evidence about children conceived from frozen eggs, indicates no deleterious effects of the cryopreservation process.
Any trans-generation effects on the children born from mothers who become pregnant from transplantation are unknown.
ACART concludes that the evidence at this stage suggests that health outcomes for children born from the use of cryopreserved ovarian tissue are similar to those for children born as a result of other IVF procedures including frozen eggs. ACART, however recognises that further research is needed in this area.
[bookmark: _Toc192693829][bookmark: _Toc435101450][bookmark: _Toc441843398]Maternal health outcomes
Concerns with transplanting tissue excised at the time of disease
The safety of grafting ovarian tissue excised at the time when the patient experienced active disease is currently unresolved. There is a potential risk of malignant cells from the original cancer being present in the transplanted tissue. If the tissue was excised at the time of active disease, the transplanted tissue may cause a relapse. There is currently no way to detect with certainty, malignant cell contamination in the ovarian tissue.  Nor is it known how many grafted cancer cells would cause a relapse.
To date, women with grafted ovarian tissue do not appear to experience relapse more often than that of cancer survivors without transplanted ovarian tissue. In Denmark, 15 women who have had their cryopreserved ovarian tissue transplanted for more than five years have not shown signs of relapse following their transplantation.
Based on an estimated 200 cases of transplanted ovarian tissue worldwide, there have been six reported cases of a woman experiencing relapse following transplantation. Approximately 120–150 women had cancer at the time of tissue retrieval. The reported tumour relapses occurred at the original site of the tumour and there has been no indication of the ovarian tissue causing relapse. A recent study of 41 Danish women with transplanted ovarian tissue reported three cases of relapse but all cases appear to be unrelated to the transplant.[footnoteRef:5] [5: 	Jensen AK, Kristensen SG, Macklon KT, et al. 2015. Outcomes of transplantations of cryopreserved ovarian tissue to 41 women in Denmark. Human Reproduction 30 2838–45.] 

Leukaemia is usually considered the highest risk for relapse in connection with grafting because leukaemia is a disease of the blood, and malignant cells will almost invariably be present in the tissue. The literature recommends that collection of ovarian tissue from leukaemia patients occur when they are in complete remission.
Pregnancy-related risk
There are no known higher pregnancy-related risks for women with transplanted ovarian tissue. The only risk is that their cancer treatment may have affected their ability to carry a pregnancy, for example damage from irradiation of the pelvis.
Surgical risk
There are no reported increased procedural risks with transplanting thawed ovarian tissue. There is, however a risk with any surgical procedure, for example, infection, bleeding or damage to adjacent organs.
The procedure of removing and replacing ovarian tissue is considered low risk, and no major complications from the operation have been reported.
[bookmark: _Toc192693831][bookmark: _Toc199038779][bookmark: _Toc199046137][bookmark: _Toc199647890][bookmark: _Toc200435900][bookmark: _Toc431815884][bookmark: _Toc435101451][bookmark: _Toc441843399][bookmark: _Toc448924844]Benefits
The use of cryopreserved ovarian tissue to restore ovarian function has made significant advances. It is gaining ground as a valid method for restoring fertility and ovarian activity more generally. Benefits from the use of cryopreserved ovarian tissue include:
This may be the only opportunity for some girls and women undergoing gonadotoxic treatment to regain their fertility in the future.
It has the potential to increase quality of life following cancer treatment because fertility is valued by many girls and women.
Ovarian function can be restored in a woman for years at a time following reimplantation. One study reported this to be the case for 93% of patients with transplanted ovarian tissue. Another study in Denmark reported 18 women have so far regained, and continue to maintain, their ovarian function for at least seven to nine years. Restoring ovarian function includes the return of endocrine function, menstrual cycles, production of eggs suitable for fertilisation, and the possibility of pregnancy – both assisted and spontaneous.
For younger women, regaining their menstrual cycles is not only consistent with restoring their potential fertility, but it would help delay the onset of osteoporosis and other menopausal related conditions.
An ovarian tissue transplant can allow for a pregnancy to occur as long as the tissue remains active.
These benefits are only possible if the subsequent use of cryopreserved ovarian tissue is permitted.
[bookmark: _Toc192693830][bookmark: _Toc199038780][bookmark: _Toc199046138][bookmark: _Toc199647891][bookmark: _Toc200435901][bookmark: _Toc431815885][bookmark: _Toc435101452][bookmark: _Toc441843400][bookmark: _Toc448924845]Monitoring
The HART Act 2004 requires ACART to monitor the application and health outcomes of assisted reproductive procedures and established procedures, and also to monitor developments in human reproductive research.[footnoteRef:6] [6: 	Section 35(2) HART Act 2004.] 

The lack of evidence discussed above highlights the need for ACART to keep a watching brief on international developments and reported findings in the use of cryopreserved ovarian tissue to restore ovarian function, particularly regarding outcomes for children born from the procedure and health outcomes for women.
ACART notes that it will be difficult to collect data on the outcomes for the use of cryopreserved ovarian tissue to restore ovarian function. For example, when collecting data on pregnancy rates, a pregnancy may occur spontaneously independent of the graft itself; the graft may fail; the cryopreserved tissue may never be used; or there may be an extended length of time from the time of grafting until the woman becomes pregnant. Notwithstanding the difficulty of data collection, ACART would support the establishment of an international database to monitor both cryopreserved ovarian tissue transplants and outcomes for children born from transplanted tissue.
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[bookmark: _Toc448924846]Acceptability of the risks associated with the use of cryopreserved ovarian tissue to restore ovarian function
This section presents ACART’s analysis on the acceptability of the risks associated with the use of cryopreserved ovarian tissue to restore ovarian function.
ACART has applied its risk acceptability framework to consider and assess the acceptability of the risks associated with the use of cryopreserved ovarian tissue to restore ovarian function (see attached Appendix 2).
As discussed in section 3 of this document, ACART has identified very few known health risks associated solely with the use of cryopreserved ovarian tissue to restore ovarian function. ACART’s analysis indicates that these fall within a level of risk that is acceptable in New Zealand.
[bookmark: _Toc435101454][bookmark: _Toc441843402][bookmark: _Toc448924847]Indicators of acceptability
There are very few known risks in the use of cryopreserved ovarian tissue that are similar to those of other, more common, assisted reproductive technologies.
ACART’s assessment of the acceptability of the risks includes:
international acceptability of the procedure
the potential demand for the use of cryopreserved ovarian tissue in New Zealand
who should make decisions about the use of the procedure
risk reduction and management
benefits.
In its analysis of the use of cryopreserved ovarian tissue to restore ovarian function, ACART has considered the amount of stored ovarian tissue, and the views on fertility preservation for cancer patients.
[bookmark: _Toc435101455][bookmark: _Toc441843403]Overseas uptake
ACART considers the increasing uptake in other countries as an indication of a worldwide acceptability of the risks associated with the technology. Twenty-six countries are currently reported to use cryopreserved ovarian tissue.[footnoteRef:7] In particular, ACART notes that the Australian and United Kingdom regulatory frameworks for assisted reproduction allows for the transplantation of cryopreserved ovarian tissue. [7: 	Denmark, Norway, United Kingdom, Israel, Germany, Switzerland, Sweden, Finland, Holland, Belgium, France, Spain, Italy, United States, Austria, Australia, Japan, Portugal, Poland, Hungary, Singapore, South Africa, Vietnam, Russia, China, India.] 

Some countries require ethical approval of the procedure, but no country has banned the procedure except for Bulgaria, where there is a moratorium until formal regulations have been approved.
More than 10,000 women have had ovarian tissue cryopreserved worldwide, and of these, an estimated 200 women have received a subsequent ovarian tissue transplant. Recent reports indicate that more than 35 babies worldwide have been born from the use of cryopreserved ovarian tissue.[footnoteRef:8] [8: 	Jensen AK, Kristensen SG, Macklon KT, et al. 2015. Outcomes of transplantations of cryopreserved ovarian tissue to 41 women in Denmark. Human Reproduction 30: 2838–45.] 

The uptake for ovarian tissue cryopreservation and subsequent transplantation is significantly lower than other assisted reproductive technologies used for fertility preservation. The first choice for fertility preservation of cancer patients is egg freezing when there is enough time to undergo egg collection before beginning cancer treatment.[footnoteRef:9] [9: 	Kawamura K, Cheng Y, Sun Y, et al. 2015. Ovary transplantation: to activate or not to activate. Human Reproduction 30: 2457–60.] 

[bookmark: _Toc441843404]Potential demand in New Zealand
Fertility preservation is rapidly becoming an integral part of cancer patients’ treatment, particularly as survival rates for cancer increase. ACART recognises that ovarian tissue cryopreservation as a method of fertility preservation will increase. It therefore follows that there will be an increasing demand for women to be able to take advantage of their stored tissue in order to try and have children. In 2015, a New Zealand fertility clinic reported having ovarian tissue samples stored for 67 women.
At present, women in New Zealand who wish to have their cryopreserved ovarian tissue transplanted need to travel overseas, for example, to Australia. ACART is of the view that it is preferable for women to use this procedure in New Zealand because of proximity to family, other support networks, clinical supervision and support.
[bookmark: _Toc435101457][bookmark: _Toc441843405]Decision-maker
ACART’s analysis is that the identified risks and ethical issues are acceptable, and would not require ethical oversight by ECART. ACART considers that the risks and ethical issues could be addressed in discussion between a patient and her clinician.
Section 5 of this document sets out a detailed ethical analysis of the procedure.
[bookmark: _Toc435101458][bookmark: _Toc441843406]Risk reduction and management
There are some concerns about the use of cryopreserved ovarian tissue excised at the time of active disease. Overall, the risk of malignant cells from the original cancer being present in the transplanted tissue cannot be excluded, but is considered to be very low. To date, animal and primate studies suggest the development of malignant cells following the transplant of malignant cells, may be considerably lower than anticipated and dependent on the number of malignant cells being transplanted. The number of women to date who have experienced relapse is reassuringly low, and the relapse is most likely unrelated to the ovarian tissue in these cases.
ACART has identified precautionary measures undertaken overseas to reduce the risk of transplanting malignant cells. One example is with leukaemia patients. Leukaemia is considered to have the highest risk of causing relapse in connection with grafting, and therefore ovarian tissue may be collected from women with leukaemia when they are in complete remission. In Denmark, transplantation of cryopreserved ovarian tissue is not undertaken in leukaemia patients.
Furthermore, transplanting tissue is usually considered only when a woman is well and has been disease-free for at least two years.
In light of this, ACART considers the risk of malignant cells being present in the transplanted tissue to be acceptable.
[bookmark: _Toc435101459][bookmark: _Toc441843407]Benefits
Overall, ACART considers that the benefits associated with the use of cryopreserved ovarian tissue to restore ovarian function are significant and outweigh the risks.
The primary benefit associated with the use of cryopreserved ovarian tissue to restore ovarian function is no different to that of other assisted reproductive technologies such as IVF, or the use of frozen eggs; it is a potential opportunity for a woman to conceive and give birth to a child.
A distinguishing benefit of the use of cryopreserved ovarian tissue to restore ovarian function is that it may be the only opportunity for restoring ovarian function and fertility in women who have had potentially gonadotoxic cancer treatment. As ovarian tissue can be cryopreserved on short notice, it can be preferable to egg freezing if there is urgency to commence cancer treatment.
Additional benefits include its:
potential for a pregnancy to occur as long as the ovarian tissue remains active
restoring ovarian function in women
establishing ovarian function in prepubescent girls when they reach puberty.
These benefits make the risks associated with the technology more acceptable.
[bookmark: _Toc435101460][bookmark: _Toc441843408]Effect of data uncertainty
In ACART’s risk acceptability assessment, the following areas of uncertainty have been identified:
There are no long term follow-up developmental studies of babies born from transplanted cryopreserved ovarian tissue currently available.
There is limited information and data, on pregnancies and births.
The success rate of transplanted tissue is unknown, and will only be known once a large cohort of women have used their cryopreserved ovarian tissue.
There is a need for information on potential negative consequences or adverse health outcomes of girls and women following transplantation.
The safety of the tissue, especially in connection with leukaemia and tumours originating in the ovary itself, remains unknown.  There are no studies to confirm that transplanted tissue does not develop into malignancy later on.
Excluding the potential risk of malignant cells from the original cancer disease being present in the transplanted tissue, there is no information to suggest that the transplanted tissue should increase the risk of cancer or lead to adverse side effects.
ACART will continue to monitor international developments associated with the use of cryopreserved ovarian tissue to restore ovarian function.
[bookmark: _Toc199038803][bookmark: _Toc199046162][bookmark: _Toc199647915][bookmark: _Toc202167153][bookmark: _Toc431815887][bookmark: _Toc435101461][bookmark: _Toc441843409][bookmark: _Toc448924848]Relevant principles of the Human Assisted Reproductive Technology Act 2004
ACART is guided in its decision-making by the principles of the HART Act 2004. These are listed below:
The health and wellbeing of children born as a result of the performance of an assisted reproductive procedure or an established procedure should be an important consideration in all decisions about that procedure.
The human health, safety and dignity of present and future generations should be preserved and promoted.
Although all persons are affected by assisted reproductive procedures and established procedures, women, more than men, are directly and significantly affected by their application, and the health and wellbeing of women must be protected in the use of these procedures.
No assisted reproductive procedure should be performed on an individual, and no human reproductive research should be conducted on an individual, unless the individual has made an informed choice and given informed consent.
Donor offspring should be made aware of their genetic origins and be able to access information about those origins.
The needs, values and beliefs of Māori should be considered and treated with respect.
The different ethical, spiritual and cultural perspectives in society should be considered and treated with respect.
All of these principles are relevant to a risk-acceptability analysis. These are also discussed in section 5 of the discussion document ‘Ethical analysis’.
ACART considers that the use of cryopreserved ovarian tissue to restore ovarian function is consistent with the purposes and principles of the HART Act 2004.
In particular, ACART has considered the health and wellbeing of children born as a result of the use of cryopreserved tissue and considers that, at this stage, the evidence does not indicate there are any adverse implications to a child’s development or psychological outcomes.
Allowing the use of cryopreserved ovarian tissue to restore ovarian function ensures that women who face gonadotoxic treatment are able to preserve their fertility by having the opportunity to produce oocytes in their future, thereby protecting their health and wellbeing.
[bookmark: _Toc435101462][bookmark: _Toc441843410][bookmark: _Toc448924849]ACART’s conclusion
ACART considers the increasing uptake of and demand for the use of cryopreserved ovarian tissue overseas indicates the international acceptability of the risks associated with this procedure. This supports ACART’s analysis of the level of risk as acceptable in New Zealand. ACART also considers that the known risks, such as maternal or child health outcomes, do not justify case by case ethical review by ECART, and could be addressed in discussion between a patient and her clinician.
ACART acknowledges that while there are known risks and areas of uncertainty, there are risk reduction measures to help ensure these remain at an acceptable level in New Zealand. ACART will maintain a watching brief for developments in the procedure to better understand areas of uncertainty. The literature will indicate clinical practices that may help reduce the risk of transplanting malignant cells into women.
ACART is of the opinion that while there are risks associated with the use of cryopreserved ovarian tissue to restore ovarian function (see section 3) these fall within a level of risk that is acceptable in New Zealand.
Feedback questions (see page 74 to 76)
Question 1
(a)	Do you agree with ACART’s assessment of the known risks and benefits to health associated with the use of cryopreserved ovarian tissue to restore ovarian function?
(b)	Are there any risks and/or benefits associated with the use of cryopreserved ovarian tissue to restore ovarian function that ACART has not identified or assessed?
Question 2
(a)	Do you agree with ACART’s conclusion that the risks associated with the use of cryopreserved ovarian tissue to restore ovarian function fall within a level that is acceptable in New Zealand?
(b)	Do you have any other comments?
Question 3
(a)	Has ACART identified all the relevant areas to monitor the use of cryopreserved ovarian tissue to restore ovarian function?
(b)	If not, what else should ACART monitor?
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[bookmark: _Toc448924850]Ethical analysis
[bookmark: _Toc431815889]ACART must identify and consider ethical issues that arise from assisted reproductive treatment. ACART is guided by its ethical framework,[footnoteRef:10] which incorporates principles of the HART Act 2004 and generally accepted ethical principles, to make these ethical deliberations. [10: 	Ethical framework for ACART (2012) 
http://acart.health.govt.nz/publications-and-resources/acart-publications/ethical-framework-acart] 

[bookmark: _Toc435101464][bookmark: _Toc441843412][bookmark: _Toc448924851][bookmark: _Toc431818852]Principles of the HART Act 2004
ACART’s ethical analysis is guided by the principles of the HART Act 2004.[footnoteRef:11] Overall, ACART has not identified any ethical issues that are inconsistent with the health and wellbeing of children; human health, safety and dignity; donation and donor offspring; or the health and wellbeing of women. While recognising that there are unconfirmed implications and data uncertainties for the health and wellbeing of women and children born, ACART considers that the use of cryopreserved ovarian tissue to restore ovarian function is consistent with the ethical principles of the HART Act 2004. [11: 	Section 4 HART Act 2004.] 

[bookmark: _Toc431818855][bookmark: _Toc435101465][bookmark: _Toc441843413]Informed consent
The HART Act 2004 requires that no assisted reproductive procedure be performed on an individual unless the individual has made an informed choice and given informed consent. This requirement is supported by the Code of Health and Disability Services Consumers Rights, and the Fertility Services Standard which sets out specific informed consent requirements for assisted reproductive technology.
Any woman seeking to use cryopreserved ovarian tissue to restore ovarian function must be provided with full information about the procedure to enable them to make an informed choice. ACART is of the view that a woman seeking the procedure should be able to make an informed decision through discussions with her clinician. This would include detailing the components of the procedure, taking into the account the merits and risks, and understanding the areas of uncertainties associated with this procedure – for example, the limited evidence about health outcomes for children born from cryopreserved ovarian tissue. Other information such as the best transfer technique and the size of the tissue transplanted would vary from patient to patient.
[bookmark: _Toc431818857][bookmark: _Toc441843414][bookmark: _Toc435101466]Respect for the needs, values and beliefs of Māori
Principle 4(f) of the HART Act 2004 requires that the needs, values and beliefs of Māori should be considered and treated with respect. This does not mean that ACART supports the idea that a pan-Māori perspective exists. There is rarely one single viewpoint representative of Māori concerns, any more than there is a single religious viewpoint.
ACART acknowledges the primary significance of whakapapa and the impact on broader family networks associated with the use of assisted reproductive treatment. There may be concern that whakapapa could be disrupted through such treatment. In relation to the use of cryopreserved ovarian tissue to restore ovarian function, ACART notes this procedure may assist Māori women facing limited fertility treatment options, to both preserve and strengthen their whakapapa, because it offers an opportunity to have genetically-related children.
The woman must be able to maintain the mana of her cryopreserved ovarian tissue. In this context, ACART acknowledges the concepts of whakapapa, whanaungatanga and kaitiakitanga in relation to the storage and use of cryopreserved ovarian tissue. Regardless of the length of time between collection, storage and subsequent use of the cryopreserved tissue, there must be sufficient time to discuss any cultural implications and the opportunity to address restoration of her ovarian function and fertility.
[bookmark: _Toc431815890][bookmark: _Toc435101467][bookmark: _Toc441843415][bookmark: _Toc448924852]Ethical principles from the framework
These principles are consistent with and complementary to the principles of the HART Act 2004. They include consideration of the welfare of those affected by the procedure, and the autonomy of those involved, altruism, social trust and responsibility, the special status of the embryo, justice and equality.
[bookmark: _Toc431818860][bookmark: _Toc435101468][bookmark: _Toc441843416]Welfare and autonomy
ACART’s proposed advice that the use of cryopreserved ovarian tissue to restore ovarian function become an established procedure supports a woman’s existing freedom to choose from the fertility preservation options available to her. ACART is of the view that women can consider the benefits and risks to decide whether this procedure is in their best therapeutic interest.
[bookmark: _Toc431818866][bookmark: _Toc435101469][bookmark: _Toc441843417]Justice and equality
It would be unfair to further restrict the choices of people who face limited options for trying to have a child.
While ACART’s functions do not involve responsibility for the costs of reproduction, ACART acknowledges that there may be concerns about access to the technology in terms of costs restricting who may be able to access it. Costs would likely include ovarian tissue collection and freezing, storage of tissue and transplantation of thawed tissue. However, ACART considers that the issue of cost for this procedure is no different from the issue of cost and access to other assisted reproductive treatments.
ACART considers that the use of cryopreserved ovarian tissue to restore ovarian function is suitable as a potential fertility preservation option for women. However, ACART recommends the use of cryopreserved ovarian tissue be restricted to the woman from whom the tissue was excised for her own treatment. This position is taken in most European countries where this procedure is permissible.
[bookmark: _Toc441843418][bookmark: _Toc448924853]ACART’s conclusion
ACART is of the view that the ethical issues identified and considered do not justify restricting the use of cryopreserved ovarian tissue to restore ovarian function. The potential benefits to be gained are outweighed by the ethical issues identified.
Feedback questions (see page 77)
Question 4
(a)	Has ACART identified all the ethical issues relevant to the use of cryopreserved ovarian tissue to restore ovarian function?
(b)	Do you agree with ACART’s ethical analysis that there are no significant ethical issues associated with the use of cryopreserved ovarian tissue to restore ovarian function?
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[bookmark: _Toc448924854]Conclusion: Proposed advice to the Minister of Health
ACART proposes advising the Minister that the use of cryopreserved ovarian tissue to restore ovarian function become an established procedure by the woman from whom the tissue was excised, for her own treatment.
ACART notes that a woman may choose to donate stored cryopreserved ovarian tissue for research purposes. However the subsequent use of ovarian tissue for human reproductive research will require further ECART approval.
ACART’s reasons for its recommendations are as follows:
There have been significant advances in the use of cryopreserved ovarian tissue to restore ovarian function, and therefore fertility potential, as indicated by international publications.
There has been a substantial increase worldwide in the number of cases since 2010 in the use of cryopreserved ovarian tissue. It is estimated that internationally more than 10,000 women have had ovarian tissue cryopreserved and that an estimated 200 women have received a transplantation.
Ovarian tissue cryopreservation is currently an established procedure in New Zealand and there is good reason to allow women to subsequently use their stored tissue.
The increases in survival for many cancer patients, particularly for children, coupled with the increased focus on fertility preservation mean that many women will want to take advantage of their stored tissue in the future to have children.
Women with grafted ovarian tissue do not appear to experience a relapse in cancer more often than women who have not undergone the procedure.
Although further studies are required, the available evidence suggests that there are no reported risks to the resulting children born from cryopreserved ovarian tissue compared to children conceived naturally or through other methods of assisted reproductive technologies.
There are few ethical issues associated with the use of cryopreserved ovarian tissue to restore ovarian function.
If the Minister approves the use of cryopreserved ovarian tissue to restore ovarian function as an established procedure, ACART will continue to monitor international developments associated with the use of cryopreserved ovarian tissue to restore ovarian function.
Feedback questions (see pages 78 and 79)
Question 5
(a)	Do you agree that the use of cryopreserved ovarian tissue to restore ovarian function should become an established procedure?
(b)	Do you have any other comments?
Question 6
(c)	Do you agree with ACART’s position that the scope for the use of cryopreserved ovarian tissue to restore ovarian function be limited to the woman from whom the tissue was excised, for her own treatment?
Question 7
(d)	Do you have any further comments to share with ACART?
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[bookmark: _Toc373151672][bookmark: _Toc448924855]Glossary
	Advisory Committee on Assisted Reproductive Technology (ACART)
	The advisory committee established under New Zealand’s Human Assisted Reproductive Technology Act 2004.

	Assisted reproductive procedure
	The Human Assisted Reproductive Technology Act 2004 defines an assisted reproductive procedure as a procedure performed for the purpose of assisting human reproduction that involves:
the creation of an in-vitro human embryo, or
the storage, manipulation or use of an in-vitro human gamete or an in-vitro human embryo, or
the use of cells derived from an in-vitro human embryo, or
the implantation into a human being of human gametes or human embryos.

	Cryopreservation
	The freezing and storage of tissues and cells at extremely low temperatures.

	Established procedure
	A procedure that is declared established under section 6 of the Human Assisted Reproductive Technology Act 2004 and therefore does not require approval from ECART.

	Ethics Committee on Assisted Reproductive Technology (ECART)
	The ethics committee established under New Zealand’s Human Assisted Reproductive Technology Act 2004.

	Fertility Services Standard
	A standard issued under the Health and Disability Services (Safety) Act 2001 that sets out the safety and quality measures that all fertility services provided by New Zealand fertility clinics must meet. 

	Gamete
	An egg or sperm, whether mature or not, or any other cell (whether naturally occurring or artificially formed or modified) that (i) contains only one copy of all or most chromosomes and (ii) is capable of being used for reproductive purposes.

	Gonadotoxic
	Having a harmful effect on the gamete producing organs ie. the ovary in the female or the testis in the male.

	Human Assisted Reproductive Technology Act 2004 (HART Act 2004)
	An act to secure the benefits of, and regulate, assisted reproductive technology and human reproductive research.

	Informed consent
	A person’s voluntary agreement, based on adequate knowledge and understanding of relevant information, to participate in research or to undergo a diagnostic, therapeutic or preventive procedure.

	In-vitro fertilisation (IVF)
	The uniting of egg and sperm outside the body (in the laboratory).

	Kaitiakitanga
	Guardianship.

	Mana
	A concept that implies authority, influence and prestige, as well as the recognition of these qualities.

	Oocyte
	An egg produced by the ovary.

	Ovarian function
	The ability of the ovary to produce reproductive hormones and potentially release eggs.

	Ovary
	The egg-producing reproductive organ found in females.

	Whakapapa
	The genealogical descent of all living things from the gods to the present time.

	Whanaungatanga
	The obligation of care and support among relatives.



[bookmark: _Toc373151673]
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[bookmark: _Toc448924856]Appendix 1: Report on the current status of the use of cryopreserved ovarian and testicular tissue for the Advisory Committee on Assisted Reproductive Technology (ACART) of New Zealand
[bookmark: _Toc203291131]Claus Yding Andersen, MSc, DMSc
Professor of Human Reproductive Physiology
Laboratory of Reproductive Biology, University Hospital of Copenhagen
Faculty of Health Science, University of Copenhagen
Copenhagen, Denmark
Email: yding@rh.dk
Copenhagen December 2014

Note: ACART has previously commissioned a technical report on the use of cryopreserved ovarian tissue that followed the same general structure as below. That report’s conclusions were based on evidence up until June 2010. To avoid repetition, we suggest this updated technical report only summarize the work to June 2010 using the previous report as a base, and focus on the developments and clinical outcomes from June 2010 to present.

Introduction and summary
This report aims to provide a summary of the current knowledge of the use of cryopreserved ovarian and testicular tissue in humans with a vision of informing the Advisory Committee on Assisted Reproduction Technology of New Zealand on the possibility of undertaking these procedures in New Zealand now or in the near future. The present description is a continuation of the report by Professor Richard Anderson, Edinburgh University, Scotland from 2010 and has mainly focused on information which has appeared since this first report.

The brief of this report is that it should be based on published peer reviewed research, be fully referenced and identify areas where there is deficient information. As the clinical application of cryopreserved ovarian tissue is more advanced than the use of testicular tissue the main focus is on ovarian tissue and only to a lesser extent on testicular tissue. For both types of tissue, two main steps are involved in its use, the first being the actual cryopreservation procurement itself and the second part is the treatment of grafting back tissue to the person from where it originated after a storage period. This report attempts to treat these two steps separately.

Since the initial report in 2010 there has been substantial increase in the number of cases undergoing the procedure with storage of both ovarian and testicular tissue. Furthermore the clinical experience in treatment by grafting tissue is ever increasing for ovarian tissue, whereas no well documented clinical cases have yet undergone transplantation with testicular tissue. However, even though the procedure for ovarian tissue cryopreservation is approaching standard practice in some countries, a recent update by the American Society of Clinical Oncology (ASCO) clinical guidelines still categorized cryopreservation of ovarian tissue as an experimental procedure (Loren et al., 2013). However, both ASCO (Lee et al., 2006) and the American Society for Reproductive Medicine Ethics Committee (2005; 2013) acknowledge fertility risks in connection with gonadotoxic therapies and recommend that preserving fertility should be discussed with patients before initiating treatment, especially in light of available data indicating that most cancer survivors prefer to have their own biological children (Lee et al., 2006). In parallel with continuously increasing survival rates of cancer patients and the increasing number of patients it is likely that the procedure will become standard practice in the foreseeable future.

The safety issues of transplanting ovarian tissue to women who at the time of tissue harvest had a malignant disease is now moving from a variety of laboratory tests including grafting to rodents to ascertain safety, to observations in women who actually have had tissue transplanted. Women with grafted ovarian tissue do not appear to experience relapse more often than this group of cancer survivors does without having grafting of ovarian tissue. These observations provide more solid information on the safety and reflect the real clinical situation, where a relatively large amount of tissue is transplanted rather than just a single piece of ovarian cortex normally evaluated in laboratory.

The main indications for excising of gonadal tissue are still malignant diseases or diseases that require gonadotoxic treatment during which the person runs a considerable risk of becoming infertile and has essentially not changed since the first report was released in 2010. However, there is an increasing awareness that the ovaries in addition to provide gametes also undertake an important endocrine function being the main source of sex-steroid hormones in women. Since 2010 two reports showing that ovarian tissue may be used to induce puberty via steroid production in young girls who had a disease in the early years that rendered them sterile (Poirot et al., 2013; Ernst et al., 2013). Use of ovarian tissue not focusing on fertility is now being discussed including postponing menopause in order to avoid osteoporosis, cardiovascular diseases and other menopausal related effects. So, in essence the discussions around fertility preservation and storing gonadal tissue including ovarian tissue are slowly expanding from 1) survival of the patient with only little focus on fertility preservation to 2) quality of life after treatment with avoidance of long-term adverse effects on fertility, to 3) possible use beyond fertility for instance to potential postpone normal menopause. The latter part is not for fertility purposes but utilize the endocrine effects of the ovaries, although these two effects are closely linked.

Therefore, this area is constantly evolving and has not yet found its natural level of activity. The current report attempt to provide a snapshot of the developmental status today but does also outline some of the potential future developments which are now currently not implemented in clinical practice in order to provide ACART of New Zealand with the most up to date information to make potential decisions on.

Anyway, more requests from patients facing gonadotoxic treatment and increasing clinical activities for fertility preservation is seen in number of states worldwide and is most likely to continue in the coming years. To what extent the above mentioned areas focusing on the endocrine effects will become incorporated into clinical practice (and if it is legally allowed) is still an open question. It is important to notice this latter indication has not been used as the only course of cryopreservation of ovarian tissue anywhere in the world at this point in time. However, an estimated more than ten thousands women have already cryostored tissue on a worldwide basis for fertility purposes, which they may or may not need to complete their family and therefore may have available once they reach menopause.

Cryopreservation of testicular tissue for fertility preservation purposes is now being implemented in a number of European states and in the US. Currently an estimated around 300 cases have worldwide had tissue cryostored. Although no well documented human studies on transplantation of frozen/thawed tissue has yet been performed, a number of approaches are now being tested in laboratory animals with promising results also from non-human primates. So this is early days for testicular tissue. However, the risk of the operation against the potential future benefit is now switching towards cryostorage of tissue (McCook, 2013).

Definitions used
Procedure: In the context of this report “procedure” is used to define the processing and procurement of the ovarian or testicular tissue mainly comprising the actual cryopreservation process.

Treatment: treatment with cryopreserved ovarian or testicular tissue is a wider concept that includes cryopreservation of tissue, storage, noticeably replacement of tissue or cells, monitoring of ovarian or testicular activity and potentially the use of IVF or ART for fertility purposes.

In humans treatment has only been performed with ovarian tissue and not with testicular tissue. It is important to realise that many years may elapse between the cryopreservation of tissue (i.e. the procedure) and then the actual treatment with frozen/thawed tissue (i.e. treatment). In theory, this period may actually last many decades for all we know at the moment.

Consequently, there is a huge discrepancy between the number of young girls and women who have had tissue frozen and those who have had it transplanted. An estimated ten thousands women have had tissue cryopreserved, whereas an estimated 200 women have received transplantation worldwide. In contrast, no man has yet had testicular tissue transplanted – or only poorly documented cases (Radford et al., 1999; Brook et al., 2001; Radford 2003) – but cryopreservation now takes place in several countries.

Gonadal tissue: The collective definition of tissue or organs that contain germ cells from either male or female, noticeably a term to collectively describe ovarian and testicular tissue.

Spermatogonial stem cells (SSC): This source of stem cells is the precursors for sperm cells throughout the entire life. As true stem cells they possess the capacity to either self-renewal or through a differentiations process mature into specialised mature sperm cells capable of fertilisation.

Abbreviations:
ESHRE	European Society for Human Reproduction and Embryology
ICSI	Intra Cytoplasmatic Sperm Injection
ISFP	International Society of Fertility Preservation

A	Current status of the procedures in human subjects
In regard to the use of cryopreserved ovarian tissue and the use of cryopreserved testicular tissue (we acknowledge that the use of cryopreserved testicular tissue may not be at the same stage of the use of cryopreserved ovarian tissue. Therefore, there may be gaps in answering the questions below in relation to testicular tissue).

A.1	Indicate if the procedure has been “approved” for human use in other countries. Or alternatively indicate that the procedure has not been banned and is being used for reproductive purposes in other countries.
Ovarian tissue cryopreservation: The specific national rules for conducting this procedure are currently different in almost every country but may overall be performed with a level of approval which can be categorised into one of four levels:
1)	Approved by the health authorities. This may either lead to a rate or a fee released in connection with the procedure or is paid by the patients themselves.
2)	Conducted through an ethical approved project. The procedure may either be paid by patients themselves or by the hospital/clinic that perform the procedure.
3)	The procedure is unregulated and performed at the request of the patient and at the discretion of the clinic. Usually the patient is required to pay for the procedure.
4)	The procedure is actively banned.

Treatment (i.e. transplantation) using frozen/thawed ovarian tissue for transplantation is less advanced in terms of which conditions apply to its use. No health authorities have yet implemented a rate or a fee for the grafting procedure and cost of the grafting procedure may be free (as in countries with a public health care system) or the patient herself needs to pay the cost. The treatment can be categorised into the following levels:
1)	Performed at the discretion of the treating doctor under the general rule “do no harm”.
2)	Conducted through an ethical approved project.
3)	The procedure is unregulated and performed at request of the patient and at the discretion of the clinic.
4)	The procedure is actively banned.

Testicular tissue cryopreservation: Basically follow the same rules but with the exception that no transplantations – or only very poorly documented cases (Radford et al., 1999; Brook et al., 2001; Radford 2003) – have yet been reported.

A.2	Identify possible ‘uses’ of the procedure noting specific situations where this procedure has been used e.g. medical conditions, social reasons etc.
The use of frozen/thawed ovarian tissue may be considered a way to restore ovarian function. The definition of the ovarian function is for practical purposes twofold:
1)	To provide fertilizable oocytes.
2)	To produce sex steroids.

The latter point which in addition of being mandatory for establishment of a pregnancy, also includes numerous endocrine functions, for instance maintain bone mineral density and reduce the risk of cardiovascular diseases. This implies that cryopreservation of ovarian tissue may take place for two fundamentally different purposes:
a)	To possibly restore fertility later on or
b)	To restore menstrual cycles and hormonal activity later on or a combination of both.

The two functions of the ovary are interrelated since fertility requires development of follicles (with an oocyte) that also secure release of ovarian sex hormones including oestrogens and progestin’s. Actually the preovulatory follicle secretes more than 90% of all oestradiol present in the second half of the follicular phase of the menstrual cycle and is basically the “sex steroid producing factory” of the ovary. However, the two effects may be separated or combined depending on the physical site in the body in which the tissue is subsequently transplanted. For instance tissue may be transplanted outside of the ovary proper under the skin where it will resume function and release sex steroids to circulation but where a spontaneous pregnancy is excluded.

Currently the ovarian tissue cryopreservation procedure has been used in the following conditions:
1)	Young girls (i.e. prepubertal) and women with a malignant cancer disease in which appropriate treatment may destroy the ovarian pool of follicles (Rosendahl et al., 2011; Andersen et al., 2013).
2)	Young girls and women with a genetic disease (for instance Turner Syndrome, Galactosaemia, Thalassemia, BRCA-gene carriers) (Borgstrom et al., 2009; Poirot et al., 2013).
3)	Patients suffering from for instance disease considered non-malignant such as aplastic anaemia, autoimmune systemic lupus erythromatosis, fragile X-syndrome and endometriosis (Henes et al., 2012; Rosendahl et al., 2011).
4)	Ovarian tissue may be used to induce puberty (effect of sex steroid secreted from the developing follicles) in young girls who had tissue excised prior to puberty due to a malignant disease (Ernst et al., 2013) or due to a genetic disease (for instance sickle-cell disease) (Poirot et al., 2013).
5)	A new potential use of cryopreserved ovarian tissue will be to postpone menopause (i.e. effect of sex steroids), for instance in women, who have a family disposition of osteoporosis. If such women have ovarian tissue frozen in their young years it may be replaced once they have reached menopause and resume ovarian activity with circulating levels of sex steroid, which probably is an efficient method to postpone decalcification of the bones. It turns out that up to half of the total ovarian tissue (i.e. one ovary) can be removed without any apparent effect on the time of menopause (1 year earlier than otherwise) and without affecting the fertility negatively (Yasui et al., 2012; Bjelland et al., 2014).

Testicular tissue
Excision of testicular tissue is currently performed only for fertility preservation purposes, since Leydig cell function and thus androgen (i.e. testosterone) production is less sensitive to gonadotoxic insult (Goossens & Tournaye, 2014; review: Picton et al., 2014). Although it may be envisioned that freezing of testicular tissue can be applied to adult men in the future, only boys unable to produce a sperm sample by masturbation is currently the only group potentially having this procedure offered (review: Picton et al., 2014).

Several different categories of boys have undergone retrieval of testicular tissue:
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]1)	Prepubertal boys suffering from a cancer where appropriate treatment poses a risk of destroying all spermatogonial stem cells (Sadri-Ardekani & Atala, 2014; Tournaye et al., 2014).
2)	Boys with genetic disease (eg. Klinefelter: XXY) that is known to result in infertility with great likelihood in the adult life, but where SSC may still be present in the young years (Rives et al., 2013; Tournaye et al., 2014; Picton et al., 2014).
3)	Boys with cryptorchidism, often bilateral, where the risk of severe reduced spermatogenesis in adult life. Often there will still be SSC present in the young years, where the testis may be placed in the scrotum during an operation (Kvist et al., 2005).

A specific method for utilisation of the frozen/thawed tissue for production of sperm cells and procreation has only reached the first preliminary stages and no specific strategy has been chosen. In fact a number of alternatives are being persuaded. If more than one of these methods will reach a clinical stage they may be used depending on the diagnosis in the first place and the amount of tissue available.

The different options currently being researched in an attempt to develop clinical procedures is nicely summarised in the figure 1 (review: Valli et al., 2014) and detailed with appropriate references to the original research describing this approach.

[image: ]
Fig.1. The potential clinical approaches for utilising testicular tissue for fertility preservation (Valli et al., 2014)
The potential therapeutic options include: A testis biopsy may after a cryopreservation period be transplanted to an immunodeficient mouse that potentially may provide a suitable environment for the development of sperm cells or sperm like cells that have halved their chromosome number and may be used in connection with ICSI.

Alternatively the tissue may be cultured and sperm cells or sperm like cells that have halved their chromosome number developed during culture may be used in connection with ICSI.

Another method and perhaps the method with the least ethical concern and concern over potential side effects are directly grafting the tissue to the patient and preferentially into the remaining testis with the aim of having sperm production ensuring. The sperm may need to be retrieved for use in connection with ICSI.

One more approach is to isolate SSC from the testis biopsy. The SSC may then either be propagated in the laboratory to reach a number sufficient for transplantation or directly be injected into the remaining testis. In both cases the SSC will need to reach the testis tubules and in an appropriate environment initiate spermatogenesis.

The last method for restoring fertility is rather futuristic in connection with a clinical application at this moment. It focuses on potentially to obtain patient specific haploid germ cells and indeed also functional sperm cells through the derivation of induced pluripotent stem cells from for instance a skin biopsy. This elaborate process will include dedifferentiation and erase of imprinted genes in the skin cells and turning these cells into cells resembling human embryonic stem cells. Human embryonic stem cells are present in the five-six day old human embryo, where only very limited specialisation has taken place. The induced pluripotent stem cells will need to be re-differentiated into a germ line in the laboratory, or be directly injected into the patients. Both approaches could potentially result in generation of haploid cells and a clinical approach.

A.3	If the procedure has been approved (or is in use), specify:
A.3.1: which countries
In October 2013 the EU-patient mobility directive was approved (directive 2011/24/EU) which is explained in an accompanying document from the UK department of Health (UK – Department of Health). This implies that patients who cannot receive a treatment in his or her home county can go to another EU member state to have the procedure or treatment performed and is furthermore entitled to have the cost reimbursed by the health authorities of the home country. The immediate effect of this directive is that a number of European countries are now actively starting freezing programs (for instance Italy where the national transplantation unit now is coordinating a national initiative) and over time this directive is likely to cause member states to adopt similar or almost similar rules for many of these procedures.

As defined in A.1. the procedure is approved by the health authorities (i.e. 1) in: Denmark, Norway, UK, and Israel.

As defined in A.1. the procedure is approved under an ethical licence and is used in: Germany, Switzerland, Sweden, Finland, Holland, Belgium, France, Spain, Italy, UK, USA, Austria, Australia, Japan, Portugal, Poland, Hungary, Singapore.

A number of these countries have performed only a limited number of procedures and are only now getting programs established. The procedure and treatment is covered by the EU-tissue directive, which implies that all EU member states follow the same basic rules (as for instance for testing for disease markers including Hepatitis, HIV, Syphilis) and for maintaining information of equipment and utensils used etc.

As defined in A.1. the procedure is performed (possibly) without regulation in: South Africa, Vietnam, Russia, China, India.

As defined in A.1. the procedure is not currently known to banned in any country except for Bulgaria where a moratorium on the cryopreservation of gonadal tissue have been implemented until formal regulations will be approved the authorities.

A number of countries are now starting programs including Jordan covering the Middle East, Vietnam, Hong Kong and many places in China.

Testicular tissue
According to a survey performed by the ESHRE task force for fertility preservation and recently published six European countries were currently offering cryopreservation of testicular tissue for fertility preservation, including Belgium (two centres), The Netherlands, Sweden, Germany, France and Denmark (Picton et al., 2014).

The interest in starting cryopreservation of testicular tissue in the US has recently been described in Nature Medicine (McCook, 2012; Sadri-Ardekani & Atala, 2014; Tournaye et al., 2014).

A.3.2: when approval was given/use began
Approval of cryopreservation of ovarian and testicular tissue was in Denmark given by the Minister of Health in year 1999 provided that it was only used in the person from whom it originated (i.e. autologus). Use in a different person (i.e. allogenic) was by law forbidden.

In Sweden cryopreservation of ovarian and testicular tissue received started in year 2003 following ethical approval of the procedure and treatment. The procedure was approved and has been performed since the late 1990’ties in Belgium, Israel, France, UK, and Sweden while Germany, Norway and many other countries have only recently started their services.

A.3.3: the extent or conditions of the approval/use
In most European countries the approval allows only use of gonadal tissue by the person from whom it originated (i.e. autologus). Thus, it is illegal to treat another person with the tissue (allogenic).

In most countries the tissue needs to be destroyed in case the person dies. However, it may be used for research purposes if the person donated the tissue when living, but it cannot be transplanted to another person. Transplantation to another person is also difficult anyway because of tissue rejection reactions similar to those that will occur if any tissue at random is transplanted to another person.

In Norway the tissue cannot be harvested from for instance women with cervical cancer, since this person will subsequent need a surrogate mother to conceive and that is illegal in Norway. This has the effect that Norwegian women now travel to Denmark to have the tissue frozen. In Denmark surrogacy is also illegal, but it is accepted to graft the tissue to the woman, who will then need go abroad to have IVF and surrogacy performed on her own behalf.

In Denmark it is only legal to perform the procedure in women of iatrogenic induced ovarian failure plus genetic diseases that will lead to premature ovarian insufficiency.

In Scandinavia and many countries in Europe, the procedure is not performed for social reasons, whereas this is allowed other countries like the UK and USA and is linked to the fact that the person covers the cost herself.

A.4	If the procedure has been banned (or has proven to be controversial), specify:
A.4.1 which countries and A.4.2 why it was banned or proved to be controversial
The uptake of this new technology has occurred very different round the world. The following examples illustrate some of the concerns that has had an impact on the uptake and use of this method.
1)	UK: After an initial considerable activity the use of this new technology has been very slow to be implemented up until now. This is mainly due to the fact that leading clinicians were of the opinion that only a minority of the treated women would need the procedure (i.e. most of the women would not enter menopause as a consequence of the gonadotoxic treatment she was facing) and that clinicians claimed to be capable of identifying the women who actually needed it (Wallace et al., 2014).
In addition, the UK approval system is very laborious and costly requiring a lot of work and implementation of many new procedures, which is new to most fertility clinics and requires a lot of effort and attention.
2)	Apart from a few indications, as for instance bone marrow transplantation (BMT) and heavy exposure to alkylating agents, which almost invariably causes extinct ovarian function, the outcome in terms of gonadotoxicity is difficult to predict on beforehand, especially in children and only limited up-to-date information on the risk of extinct ovarian function is available. One reason is that many treatment regimens are not static, but change over time and may be individualised as the treatment progresses. Further, some treatment regimens used for instance in breast cancer is dependent on the response from the woman during the course of treatment. So if the woman only shows a modest response during the first few rounds of treatment the dose of chemotherapy may be increased (Bergh et al., 2000; Rosendahl et al., 2009).
3)	Further, every estimate on the risk of gonadal failure, even given a huge risk for any given cancer treatment, will be perceived different by almost every girl/woman. Some may find a risk of for instance 15 percent to be high enough to go ahead with fertility preservation, whereas others will find such a risk too small to undergo the procedure. One aspect as described above is the immediate gonadotoxicity, which occurs in connection with the cancer treatment and shortly thereafter. Another aspect is the long term perspectives, will the girl/woman enter menopause earlier than normal. Most cancer treatments reduce the pool of ovarian follicles to some degree. Currently it is very difficult to estimate the specific effect of a treatment and although the ovaries will maintain menstrual cycles even after having at least half of the ovarian pool of follicles removed (Yasui et al. 2012), it is currently unknown how big a gonadotoxic insult will can be tolerated for maintaining menstrual cycles until normal menopause.
4)	Finland: The use of this technology in Finland is currently very low and almost non-existing (from the beginning of this century and until today less than one hundred patients have undergone the procedure). The main reason for this reluctant use is that leading clinicians including paediatricians fear that replacement of the tissue will cause reintroduction of the original disease and make the patient sick again. The risk of introducing the original disease will be discussed below. Further many clinicians in Finland are of the opinion that not a lot of these girls and young women will need the procedure.
5)	USA: In the US this procedure is only performed at the wish of the patient. She is required to cover the cost of the procedure (although some clinics perform the procedure without charging patients). Legally this puts US clinics in a special situation – if the tissue subsequent is grafted to a patient that previously suffered from a cancer disease and that patient experience a relapse (whether it is caused by the grafting or would have happened anyway) a law-suit may be claimed. Did the replaced tissue cause introduction of the disease? At this point in time it is impossible to exclude that this is the case with 100 percent certainty irrespective of the fact that statistically a fraction of patients recovered from most cancer diseases will experience relapse. Therefore by performing treatment with this procedure the clinic runs the risk of being judged to pay substantial reimbursement if the patient have relapse.
Currently leading clinicians work on having ovarian tissue cryopreservation acknowledged as non-experimental, which is the critical step in having insurance companies to cover fertility preservation.
6)	Collectively, the judgement from many clinicians is that the procedure and treatment is still in its infancy and that they will wait until more solid proof of the benefits is accumulated.

A.5	Indicate the number of individuals who have used the procedure and/or the number of individuals studied who have used the procedure
There is no collective account of the number of girls and young women who have had ovarian tissue cryopreserved. The ISFP and ESHRE have launched initiatives to collect information from around the world. However, there are no results published from these initiatives yet. Usually the figures on the number cases having had ovarian tissue cryopreserved itself do not warrant publication, but some information from peer-reviewed papers is available.
Germany and the German speaking countries Austria and Switzerland in the Fertiprotekt network perform by far the largest activity in this field worldwide. At their website it is stated that the number of women having ovarian tissue cryopreserved is: Year 2007:130; 2008:190; 2009:250; 2010:230; 2011: 255; 2012:305; 2013:390. In total this amounts to 1750 cases. These data are on their way to be published in a scientific journal but is available at their website (www.fertiprotekt.de/). Further it appears that the increase in number continue this year.
Belgium: The activity of cryopreservation of ovarian tissue from April 1997 and January 2012 by Donnez’s group was 476 (Dolmans et al., 2013).
France: A total of around 2000 patients have had tissue cryopreserved since year 2000 (N. Rives, Rouen, France personal communication).
Spain: In Valancia a total of 717 patients have had tissue frozen (A. Pellicer, personal communication). Several other centres are performing ovarian tissue cryopreservation.
Denmark: The activity of cryopreservation of ovarian tissue from 1999 and until November 2009 was reported to be 405 cases (Rosendahl et al., 2011). In November 2014 this figure had risen to 742 cases with a constant number of cases during the last five years of around 13-14 cryopreservation’s per million inhabitants per year. Of the Danish cohort 152 were below the age of 18 years.
Norway: As of year 2007 a total of 22 cases had undergone cryopreservation in Norway (Storeng et al., 2007). This number has substantially increased by now.
Israel: Between the years 1996 and 2013 around 400 patients have had tissue cryopreserved in one centre (Shapira et al., 2014), while more centres are also performing the procedure.

Children: At total of 266 cases in children below the age of 18 years have recently been reviewed (Donnez et al., 2013) not including figures from Denmark. Among these cases at least 74 were under the age of 10 years.

Collectively it is estimated that around 10,000 women have had tissue cryoostored worldwide ultimo 2014.

Testicular tissue
There is no collective database information. A recent study from ESHRE task force of fertility preservation reported that seven European centres had already started to collect testicular tissue from young boys for fertility preservation (Picton et al., 2014). A total 266 biopsies were cryopreserved from boys aged 0.8–16 years. The cost for the procedure was from a research grant in all except from one centre. Four centres reported that legal regulations applied to the collection, while three centres reported that no regulations applied (Picton et al., 2014).

In Rouen, France the number of cases is reported to be 88 as of December 2014 (N. Rives, personal communication). In Denmark the total number of cases is 22 as of December 2014.

In the US, a number of 16 cases have been reported (Ginsberg et al., 2010; Ginsberg 2011).

In the US, it has been estimated that around 5.100 boys under the age of 15 will develop cancer each year with a survival rate of 83% (review: Valli et al., 2014). The Childhood Cancer Survivor Study indicates 44% of these boys subsequently will be unable to farther children resulting in almost 1900 boys annually who will become sterile (Valli et al., 2014). Further it is interesting that more than 80% of parents were interested fertility preservation procedures on behalf of their boys (Wyns et al., 2011; Ginsberg 2011).

A.6	Describe the information that is available on the outcomes of using the procedure.
Treatment has only been performed with ovarian tissue in humans and not with testicular tissue. There are basically two outcome of treatment:
1)	regaining menstrual cycles (avoidance of menopausal symptoms).
2)	children born for those who have fertility wish.

Children born from grafting frozen/thawed ovarian tissue: The most recent accounts on the number of children born from having frozen/thawed ovarian tissue transplanted published in peer-reviewed paper is 35 (Macklon et al., 2014; Donnez et al., 2014) representing a total of eight countries. All children have been reported healthy. Additionally the health outcomes for a number of children born as a result of transplanted frozen/thawed ovarian tissue are in the process of being published or are reported as on-going pregnancies (Shapira et al., 2014). It is worthwhile to mention that fertility have been obtained following transplantation in two different situations, 1) orthotopic transplanted tissue including the reaming postmenopausal ovary and the peritoneal cavity or 2) a from tissue transplanted to sites outside of the ovaries (this may be called heterotopic transplantation, but no firm definitions of this term exists).

Children born from grafting fresh ovarian tissue: This group of patients mainly represents genetic identical twins where one sister has ceased to have ovarian function and receives tissue from her sister. Since they are genetically identical to their sister they may, without any risk of tissue rejection, obtain tissue from the sister and become fertile. This approach has been used in eleven US twin sisters with a remarkable good result. Having fresh unfrozen tissue transplanted one from sister to the other 11 babies have been reported (Silber 2012) plus one from (Donnez et al., 2012), in total 12.

Regaining menstrual cycles
Most of the grafted women regain menstrual cycles. A recent study reported a figure of 93 per cent (52 out of 56 women) (Donnez et al., 2013). Another study from Denmark reported that 18 women transplanted with frozen/thawed ovarian tissue all had regained ovarian function for nine to seven years – still ongoing (Greve et al. 2012). The duration of ovarian activity is dependent on a number of parameters the most important being age at excision, the amount of tissue transplanted and efficacy of freezing and grafting. However, the pool of follicles that do become active after grafting is low as shown by constant low levels of AMH (Janse et al., 2011; Greve et al., 2012), but is apparently capable of providing one preovulatory follicle for extended periods of time.

A.7	Describe the information that is available on the risks of using the procedure.
Recently several detailed reviews have addressed the risk of using this procedure for grafting ovarian tissue excised at the time when the patient experienced active disease (Rosendahl et al., 2013, Bastings et al., 2013a &b; Dolmans et al., 2013). These reviews nicely present the available data on residual disease in ovarian tissue prepared for transplantation. However, the actual clinical situation is difficult to mimic in an ex vivo situation and only in case of a positive answer for contamination may the result prove valid. There are a number of issues that needs to be considered and which have only limited information on today as discussed below.
1)	Although women who died from cancer showed metastasises to the ovaries in a relatively large fraction (Kyono et al., 2010) they all suffered from end-stage disseminated disease and earlier stages of disease in a number of cancers do not appear to readily spread to the ovaries. Today many patients are only offered cryopreservation of ovarian tissue provided that the disease is not disseminated and therefore often in earlier stages. However, this raises the question: At what disease stage does ovarian involvement begins? For most cancers this question un-answered.
2)	The question is how many cells grafted are necessary to cause relapse, in other words what is the Minimal Infectious Dose (MID) (Yding Andersen, 2014). It is well known that some cancer patients maintain to have malignant cells present in low number in circulation after being disease free as for instance chronic myeloma leukemia (CML)(Ito, 2013). Will the presence of a few cancer cells in the ovarian tissue in this situation actually cause relapse? This information is unknown for CML and most other cancers, but studies in rats have shown that just a few malignant leukemic cells were sufficient to cause relapse (Hou et al., 2007; Jahnukainen et al., 2001). However, old studies in American prison inmates showed that injection of even very large amounts of malignant cells from one person to the other did not introduce disease (Lanman et al., 1950). So, apparently the immune system is capable of handling even large amounts of disease cells. Indeed, many of the patients suffering from for instance leukemia actually undergo bone marrow transplantation (BMT) and receive an immune system from another person. It is unknown whether this new immune system may handle a few contaminating cells in connection with grafting ovarian tissue?
3)	The number of malignant cells transplanted is dependent on the number of pieces of ovarian grafts. This may vary from just a few to maybe 12–16 and will impact on the number of malignant cells being potentially transplanted. However, the MID in connection with a BMT and transplantation of ovarian tissue is completely unknown. So, for each individual patient it is probably unlikely that any test will provide one hundred percent accuracy on detecting the risk of relapse in connection with grafting ovarian tissue collected during active disease. Except for actual transplantation results involving patients, the below mentioned data will only in case of a confirmatory result for malignant cell contamination provide useful information on the risk of the procedure.

Collectively, safety of grafting of ovarian tissue in this point of time is still unresolved. Reassuring, however, is the actual clinical data as presented below, which seems to support that malignancy is not grafted by the current policy for cryopreservation of tissue.

To complete the answer to this question it should be added that there also potentially could be a risk of having the procedure (procurement of the tissue) performed including the risk of undergoing the operation for removal of ovarian tissue.

Animal and primate models
Using immunodeficient mice as a bio-incubator allowing cell proliferation and grafting ovarian tissue from patients with suspected malignant cell contamination is currently considered the most sensitive method for risk evaluation. However, immunodeficient are mice expensive, the method is time consuming and requires an expertise that many fertility clinics and transplantation centres may not have available. Further the so called take-rate, the frequency of development of malignancy following deliberately transplantation of malignant cells, is usually not 100 present and may be considerable lower and dependant on the number of malignant cells being transplanted (Greve et al., 2013).

Leukaemia Leukaemia usually includes diseases such as acute lymphocytic (ALL), chronic lymphocytic (CLL), acute myeloid (AML) and chronic myeloid (CML). Leukaemia is usually considered the disease with the highest risk of causing relapse in connection with grafting, because leukaemia is a disease of the blood and malignant cells will almost invariably be present in the tissue. Ovarian tissue from patients who suffered from leukaemia at the time of tissue harvest has been evaluated in immunodeficient mice in two recent studies. In the first study by Dolmans and co-workers (Dolmans et al., 2010) five out of 18 immunodeficient mice transplanted with ovarian tissue developed human leukaemia. The results clearly indicated that it was not advisable to transplant tissue to these patients confirming an earlier study using only in vitro tests (Rosendahl et al., 2010). In another recent study 24 patients who all suffered from different types of leukaemia had frozen/thawed ovarian tissue transplanted to immunodeficient mice for 20 weeks (Greve et al., 2012). In contrast to the first study no viable malignant cell contamination could be detected in any of the 24 patients. However, it turned out that the majority of patients in the latter study were in complete remission at the time of tissue collection. Complete remission implies that no malignant cells is seen in circulation but potentially may be present in the bone marrow (Greve et al., 2012). One or a few series of chemotherapy is normally applied to accomplish complete remission, which, however, did not affect the density of primordial follicles in the ovarian cortex as compared to other age matched patients that had not experienced prior gonadotoxic treatment (Greve et al., 2012). Therefore it is now recommended to collect ovarian tissue from leukemic patients when they are in complete remission (Dolmans et al., 2013) although collection of more studies with a higher number of patients is necessary for grafting to become a wider application to this group of patients.

Further a recent study evaluated ovarian tissue from one CML patient with sensitive molecular biological methods (Abir et al., 2014). The study found traces of malignant cells in ovarian tissue, which in the case of this patient resulted in grafting stopped. However, the same group has reported transplantation of ovarian tissue to a former CML patient.

The most comprehensive analysis of presence of sarcoma cells in ovarian tissue prepared for transplantation currently performed included a total of 16 patients of which nine had Ewing sarcoma and the remaining other types of sarcoma (Greve et al., 2013). Ovarian tissue was transplanted to immunodeficient mice for 20 weeks and evaluation for the presence of the Ewing sarcoma specific EWS/FL1 translocation in all cases revealed no signs of malignant cell contamination (Greve et al., 2013). However, another study found one case of ovarian tissue positive for the EWS/FL1 translocation out of eight evaluated patients (Abir et al., 2010). Recently another study reported on the presence of CD99 positive cells on the surface of ovarian tissue harvested from a Ewing sarcoma patient (Sørensen et al., 2014). Apparently only few studies have specifically looked for ovarian involvement in early stage Ewing sarcoma (Rosendahl et al., 2013). Recently, the presence of the EWS/FL1 translocation was detected with a highly sensitive Q-PCR technique. No signs of malignant cells were present in any one piece of ovarian cortex representing eighty percent of one entire ovary (Yding Andersen et al., 2014). Collectively, the data suggests that Ewing sarcoma and other types of sarcoma do not readily localize to the ovaries, but it cannot be excluded with a 100% certainty (Greve et al., 2013).

A number of other diseases including breast cancer, lymphoma and cervical cancer have been evaluated for possible malignant cell contamination and have been described in recent reviews (Rosendahl et al., 2013, Bastings et al., 2013a &b; Dolmans et al., 2013). The overall conclusion today is that malignant cells contamination of ovarian tissue collected from any one type of caner cannot be excluded, the risk increases with advancement of the cancer stage and disease in any given woman, but the generally the risk is very low. However, these studies are gaining less interest in parallel with the number of women who actually experience grafting is rapidly increasing.

Actual transplantation to girls/women
Reported relapses of cancer disease in women transplanted with frozen/thawed ovarian tissue
A total of six cases in which the woman experienced a relapse after having had frozen/thawed ovarian tissue transplanted have currently been reported. This information should be view with the background that an estimated around 200 cases have been transplanted worldwide with approximately 120–150 cases in which the woman had a cancer disease at the time of tissue retrieval.

	Diagnose
	No. women
	Reference

	Mammae cancer
	2
	Schmidt et al., 2010; Ernst et al., 2013

	Cervical cancer
	2
	Kim et al., 2009

	Granulosa cell tumor
	1
	Stern et al., 2014

	Ewing sarcoma
	1
	Yding Andersen et al., 2014



The tumor relapses occurred at the original site of the tumor and there has been no indication of the ovarian tissue causing the relapse. One exception may be the granulosa cell tumor where the relapse may actually have occurred from the grafted tissue.

The case with the Ewing sarcoma patient is illustrative (Yding Andersen et al., 2014): The patient had one of her ovaries frozen at nine years of age prior to undergoing treatment for Ewing sarcoma. When she was 13 years and had no ovarian activity, two of ten pieces of ovarian cortex were grafted to the remaining postmenopausal ovary. The grafted tissue regained activity and stimulated her pubertal development. In 2013 four and half year after the tissue was grafted, then aged 18 years, the patient experienced a relapse of the original disease with Ewing sarcoma occupying the whole left thoracic cage and metastases in the liver. During the subsequent 7 months, the patient received intensive treatment but died in January 2014. Although the relapse occurred in the hemithorax away from the site of the remaining ovary, the remaining eight pieces of ovarian cortex prepared for transplantation were tested for the possible presence of malignant cells. The patient was positive for the EWS/FL1 translocation. The eight pieces of ovarian tissue were thawed and each piece was divided into six smaller fragments of tissue. Each individual piece was subjected to a manual homogenization and extraction of mRNA but the EWS/FL1 translocation was not detected in any sample. These data indicate that the ovarian tissue did not contain malignant cells. However, since the two originally transplanted ovarian pieces of cortex were not analyzed for the translocation, it cannot with 100 percent certainty be excluded.

Collectively, at present the relatively large number of actual transplantations to girls and women suggests that no major health risk is associated with the treatment of the tissue. The treatment is far from being fully evaluated and further studies are required to substantiate the safety, especially in connection with leukemia and tumors originating in the ovary itself as for instance granulosa cell tumors. However, it is envisioned that the development from now on to a large extent will be clinically driven.

A.8	Describe the information that is available on the benefits of using the procedure, including whether there are potential recipients of the technology who would otherwise have no available option.
Those girls and young women who currently undergo the procedure are at risk of losing the ovarian pool of follicles, in which case they become sterile. If sterility ensues they are likely to benefit from the procedure. A Danish study interviewed women who had undergone the procedure (i.e. removal of one ovary) and 80% of the women stated they would use the tissue if it becomes necessary (Schmidt et al., 2013). The other side of the coin and perhaps equally important, did the procedure caused harm? Avoidance of harm is one the medical profession founding pillars. A Danish study showed that women who did not enter menopause as a result of cancer treatment, and who had one ovary frozen prior to treatment (and therefore potentially did not need the procedure), did not experience a reduction in fertility and 72 present of those women had actually already at the time of the study achieved the children they wanted (Schmidt et al., 2013). This is important information because it is currently very difficult to predict who will and will not become infertile. There will be women who do not experience menopause immediately in connection with the gonadotoxic treatment. Further, the overall goal of the procedure is to maintain ovarian function as close to the normal situation as possible for (childhood) cancer survivors, which also should involve an aim of allowing entry into menopause at the same age as normal women. There does not exist follow-up data for long enough to know whether these women actually enter menopause prematurely and potentially could benefit from their tissue.

The patients who as a result of the grafted of tissue got a child obviously benefitted from the procedure. In addition to that the following information is available:
1)	Many women find it very stressful to undergo cancer treatment and obviously a life-threatening diagnosis is severe. Evidently all patients want to survive, but immediately after that many patients express great concern on their future fertility (Treves et al., 2011; Treves et al., 2014). Therefore fertility preservation including cryopreservation of ovarian tissue is often a great relief for patients and physiologically important for them going through often harsh treatment. The following quotes from patients illustrate this point: 1) “Prior to exposure to chemotherapy and radiology therapy I wish to save my genetic material in order to use the same when restored to health. This is my one and only treasure and presently the main, if not the only, reason for fighting this illness”; 2) “the fact that the doctors advised me to have ovarian tissue cryopreserved made me believe that they actually thought I would survive the disease”; 3) “preserving my fertility was the light at the end of the tunnel for me going through chemotherapy” (Schmidt et al., 2013).
2)	Young prepubertal girls with a malignant cancer or genetic disease in which appropriate treatment may destroy the ovarian pool of follicles have no other option for preserving fertility. In two cases the tissue has been used to induce puberty (Poirot et al., 2013; Ernst et al., 2013). These girls may in their adulthood return for subsequent tissue to become fertile. The time frame in which freezing have been performed is still too short for prepubertal girls who had tissue frozen to return to use it for fertility, but the first cases are likely to come back in the near future.
3)	In Denmark seven women have until now had tissue grafted not to regain fertility but “merely” to become normal young women again with menstrual cycles and avoid menopausal symptoms. However, they do have the option of using the grafted tissue for fertility purposes if they should wish so.

A.9	Describe any areas where there is deficient information about the procedure (i.e. potential risks, benefits and outcomes).
Long term follow-up studies focussing on the children and their development are lacking. In additions, studies is missing following the grafted women in order to secure that the transplanted tissue does not develop into malignancy later on. Solid answers to these questions are estimated to be at least ten years in the future.

Potential negative consequences for girls and women having tissue removed including immediate surgical complications or potential reduced fertility later in case they do not become menopausal from the treatment they are facing also needs further studies although there is already some information, which suggests that this is not major issues (see above).

The success rate of the transplanted tissue in terms of children born is also uncertain and will only be accessible once a large cohort of women who have had frozen/thawed tissue transplanted for fertility purposes experience exhausted ovarian function and do not have more tissue stored in the freezer. Only at this point in time can the nominator and denominator in the equation of success be defined and evaluated (see section 10.3). This is estimated to last another five to ten years before this information will be available, but preliminary data are now available from Denmark (see below).

Women who have had tissue frozen, whether they experience premature ovarian insufficiency or will enter menopause at a normal age, will have the option of having benefits from the tissue when they have entered menopause as a possible source of sex steroids to avoid menopausal symptoms (not to become fertile and become “old mothers”). In the future the health care implications of the longer life expectancy are tremendous (the ageing population) and the cost to society is huge and will increase (Riggs and Melton, 1995). Although the main goal of ovarian cryopreservation is fertility preservation, transplantation of frozen-thawed ovarian tissue may serve as a physiological and natural solution to prevent the massive medical legacy of osteoporosis in our ageing population (Yding Andersen & Kristensen, 2015). In this scenario, the general population may want to use the method and this technique may have consequences far beyond fertility preservation This obviously does not exclude women who have had tissue cryopreserved for fertility preservation for instance women with cancer from having the benefit of both possibilities (see point 5 in section A2).

B.	Information from human studies (review if applicable)
B.10	Outline the efficacy of using cryopreserved ovarian and testicular tissue, including:
B.10.1 fertilization rates
Women who undergo IVF treatment following transplantation of frozen/thawed ovarian tissue show a lower fertilization rate of the retrieved oocytes than other women (Dolmans et al., 2009; Schmidt et al., 2010).

B.10.2 survival rate of the retrieved oocytes following cryopreservation and then re‑implantation
Only one study in Spain has reported on the possibility of freezing oocytes after having replaced frozen/thawed ovarian tissue (i.e. a second cryopreservation). This study resulted in the delivery of twins after four cycles of IVF in one patient in which a total 18 oocytes were retrieved. Nine of these oocytes were vitrified, two of which later gave rise to the twin gestation (Sanchez-Serrano et al., 2010). This result basically just illustrate that it is possible to perform freezing twice and still have available viable oocytes and does not provide information on this method as a more widespread approach.

B.10.3 pregnancy rates (please compare to use of fresh mature oocytes in IVF) and B.10.4 live birth rates (please compare to use of fresh mature oocytes in IVF)
Please have a look at section A.9.

It is difficult and probably doesn’t make sense to make a direct comparison to IVF results. In IVF treatment a definite answer is available after a short period (i.e. two weeks) after having transferred the embryo. For ovarian tissue transplantation a pregnancy may occur as long as the tissue remains active and the tissue has in some case been shown to be active for more than seven years (Yding Andersen et al., 2013). In Denmark two women conceived five years after having tissue grafted and obviously the pregnancy rate will increase as long as the tissue remains active (Macklon et al., 2014).

Furthermore, it is difficult to obtain reliable data on the pregnancy potential of transplanted frozen/thawed ovarian tissue since there currently is no international data base where clinics report their results. As the method becomes more and more widespread with more centres having pregnancies it becomes increasing difficult to publish data on small series or indeed case reports on pregnancies in peer-reviewed journals.

Just recently, this was illustrated in an article published in The Lancet, where data on the pregnancy rates in women having ovarian tissue transplanted turned out to be misleading (Scoop et al., 2014), mainly because data were not based on published results. Subsequent the data were corrected and more accurate data for four clinics including the Danish programme was published (Donnez et al., 2014). In this latter publication a figure of 23% was reported, which, however, already in the Danish program has been increased (unpublished data).

B.10.5 diagnostic accuracy of the procedure
The diagnostic accuracy of predicting the group of women who is most likely to become pregnant following transplantation of frozen/thawed ovarian tissue no reliable data are currently available. However, in a series of patients it appears that the younger the woman was at cryopreservation the more likely she is to become pregnant subsequent to transplantation (Donnez et al., 2013), which is a result similar to that observed for IVF patients and the general population as such.

B.11	Detail any risks to health through the use of cryopreserved ovarian and testicular tissue, including (but not limited to):
B.11.1 any potential side effects (please compare to use of fresh mature oocytes in IVF)
There have been no reports on any potential risks to health through the use of cryopreserved ovarian tissue in terms of oocytes and subsequent embryos being more abnormal or less viable as compared to mature oocytes obtained in IVF treatment. A relatively large proportion of women (up to around 50%) of the women transplanted with ovarian tissue conceive spontaneously and are not exposed to any greater risk of side effects as normal women who become pregnant (Macklon et al., 2014). It is almost exclusively the resting primordial follicles that survive freezing and transplantation. These follicles must undergo a four to six months growth and development phase to reach the preovulatory stage where fully mature oocytes are available and released for fertilization. Suboptimal follicles are likely to become atretic and disappear during this process, exactly as it occurs in the natural development. Therefore the preovulatory follicles will most likely be similar to those that develop naturally.

B.11.2 health outcomes for female patients. This would include both short term and long term consequences of the procedure (e.g. the treatment could increase the risk of cancer many years later)
Excluding the potential risk of malignant cells from the original cancer disease being present in the transplanted tissue, there are no sign and information available to suggest that the transplanted tissue should increase the risk of cancer later on. In Denmark the first transplantation was performed in year 2003 (Schmidt et al., 2004) and since then more than 30 women have had tissue transplanted with 15 women having had tissue transplanted for more than five years. So far none of these women have developed any types of cancer as a result of the grafting, but obviously the information is still very limited and long term follow-up studies are required to obtain more definite answers to this question.

B.11.3 any suggested exclusions of potential patients based on clinical indicators (e.g. cancer, diabetes)
Possible exclusions of patients that may qualify for transplantation of ovarian tissue should be no different from other women, where a pregnancy may carry a risk to the woman herself; this could be the case for diabetes or Turner syndrome (oocyte donation).

Women who had a cervical cancer may be without a uterus or have a damaged uterus that is unlikely to be able to carry a pregnancy to term and they may require a surrogacy mother in order to get their own children. The local legislation may therefore impact on the suitability of doing the cryopreservation in the first place.

Further, in case of patients who had an oestrogen sensitive breast cancer, it could be hypothesised that high levels of oestogens as observed during a subsequent pregnancy could increase the risk of experiencing relapse. However, relative good evidence suggests that these patients once disease free has no increased risk of becoming pregnant (von Schoultz et al., 1995; Kroman et al., 1997).

A special case is cancers of the ovary itself. Replacing frozen/thawed ovarian tissue will invariably introduce the original source of malignancy. Since the ovarian tissue already once has developed malignancy (most likely the contralateral ovary) there is probably an increased risk that this will happen again. The woman would not be exposed to this risk unless the tissue is transplanted. One such case has recently been reported from Australia (Stern et al., 2014) in which a patient who previously suffered from a granulosa cell tumour had ovarian tissue transplanted twice subsequent to becoming disease free. She became pregnant and gave birth to a twin delivery but the cancer reappeared during the pregnancy. Following childbirth the patient had undergone renewed cancer therapy but is now reported well again (Stern et al., 2014). It is uncertain if the cancer was actually present prior to transplantation of ovarian tissue, but there is a risk that it was introduced in connection with transplantation.

B.11.4 observed damage to the oocytes
Women transplanted with frozen/thawed ovarian tissue will have a low ovarian reserved witnessed by low circulating AMH levels (Greve et al., 2012). The collective experience of performing controlled ovarian stimulation and subsequent IVF treatment of these patients have shown a poorer oocyte retrieval rate and a poorer embryo development rate as compared to IVF patients undergoing the procedure with a different indication. This may imply that the oocytes and follicles have been damaged during the cryopreservation procedure. However, another reason may be that the much reduced selection of follicles during growth and development leads to development of follicles with a reduced developmental potential and which during normal circumstances would have been de‑selected (Greve et al., 2012).

B.11.5 any issues related to maturation of sperm from cryopreserved testicular tissue
Cryopreserved testicular tissue can serve as the starting point for isolation of SSC. Depending on the size of the testicular biopsy propagation of SSC may be necessary prior to transplantation. However, animal studies have now shown that SSC transplantation is successful in mice, rats, pigs, goats, bulls, sheep, dogs, and monkeys resulting in renewed spermatogenesis and production of donor-derived progeny (review: Valli et al., 2014). Furthermore, rodent SSC possesses this activity to regenerate spermatogenesis irrespective of age of the donor (Shinohara et al., 2001, Ryu et al., 2003). A similar result was achieved with SSC from non-human primate that was cryopreserved (Hermann et al., 2012).

These results are encouraging for potential similar results in humans, but no human data are yet available.

B.11.6 health outcomes for male patients
The collection of testicular tissue includes a small operation which potentially may impose surgical complications such bleeding and infections that potentially could negatively affect the remaining testis. However, from studies in adult men and in boys undergoing unilateral testicular biopsy this does not seem to be a major problem with no long term effects on the endocrine profile that resemble the one of the normal population (Ginsberg et al., 2010; Wyns et al., 2010; review: Picton et al., 2014).

Potential negative effects on the future fertility of boys who have had a testicular biopsy taken in childhood have not yet been clarified and require long-term follow-up studies. However, the limited amount of tissue taken and the low frequency regarding post-operative complications indicate that excision of testicular tissue in itself should not cause a significant impairment of fertility (review: Picton et al., 2014).

B.12	Detail the obstetric outcomes (risks and/or benefits to health) where applicable, including (but not limited to):
B.12.1 observed damage to the oocyte or embryo
The question of whether there should be any trans-generation effects on oocytes and embryos in girls born of mothers who became pregnant as a result of transplantation of frozen/thawed ovarian tissue is currently unknown. Around half of all the 35 reported children born from this procedure are girls (Macklon et al., 2014; Donnez et al., 2014). However, the oldest girl is just reaching her teenage years and the final evidence will need to await that these girls reach adulthood and start to have their own children. However, there is no reported information that suggests this should be an issue.

B.12.2 neonatal/infant complications
From a recent account of babies born following transplantation of frozen/thawed ovarian tissue the total number was 35 children, who have all been reported healthy and in good conditions (Macklon et al., 2014; Donnez et al., 2014). The average weight and length of gestation are within normal limits (Macklon et al, 2014). There have been no other reported complications of neonatal nature or to the infants.
B.12.3. chromosomal abnormality
There have been no specific studies looking into the chromosomal constitution of infants born from having frozen/thawed ovarian tissue transplanted and for instance infants born in Denmark have received no special attention in this regard. Further it is noticeable that there has been no report on the contrary, which is likely to suggest that this is not an issue different from the rest of the population.

B.12.4 congenital malformations (i.e. birth defects)
There has been no specific report addressing this question, but as for B.12.3 there has been no report on the contrary, which is likely to suggest that this is not an issue different from the rest of the population.

B.12.5 child development (physical, psychomotor and cognitive)
Less than half a dozen children are above the age of six years and it is too early to make firm conclusions on this question. As for the Danish children there have been no adverse observations of children with regard to their physical, psychomotor and cognitive abilities that could relate to the fact that they result from grafted frozen/thawed ovarian tissue.

B.12.6 psychological outcomes for child and family
Again this is probably too early to draw any conclusions. The Danish family where the mother have delivered three children after having had Ewing sarcoma and tissue frozen and grafted have on several occasion been in television programs in Denmark and internationally, where she and her husband indeed have expressed that they are very happy about the procedure for them and their family.

B.12.7 epigenetic disorders (i.e. imprinting)
No information of this is available at the moment. To my knowledge there have been no studies on the epigenetic profiles of these children.

B.12.8 maternal outcomes (including complications)
This group of women does not run a higher risk of getting pregnant as compared to normal women. However, pregnancies should in a number of cases be categorised as high-risk obstetrical pregnancies. For instance women who during the course of treatment for their cancer disease have experienced irradiation towards their pelvis may have a uterus which is less capable of carrying a pregnancy to term. In Denmark it has recently been reported that a woman had an abortion in gestational week 19 probably due to the fact that she had received irradiation to the pelvis (Klüver Jensen et al., 2014). Other examples may include women who previously had a cervical cancer in which treatment did not include removal of the uterus.

B.13	Indicate if the use of cryopreserved ovarian and testicular tissue introduces any medicines to be used in a new way (if it involves a new medicine it will have to go to the Health Research Council of New Zealand’s Standing Committee on Therapeutic Trials (SCOTT)). If yes, please address the following:
B.13.1 toxicity and B.13.2 interactions
Currently ovarian tissue is transplanted without using any medicines and left to recover function spontaneously (testicular tissue has not yet been transplanted). Subsequently, the patient may need to undergo controlled ovarian stimulation as in conventional IVF treatment in order to conceive, but this does not introduce medical preparations, which is not routinely used for this purpose by other patients.

However, it can be expected that new drugs used to cause activation of resting follicles into the growing phase will be introduced in the foreseeable future. At this point in time a Japanese group headed by Professor Nao Suzuki have successfully undertaken a series of experiments in which the resting follicles are activated in the laboratory before being grafted back to the patient (Kawamura et al., 2013). The first baby following this in vitro activation (IVA) procedure has been born. This procedure involves treatment with the substance bpV (hopic), a PTEN enzyme inhibitor, and with a substance 740YP, a PI3K stimulator, which collectively causes resting follicles to enter into the growing phase and will subsequently increase the fertility potential of the individual but also a faster burn-out of ovarian activity. The use of these and other drugs with a similar effect are likely to require approval by the Health Research Council of NZ’s standing committee on Therapeutic trials.

Testicular tissue: One strategy for utilising stored testicular tissue involves propagation of SSC present in the tissue in vitro with a subsequent grafting of the stem cells to the patient (Valli et al., 2014). This approach may allow the patient to re-establish spermatogenesis on his own and regain fertility. However, all the in vitro procedures including media and exposure to growth factors etc. will need to undergo thorough testing for toxicity and potential effect on the progeny. Another alternative for the use of SSC is to in vitro perform spermatogenesis and use the haploid germ cells for procreation. This has now been successfully applied to mice (Sato et al., 2011). If this becomes the method of choice a thorough evaluation of the safety of using in vitro produced germ cells for procreation in humans is required.

B.13.3 long term effects of medications (where possible, include comment on the status of the medications in New Zealand).
Even if all the testing mentioned in B13.1 and B13.2 doesn’t show any immediate adverse effects long term follow up studies will be needed in which the children born as a result of such new procedures should be followed for a number of years. However, this will be an international endeavour as it is for children conceived following conventional IVF and ICSI treatment and since NZ haven’t started these treatments right now (December 2014) it will probably not impinge on NZ.

B.14	Indicate if other treatment (e.g. for cancer) might be delayed as a result of using cryopreserved ovarian and testicular tissue.
Cryopreservation of both ovarian and testicular tissue may be performed on a very short notice. Clinical practice in Denmark often involves that cryopreservation is performed on one or a few days’ notice and is certainly one of the advances of this method for fertility preservation as compared to freezing of mature oocytes or embryos that will require a period of at least two weeks. So cancer treatment may potentially be postponed a few days which, however, most clinicians find acceptable. So this so short delay is not considered to worsen prognosis from the cancer treatment.

In breast cancer patients’ treatment is usually not as urgent as with other cancers and a period allowing controlled ovarian stimulation and oocyte retrieval to be performed may be an option.

Grafting is only considered when the patient is well and has been disease free for often at least one or two years. As a consequence, there have been no reports that indicate that other treatment should be delayed in connection with using cryopreserved gonadal tissue.

B.15	Indicate whether any associated risks may occur as part of the surgical intervention carried out in the use of these procedures.
A surgical procedure always carries a risk, albeit low, of unwanted side effects. In the worst case scenario it may be fatal. However, there is no published literature to suggest any associated risks as a consequence of the surgical intervention carried out with either excising tissue or grafting frozen/thawed tissue. In Denmark it is now common practise that patients return home the same day as either the excision of the tissue is performed or that the grafting procedure has taken place.

However, on a few occasions patients have been considered too sick to undergo an operation for harvest of ovarian tissue. These patients did either not receive the procedure or it was possible to do it on a later date when they had improved to better condition, perhaps after a few rounds of chemotherapy, that potentially reduced the pool of viable follicles.

In connection with harvest of testicular tissue there is no valid information available.

B.16	Indicate the potential age range for these treatments.
Ovarian tissue: Currently the applied upper age range for offering ovarian tissue cryopreservation is normally 35 years of age (Rosendahl et al., 2011; Wallace et al., 2014) or mid-thirties depending on the biological age of the woman. If she on ultrasound shows more small antral follicles than her chronological age predicts she may be offered the cryopreservation (Rosendahl et al., 2011). This upper age limit is arbitrary chosen and reflects that the number of resting follicles at this age is likely to reach a critical low number after grafting. This reflects the fact that only a fraction of the follicles will actually regain function upon grafting, and therefore the pool of follicles that will regain activity will only provide the woman with a limited chance for conception. However, one Danish patient had tissue excised at the age 38 and when this tissue was subsequently grafted she actually became clinically pregnant but had an early abortion. In one centre in Lille, France the upper age limit is 38 years and for women aged 39–40 it is considered (Decanter C., personal communication).

Further, if IVA as described in section B13.1 and B13.2 will be clinically accepted, this procedure is likely to advance the upper age limit, since it will be possible to recruit follicles prior to grafting, which is likely to result in a burst of developing follicles, which potentially could increase fertility shortly after being grafted.

The lower age limit is basically the new born baby, where the ovaries do contain the most follicles. In Denmark the youngest patient was 7 months old and more than 25 patients less than 5 years of age have had ovarian tissue cryopreserved (Rosendahl et al., 2011).

Testicular tissue: The upper age range is normal puberty after which the boy is normally able to produce a semen sample, which will exclude excision of testicular tissue. If the boy is in the early years of puberty electro-stimulation may be attempted in order to retrieve mature sperm cells. The lower age limit is as for ovarian tissue the new born baby. A special category of patients are those with cryptorchidism (testis have not descended into the scrotum but remain in the abdomen shortly after birth) who from a clinically judgement may be considered at risk of becoming permanent infertile. Often the testes are operated into the scrotum early in life and in connection with the operation a testicular biopsy is taken anyway and part of it may be taken for cryopreservation (Kvist et al., 2005).

B.17	Indicate if the use of cryopreserved ovarian and testicular tissue can increase the risk of other disease (e.g. cancer).
There are currently no reports to suggest that transplanted gonadal tissue as such should increase the risk of other diseases. Obviously the great concern is whether the original disease that the patient suffered from will be harboured in the frozen tissue and cause relapse upon grafting, but this issue has been described above.

In the worst case scenario the implanted tissue itself could potentially cause a malignancy as for instance ovarian cancer. However, information from Denmark demonstrates that now fifteen women have had tissue transplanted for more than five years there are currently no signs of any relapse due to the ovarian tissue in any of these women (Rosendahl et al., 2008; Schmidt et al., 2011).

Further potential malignant cell transformation was also not reported in a series of transplantations from Brussels and Valencia including 60 patients (Donnez et al., 2013). Although the precise time period of implantation was not provided in this study the first transplantation was performed in year 2003 and several of the cases have had tissue transplanted for more than five years (Dolman et al., 2013).

Collectively, there is presently no information to suggest that the freezing procedure in itself should impose any change in the tissue that potentially could lead to unwanted side-effects upon grafting.

C.	Information from animal studies (review if applicable)
C.18	Indicate if the use of cryopreserved ovarian and testicular tissue has been investigated in animals. If so, please specify what species and address clauses 20-22 for each species.
Suzuki and co-workers reported on vitrification of ovarian tissue from the non-human primate cynomolgus monkeys (Suzuki et al., 2012). In six of seven animals hormone cycles were restored in a mean of 126 days following transplantation. Oocyte retrieval from two monkeys after transplantation of the ovarian cortex yielded a total of nine oocytes of which six fertilized after ICSI, but ETs did not lead to any pregnancies (Suzuki et al., 2012).

A study from China focussed on the effect of the size of the baboon ovarian tissue for successful vitrification (Lu et al., 2014). They found that smaller pieces of tissue around 1.0–1.5 mm in diameter did significantly better than pieces with a larger diameter (i.e. 2.0 mm) based on various parameters including morphologically normal primordial follicles and the follicles expressing BAX protein after vitrification–warming, but also oestradiol levels in the culture supernatants were measured.

Testicular:
Sato and co-workers studied production of functional sperm in cultured neonatal mouse testes (Sato et al., 2011). They showed that neonatal mouse testes which contain only gonocytes or primitive spermatogonia as germ cells can produce spermatids and sperm in vitro with serum-free culture media. Spermatogenesis was maintained over 2 months in tissue fragments positioned at the gas–liquid interphase. From a total of 23 and 35 oocytes for sperm injection, respectively, seven and five live offspring were delivered. This small scale study reviled similar efficacy to that of in vivo-generated sperm cells. Further the reproductive capacity was examined by brother–sister mating, demonstrating that all four males and eight females were fertile. The authors concluded that the obtained spermatids and sperm resulted in healthy and reproductively competent offspring through ICSI. In addition, neonatal testis tissues were cryopreserved and, after thawing, showed complete spermatogenesis in vitro. Further, this method could with additional refinements serve as a platform for future clinical application as well as mechanistic understanding of spermatogenesis.

Collectively, if results from this mouse study can be replicated in man, it may constitute a viable approach to clinical utility of frozen testicular samples.

C.19	Specify the number of animals studied where cryopreserved ovarian and testicular tissue has been investigated for reproduction.
This section mainly focuses on studies involving tissue from non-human primates. In connection with human applications non-human primates generates the most valid information, whereas many rodents and other test animals provide data that may be difficult to translate into use in a clinical setting.

A study from Belgium studied vitrification of ovarian biopsies from five adult baboons with subsequent grafting for five months (Amorin et al., 2013). Following grafting follicular development took place and corpora lutea were observed. However, the authors conclude that long term studies are required to validate its use in connection with humans (Amorin et al., 2013).

A study from Germany compared vitrification with slow-freezing of human ovarian tissue from 15 patients (Isachenko et al., 2009). The study used relatively small pieces of ovarian cortex for and evaluated the viability of the tissue with various different end-points and concluded that For cryopreservation of human ovarian tissue, conventional freezing is more promising than vitrification, because of higher developmental potential (Isachenko et al., 2009).

Collectively, these studies indicate that human ovarian tissue also may be cryostored after vitrification with surviving follicles. However, a comparison to the most widely used method of slow-freezing (which is the method almost all children conceived from this procedure has used) is difficult because no quantitative measures exist for evaluation of the number of viable follicles present the tissue following thawing.

C.20	Outline the efficacy of using cryopreserved ovarian and testicular tissue for:
Ovarian tissue: C.20.1 fertilization rates and C.20.3 embryo development rates
Obviously this information is only available for those patients who undergo IVF/ICSI procedures. Now it turns out that many women conceive spontaneously without the use of IVF/ICSI after being grafted with tissue.

However, for those who do undergo ART, there are now several reports that demonstrate difficulties in recruiting more than just a few follicles in patients transplanted with frozen/thawed ovarian tissue. Furthermore, the developmental potential of retrieved oocytes is low and the overall rate of embryo formation is low. In the largest reported series from Denmark a total of 56 treatment cycles resulted in the development of 76 pre‑ovulatory follicles that yielded 49 oocytes that subsequently resulted in 18 fertilised oocytes of which 16 were transplanted (Schmidt et al., 2010). In Brussels they have reported that 21 IVF attempts in four women resulted in a total of 16 oocytes of which 5 subsequently developed into embryos (Dolmans et al., 2009). In Spain one patient who subsequently became pregnant underwent four stimulation cycles in which a total of 18 oocytes were collected and vitrified prior to being used (Sanchez-Serrano et al., 2009). Collectively, these data suggest that IVF in patients with transplanted cryopreserved ovarian tissue result in a low number of retrieved oocytes with subsequent low pregnancy rates (Schmidt et al., 2010).

C.20.2 survival rate of the oocytes and sperm following re-implantation of ovarian and testicular tissue
It is not yet possible to detect the number of follicles present in ovarian cortex in a non‑destructive manner. Further the density of follicles in ovarian cortex is extremely variable with differences of more than three orders of magnitude in between pieces prepared for transplantation (Schmidt et al., 2003). Therefore it is not possible to determine the number of transplanted follicles and it is not possible to determine the number of follicles that survive the first days in which the tissue is without proper blood supply and subsequent becomes available to the woman.

Collectively, there is no solid information of the survival rate of follicles following transplantation in humans.

C.20.4 pregnancy rates (please compare to use of fresh mature gametes) and C.20.5 live birth rates (please compare to use of fresh mature gametes)
In contrast to IVF/ICSI treatments where a positive pregnancy test with certainty is determined two weeks following retrieval of oocytes (and a life birth nine months later) the issues around ovarian tissue is different. Whereas patients receiving IVF/ICSI treatment have had a problem in the past (often for years) and approach a physician to solve their problem, patients receiving ovarian tissue are facing the future and these two patient categories turn out to be completely different. The life situation of patients transplanted with ovarian tissue may change; it is not uncommon that cancer survivors have a divorce. The following information illustrate the difficulty in making a direct comparison between pregnancy rates of ART techniques and by grafting ovarian tissue.
1.	In Denmark a relatively large fraction of the women are just young women who want to avoid menopause and don’t yet have a pregnancy wish. In Denmark we have actually witnessed one legal abortion after woman had frozen/thawed ovarian tissue transplanted. She was in the middle of breaking up with her boyfriend and didn’t want to give birth to his child (Greve et al., 2010).
2.	Some of the women having tissue grafted may not be completely devoid of endogenous ovarian activity, but they are perhaps having irregular menstrual cycles (and a low ovarian reserve) and experience difficulty in conceiving. They request augmentation of their pool of follicles by grafting frozen/thawed tissue, which obviously makes it difficult to determine whether the subsequent pregnancy derives from the endogenous stores of follicles or from the transplanted tissue.
3.	In patients who suffered from a cervical cancer their uterus may have been removed with the consequence that they cannot carry a pregnancy themselves. If they have tissue grafted a surrogacy mother is needed to carry the pregnancy once mature oocytes have been derived from the transplanted tissue. This obviously puts further constraints on how to calculate the success rate of having tissue transplanted. In Denmark, one woman is this situation has had eight embryos created outside Denmark for transplantation to a surrogate mother (which is illegal in Denmark) (Strauss et al., 2014). However, she did not get pregnant.
4.	One Danish woman is married to a husband who has a cultural background where men by definition cannot be infertile. He has hardly any sperm cells in his ejaculate and requires ICSI to fertilise an oocyte. However, the couple maintain that they want to conceive without assistance, which obviously will be difficult and adds to the complexity of calculating a valid estimate of pregnancy chances with this procedure.
5.	In addition, pregnancies often are a result of natural conception without employing ART procedures and therefore make a direct comparison to IVF procedures difficult.
6.	Furthermore pregnancy rates may constantly change as long as the tissue remains active and a rolling and increasing pregnancy rate is observed.
7.	The woman normally will achieve menstrual cycles four to five months after grafting the tissue and should only count in the statistics after the tissue has become active.

The above illustrate that it is difficult to determine the nominator and the denominator going into the equation of calculating the pregnancy rate. Basically it does not make sense to make direct comparison of pregnancy chances between ART procedures and by replacing ovarian tissue.

The below table shows the current results of the 43 women in Denmark who have had frozen/thawed ovarian tissue grafted (Klüver-Jensen et al., 2015 (in preparation)). This result is likely to change in the future when more women from this group becomes pregnant or experience an exhausted ovarian function.



	
	No.
	No.
	%

	All women
	
	
	

	No. pos. hCH per woman transplanted
	22
	43
	51

	No. clinical pregnancies per woman transplanted**
	16
	43
	37

	No children born per woman transplanted 
	8 (4)*
	43
	19 (28)*

	Women who wanted to become pregnant***
	
	
	

	No. pos. hCH per woman transplanted
	22
	30
	73

	No. clinical pregnancies per woman transplanted**
	16
	30
	53

	No children born per woman transplanted 
	8 (4)*
	30
	27 (40)*

	Calculated per women
	
	
	

	No. women (pos. hCG) per total who wanted to conceive
	16
	30
	53

	No. women (clinical preg.) per total who wanted to conceive**
	12
	30
	40

	No women with children per total who wanted to conceive
	5 (8)*
	30
	20 (40)*


*	Currently three women are pregnant with four children.
**	The group of clinical pregnancies include two women who had a legal abortion and one woman who had rupture of the membranes in week 19 and lost the baby.
***	Women not included in this group are: women who only wanted to alleviate menopausal symptoms, women who suffered from cervical cancer, women who divorced their partner, women who had tissue transplanted less than six months ago.

C.20.6 diagnostic accuracy of the procedure
Currently our information of the diagnostic accuracy of the procedure is low or basically absent. We cannot predict who will conceive and who will not. Age at cryopreservation is a likely to be a critical parameter that may predict the chances of conceiving. The amount of tissue transplanted will reflect the pool of follicles available for supporting follicular development and is also likely to reflect the chance of conception (Klüver-Jensen et al., 2015 (in preparation).

Our current knowledge of using testicular tissue for restoring fertility is too limited to answer any of the above questions.

C.21	Detail any risks to health of using cryopreserved ovarian and testicular tissue, including (but not limited to):
C.21.1 any potential side effects
Any operations involving complete anaesthesia always include a risk. The operations needed in order remove ovarian tissue and to replace tissue is, however, considered low-risk operations and no major complications from the operations have been reported. Women will usually not stay overnight at the hospital for neither excision of tissue nor for transplantation. A similar consideration may be applied for men having testicular tissue excised and grafted.

Provided that tissue samples – either ovarian or testicular tissue – is maintained in liquid nitrogen and do not experience suboptimal handling during the storage period there is no information to suggest that there is any measurable deterioration (Picton et al., 2014). For instance, children have been born from semen stored for over 28 years (Feldschuh et al., 2005) and in Denmark we have transplanted ovarian tissue 10 years after cryopreservation with subsequent function.

C.21.2 health outcomes for both female and male subjects
Apart from having a relapse as a result of having malignant cells grafted potential negative health outcome could include the development of malignancies in the grafted tissue itself, for instance development of ovarian cancer. Although long term follow up studies will be required and is still missing, current results do not suggest any increased risk of other malignancies. On the contrary it may be argued that women who would otherwise be menopausal for a considerably younger age than the normal age of menopause may benefit from having menstrual cycles as a result of the implanted ovarian tissue and may potentially delay onset of osteoporosis and other menopausal related symptoms.

C.21.3 ongoing development of offspring born as a result of the procedure
There is currently no information to suggest that these children should be any different from children conceived the normal way. However, the number of offspring is limited and further research is required to provide answer to this question.

C.22	Detail the obstetric outcomes (risks and/or benefits to health), including (but not limited to):
C.22.1 neonatal/infant complications and C.22.2 chromosomal abnormality and C.22.3 congenital malformations (i.e. birth defects)
These questions are obviously highly interesting; however, the main conclusion is that there are no solid data available. However, a recent study evaluated 26 children born from having frozen/thawed ovarian tissue transplanted and the gestational age was on average 38, 5 weeks for singletons and 35 weeks for two sets of twins. The birth weight was on average 3.172 grams for singletons and 2516 grams for the two sets of twins (Macklon et al., 2014). These figures do not differ from normal pregnancies.

At this point in time, the grafted women probably represent a population of women who are at a higher risk of experiencing a pregnancy with obstetrical problems, for instance they may have had irradiation towards the pelvis. No information have been published to suggest that chromosomal malformations should be prevalent in these children nor have there been published information that suggests that these children should be any different from children conceived “naturally”.

C.22.4 offspring development (physical, psychomotor and cognitive)
There is no information available on offspring development.

C.22.5 epigenetic disorders (i.e. imprinting)
There is no information available on the epigenetic profile of offspring.
D.	Feasibility of undertaking these procedures in New Zealand
D.23	Comment on the feasibility of these procedures being undertaken in New Zealand i.e. the requirement for any specific clinical capability and other associated medical processes.
There is no reason why these procedures could not be implemented in NZ. The equipment necessary for performing the procedure will already be available and is low-cost anyway. However, it is suggested that a transport system for tissue prior to cryopreservation as developed in Denmark (Schmidt et al., and now implemented in a number of European countries should also be the model of choice in NZ. Here one laboratory carries out the actual cryopreservation procedure for the whole country. The infrastructure in NZ will allow the tissue be transported from anywhere in the country to one of the major cities within a few hours. This will allow one centre to specialise in these methods, to get the necessary expertise with a sufficient number of patients, be able to implement quality control systems instead of many centres doing a few cases and nobody obtaining good experience and expertise.

The annual activity in Denmark is around 70 cases of ovarian tissue with a population of around five million inhabitants and it is estimated that a similar number of cases will be relevant in NZ. In Denmark and other places there are on a regular basis hands-on courses where participants become educated in performing these procedures. Actually, already one person from NZ has attended one such course in Denmark.

D.24	Outline any procedural risks identified in countries where these procedures have being approved and undertaken.
With human involvement there is always a risk of procedural mistakes. To illustrate potential risks one incidence will highlight this issue. For transportation of excised tissue crushed ice with a temperature of around zero degrees was by mistake replaced with dry ice, which has a temperature of –80 degrees. Upon arrival the tissue was deep frozen and none of the follicles survived. Therefore the whole chain of people involved needs a thorough training and education. It is important to realise that fertility preservation is a multi-disciplinary effort with a number of expertise’s involved and a good outcome is dependent on everyone doing the right and optimal procedure.

There have been no reports on procedural risks up until now. However, even considering the ultimate mistake, replacing tissue to a woman that belongs to someone else, is likely to have a limited effect. The tissue will be considered as an organ by the host and if tissue at random is grafted from one person to the other the likelihood of it being accepted and not rejected by the immune system is very small.

E	General
E.25	Specify and detail any additional information related to the risks or benefits to health of using cryopreserved ovarian and testicular tissue, not canvassed in the above clauses, that should be considered when making an assessment of the risks and benefits to health of the use of re-implanted ovarian tissue (or oocytes matured from cryopreserved ovarian tissue) and testicular tissue that have previously undergone cryopreservation.
There are an estimated 200 women who have had frozen/thawed ovarian tissue grafted and the number of women who experienced a relapse is reassuring low and the replace is furthermore most likely not related to the ovarian tissue in these cases. However, potential relapses are properly under-reported and more long term studies are required to substantiate the low rate of relapse.

The psychological impact of having gonadal tissue frozen is import for some women facing an often harsh gonadotoxic treatment. The fact that somebody has considered their fertility later on when they have withstood a demanding treatment is reassuring. Although a French study have addressed these issues more information on this subject will be of interest (Trèves et al., 2011; 2014).

A recent study showed that more than 80 percent of women who have had tissue cryopreserved for five years wanted to keep their tissue stored for potential use in the future (Macklon et al., 2014). Most of the remaining patients had already completed their family and wanted to dispose their tissue.

As described above, the fact that the ovarian tissue in addition to providing fertility also has the capacity to produce female sex steroids (i.e. oestradiol and progesterone) is likely to raise a number of other issues related to risks and benefits to health in the coming years. This is likely to include a discussion of prevention of osteoporosis and cardiovascular diseases on one hand and the discussion of potentially increasing the risk of other cancer like for instance breast cancer.

The main indication for cryopreserving ovarian and testicular tissue is to restore fertility subsequently. Therefore the cost of whole chain of events needs to be considered when implementing this procedure. The cost related to grafting tissue needs to be considered prior to excising tissue. There is for instance no point in excising ovarian tissue from a young woman or a young girl for fertility purposes if she in adult life cannot carry a pregnancy. She may have uterus removed in case of a cervical cancer or she may need so much irradiation that the uterus is unlikely to be able to carry a pregnancy. There may be other obstetrical or other considerations that may advise against the woman becoming pregnant, when she has overcome the cancer treatment. Obviously, the above discussion of the use of ovarian tissue for steroid production may impact on these considerations.

Further, if the young woman is unlikely to afford the cost of having tissue transplanted and if she will have no means of paying for potential ART procedures, it may not be worthwhile to excise the tissue in the first place. At least information on the conditions and cost for the subsequent use of the tissue should be made absolutely clear before embarking on the procedure on the first hand.

In many countries there are running costs for maintaining the tissue cryostored – and if the tissue is taken from a young girl it may take many years before she will return to have it transplanted and is the patient capable of sustaining this long term cost needs to considered.
E.26	Outline any known long-term follow-up studies presented to date and any planned for the future
In Denmark a follow up study on the fertility of women who have had one ovary excised has recently been published (Schmidt et al., 2013). The study included women above the age of 18 years and had removal of tissue performed more than 2 years ago. The participation rate was 78 % leaving a total of 143 participating women. The mean follow-up time was 58 months. Eighty percent confirmed they wanted to use the tissue if necessary. Of women who did not become sterile from the cancer treatment 57 women had attempted to become pregnant and 41 (72%) succeeded, while 84 did not yet have pregnancy wish (23 % were still on medication or advised against getting pregnant).

As mentioned above the Danish cohort of women grafted is currently being prepared for publication and will probably appear in the literature in year 2015. Similar publications from other groups are also now in preparation.

There are no long term studies published on women having ovarian tissue transplanted. These women are followed continuously and long-term follow-up studies are being performed, but information is just not very solid at this point in time.

E.27	Comment on the quality of the published research
The quality of the published studies is generally good and state-of-the-art techniques and approaches have been used. However, fertility preservation is a totally new field and the current technology of assessing for instance safety is inadequate and does not provide solid answers. For cancers the minimal infectious number of cells is unknown, in some cancers a few cells are probably enough to cause relapse, whereas in others substantially higher number of cells is required. Basically follow-up studies on transplantation to women who previously suffered from a cancer will provide more solid answers to safety issues.

Almost any step in these procedures has been developed based on empirical approaches and will be subjected to improvements in the coming years especially the transplantation methods. Many of the published studies on women having tissue grafted are observational studies, because it is not ethical acceptable to do randomised controlled studies, in which the control arm will receive a sham operation and have no tissue transplanted.

The field is characterised by a few large centres which drive development and where the main progress derives from. However, many centres want to get on the bandwagon and the number of published reviews almost exceeds the number of original studies. However it does reflect a huge worldwide interest and increase in activity of this field.

E.28	List references to all published and peer reviewed research used in the report
NB: web-based references should only be used when absolutely necessary and should indicate the date of access. All references should conform to the Vancouver system i.e. authors, year of publication, full title, Journal title in full, volume and inclusive pages. References ‘in print’ or ‘epub’ should provide the journal information and the doi.
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[bookmark: _Toc448924857]Appendix 2: Risk assessment of the use of cryopreserved ovarian tissue to restore ovarian function
ACART has applied its risk acceptability framework[footnoteRef:12] to help it assess the known risks to health in the use of cryopreserved ovarian tissue to restore ovarian function. The framework sets out a process and considerations for ACART to take into account in its analysis of whether or not the risks fall within a level that is acceptable in New Zealand. [12: 	http://acart.health.govt.nz/publications-and-resources/acart-publications/risk-acceptability-framework-used-acart] 


Below ACART sets out its comparison of the risks associated with the use of cryopreserved ovarian tissue to restore ovarian function, the principles of the HART Act 2004 applied, and the questions used in its analysis of whether the level of risk is acceptable. Note the consequences table is simply a tool for presenting and comparing information. ACART’s analysis is set out in section 4 of this document.

[bookmark: _Toc431815896][bookmark: _Toc431818871][bookmark: _Toc435101474][bookmark: _Toc438113157][bookmark: _Toc441843423][bookmark: _Toc446673642][bookmark: _Toc448924858]Risk
‘Risk’ is a combination of two concepts:
the likelihood of an effect occurring
the consequences of an effect if it occurs.

Likelihood and magnitude can be described qualitatively or quantitatively.

[bookmark: _Toc192693843][bookmark: _Toc199038800][bookmark: _Toc199046159][bookmark: _Toc199647912][bookmark: _Toc202167150][bookmark: _Toc431815897][bookmark: _Toc431818872][bookmark: _Toc435101475][bookmark: _Toc438113158][bookmark: _Toc441843424][bookmark: _Toc446673643][bookmark: _Toc448924859]Likelihood
To consider the likelihood of risks associated with the use of cryopreserved ovarian tissue to restore ovarian function, ACART has used the following categories.

	
	Descriptor
	Description

	A
	Frequent
	Is expected to occur again either immediately or within a short period of time (likely to occur most weeks or months)

	B
	Likely
	Will probably occur in most circumstances (several times a year)

	C
	Possible
	Possibly will recur – might occur at some time (may happen every one to two years)

	D
	Unlikely
	Possibly will recur – could occur at some time in two to five years

	E
	Rare
	Unlikely to recur – may occur only in exceptional circumstances (may happen every five to 30 years)


[bookmark: _Toc199038801][bookmark: _Toc199046160][bookmark: _Toc199647913][bookmark: _Toc202167151][bookmark: _Toc431815898][bookmark: _Toc431818873][bookmark: _Toc435101476][bookmark: _Toc438113159][bookmark: _Toc441843425][bookmark: _Toc446673644][bookmark: _Toc448924860]Consequences
To assess the consequences of the risks associated with the use of cryopreserved ovarian tissue to restore ovarian function, ACART has used the following descriptors of consequences.

	Descriptor
	Descriptions (risks and costs)

	Serious
	Patients whose death is unrelated to the natural course of the illness and differs from the immediate expected outcome of the patient’s management

	Major
	Patients suffering a major permanent loss of function (sensory, motor, physiological or psychological) unrelated to the natural course of the illness and differing from the expected outcome of patient management

	Moderate
	Patients with permanent reduction in bodily function (sensory, motor, physiological or psychological) unrelated to the natural course of the illness and differing from the expected outcome of patient management or any of the following:
increased length of stay as a result of the incident
surgical intervention required as a result of the incident

	Minor
	Patients requiring an increased level of care, including review and evaluation, additional investigations, or referral to another clinician

	Minimum
	Patients with no injury or increased level of care or length of stay
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[bookmark: _Toc192693844][bookmark: _Toc199038802][bookmark: _Toc199046161][bookmark: _Toc199647914][bookmark: _Toc202167152][bookmark: _Toc431815899][bookmark: _Toc431818874][bookmark: _Toc435101477][bookmark: _Toc438113160][bookmark: _Toc441843426][bookmark: _Toc446673645][bookmark: _Toc448924861]Comparing the risks
ACART has used the following table to quantify and compare each aspect of the risk associated with the use of cryopreserved ovarian tissue to restore ovarian function.
Legend:
	E = extreme risk
	H = high risk
	M = moderate risk
	L = low risk



	
	Consequences

	Likelihood
	Serious
	Major
	Moderate
	Minor
	Minimum

	A (frequent)
	E
	E
	H
	M
	M

	
	
	
	
	Surgical risk
	

	
	
	
	
	There are no reported increased procedural risks with transplanting thawed ovarian tissue. The procedural risks are considered low risk and no major complications from the operation have been reported. There is however a risk with any surgical procedure, for example, infection, bleeding or damage to adjacent organs.
	

	B (likely)
	E
	E
	H
	M
	L

	
	
	
	Risk of damage to the tissueRisk of damage to the tissue
No reports suggest the cryopreservation procedure imposes any change in the tissue and could lead to unwanted side effects upon transplantation. There are no reports on any potential risks to a woman’s health through the use of cryopreserved ovarian tissue in terms of oocytes and subsequent embryos being more abnormal or less viable as compared to mature oocytes obtained in IVF treatment.
There is a risk of damage to oocytes and follicles in the ovarian tissue during the cryopreservation procedure. This in turn has an effect on rates of oocyte retrieval and embryo formation in subsequent IVF treatment.

	

	
	
	
	No reports suggest the cryopreservation procedure imposes any change in the tissue that could lead to unwanted side effects upon transplantation. There are no reports on any potential risks to health through the use of cryopreserved ovarian tissue in terms of oocytes and subsequent embryos being more abnormal or less viable as compared to mature oocytes obtained in IVF treatment.
However there is a risk of damage to oocytes and follicles in the ovarian tissue during the cryopreservation procedure. This in turn has an effect on rates of oocyte retrieval and embryo formation in subsequent IVF treatment.

	

	C (possible)
	E
	H
	H
	M
	L

	
	
	
	Pregnancy-related risks
	
	

	
	
	
	There are no known higher pregnancy-related risks for women with transplanted ovarian tissue. The only risk is that their cancer treatment may have affected their ability to carry a pregnancy, for example damage from irradiation of her pelvis.
	
	

	D (unlikely)
	E
	H
	M
	L
	L

	
	
	Concerns with transplanting tissue excised at the time of disease
	
	
	

	
	
	The safety of grafting ovarian tissue excised at the time when the patient experienced active disease is unresolved. To date, there are no studies or reports to secure that the transplanted tissue does not develop or increase the risk of malignancy later on.
There is a potential risk of malignant cells from the original cancer being present in the transplanted tissue. If the tissue was excised at the time of active disease, the transplanted tissue may cause a relapse.
	
	
	

	E (rare)
	H
	M
	L
	L

	
	
	Outcomes for children
	
	

	
	
	All babies born so far from transplanted cryopreserved ovarian tissue have been reported healthy. There is no information to suggest children born from cryopreserved ovarian tissue are any different from children conceived naturally
There are no long term follow-up studies on the children and their development at present, and it is too early to identify any adverse observations of a child’s development or psychological outcomes. There is also no systematic reporting of pregnancy and birth data.
There is not enough information regarding resultant chromosomal abnormalities, congenital malformations or epigenetic disorders.
Due to the lack of this information, future monitoring of health outcomes for children born from the use of cryopreserved ovarian tissue is required.
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[bookmark: _Toc448924862]Feedback form
Please provide your contact details below.

	Name:
	

	If this feedback is on behalf of an organisation, please name the organisation:
	

	Please provide a brief description of the organisation if applicable:
	

	Address/email:
	

	Interest in this topic (e.g. user of fertility services, health professional, researcher, member of public):
	



Please refer to page v for information about: 
· Publication of feedback on ACART’s website
· Official Information Act requests – possible release of you feedback
· Official Information Act requests – possible release of you name and contact details

We will acknowledge all feedback.

	I request that my feedback be withheld in full or part from publication on ACART’s website. (If you wish a part to be withheld, please clearly indicate which part.)
	I do not give permission for my name to be published on ACART’s website.

	I do not give permission for my contact details to be published on ACART’s website.

If you consider that your feedback, or your name and contact details (if you are submitting on behalf of an organisation), should be withheld under the Act, please state the reasons here:
_____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
[bookmark: _Toc448924863]Questions for response
[bookmark: _Toc327352884][bookmark: _Toc327524843][bookmark: _Toc422391578][bookmark: _Toc446673648][bookmark: _Toc448924864]Question 1
Refer to sections 3 and 4.
(a)	Do you agree with ACART’s assessment of the known risks and benefits to health associated with the use of cryopreserved ovarian tissue to restore ovarian function?
	
	Yes
	
	No
	


Please give reasons for your views.
	


(b)	Are there any risks and/or benefits associated with the use of cryopreserved ovarian tissue to restore ovarian function that ACART has not identified or assessed?
	
	Yes
	
	No
	


If yes, please list below.
	



[bookmark: _Toc446673649][bookmark: _Toc448924865]Question 2
Refer to section 4.
(a)	Do you agree with ACART’s conclusion that the risks associated with the use of cryopreserved ovarian tissue to restore ovarian function falls within a level that is acceptable in New Zealand?
	
	Yes
	
	No
	


Please give reasons for your views.
	


(b)	Please note any other comments below.
	



[bookmark: _Toc446673650][bookmark: _Toc448924866]Question 3
Refer to section 4.
(a)	Has ACART identified all the relevant areas to monitor the use of cryopreserved ovarian tissue to restore ovarian function?
	
	Yes
	
	No
	


Please give reasons for your views.
	


(b)	Are there any other areas ACART should monitor?
	
	Yes
	
	No
	


Please give reasons for your views.
	



[bookmark: _Toc446673651][bookmark: _Toc448924867]Question 4
Refer to section 5.
(a)	Has ACART identified all the ethical issues relevant to the use of cryopreserved ovarian tissue to restore ovarian function?
	
	Yes
	
	No
	


Please give reasons for your views.
	


(b)	Do you agree with ACART’s ethical analysis that there are no significant ethical issues associated with the use of cryopreserved ovarian tissue to restore ovarian function?
	
	Yes
	
	No
	


Please give reasons for your views.
	



[bookmark: _Toc446673652][bookmark: _Toc448924868]Question 5
Refer to section 6.
(a)	Do you agree that the use of cryopreserved ovarian tissue to restore ovarian function should become an established procedure?
	
	Yes
	
	No
	


Please give reasons for your views.
	


(b)	Please note any other comments below.
	



[bookmark: _Toc446673653][bookmark: _Toc448924869]Question 6
Refer to section 6.
Do you agree with ACART’s position that the scope for the use of cryopreserved ovarian tissue to restore ovarian function be limited to the woman from whom the tissue was excised, for her own treatment?
	
	Yes
	
	No
	


Please give reasons for your views.
	



[bookmark: _Toc446673654][bookmark: _Toc448924870]Question 7
Refer to section 6.
Do you have any further comments to share with ACART?
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