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Abstract

Aim: To assess the clinical effectiveness of ovarian transplantation in returning

reproductive and hormonal function in females.

Methods: Three research methods were applied; 1) evidence synthesis using a
systematic review and individual patient data (IPD) meta-analysis, and a systematic
review and thematic analysis of qualitative studies, 2) an observational case series

and 3) a qualitative thematic analysis study.

Results: The results of systematic review and IPD meta-analysis demonstrated that
ovarian tissue cryopreservation (OTC) and transplantation could restore reproductive
and hormonal functions in women. The results were significant in females preserving
ovarian tissue under the age of 35 years. Through thematic syntheses of studies
exploring the experiences of females who had undergone ovarian tissue
cryopreservation and transplantation, the experiences were described as emotional,
involving complex decision-making, helping them prepare for the long-term
consequences of potentially losing their fertility and hormonal function, as well as the
OTC procedure being informative. Themes generated as a result of the qualitative
interview study showed that women are very keen to have OTC as additional option
of fertility preservation. The procedure has its drawbacks in that it is expensive and
requires two surgeries nevertheless participants felt it should be offered to young
girls and women in whom OTC may be the only option of fertility preservation.
Participants with previous cancer who had become menopausal after gonadotoxic
cancer treatment, were grateful for the hormonal function from the ovarian
transplants. Furthermore, fresh ovarian transplantation in women who underwent

bilateral oophorectomy, showed an increase in oestrogen post-transplant. Fresh



ovarian transplants could therefore potentially be beneficial in a select group of
women in whom HRT is not an option or they prefer not to take it, to help with

symptoms of iatrogenic menopause.

Conclusion: Although being developed for over two decades, ovarian tissue
cryopreservation and transplantation is still deemed experimental in most parts of the
world. Through this thesis it is demonstrated that many young girls and women can
benefit from fertility and hormonal preservation using both fresh and frozen thawed

ovarian tissue transplantation.
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Ovatrian reproductive and endocrine function

The ovary is a multilayer organ that is constantly evolving and has two important
roles; producing oocytes (reproductive function) and steroidogenesis, production of
oestrogen and progesterone (hormonal function). The latter plays an important role
in regulating the hypothalamic-pituitary-ovarian (HPO) axis in controlling the
menstrual cycle, ovulation and ultimately fertilisation. A highly coordinated and
complex set of processes must occur in order for the ovaries' steroidogenic and

ovulatory roles to be realised, which is follicular development.

Structure of the ovary

Human ovaries are paired, oval structures that are about 3cm each, one on each
side of the uterus situated intraperitoneal in the pelvic cavity. (1) Macroscopically, the
ovary can be divided into an outer shell, the cortex and the inner medulla (Figure 1).
(2) The cortex consists of ovarian follicles whereas the medulla largely provides
blood and nerve supply. Follicles in the ovarian cortex can be regarded as the
functional units of the ovary and consist of oocytes (microscopic). (2) The oocyte is
enveloped by granulosa cells, that are responsible for the generation of sex
hormones (oestrogen and progesterone) as well as a variety of growth factors that

interact with the oocyte throughout development (Figure 2). (1-4)
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Figure 2. Histological structure of the developing follicle, also depicting signalling
pathways and mediators of ovulation. Adapted from Williams and Erickson, 2000.(4)
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Ovarian function during the life course of a female

The primitive ovary begins to develop at approximately the 7th week in the
developing embryo. The development involves migration of germ cells to the
specified sex gland. In females, these are oogonial cells that are mitotically active.
The oogonial cells rapidly proliferate and take over the ovary, reaching their peak at
20 weeks of gestation, and are approximately 6—7 million in number. (2) The follicles
then undergo atresia at an exponential rate such that about only 1 million remain at
birth. The atresia continues throughout and approximately only 300,000-500,000
primordial follicles remain at puberty. (2) Each month, a further thousands of follicles
undergo atresia at ovulation and approximately 25,000 follicles are left when a
woman is 37 years old. (2,5) This ‘ovarian reserve’ decreases further until the age of
menopause when menstruation ceases and no further functioning oocytes are left.
(6) The average age of menopause in the UK is 51 years. (7) About 1% of women
will undergo menopause before the age of 40; this is termed as premature
menopause and this could be due to gonadotoxic anti-cancer treatments, genetics or

surgery, but many causes of premature menopause remain unknown. (7)

Female fertility preservation

Female fertility preservation involves techniques that offer women the option to have
biological children at a time point of their choosing. Originally these techniques were
developed for females who were at risk of losing their fertility (usually because of
gonadotoxic cancer treatment). The main techniques that have been used for this
process are pharmacological protection (such as gonadotropin releasing hormone,
GnRHa), ovarian transposition, embryo and oocyte cryopreservation and ovarian

tissue cryopreservation. (8—-10)
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The need for female fertility preservation

Around 0.9 million females of reproductive age were diagnosed with cancer globally
in 2020 and a significant increase has been noted over the last decade. (11) Ground
breaking research has led to improved diagnostic and anti-cancer treatment options,
which have significantly reduced mortality in young female cancer patients. (12) This
has allowed female cancer survivors to focus on their quality of life more, especially
on the choice of having biological children. (10,13,14) Gonadotoxic cancer
treatments, however, can render young females infertile due to cancer treatments
not specifically targeting the cancer cell line but also the reproductive tissue.
Infertility can also lead to a disruption in hormonal milieu resulting in early
menopause. (15) The reproductive system is somewhat neglected when patients
with cancer are offered treatment because the focus is mainly on survival rather than
on life after cancer. A collaboration between oncologists and reproductive medical
specialists is therefore imperative to ensure both needs are attended to. Indeed, one
such collaboration has led to the term ‘oncofertility’, which was coined in 2007 and
aims to ‘bridge the gap between oncology and reproductive endocrinology’. (16) In
addition, there may be reasons other than cancer for why females may opt for fertility
preservation and these include benign haematological diseases, autoimmune
disorders, benign gynaecological conditions such as ovarian cysts and

endometriosis, or the wish to preserve fertility for personal reasons. (17-19)

History of fertility preservation

In the past, embryo cryopreservation was the only option of fertility preservation for
couples. The first pregnancy from cryopreserved embryos was reported in 1983 and

this was followed by a live birth two years later (from a frozen blastocyst). (9,20,21)
21



Although embryo cryopreservation has become a routine procedure in the world of
assisted reproductive technology (ART), it comes with a prerequisite of having a
male partner in order for females to consider undertaking the procedure. With the
development of oocyte cryopreservation in the 1980’s followed by the routine use in
infertility treatments thereafter, it has negated the need for a male partner as a
fertility preservation option for many women. However, for women with cancer, the
ovulation induction process to retrieve oocytes is not always feasible due to time
sensitive commencement of anti-cancer therapies. Furthermore, although the use of
GnRH agonist is an option, current recommendation does not regard it to be an
equivalent or alternative to cryopreservation procedures, and hence should only be
used in conjunction or in cases when cryopreservation of reproductive material is not
viable. (8) This leaves young women with limited options to preserve their fertility for

the future.

State of the art: ovarian tissue cryopreservation and transplantation (OTCT)

Parrott et al. reported on the first case of successful fertility restoration after
transplantation of ovarian tissue in mice in 1960 but it was not until the 1990’s that
the procedure progressed to larger animals. (22) Gosden et al. reported a live birth
from transplanted cryopreserved ovarian tissue in sheep in 1994. (23) The
encouraging results led to xenotransplantation of human ovarian tissue to severe
combined immunodeficient (SCID) mice and the follicular survival in ovarian grafts
made it possible to offer this novel method to female cancer patients. (24) The first
orthotopic ovarian transplant was reported in the year 2000 and the development of
the first embryo, reported by the same group in 2004. (24,25) The first live birth from

ovarian transplantation, however, was reported in 2004 by Donnez et al. (26) A year
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later, another live birth was reported in a patient who had received anti-cancer
treatment before cryopreservation of ovarian tissue. (27) Ovarian tissue
cryopreservation is an alternative method to oocyte and embryo cryopreservation
that has been shown to return not only reproductive, but also hormonal function in
females. (19,28,29) Although it was developed two decades ago, ovarian tissue
cryopreservation and transplantation is still considered experimental in most parts of
the world except in the USA, where the American Society of Reproductive Medicine

(ASRM) has removed the experimental label recently. (10,13,30)

OTCT technique

Ovarian tissue cryopreservation involves removing either the whole ovary or part of
the ovary, dissecting the cortex from the medulla and cryopreserving the cortex in
liquid or vapour nitrogen using slow freezing or vitrification techniques (Figure 3).
(31) When the patient wishes to conceive, the tissue can be thawed and
transplanted back either at a heterotopic site (such as the pelvic side wall) or
orthotopic site (the remaining ovary) as shown in Figure 4. (5,32) Many women have
successfully conceived following ovarian tissue transplantation, with over 200 live

births reported. (33)
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Figure 3. Overview of ovarian tissue cryopreservation and transplantation technique.
Adapted from Andersen et al. 2019. (34)
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Figure 4. Sites of ovarian transplantation. Adapted from Taylan and Oktay 2019. (5)
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Preservation of ovarian hormonal function

Although importance is given to preserving reproductive function in females, those
who undergo cancer treatment also end up suffering from early menopause, which
significantly adds to the burden of post cancer quality of life. Being in menopause
predisposes these young women to osteoporosis, cardiovascular risk and mental
health problems. (7) Furthermore, women are now living almost half of their lives in
menopause due to improvements in quality of life that have led to increased life
expectancy, not to mention cure of diseases that were not available decades ago.

Pharmacological hormone replacement therapy (pHRT) is currently the only
25



treatment to help women with menopausal symptoms. (7) Pharmacological HRT
however is not an option for all women such as those known to have or are
suspected of having oestrogen dependent cancer, endometrial hyperplasia, venous
thromboembolism or reasons such as simply not wanting to be on HRT. (7) Recent
controversies around the use of HRT have resulted in cautiousness from clinicians
and patients regarding its use. (34) The notion of using ovarian transplants to help
with menopausal symptoms or to even delay the onset of menopause is not without
its controversy but it does provide an option for women in whom pHRT is not viable.

(35-37)

Perspectives on fertility preservation

There is great discrepancy in how care for cancer survivors is provided, especially in
terms of fertility preservation. Hammarberg et al. explored the experiences of
healthcare professionals in established clinics that provided advanced fertility
preservation techniques for young female cancer survivors. (38) The results of the
study highlighted lack of communication between oncologists and reproductive
medicine specialists as well as challenges in managing expectations of individuals
undergoing fertility preservation. (39) However, there is a gap in the literature on
studies that aim to understand the experiences and expectations of females who
consider OTC as a method of fertility preservation in particular. (38) It is imperative
that the views and differing perspectives of women from a diverse range of
backgrounds are explored on this important topic such that individualised, patient-

centred care is provided accordingly in the future.
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Purpose of thesis

Although ovarian tissue cryopreservation is offered in many fertility centres
worldwide (on an experimental basis), there is great discrepancy in its delivery. Not
all patients have access to these procedures and those that do, are faced with the
dilemma of whether it will achieve the desired outcomes (live birth and return of
hormonal function). The aim of this thesis was to collate reliable data on the
effectiveness of ovarian tissue transplantation to guide healthcare professionals in
providing the best evidence-based care to women who seek to undergo this method
of fertility and hormonal preservation. The lived experiences of women who have
undergone this procedure, in addition to the views, motivations and expectations of
women who have considered this procedure, will provide new insights into the

decision-making process with regards to opting for this procedure.

Thesis overview

The aim of this work is to explore in detail the effectiveness of transplanting ovarian

tissue in returning reproductive and endocrine function in young girls and women.

The following chapters (with brief descriptions) are compiled in the thesis:

e Chapter 2- a systematic review and individual patient data (IPD) meta-
analysis of reproductive and endocrine outcomes from fresh and frozen-

thawed ovarian transplants.

e Chapter 3- an observational case series to assess the feasibility of fresh

ovarian transplantation in preventing early menopause.
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e Chapter 4- a thematic synthesis of qualitative studies that address the
experiences of young girls and women who either considered or underwent
ovarian tissue cryopreservation or transplantation (or both).

e Chapter 5- a pragmatic narrative qualitative study exploring the views,
motivations and expectations of women who have considered or are
considering ovarian tissue cryopreservation as a method of fertility and
hormonal preservation.

e Chapter 6- an in-depth discussion of the results including reproductive and
endocrine outcomes from ovarian tissue transplantation, the experiences and
views of females who are considering or have undergone ovarian tissue
cryopreservation and transplantation, and finally the novel use of fresh

ovarian transplants in females with benign conditions will be considered.

The summary of research studies and the methodology applied in this thesis, as per

PICO format, is displayed in Table 1.

Table 1. Summary of research studies within the PhD thesis

Population | Intervention or Comparison Outcomes Study Chapter
factor of design
interest

Prepubertal  Fertility n/a Pregnancy Systematic 2

girls with preservation rates, live review and

cancet, using ovarian birth rates, individual

females who  tissue miscarriage patient data

received cryopreservation rates meta-analysis

gonadotoxic  and having
anti-cancer received ovarian
therapies, transplants
infertile (fresh, frozen-
females, thawed or
females with = donor)
genetic

abnormalities

such as

turner’s

syndrome,
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females at
risk of, or
with
premature
ovarian
insufficiency

Young girls
and women

Females
aged 18-45

Females
aged 18-45

Considering or
undergone
ovarian tissue
cryopreservation

Considering or
undergone
ovarian tissue
cryopreservation
Fresh ovarian
tissue
transplantation
(autografting)

n/a

n/a

n/a

Lived
experience

Views,
motivations
and
expectations
FSH, LH,
Oestrogen,

progesterone,

AMH, quality
of life
assessment

Systematic 3
review of
qualitative
studies and
thematic
syntheses
Pragmatic 4
qualitative
interview

study
Observational 5
study
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Abstract

Background

Ovarian tissue cryopreservation involves freezing and storing of surgically retrieved
ovarian tissue in liquid or vapour nitrogen below -190°C. The tissue can be thawed
and transplanted back with the aim of restoring fertility or ovarian endocrine function.
The techniques for human ovarian tissue freezing and transplantation have evolved
over the last 20 years, particularly in the context of fertility preservation in pre-
pubertal cancer patients. Fresh ovarian tissue transplantation, using an autograft or
donor tissue, is a more recent development; it has the potential to preserve fertility
and hormonal function in women who have their ovaries removed for benign
gynaecological conditions. The techniques of ovarian tissue cryopreservation and
transplantation have progressed rapidly since inception; however, the evidence on

the success of this intervention is largely based on case reports and case series.

Objective and rationale

The aim of this study was to systematically review the current evidence by
incorporating study-level and individual patient-level meta-analyses of women who
received ovarian transplants, including frozen-thawed transplant, fresh or donor

graft.

Search Methods

The review protocol was registered with PROSPERO (CRD42018115233). A
comprehensive literature search was performed using MEDLINE, EMBASE, CINAHL

and Cochrane Central Register of Controlled Trials from database inception to
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October 2020. Authors were also contacted for individual patient data if relevant
outcomes were not reported in the published manuscripts. Meta-analysis was
performed using inverse-variance weighting to calculate summary estimates using a

fixed-effects model.

Qutcomes

The review included 87 studies (735 women). Twenty studies reported on = 5 cases
of ovarian transplants and were included in the meta-analysis (568 women). Fertility
outcomes included pregnancy, live birth and miscarriage rates, and endocrine
outcomes included oestrogen, FSH and LH levels. The pooled rates were 37% (95%
Cl 32-43%) for pregnancy, 28% (95% CI 24 — 34%) for live birth, and 37% (95% CI
30— 46%) for miscarriage following frozen ovarian tissue transplantation. Pooled
mean for pre-transplant oestrogen was 101.6 pmol/l (95% CI: 47.9 to 155.3), which
increased post-transplant to 522.4 pmol/l (95% CI: 315.4 to 729; mean difference
228.24; 95% CI: 180.5 to 276). Pooled mean of pre-transplant FSH was 66.4 [U/L
(95% CI: 52.8 to 84), which decreased post-transplant to 14.1 IU/L (95% CI: 10.9 to
17.3; mean difference 61.8; 95% CI: 57 to 66.6). The median time to return of FSH to
a value <25 IU/L was 19 weeks (interquartile range 15 — 26 weeks; range 0.4 — 208
weeks). The median duration of graft function was 2.5 years (interquartile range 1.4
to 3.4 years; range 0.7-5 years). The analysis demonstrated that ovarian tissue
cryopreservation and transplantation could restore reproductive and hormonal
functions in women. Further studies with larger samples of well characterised
populations are required to define the optimal retrieval, cryopreservation and

transplantation processes.
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Wider implications

Ovarian tissue cryopreservation and transplantation may not only be effective in
restoring fertility but also the return of reproductive endocrine function. Although this
technology was developed as a fertility preservation option, it may have the scope to

be considered for endocrine function preservation.

Key words

Ovarian tissue; cryopreservation; transplantation; premature ovarian insufficiency;

fertility preservation; menopause; oncofertility
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Introduction

There is an increase in the number of young girls and women diagnosed with cancer
globally. In 2020 alone, approximately 0.9 million cases of new cancers were
diagnosed worldwide in women aged 0-39 years (crude and age-standardised
incidence rate per 100,000) (1). Ground-breaking research into anti-cancer therapies
has resulted in a significant increase in survival rates of young female cancer
participants, which has brought into focus the need for maintaining quality of life in
these women (2—4). Unfortunately, gonadotoxic anti-cancer therapies pose
substantial risk to the fertility prospects of girls and young women. Oocyte
cryopreservation can be offered to post-pubertal women; however, this is not an
option for pre-pubertal girls. Over the last two decades, a new method of fertility
preservation has been developed to cryopreserve ovarian cortical tissue, and this
option has the advantage of being suitable for pre-pubertal girls. The surgically
retrieved ovarian tissue is prepared by separating the cortex from the medulla. The
ovarian cortex, which contains thousands of primordial follicles in girls and young
women, is then cut into strips, dehydrated in cryoprotectant solution and
cryopreserved (frozen) using controlled rate freezing (slow) or vitrification
(ultrarapid). The cryopreserved tissue is stored in vials and once the cancer
treatment is concluded and the patient is deemed disease-free by their oncologist,
the tissue can be thawed and transplanted back to restore fertility and endocrine
function. Transplantation process may involve surgically transplanting ovarian tissue
onto the remaining ovary (orthotopic), pelvic side wall, subcutaneously or
intramuscularly (heterotopic). To date, thousands of girls and young women have
had their ovarian tissue cryopreserved and for those not given the option there is a

significant level of regret (5—7). Ovarian tissue cryopreservation and transplantation
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have shown promise in preserving fertility and restoring endocrine function (8-13).
The frozen-thawed ovarian tissue grafts are capable of endocrine function, producing
viable oocytes for up to 7 years or even longer (12,14—-16). This procedure has
therefore enabled women to have their biological children, while restoring

physiological ovarian hormonal function.

Fresh ovarian transplants have also been used to establish endocrine function and
fertility in recipients with premature ovarian insufficiency (POI). The first successful
fresh human ovary transplantation was reported in 2005 in monozygotic twins (10).
The same centre performed further fresh transplants in eight participants resulting in
11 healthy babies. In recent years, multiple centres have reported a series of fresh

ovarian transplants with evidence of endogenous hormone production (12,17-24).

Despite ovarian tissue cryopreservation and transplantation being available for two
decades, there is a marked variation in the delivery of this procedure worldwide.
Most of the data are based on case reports from specialised centres with expertise in
providing this procedure, but there are many unpublished cases. The objective of
this review was to synthesize the existing evidence on the use of fresh and
cryopreserved ovarian tissue transplantation, using study-level data and individual

patient data (IPD).

Methods

PROSPERQ reqistration and systematic search

The review protocol was registered with PROPERO (CRD42018115233) on 15t

November 2018 (25). A comprehensive literature search was performed using
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MEDLINE, EMBASE, CINAHL and Cochrane Central Register of Controlled Trials

from database inception to October 2020.

The databases were searched using the following key words and medical subject
heading (MeSH) terms: ovarian, cryopreservation, transplantation, fresh

transplantation, pregnancy, live birth and ovarian function. The search strategy for
MEDLINE is attached to the appendix 1. The search was completed by screening

the reference lists of all relevant publications.

Inclusion and exclusion criteria

Inclusion and exclusion criteria for studies were established before the literature
search was conducted. Study selection was carried out by two independent
reviewers (H.K. and R.M.). Any disagreements about inclusion were resolved by

consensus or arbitration by a third reviewer (L.C.)

All studies that reported fertility or endocrine outcomes from either fresh or frozen-
thawed ovarian transplants for at least one participant were included. These
comprised cohort studies, observational studies, case reports, case series,
conference abstracts and grey literature (irrespective of country of origin, affiliations
of authors, language or year of publication). Commentaries, editorials,
correspondence and letters were excluded. When more than one publication
originated from the same centre, population or cohort, reports were individually
assessed to identify and remove duplicates. This was also double checked by cross
referencing and contacting the authors directly for clarification, and with the most

recent or complete publication being selected.
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Primary and secondary outcomes

For each patient identified and included in the study, the aim was to collect data on
ovarian reproductive function, such as pregnancy, live births and miscarriages, and
endocrine function, such as oestrogen, progesterone, FSH, LH and anti-Mullerian
hormone (AMH) levels. The return of hormonal function was defined by an increase
in oestrogen, and a decrease in FSH and LH along with return of menstruation.
Although the accuracy of values of FSH has not been assessed robustly in the
literature, for the purpose of this review the ESHRE guidelines on management of
women with POl is used as a reference (26). A return of hormonal activity was
described as women having achieved an FSH of < 25 U/l post-transplant, LH of < 15
IU/L and oestrogen of >200 pmol/l. Furthermore, characteristics of participants that
could have potential modifier effects on return of reproductive and ovarian endocrine
function were pre-specified. These included variables such as age at
cryopreservation, age at transplantation, cryopreservation before gonadotoxic
chemotherapy, amount of ovary transplanted and site of transplant. Studies that only

reported an aggregate for the cohorts were grouped separately.

Data extraction and quality assessment

Data extraction was performed in duplicate using a pre-defined piloted proforma.
Both H.K. and R.M. extracted the data. Modified Newcastle-Ottawa scale was used

for assessing the quality of the studies (27).

IPD requests

The authors of case reports and cohort studies were contacted and requested to

provide IPD if the relevant outcomes were not available in the publication. If we were
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unsuccessful in acquiring IPD, the studies were included in the aggregate data meta-
analysis. Patient-level data were requested from 16 centres. The data were provided
for 220 women from six centres (USA, Belgium, Australia, Russia, Germany and

Denmark).

Data analysis and presentation

Mean and SD, or median, interquartile range (IQR) and range were used to
summarise the data from studies that reported = 5 cases. All the outcomes were
converted to a standard unit for analysis; for FSH and LH, international units per litre
(IU/L) and for oestrogen, picomoles per litre (pmol/l). The pooled outcomes were
calculated as mean difference (MD) for FSH, LH and oestrogen using the inverse
variance method with 95% Cls and a fixed effects model (28). Risk Ratios (RRs)
with 95% Cls were calculated for pregnancy rates in relation to age (< 35 years and
> 35 years) at retrieval, reported as dichotomous variables with the inverse variance
method under the fixed-effects model. Review Manager 5.3 was used for calculating

MDs and RRs (29).

To explore heterogeneity, x2 test was used and significance was set at P < 0.05,
where 12 was used for quantifying heterogeneity (30). Meta-analysis for pooled
estimates for overall pregnancy rates, live birth rates and miscarriages were
calculated using inverse-variance weighting to calculate the fixed-effects summary
estimates. Statistical analyses were performed using Stata statistical package
(Version 17, StataCorp, College Station, TX, USA) and Review Manager (Revman)

software (29).
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Results

A total of 20,566 records were identified through the literature search. After removing
679 duplicates and addition of 10 studies from sources outside the search, 19,897
titles and abstracts were screened. After excluding studies that were not relevant,
198 full text articles were assessed for eligibility. Out of these 87 studies (735
women) were included in the review. We were able to extract IPD for 355 women
and study-level data for 380 women. Studies that reported = 5 cases of ovarian
transplants were included in the statistical analysis (568 women). The characteristics
of studies included in the meta-analysis are reported in Table 2. The PRISMA flow

chart for the study is presented in Figure 5.
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Figure 5. PRISMA flow diagram of search and selection strategy.
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Table 2. Study characteristics for patients who received ovarian transplantation.

References Women Age (Mean, Type of ovarian Surgical technique Reproductive
(Country of undergoing fertility | SD) transplants and
origin) preservation (n) Cryopreservat | (Fresh or frozen, | Surgical Site of transplant (n) | endocrine
on n, size of approach for outcomes +
Transp antato | transplant) transplantation follow up
W (n) reported
Case series/Cohort studies
(Studies with 2 5 patients)
Beckman et AML (1), Cryopreserva | Frozen (86) Laparoscopy Rema n ng ovary + FSH, LH and
al. 2017* + Ana carc noma (5), tion Amount of t ssue (86) Pevcsdewa (4) oestrogen at
IPD Ant Synthetase 30.5(5.4) transp anted not Pevcsdewa (82) base ne and
unpub shed Syndrome (1), Transplantati | descrbed post transp ant
data® Breast cancer (28), on (S ze 3x2x1Tmm) Return of
(Germany) cerv ca cancer (3), 35.3 (4.9) menstrua
CML (3), actvty
Dysgerm noma (1), Pregnanc es
endometra cancer L ve b rths
(1),
HL (29),
Ovar an cancer (7),
POI (3),
Recta cancer (3),
SLE (1),
soca freezng (1)
Bystrovaeta. | Cervca cancer (9) Cryopreserva | Frozen (10) SC+ SC abdomna wa (6), | FSH and LH at
2019 Endometra Cancer | tion 30.8 (4.4) | 10 fragments Laparoscopy (3) | SC forearm + base ne and
(Russ a) (1) Transplantati | (5x5mm) SC (7) abdomna wa (1), SC | post transp ant
on forearm (1), SC Oestrogen
31.8 (44) abdomna wa + post transp ant
pe v ¢ per toneum (2) 3 year fo ow
up
Ca ejoeta. TAH + BSO (4) Cryopreserva | Fresh (3) Laparoscopy (1), | SC arm (2), FSH and
2001 and Dermod cyst (1) tion Frozen (2) SC (2),IM (2) IM Rectus abdomns Oestrogen at
Ca ejoeta. 20° S ze of fragment musce (2), Pevcsde | base ne and
2013 Transplantati | transp anted wa (1) post transp ant
(Span) on (1x1x1 cm) Return of
44 (7.8) menstruat on
Pregnanc es
L ve b rths
1 year fo ow
up
D az Garca et | Breast cancer (31) Cryopreserva | Frozen (44) Laparoscopy (1) | Subcortca pouches Pregnanc es
a.2018 HL (9), tion Laparotomy (41) | (24), L ve b rths
(Span Recta cancer (2), 34.3(7.2) Cortca m crosurg ca
) Medu ob astoma (1) | Transplantati sutures (26),
Pers stent on Sub per tonea
trophob astc 38.9(4.1) pouches (27)
d sease (1)
Donnezetal. | AML (1) Cryopreserva | Fresh (2) Mn aparotomy | Remanngovary(10), | FSH at
2011* Beta Tha assem a tion Fresh donor (4) (4), Prev ous ovary +Pevc | base ne and
(Donnez eta (1) 24 (5.1) Frozen (13) 2 step sdewa (4), post
2004; Donnez | Breast cancer (1) Transplantati | S ze of t ssue not aparoscopy (2) Rema nng ovary +SC | transp antaton
et a. 2005; BSO (1) on gven Laparoscopy (3) | (1), Oestrogen at
Donnezeta. HL (4) 29.7 (4.7) Laparotomy (2) Pevcsdewa (4) base ne and
2006; Donnez | MPA (1) Not g ven (8) post transp ant
eta. 2007, Neuroectoderma Return of
Cambon eta. | tumourofrghtorbt menstruat on
2008; Donnez | (1) Pregnanc es
eta. 2008; NHL (2) L ve b rths
Donnez and Sckece anaema
Squ ffet 2010; | (4)
Donnezeta. Turner's syndrome
2011; Donnez | (1)
and Squ ffet
2011)*
(Be gum)
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Gook eta. Auto mmune Cryopreserva | Frozen (35) Laparoscopy Rema n ng ovary + FSH and
2019 poyarterts (1) tion Average amount (35) Pevcsdewa (21), oestrogen at
(Sterneta. B ce ymphoma (1) | 29.1 (6.1) of t ssue transp ant Pevcsdewa (14) base ne and
2011, Stern et | Breast cancer (1) Transplantati | = 330.1 mm?® post transp ant
a.2013; Stern | Cervca cancer (9) on Pregnanc es
eta.2014) + Cyst (1) 35.5(5.7) L ve b rths
IPD Desmo d Tumour (1)
(unpub shed Endometra cancer
data) (1)
(Austra a) Endometros s (1)
Ew ng's sarcoma (2)
Gynaeco og ca
Cancer (2)
HL (4)
NHL (3)
NMDA encepha ts
(1
Pe v c Sarcoma (1)
Sarcoma (1)
SLE (1)
Soca freezng (2)
Wegner's (2)
Hoekman et Breast Cancer (2) Cryopreserva | Frozen (7) Not reported Rema n ng ovary (6) Return of
a.2019,K jn Hodgk n’s tion Average of 8 Remanng ovary + menstruat on
eta. 2019 ymphoma (2) 27 (4.7) p eces transp ants pertonea wa (1) Pregnanc es
(The Non Hodgk n’s Transplantati | (10x5x1 mm) L ve b rths
Nether ands) ymphoma (1) on
Ew ng’s sarcoma (1) | 33.4 (5.8)
Imbert et al. Breast cancer (3) Cryopreserva | Frozen (12) Not prov ded Pevcsdewa +SC FSH and
2014 Recta cancer (1) tion 27.5 (5.8) | Amount and s ze (2), oestrogen at
(Demeestere HL (3) Transplantati | of transp anted Rema n ng ovary + base ne and
eta.2015+ NHL (2) on t ssue not g ven Pevcsdewa (2), post transp ant
IPD prov ded Sarcoma (1) 33.1(5.1) Rema n ng ovary + Return of
by author) Sckece anaema pevcsdewa +SC menstruat on
(Be gum) (1) (1) Pregnanc es
Wegner's (1) L ve b rths
5 months
fo ow up
Janseeta. Sckece anaema Cryopreserva | Frozen (6) Not reported Rema n ng ovary (6), FSH at
2011 (2) tion Fresh (1) Per tonea w ndow (1) base ne and
(Be gum and AML (1) 23 (5.4) S ze of transp ant post transp ant
The HL (1) Transplantati | not gven Oestrogen at
Nether ands) Wegner's (1) on base ne and
NHL (1) 29.6 (3.6) post transp ant
Endometros s (1) Return of
menstruat on
Pregnanc es
2.5 year fo ow
up
Jensen et al. Breast cancer (12) Cryopreserva | Frozen (58) Mn aparotomy Remanng ovary (19), | FSH at
2015* HL (5) tion 30 (5.8) (5x5x1mm) (19) Rema n ng ovary + base ne and
(Schmdteta. | NHL (5) Transplantati Laparoscopy + Per tonea pocket (18), | post transp ant
2004; Schmdt | Cervca cancer (3) on mn aparotomy Per tonea pocket (15), | Oestrogen at
eta. 2005; Ap astcanaema (2) | 33.7 (5.6) (24) Rema n ng ovary + base ne and
Rosendah et Ew ng sarcoma (2) Laparoscopy Abdomna wa (3) post transp ant
a. 2006; Paroxysma (15) Rema n ng ovary Return of
Andersen eta | nocturna +Per tonea pocket menstruat on

2008; Schm dt
eta.2011;
Andersen, C.
Y.,eta.2012;
Greve et
a.2012; Ernst
eta 2013;
Mackoneta.
2014, Hjorth et
a 2020)"
(Denmark)

haemog ob nur a (2)
Sarcoma (2)

Haemo yt c uraemc
syndrome (1)

Ovar an cancer (1)
Coon cancer (1)
Ana cancer (1)
Auto mmune Sma
Vesse Vascu ts (1)
Morbus Behcet (1)
Chor ocarc noma (1)
Wegener's

Granu omatos s (1)

+Abdomna wa (3),

Pregnanc es
L ve b rths

10 year fo ow
up
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Merow eta. AML (1) Cryopreserva | Frozen (20) Mn aparotomy Rema n ng ovary (20) FSH and
2016 Breast Cancer (3) tion 28.7 (7.5) | Amount of (20) oestrogen at
(Israe) CML (1) transp ant not at base ne
Ew ng's sarcoma (2) | Transplantati | gven. and post
HL (9) on (5x10x1.5mm) transp antat on
NHL (4) 34.4 (6.9) Return of
menstruat on
Pregnanc es
L ve b rths
Fo ow up 7 to
141 months
(mean 3.18
years)
Oktay et al. Cerv ca cancer (1) Cryopreserva | Frozen (4) Laparoscopy (1) | Remanng ovary (2), FSH at
2016* Ben gn ovaran cysts | tion Fresh (2) Robot c ass sted | SC (2), base ne and
(Oktay ete. (1) 27 (4.7) Amount of t ssue aparoscopy (1) IM (2) post transp ant
2003; Oktay et | Breast cancer (1) Transplantati | transp anted not C(2 Oestrogen
e 2004; Oktay | HL (1) on gven. IM (2) post transp ant
ete 2011) hemophagocyt ¢ 34.5(2.4) (5x5x2 mm) Return of
(USA) ymphoh st ocytos s menstrua
(1) actvty
NHL (1) Pregnanc es
L ve b rths
2 year fo ow
up
Poroteta. Beta thaassema (1) | Cryopreserva | Frozen (31) Laparoscopy Pevcsdewa (27), Pregnanc es
2019 Cerv ca cancer (1) tion 26.2 (5.8) | Amount of ovary (31) SC (3), SC+Pevc L ve b rths
(France) Ew ng's sarcoma (1) | Transplantati | transp anted, sdewa (1) Fo owup 2.2
HL (14) on med an 16 (range years (range:
NHL (8) 33.5(4.8) 4 32) 0.6 12.0)
Ovar an cancer (3) (6 x4 x1.5mm)
Pseudomyxoma
per tone (1)
Shwachman
D amond syndrome
(1
Sckece anaema
(1)
Roux et a. HL (51), NHL (21), Cryopreserva | Frozen (114) 2 step Rema n ng ovary (105) | Return of
2019 Ew ng's Sarcoma tion Amount and s ze aparoscopy (69) ovaran act vty
(France (5), AML (5), ALL 26.3 (5.8) of t ssue not g ven. | Not descr bed Pregnanc es
) (3), Transplantati (45) L ve b rths
Mye opro feratve on 6 months
syndrome (1), 32.8 (4.6) fo ow up
Synov a sarcoma
(2), Recta Cancer
(2),
Myxof brosarcoma
(1), Abdom na
myoma (1), Sp na
ependymoma (1),
Neurob astoma (1),
Mesothe um (1),
Border ne ovar an,
Cancer (4), Breast,
Cancer (5), Cervca
Ca(1),Sckece
d sease (2),
Tha assem a (2),
Fancon Anaema
(1), Perarterts
nodosa (1),
Systemc
mastocytos s (1),
Schwachman
D amond syndrome
(1), Neuro upus (1)
Sanchez eta. | Hysterectomy + Transplantati | Fresh (12) Laparoscopy Contra atera ovary AMH and FSH
2007 BSO (12) on (12) (12) at base ne
(Span) 40.5 (2.9) and post
transp antat on
Fo ow up 2
years
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Silber 2010%, POI (9) Transplantati | Fresh (9) Mn aparotomy | Recpentovary (8), FSH, LH and
S ber 2008 on (Donor t ssue) (9) Who e ovary oestrogen at
(USA) 32.5(8) Amount of t ssue transp ant (1) base ne and
transp anted and post
strp s ze not g ven transp antat on
Return of
menstrua
actvty
Pregnanc es
L ve b rths
S bereta. Bra n tumour (1) Cryopreserva | Frozen (12) Mn aparotomy | Remanng ovary (13) FSH and AMH
2018 HL (4) tion 23.8 (4) Frozen donor (1) (13) at base ne
(USA) Leukaem a (3) 25% of thawed and post
MS (1) Transplantati | tssue transp ant
POI (3) on transp anted Oestrogen at
Synov a cancer (1) 31.2(3.9) (10x10x1.5mm) base ne and
post transp ant
Return of
menstruat on
Pregnanc es
L ve b rths
Fo owup >5
years
Suzuk eta. POI (37) Cryopreserva | Frozen (37) Laparoscopy Serosa of fa op an Pregnanc es
2015 tion An average of 60 (37) tubes n (37) L ve b rths
(Japan) 37 (4.7) ovar an cubes
Transplantati | transp anted
on (1.5mm?3)
37 (4.70
Suzuk eta. Cryopreserva | Frozen (8) Rema n ng ovary + AMH at
2019 tion 35.5 (3.8) | 11 fragments pevcsdewa (6), base ne and
(Japan) Transplantati | transp anted Rema n ng ovary (2) post transp ant
on (mean) Pregnanc es
40.6 (3.7) S ze of fragments Ongo ng
not g ven pregnanc es
Van der ven et | Breast cancer (14) Cryopreserva | Frozen (40) Laparotomy (2) Rema n ng ovary (4), Return of
a.2016? HL (10) tion 31 (5.9) 15 20% of ovares | Laparoscopy Pertonea pocket (30), | menstrua
(Germany, Other (14) Transplantati | transp anted (38) Rema n ng ovary + actvty
Austr a and Ben gn d sease (2) on S ze not g ven per tonea pocket (6) Pregnanc es
Sw tzer and) 35(5.2) L ve b rths
Fo owup >1
year
Zha eta. POI (14) Transplantati | Fresh (14) Laparoscopy Serosa of fa op an Pregnanc es
2016 on (14) tube (14) L ve brths
(Japan, Ch na 29.2 (4.2) Fo owup 1
and US) year
Case reports/case series
(Studies with < 5 patients)
Akareta. HL Cryopreserva | Frozen (1) Robot c ass sted | Rema nng ovary + FSH, LH and
2011 tion 11 strps aparoscopy pevcsdewa oestrogen at
(USA) 32 base ne and
Transplantati post transp ant
on Return of
38 menstruat on
6 month fo ow
up
Amodneta. POI Transp antato | Fresh Laparotomy Rec p ent ovary FSH, LH and
2015 n 4 fragments oestrogen at
(Braz ) 31 (2x5x1.5mm) base ne and
post transp ant
Return of
menstruat on
18 months
fo ow up
Azemeta. Cryopreserva | Frozen Mn aparotomy | Pevcsdewa FSH and LH at
2012 HL tion base ne and
(Israe) 28 post transp ant
Transplantati Oestrogen
on post transp ant
38 Pregnancy
L ve b rth
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Burme ster et Breast Cancer (1) Cryopreserva | Frozen (2) Mn aparotomy | Remanng ovares Oestrogen at
a.2013 Not specfed (1) tion 10 fragments base ne and
(Austra a) 38(1.4) (5x5x1mm) post transp ant
Transplantati FSH post
on transp ant
45 (3.8) Return of
menstruat on
Pregnancy
L ve b rth
Bystrova 2019 | HL (1) Cryopreserva | Frozen Mn aparotomy | Remanng ovary FSH, LH and
(Russ a) tion 26 2 fragments (5x5 AMH at
Transplantati | mm) base ne and
on 28 post transp ant
Return of
menstruat on
Pregnancy
L ve brth
Dunopeta. W m’s tumour Cryopreserva | Frozen Laparoscopy Rema n ng ovary FSH, LH, AMH
2016 tion 8 fragments and oestrogen
(UK) 22 (10x10x5mm) post transp ant
Transplantati Pregnancy
on L ve brth
32
Fabbr eta Cyst c teratoma Cryopreserva | Frozen Laparoscopy + Rema n ng ovary + FSH, LH and
2018 tion 15 strps SC pevcsdewa +SC oestrogen
(Itay) 24 (10x2mm) abdom na post transp ant
Transplantati
on
34
Fabbr eta. Coorecta Cancer Cryopreserva | Frozen Laparoscopy (2) | Remanng ovary + FSH and LH at
2014 (1) tion Average of SD (1) pevcsdewa (2), base ne and
(Itay) HL (1) 28.6 (5.5) 22 str ps (s ze not SD abdomna wa (1) | post transp ant
Breast Cancer (1) Transplantati | gven). Oestrogen
on post transp ant
36.5 (5.7) Return of
menstruat on
Fabregues et Breast cancer (3) Cryopreserva | Frozen Laparoscopy (4) | Rema n ng ovary FSH, LH and
a. 2017 Nasopharyngea tion Average of 10 oestrogen at
(Span) cancer (1) 35.3 (2.8) p eces base neony.
Transplantati | transp anted. S ze Return of
on not g ven. menstruat on
40.3 (3.6) L ve brth
Fajau Prevot Ew ng’s Sarcoma Cryopreserva | Frozen 2 step Rema n ng ovary + AMH, FSH
eta.2017 tion 21 strps Laparoscopy Pevcsdewa and LH at
(France) 32 (1.5mm) base ne and
Transplantati post
on transp ant.
37 Return of
menstruat on
Pregnancy
L ve b rth
Haxaeta. POI Cryopreserva | Frozen Laparoscopy Pevcsdewa Pregnancy
2019 tion Amount not g ven L ve brth
(Chna) 28 (1x1x1Tmm)
Transplantati
on
29
H derseta. Cerv ca cancer Transplantati | Fresh SC SC (arm) Not g ven
2004 on
(The 29
Nether ands)
Isachenko et HL Cryopreserva | Frozen Laparoscopy Pevcsdewa Return of
a.2012 tion Max 8 str ps menstruat on
(Germany) 25 2.5x1x1Tmm Pregnancy
Transplantati L ve brth
on
32
Isachenko et Ew ng’s Sarcoma Cryopreserva | Frozen Laparoscopy Pevcsdewa FSH and
a.2013 tion 9 p eces oestrogen at
(Germany) 25 5x3x1mm base ne and
Transplantati post transp ant
on Return of
30 menstruat on
Pregnanc es
L ve b rths
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Kim et al. Cerv ca Cancer (3) Cryopreserva | Frozen IM Between rectus FSH at
2012 Breast Cancer (1) tion 8 20 p eces musc e and rectus base ne and
(Kmeta HL (1) 31 (4.1 5x5x1mm sheath post transp ant
2004; Km et Transplantati 10 year fo ow
a.2009) on up
(South Korea) 35.8 (4)
Kraneta. TAH + BSO Transplantati | Fresh IM Rectus musc e FSH post
2004 on 10 strps transp ant
(Turkey) 44 4x20x2mm 6 months
fo ow up
Kseevaeta. Cryopreserva | Frozen Laparoscopy Rema n ng ovary FSH, LH and
2015 Thyro d cancer tion Amount and s ze AMH at
(Russ a) 24 of t ssue not g ven base ne and
Transplantati post transp ant
on Pregnancy
26 L ve brth
Kodamaeta. Caesarean Transplantati | Fresh Laparotomy Pevc sdewa FSH, LH and
2010 hysterectomy on oestrogen
(Japan) 34 post transp ant
4.5 year fo ow
up
Kr stensen et Ovar an Cancer Cryopreserva | Frozen Laparoscop c ass sted | FSH, LH and
a. 2017 tion 18 p eces mn aparotomy oestrogen
(Denmark) 23 post transp ant
Transplantati Menstruat on
on Pregnancy
32 L ve b rth
Laufereta. W ms’ tumour (3) Transplantati | Fresh IM Detod musce (ax a) | Menstruaton
2010 on) Amount of t ssue (menarche)
(USA) 3(1.8) transp anted, and 10 year fo ow
strp s ze not g ven up
Lee ata.2018 | Recta Cancer Cryopreserva | Frozen Laparoscopy Pevcsdewa FSH, LH, AMH
(Korea) tion Amount not and oestrogen
30 descr bed at base ne
Transplantati | Sze 5x5x1mm and post
on transp ant
34 Pregnancy
Lorenzoeta. Ask n Tumour Cryopreserva | Frozen Laparoscopy Rema n ng ovary Menstruat on
2016 tion 12 strps Pregnancy
(Argent na) 28 2mm L ve brth
Transplantati
on
32
Mardesceta. | Breast Cancer Cryopreserva | Frozen Laparoscopy Rema n ng ovary FSH, LH, AMH
2017 tion Amount of t ssue and oestrogen
(Prague) 29 transp anted, and at base ne
Transplantati | sze notgven and post
on transp ant
36 Menstruat on
Pregnancy
Mathews et a. | Beta Thaassema Cryopreserva | Frozen Laparoscopy Rema n ng ovary + FSH, LH, AMH
2018 tion 7 fragments, 1 pevcsdewa and oestrogen
(UK and 9 2mm at base ne
Denmark) Transplantati and post
on transp ant
21 Menstruat on
Pregnancy
L ve b rth
Mhatre et a . Turner’s syndrome Donor age Fresh (donor) Laparotomy Host ovary 9 months to 3
2006 (2) 26,38 and 21 Var ous amount of years fo ow
POI (1) Recipient age | tssue up
17,15,22 S ze nor gven
M enkov c et HL Cryopreserva | Frozen Mn aparotomy | Remanng ovary + FSH, LH, AMH
a. 2017 tion 7 strps pevcsdewa and oestrogen
(Sweden) 27 S ze notgven at base ne
Transplantati and post
on transp ant
31 Menstruat on
Pregnancy
L ve b rth
Mu ereta. HL Cryopreserva | Frozen Laparoscopy Pevcsdewa FSH, LH, AMH
2012 tion Amount of t ssue and post
(Germany) 25 transp anted, and transp ant
s ze not gven Menstruat on
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Transplantati Pregnancy
on L ve brth
30
Ozkavakcu et ALL Cryopreserva | Frozen Laparoscopy Pevcsdewa FSH at
a. 2019 tion 9 strps base ne and
(Turkey) 20 0.5x1x1cm post transp ant
Transplantati Pregnancy
on L ve brth
27
Povoaeta. Adnexectomy Cryopreserva | Frozen Laparoscopy Pevcsdewa FSH and
2016 (secondary to a tion 8 fragments oestrogen at
(Portuga)) mass) + congen ta 18 2x2mm base ne and
absence of r ght Transplantati post transp ant
ovary on Menstruat on
28
Radford et a. HL Cryopreserva | Frozen Laparoscopy Rema n ng ovary + FSH, LH and
2001 tion 2 strps pevcsdewa oestrogen at
(UK) 36 1x5cm base ne and
Transplantati post transp ant
on Menstruat on
37
Radwan eta. Cerv ca cancer Cryopreserva | Frozen Laparoscopy Pevcsdewa FSH, LH, AMH
2016 tion 2 fragments and oestrogen
(Po and) 28 5x5x1mm at base ne
Transplantati and post
on transp ant
29 Menstruat on
Reve eta. Beta Tha assem a Cryopreserva | Frozen Laparotomy Rema n ng ovary + Pregnancy
2011 tion 36 fragments pevcsdewa L ve brth
(Israe) 19 1.5x3x1.5mm
Transplantati
on
23
Revelli et al. Beta Tha assem a Cryopreserva | Frozen 2 step Rema n ng ovary FSH, LH and
2013* tion 17 fragments aparoscopy oestrogen at
(Basneta. 21 5x5x1mm base ne and
2015) Transplantati post transp ant
(Itay) on Menstruat on
29 Pregnancy
L ve brth
Rodr guez Ew ng’s Sarcoma Cryopreserva | Frozen Laparoscopy Rema n ng ovary FSH, LH and
Wabergeta. tion 97 p eces oestrogen at
2014 23 1x3x5mm base ne and
(Sweden) Transplantati post transp ant
on Pregnancy
31 L ve brth
Shapraeta. AML Cryopreserva | Frozen Mn aparotomy | Rema n ng ovary FSH, LH and
2018 tion 6 strps oestrogen at
(Israe) 19 1 2mm? base ne and
Transplantati post transp ant
on Pregnancy
32 L ve brth
Tamm ste et Breast cancer Cryopreserva | Frozen Submuscu ar Submuscu ar Pevc AMH, and at
a. 2019 tion 5 p eces wa base ne and
(Eston a) 28 2x5x2mm post transp ant
Transplantati Menstruat on
on Pregnancy
30 L ve brth
Tanboeta. HL (1) Cryopreserva | Frozen Mn aparotomy | Rema nng ovary Pregnancy
2015 T ce ymphoma (1) | tion Amount of ovary L ve brth
(Norway) 28 (5.7) transp anted not
Transplantati | descrbed
on S ze 5x5x1Tmm
32 (2.8)
Wga ner Sjogren’s syndrome Cryopreserva | Frozen IM IM Not g ven
Hansseneta. tion Amount of t ssue
2005 32 transp anted not
(Sweden) Transplantati | gven
on 2x2x1mm

Not g ven

54




Yneta.2009 | Accdenta TAH + Transplantati | Fresh Laparotomy Pfannenste FSH, LH and
(Tawan) BSO on ncsonste oestrogen
32 post transp ant
51 months
fo ow up
Note:

Studies originating from the same group of authors were cross checked for references and duplication of patients identified Some studies may
therefore have less patients than originally reported (due to removal of duplications and reporting in other studies)
* = Prmary study. ' Prmary study used to report outcomes wh st others used to gather data n nd v dua patents where poss b e. 2 Data

prov ded by D ttrch et a. not ncuded n ths study (as IPD prov ded). ® Age at cryopreservaton n= 1.4 A stud es pub shed by the author n
pr mary study comb ned. ® Transp antat on a few days after IVA, freez ng and thaw ng. ¢ IPD data prov ded by Professor R D ttr ch. SC,
Subcutaneous; IM, ntramuscu ar; SD, Subderma ; CML, Chron c Mye o d Leukaem a; HL, Hodgk n ymphoma; NHL, Non Hodgk n ymphoma;
AML, Acute Mye o d Leukaem a; PNH, Paroxysma Nocturna Haemog ob nur a; TAH + BSO, Tota abdom na hysterectomy + b atera

sa p ngo oophorectomy; MPA, M croscop ¢ poyang ts; IVA, In v tro act vaton; ALL Acute ymphocytc eukaem a

Reproductive outcomes after ovarian tissue transplantation

Pregnancies

Eighteen studies (547 women) were included in meta-analysis for reproductive

outcomes and at least one pregnancy was reported in 184 women (Figure 6). The

pregnancy rate for frozen transplants was 37% (95% CIl 32-43%) and for fresh
transplants was 52% (95% CI 28-96%). Some women achieved more than one

pregnancy giving an overall of 290 pregnancies reported in the literature.

Live births

Seventeen studies (539 women) were included in the meta-analysis and at least one

live birth was reported in 134 women (Figure 7). The live birth rate for frozen

transplants was 28% (95% Cl 24-34%) and for fresh transplants was 45% (95% ClI

23-86%). Some women achieved more than one live birth giving a total of 166 live

births from women included in meta-analysis. The median number of live births per

patient from frozen-thawed transplant was 1 (range 1-4) and the median number of

live births per patient from fresh transplant was also 1 (range 1-3). Apart from the 17

studies, we also found case reports that described a further 34 live births. Overall,

189 live births have been reported in the literature.

95




Miscarriages

Fifteen studies reported miscarriage rates. The mean age at cryopreservation in
women who had miscarriages was 27.8 years (SD 5.8). Miscarriage rate for frozen
transplants was 37% (95% CI 30— 46%) and for fresh transplants was 33% (95% CI
13-89%) as presented in Figure 8.

Figure 6. Meta-analysis of reproductive outcomes from fresh and frozen ovarian
transplants: pregnancy rates.

Women w th at

Author and east one Tota number
Year of study pregnancy of women Preg;(gg;ocycﬁtes
Frozen
Beckmann 2017 21 86 - 24 (16, 37)
Ca €jo 2013 1 1 > 100 (14, 100)
Daz Garca2018 12 44 na 27 (15, 48)
Donnez 2011 10 13 ] 77 (41, 100)
Gook 2019 10 35 o 29 (15, 53)
Hjorth 2020 26 50 = 52 (35, 76)
Hoekman 2019 4 7 -*- 57 (21, 100)
Imbert 2014 6 12 L 50 (22, 100)
Me row 2016 10 20 —— 50 (27, 93)
Oktay 2016 3 6 * 50 (16, 100)
Porot 2019 8 31 - 26 (13, 52)
Roux 2019 39 114 —_—— 34 (25, 47)
S ber 2018 10 13 - 77 (41, 100)
Suzuk 2015 3 37 <€ 8 (3, 25)
Suzuk 2019 2 8 € * 25 (6,100)
Vanderven2016 9 41 = 22 (11, 42)
Subtota (I squared = 55.3%, p = 0.004) > 37 (32, 43)
Fresh
Donnez 2011 (fresh) 2 6 € —— 33 (8, 100)
S ber 2010 (fresh) 7 9 * 78 (37, 100)
Zha 2016 (fresh) 1 14 € 7(1,51)
Subtota (I squared = 63.4%, p = 0.065) 52 (28, 96)
| I | | |
10% 25% 50% 75% 90% 100%
Rate of pregnanc es
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Figure 7. Meta-analysis of reproductive outcomes from fresh and frozen ovarian

transplants: live birth rates.

Total Total
Author and number of number of
Year of study Miscarriages  pregnancies Misc(agr;ioa/fec r)ates
Frozen
Beckmann 2017 7 28 -0 25 (12 52)
Diaz-Garcia 2018 4 15 - 27 (10 71)
Donnez 2011 3 10 <€ - 30 (10 93)
Gook 2019 8 15 - 53 (27 100)
mbert 2014 2 10 € 20 (5 00)
Jensen 2015 21 37 — 57 (37 87)
Meirow 2016 6 18 = 33 (15 74)
Oktay 2016 2 7 <€ *> 29 (7 100)
Poirot 2019 5 13 - 38 (16 92)
Roux 2019 15 50 —— 30 (18 50)
Silber 2018 1 13 € 8 (1 55)
Suzuki 2019 1 2 € - 50 (7 100)
Suzuki 2015 1 3 <€ g 33 (5 100)
Van derven 2016 3 1 € - 27 (9 85)
Subtotal (-squared =00% p =0 609) - 37 (30 46)
Fresh
Silber 2010 4 12 * 33 (13 89)
Subtotal (-squared= % p=) 33 (13 89)
| I I I |
10% 25% 50% 75% 90% 100%
Rate of miscarriages
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Figure 8. Meta-analysis of reproductive outcomes from fresh and frozen ovarian
transplants: miscarriage rates.

Women w th at

Author and east one Sampe
Year of study ve b rth sze L ve(gbsf;r (r:zlz)tes
Frozen
Beckmann 2017 17 86 —— 20 (12, 32)
Ca €jo 2013 1 1 » 100 (14, 100)
Daz Garca2018 8 € —— 18 (9, 36)
Donnez 2011 10 13 ——3 77 (41, 100)
Gook 2019 4 35 < 11 (4, 30)
Hjorth 2020 12 50 = 24 (14, 42)
Hoekman 2019 4 7 > j 57 (21, 100)
Imbert 2014 6 12 . 50 (22, 100)
Me row 2016 6 20 ] 30 (13, 67)
Oktay 2016 2 6 <€ L I 33 (8, 100)
Porot 2019 7 31 = 23 (11, 47)
Roux 2019 29 114 * 25 (18, 37)
S ber 2018 9 13 * | 69 (36, 100)
Suzuk 2015 2 37 € 5(1,22)
Van der ven 2016 8 41 € - 20 (10, 39)
Subtota (I squared = 62.6%, p = 0.001) = 28 (24, 34)
Fresh
Donnez 2011 (fresh) 2 6 3 —— : 33 (8, 100)
S ber 2010 (fresh) 6 9 *> 67 (30, 100)
Zha 2016 (fresh) 1 14 € 7(1,51)
Subtota (I squared = 55.5%, p = 0.106) — ——— 45 (23, 86)

| | I | |

1% 25% 50% 75% 90% 100%

Rate of ve brths

Endocrine function after ovarian tissue transplantation

Oestrogen

Eight studies (Figure 9) reported the levels of oestrogen pre transplantation (104
women) and post-transplantation (105 women). Pooled mean for pre-transplant
oestrogen was 101.6 pmol/l (95% CI: 47.9 to 155.3), which increased post-transplant
to 522.4 pmol/l (95% CI: 315.4 to 729; MD 228.24; 95% CI: 180.5 to 276). An

increase in oestrogen of >200 pmol/l was noted in 117 women (75%) post graft. The
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median time to return of oestrogen to a value >200pmol/l was 19.5 weeks (IQR 14 -

24 weeks; range 5 — 208 weeks).

Figure 9. Evidence of return of hormonal function after human ovarian
transplantation shown by an increase in oestrogen (pmol/l) post- transplant.

Post-transplant

Pre-transplant

Oestrogen Oestrogen (pmol/l) Mean Difference Mean Difference
(pmol) Inverse Variance, Fixed, Inverse Variance, Fixed, 95% Cl
Study or Subgroup Mean SD Total Mean SD Total Weight 95% CI ! ’
Meirow 2016 177.7 141.9 20 153 1829 20 22.2% 24.70[-76.75, 126.15] ——
Callejo 2001 2314 102.7 5 40 20 4  26.9% 191.40 [99.27, 283.53] —&—
Imbert 2014 280.9 177 12 345 247 1 22.3%  246.40 [145.20, 347.60] —a—
Jensen 2015 488 2471 10 1521  266.6 17 5.8%  335.90[137.11, 534.69]
Donnez 2011 437.3 186.1 1" 57 18.7 1 18.7%  380.30 [269.77, 490.83] —a
Beckmann 2017 791.8 738 10 213 2558 10 1.0% 578.80[94.69, 1062.91] »
Gook 2019 681.6 807 24 70.1 36.1 20 22% 611.50 [288.25, 934.75] -
Silber 2018 746 842 13 93.4 716 1 1.1% 652.60 [192.94, 1112.26] —_— )
Total (95% Cl) 105 104 100.0%  228.24 [180.48, 276.01] X 2
Heterogeneity: Chiz = 35.29, df = 7 (P < 0.00001); I = 80% 7000 _5050 5 5050 7000 1

Test for overall effect: Z = 9.37 (P < 0.00001)

Favours pre-transplant
oestrogen (pmol/l)

Favours post-transplant

oestrogen (pmol/l)

FSH

Eleven studies (Figure 10) reported FSH pre transplantation (136 women) and post

transplantation (132 women). Pooled means of pre-transplant FSH was 68.4IU/L

(95% CI: 52.8 to 84), which decreased post-transplant to 14.1 IU/L (95% CI: 10.9 to

17.3; MD 61.8; 95% CI: 57 to 66.6) with substantial heterogeneity, 1> = 79%,

(P=0.0001). Overall FSH levels post-transplant were reported for 187 out of 735

women. A decrease in FSH below 25 |U/L was achieved in 72% (135/187 women).

The median time to return of FSH to a value <25 IU/L was 19 weeks (IQR 15 — 26

weeks; range 0.4 — 208 weeks).
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Figure 10. Evidence of return of hormonal function after human ovarian
transplantation shown by a decrease in FSH (l1U/l) post-transplant

Post-transplant

Pre-transplant

Mean Difference

Mean Difference

FSH (IULL) FSH (IULL) Inverse Variance, Inverse Variance, Fixed, 95% CI

Study or Subgroup Mean SD Total Mean SD Total Weight Fixed, 95% ClI

Beckmann 2017 1 8.7 10 536 373 10 4.1% -42.60 [-66.34, -18.86] -

Bystrova 2019 15.7 12.8 10 48.7 147 10 15.8%  -33.00 [-45.08, -20.92] -

Callejo 2001 16.8 10.4 5 129 121 4 Not estimable

Donnez 2011 12.2 6.1 15 95 505 15 3.5% -82.80[-108.54, -57.06] -

Gook 2019 18.6 191 23 856 408 23 6.8% -67.00 [-85.41, -48.59] .

Imbert 2014 9.4 16.7 12 761 32.6 11 5.0% -66.70 [-88.16, -45.24] - T

Jensen 2015 12.9 11.9 22 839 129 22 429% -71.00[-78.33, -63.67] -

Meirow 2016 246 26 20 617 391 20 5.5% -37.10[-57.68, -16.52] L

Oktay 2016 12.7 5.9 3 787 317 6 3.4% -66.00 [-92.23, -39.77] - =

Silber 2008 7.6 33 6 829 219 8 9.7% -75.30[-90.70, -59.90] -

Silber 2018 135 7.9 1 731 43.8 11 3.3% -59.60 [-85.90, -33.30]

Total (95% CI) 132 136 100.0% -61.77 [-66.58, -56.97] ‘

Heterogeneity: Chi? = 42.06, df = 9 (P < 0.00001); I = 79% t t t t

Test for overall effect: Z = 25.20 (P < 0.00001) -100 -50 0 50 100
Favours post-transplant Favours pre-transplant

FSH (IU/L) FSH (IU/L)

LH

Six studies (Figure 11) reported LH pre transplantation (52 women) and post

transplantation (54 women). Pooled mean for pre-transplant LH was 41.5 IU/L (95%

Cl: 32.5 to 50.5), which decreased post-transplant to 19 IU/L (95% CI: 5.8 to 32.2;

MD 23.4; 95% CI: 15.6 to 31.1), heterogeneity 1= 0% (P=0.64). Overall, LH values

post transplantation were described in 69 out of 735 women. A decrease in LH below

15 IU/L was achieved in 46 out of 69 women (67%). The median time to return of LH

to a value <15 IU/L was 19.5 weeks (IQR 14 — 27 weeks; range 8 —156 weeks).
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Figure 11. Evidence of return of hormonal function after human ovarian
transplantation shown by a decrease in LH (IU/l) post-transplant.

Post-transplant
LH (UL

Pre-transplant
LH (lU/L)

Mean Difference
Inverse Variance, Fixed,

Mean Difference
Inverse Variance, Fixed, 95% CI

Study or Subgroup Mean SD Total Mean SD Total Weight 95% CI

Beckmann 2017 97 123 10 277 197 10 29.0% -18.00[-32.39, -3.61] —&—

Bystrova 2019 16.5 33 10 43 141 10 12.2%  -26.50 [-48.74, -4.26] e —

Donnez 2011 10.4 7.2 8 53 321 7 10.2% -42.60 [-66.90, -18.30] -

Jensen 2015 16.4 147 12 382 201 10 26.8% -21.80[-36.78,-6.82] —

Oktay 2016 439 558 3 471 256 4 1.3% -3.20 [-71.14, 64.74]

Silber 2018 173 157 11 401 243 11 20.6% -22.80[-39.90, -5.70] —

Total (95% Cl) 54 52 100.0% -23.35[-31.10, -15.60] ‘

Heterogeneity: Chi = 3.40, df = 5 (P = 0.64); I? = 0% » 010 50 ] 510 ] 010

Test for overall effect: Z = 5.90 (P < 0.00001)

Favours post-transplant LH (IU/L) Favours pre-transplant LH (IU/L)

Additionally, we were able to collate reproductive outcomes based on whether

participants achieved an FSH of less than or equal to 25 IU/L and compared to those

who had FSH of greater than 25 IU/L post transplantation. It was found that an FSH

of <25 IU/L was reported in 128 women, 64 (50%) of whom were able to achieve at

least one pregnancy and 44 (34%) at least one live birth (Table 3).
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Table 3. Pregnancy and live births in relation to FSH (IU/L).

FSH level post
transplantation
(IU/L)

Total
number of
participants,
n

FSH in
whom
pregnancy
was
reported,
IU/L, Mean
(SD)

Women
with at
least one
pregnancy

Women
with at
least
one
live
birth

Studies

128

111 (5.4)

64

44

Andersen, et al. 2012; Anderson et al.
2008; Azem et al. 2012; Burmeister,
et al. 2013 Bystrova et al. 2019;
Callejo et al. 2001; Callejo et al. 2013;
Demeestere et al. 2006; Dittrich 2008;
Dittrich 2012; Donnez and Squifflet
2011; Donnez and Squiflet 2010;
Donnez et al 2004; Donnez et al
2006; Donnez et al. 2007; Donnez et
al. 2012; Dunlop et al. 2016; Ernst
2013; Fabregues et al. 2017; Fajau-
Prevot et al. 2017; Greve et al. 2012;
Gook 2019; Imbert et al. 2014;
Demesteere et al. 2015; Silber et al.
2018; Isachenko et al. 2013; Janse et
al. 2011; Kiran et al. 2004; Kristensen
et al. 2017; Mardesic et al. 2017;
Mathews et al. 2018; Meirow et al.
2016; Meirow et al. 2005; Milenkovic
et al. 2017; Muller et al. 2012; Oktay
et al. 2003; Oktay et al. 2016;
Ozkavakcu et al. 2019; Povoa et al.
2016; Radwan et al. 2016; Rodrigeuz-
Walberg et al. 2014; Rosendahl et al.
2006; Schmidt et al. 2011; Silber et al.
2005; Stern et al. 2013; Tammiste et
al. 2019; Yin et al. 2009; Beckmann et
al. 2017

>25

43

48.5 (29)

11

Almodin et al. 2015; Andersen et al.
2012; Anderson et al. 2008; Bystrova
et al. 2019; Callejo et al. 2001;
Donnez et al. 2011; Donnez et al.
2008; Fabbri et al. 2018; Fabbri et al.
2014; Greve et al. 2012; Gook 2019;
Imbert et al. 2014; Silber et al. 2018;
Janse 2011; Kim et al 2004; Kodama
et al 2010; Lee at al 2018; Meirow et
al. 2016; Radford et al. 2001; Revelli
et al. 2013; Schmidt et al. 2011;
Shapira et al. 2018; Schmidt et al.
2004; Beckmann et al. 2017

For reproductive outcomes in relation to levels of oestrogen, we only assessed the

data of participants who were truly menopausal before transplantation (levels of

oestrogen <100pmol/l) (31). Data post-transplant was then divided into two
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categories; participants who achieved oestrogen level of 2200pmol/l post

transplantation and those who did not. It was found that 56 participants achieved an

oestrogen of 2200pmol/l post transplantation, 19 (34%) of whom achieved at least

one pregnancy and 15 (27%) at least one live birth (Table 4)

Table 4. Pregnancy and live births in relation to oestrogen (pmol/l).

Oestrogen Total Oestrogen in Women with Women with at | Studies
level post number of whom at least one least one live
transplantation | participants, | pregnancies pregnancy birth
(pmoll/l) n were reported,
pmol/l, Mean
(SD)
<200 21 121 (34.8) 7 4 Almodin et al. 2015;
Bystrova et al. 2019;
Ernst et al. 2012;
Imbert et al. 2014;
Silber et al. 2018;
Meirow et al. 2016;
Oktay 2016;
Rosendahl 2006
2200 56 652.3 (724.4) 19 15 Anderson et al.

2008; Burmeister et
al. 2013; Bystrova et
al. 2019; Callejo et
al 2001; Callejo et
al. 2013; Donnez et
al. 2010; Donnez et
al. 2004; Donnez et
al. 2006; Donnez et
al. 2007; Donnez et
al. 2011; Donnez et
al. 2008; Fabbri et
al.2014; Gook 2019;
Imbert et al. 2014
Silber et al. 2018;
Isachenko et al.
2013; Janse et al.
2011; Mardesic et
al. 2017; Meirow et
al. 2016; Milenkovic
et al. 2017; Povoa et
al. 2016; Radford et
al. 2001; Radwan et
al. 2016; Revelli et
al. 2013; Rodriguez-
Walberg et al. 2014;
Silber et al. 2005;
Stern et al. 2013;
Schmidt et al. 2004;
Beckmann et al.
2017
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AMH

Only one study provided enough data for AMH pre and post transplantation. (32) We
found that even in those women who had an AMH of < 1ng/ml pre transplant, 19

pregnancies were observed in 71 patients (pregnancy rate = 27%).

Return of menstruation

Menstrual activity was reported as an outcome in 273 out of 735 women. It was
noted that 196 out of 273 (72%) women were reported to have resumed
menstruation. The median time to return of menstrual activity was 18 weeks (IQR 14-
22 weeks; range 3 — 48 weeks). The return of menstrual activity coincides with that
of hormonal function (median time to return of FSH to a value of <25 IU/L is 19

weeks and LH < 15 IU/L was 19.5 weeks).

How fresh and frozen-thawed transplants differ in restoring hormonal and fertility

outcomes

Through the literature search we identified 45 fresh transplants, 11 of which used a
graft from a donor (twin sister). Fifteen pregnancies and eight live births were
reported for participants receiving fresh ovarian transplantation. Two studies that
included five or more participants receiving fresh transplants were included in meta-
analysis (Figures 12 and 13). Pooled mean for oestrogen before transplantation was
54.8 pmol/l (SD 7.6) and after fresh ovarian transplant, 403.3 pmol/l (SD 128.3),
(MD, 307.31; 95% Cl: 159.78 to 454.85; z = 4.08; 1> = 0%), as shown in Figure 12.

Three studies reported FSH in women having received fresh transplants but only two
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studies described outcomes in women who were menopausal (FSH > 25 IU/L) at the
time of transplantation (Figure 12). Pooled mean for FSH in these women pre-
transplant was 83.9 IU/L (SD 2.9) and post-transplant 9.1 IU/L (SD 2.1), (MD, 74.65;
95% Cl: -49.91 t0 99.39; z = 5.91; 12 0%).

Figure 12. Oestrogen (pmol/l) in participants having received fresh ovarian
transplants. E2 = oestrogen, IV = inverse variance)

Post fresh transplant Pre fresh transplant

Oestrogen pmol/I Oestrogen pmol/I Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight Inverse Variance, Fixed, 95% CI Inverse Variance, Fixed, 95% CI
Callejo 2001 312.5 123.7 2 495 07 2 74.1%  263.00 [91.56, 434.44] —i—
Donnez 2011 494 208 2 60.2 204 2 25.9% 433.80[144.15, 723.45] e
Total (95% CI) 4 4 100.0% 307.31[159.78, 454.85] i
ity: Chi? = = = 12 = 0% ; + + J
Heterogeneity: Chi 0.99,df =1 (P =0.32); 1 0% 1000 500 ) 500 1000

Test for overall effect: Z = 4.08 (P < 0.0001)
Oestrogen (pmol/l)

Figure 13. FSH (IU/L) in participants having received fresh ovarian transplants.

Post transplant FSH  Pre transplant FSH Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight Inverse Variance, Fixed, 95% Cl Inverse Variance, Fixed, 95% CI
6.1.1 Women with confirmed POI before transplant
Donnez 2011 10.6 4.3 2 86 31.4 2 31.7% -75.40[-119.32, -31.48] D —
Silber 2008 7.6 3.6 2 819 213 2 68.3% -74.30[-104.24, -44.36] ——
Subtotal (95% CI) 4 4 100.0% -74.65[-99.39, -49.91] ’

Heterogeneity: Chi? = 0.00, df = 1 (P = 0.97); I> = 0%
Test for overall effect: Z = 5.91 (P < 0.00001)

' ' ' '
-100 -50 0 50 100
FSH (1U/L)

Duration of graft function

Duration of the ovarian graft function was reported in 19 studies (181 women). In 15
studies, the authors reported the exact duration (or median duration if more than one
patient was reported). The median duration of function was 2.5 years (IQR 1.4 to 3.4
years), range 0.7-5 years. The mean age at cryopreservation for this group of
women was 27.1 years (SD 6.8). A further three studies including 26 women with a
mean age at cryopreservation 30.3 years (SD 2.5), reported a range with pooled

duration of function being 1.2-7.7 years. A case series of three participants who
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received fresh ovarian transplants (patient’s own ovary) between the ages of 1-5

years experienced menarche as well as 13-15 years of duration of function. (33)

Outcomes based on factors that affect fertility and likelihood of return of endocrine

function

Age at ovarian tissue retrieval for cryopreservation

It was found that out of 735 women included in the review, age was provided for 319
women at participant level data. Of these, 283 had their ovarian tissue retrieved for
cryopreservation at <35 years of age. A subgroup of four studies that reported data
on participants age at cryopreservation and transplantation (Figures 14 and 15) were
included in meta-analysis. We found that pregnancy rates were higher in participants
in whom ovarian tissue was cryopreserved at <35 years of age, with results being
statistically significant (Odds Ratio, 0.35; 95% CI: 0.13t0 0.92; z=2.13; P 0.03, I? =
0%). Return of hormonal function is shown as a decrease in FSH and was lower in
the group that had ovarian tissue frozen at <35 years of age (MD, 4.38; 95% ClI: -

4.29 to 13.05; z = 0.99; P 0.32, 12 = 0% (Figure 14).
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Figure 14. Comparisons of pregnancy rates in participants who had ovarian tissue

cryopreserved before the age of 35 years, to those who had ovarian tissue

cryopreservation after 35 years of age. Comparison of return of hormonal function

>35 years at < 35 years at
cryopreservation cryopreservation Odds Ratio Odds Ratio
Total no. of Total no. of Inverse Variance, Inverse Variance,
Study or Subgroup P Weight Fixed, 95% CI Fixed, 95% CI
Beckmann 2017 1 1 20 75 21.3% 0.28[0.03, 2.29] |
Gook 2019 0 6 8 29 10.7% 0.19[0.01,3.85) ]
Jensen 2015 3 1 23 47 457% 0.39[0.09, 1.66) 1
Meirow 2016 2 5 9 15 223% 0.44[0.06, 3.51] #
Total (95% CI) 33 166 100.0% 0.35[0.13, 0.92] ‘
Total events 6 0
Heterogeneity: Chi* =0.27, df =3 (P = 0.97); F=0% + + + +
( ) 0.01 01 10 100
Test for overall effect: Z=2 13 (P = 0.03
Favours <35 years Favours >35 years
at cryopreservation at cryopreservation

Figure 15. Comparisons of return of hormonal function (FSH) in participants who had
ovarian tissue cryopreserved before the age of 35 years, to those who had ovarian
tissue cryopreservation after 35 years of age.

‘F::ﬂr;h years at :?:an5 years at Mean Difference

Cryopreservation (IU/L) Cryopreservation (IU/L) Inverse Variance, Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight et Inverse Variance, Fixed, 95% CI
Beckmann 2017 8 0 1 103 88 9 Not estimable
Gook 2019 196 15 4 187 221 18  707% 0.90[-9.41,11.21]
Jensen 2015 265 177 4 113 97 18  234% 1520[-2.72,33.12] o
Meirow 2016 269 387 5 238 221 15 5.9% 3.10[-32.62, 38.82] B
Total (95% CI) 13 51 100.0% 4.38 [4.29, 13.05] ?
Heterogeneity: Chi® = 1.84, df = 2 (P = 0.40); P = 0% :-100 - 4 53 1oo=
Test for overall effect: Z = 0.99 (P = 0.32) Favours >35 years Favours S35 years

at cryopreservation at cryopreservation

Mode of conception

Mode of conception was provided clearly in 276 pregnancies. It was noted that 190

(69%) pregnancies were conceived naturally whereas ART was used for 90

pregnancies (Table 5).
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Table 5. Details of mode of conception for pregnancies post ovarian transplantation

Source

Conception

Spontaneous

Assisted

Azem 2012

Burmeister 2013

Callejo 2013

Diaz Garcia 2018

Dolmans 2013

Donnez 2011

||| —

Donnez and Squifflet 2011

Donnez et al 2004

alalN]el~

Donnez et al 2005

Donnez et al 2011

Donnez et al 2011 (2)

Dunlop 2016

Ernst 2013

Fabregues 2017

Fajau-Prevot 2017

Gook 2019

Haixia 2019

Hoekman 2019

N R RN BN BN N N e T B

Imbert 2014 (+IPD)

IPD R Dittrich (Beckmann
M.W. 2017)

N N
[(o]) [e]

Isachenko 2012

Janse 2011

Jensen 2015

Kiseleva 2015

Klijn 2019

Lorenzo 2016

Meirow 2016

Milenkovic 2017

Muller et al 2012

Oktay 2011

Oktay 2016

Ozkavakcu 2019

Poirot 2019

Revel 2011

Revelli 2013

Rodrigeuz- Walberg 2014

Rosendahl 2006

Roux 2019

Schmidt 2011

Shapira 2018

—

Silber 2007

Silber 2008

Silber 2018

Suzuki 2015

Suzuki 2019

Tammiste 2019

Tanbo 2015
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Van der ven 2016 9 2
Zhai 2016 1
Total 190 90

Anti-cancer therapy before retrieval

Whether a participant received anti-cancer therapy before retrieval of ovarian tissue
was reported in 122 out of 735 participants. It was found that 56 out of 122 patients
(46%) had received anti-cancer treatment before ovarian tissue cryopreservation.
Thirty-five pregnancies and 24 live births were reported in these women. In women
with live births, 11 had Hodgkin’s lymphoma, five had non-Hodgkin’s lymphoma, one
had microscopic polyangiitis (MPA), one had acute myeloid leukaemia (AML) and
one had Wilms’ tumour. Mean age at cryopreservation for women who received
chemotherapy before tissue freezing and achieved live birth was 29 years (SD 6).
We were able to perform meta-analysis on data from five studies that reported
reproductive and endocrine outcomes based on whether the women received anti-
cancer treatment before cryopreservation or not. Although the results were not
statistically significant, a decrease in FSH, an increase in oestrogen and increased
pregnancy rates were noted in participants who did not receive anti-cancer therapy
before cryopreservation (Figures 16, 17 and 18)

Figure 16. Comparison of post-transplant oestrogen in participants who received
chemotherapy before cryopreservation to those who did not.

O post O post

in participants with in participants without

anti-cancer therapy anti-cancer therapy Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD  Total Weight Inverse Variance, Fixed, 95% O Inverse Variance, Fixed, 95% CI
Donnez 2011 384 153 3 4494 237 5 11.1% -65.40[-335.82, 205.02] e —
Imbert 2014 345 35 2 2271 159 5 37.2% 117.90(-29.67, 265.47] T
Meirow 2016 149.1 98.8 10 206 176 10 S51.7% -56.90 [-182.00, 68.20] —u
Total (95% CI) 15 20 100.0% 7.16 [-82.83, 97.14] ?
Heterogeneity: Chi? = 3.45, df = 2 (P = 0.18); I* = 42% I t

Test for overall effect: Z = 0.16 (P = 0.88) -1000  -500 0 300 1000

Oestrogen (pmol/l)
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Figure 17. Comparison of post-transplant FSH in participants who received
chemotherapy before cryopreservation to those who did not.

FSH post transplant FSH post transplant

in participants with in participants without i .
anti-cancer therapy anti-cancer therapy Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight Inverse Variance, Fixed, 95% Cl Inverse Variance, Fixed, 95% CI
Donnez 2011 16.4 9 4 13.1 8 6 23.5% 3.30[-7.60, 14.20] I
Gook 2019 24.4 38 6 16.6 6 14 3.0% 7.80[-22.77,38.37]
Imbert 2014 6.2 3.8 3 124 5.4 5  68.3% -6.20[-12.59,0.19] —
Meirow 2016 26.3 26 10 22.8 27.1 10 5.2% 3.50[-19.78, 26.78] E—
Total (95% CI) 23 35 100.0% -3.05[-8.33, 2.24] q»
Heterogeneity: Chi? = 3.02, df = 3 (P = 0.39); I = 1% t t

-50 =25 0 25 50
FSH (1U/L)

Test for overall effect: Z = 1.13 (P = 0.26)

Figure 18. Comparison of pregnancy rates in participants who received
chemotherapy before cryopreservation to those who did not.

Anti-cancer therapy No anti-cancer therapy
before cryopreservation  before cryopreservation
Risk Ratio Risk Ratio
Pregnancies Total no.of Pregnancies Total no. of Inverse Variance, . )
Study or Subgroup participants participants Weight Fixed, 95% Cl Inverse Variance, Fixed, 95% CI
Donnez 2011 8 10 2 4 21.7% 1.60 [0.57, 4.47] T
Gook 2019 4 10 5 24 19.4% 1.92 [0.65, 5.70] T
Imbert 2014 2 3 3 5 19.9% 1.11 [0.38, 3.25] P
Meirow 2016 5 10 6 10 35.9% 0.83[0.37, 1.85] ——
Poirot 2019 8 22 0 9 3.0% 7.39[0.47,116.07] —
Total (95% CI) 55 52 100.0%  1.28[0.79, 2.06]
Total events 27 16
Heterogeneity: Chi? = 3.44, df = 4 (P = 0.49); I* = 0% 50 001 051 T 150 10005

Test for overall effect: Z = 1.00 (P = 0.32)

Type of cancer

The five most common cancers at participant level included breast cancer, cervical
cancer, non-Hodgkin’s lymphoma, ovarian cancer and sickle cell anaemia. There
was insufficient IPD across the cohorts to be able to perform a meta-analysis and
provide pregnancies and live birth rates based on type of cancer. The sums of
pregnancies and live birth rates in women with the five most common cancers based
on IPD are described in Table 6. Of all the cancer cases reported, we found no live
births in women who had suffered with cervical cancer. Given that cervical cancer
affects women of reproductive age, transplanting cryopreserved ovarian tissue may
help with symptoms of early menopause. To assess endocrine function, we
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conducted meta-analysis on two studies that included more than five participants

that had cervical cancer (Figure 19). There was a significant reduction in FSH levels;

pooled mean for pre transplant FSH was 69.1 IU/L (95% CI: 44.5-93.5) which

decreased to 17.6 IU/L (95% CI: 11.7-32.6; MD 37.1; 95% CI: 49.8 to 24.3). The

return of hormonal function in this cohort is therefore promising and ovarian tissue

cryopreservation and transplantation may be beneficial to these women to help with

their menopausal symptoms.

Table 6. Number of pregnancies and live births in women with 5 most common
cancers (reported at participant level data).

Type of Number of women Pregnancies Live births
malignancy

Breast 54 14 13 (1 set of twins)
Cancer

Cervical 28 0 0

Cancer

Non- 27 1 7
Hodgkin's

lymphoma

Ovarian 12 4 4

cancer

Sickle cell 9 3 3

anaemia

Figure 19. Evidence of return of endocrine function in participants with cervical

cancer.

Study or Subgroup Mean SD Total Mean

FSH post transplant

FSH pre transplant
SD Total Weight

Mean Difference
Inverse variance (95% Cl)

Mean Difference
Inverse variance (95% Cl)

Bystrova 2019 16.2 13.4 9
Gook 2019 19.5 5.1 6 103.6
Total (95% CI) 15
Heterogeneity: Chi’ = 3.86, df = 1 (P = 0.05); I’ = 74%

Test for overall effect: Z = 5.71 (P < 0.00001)

9 93.2% -33.60[-46.79, -20.41]
5 6.8% -84.10[-132.74, -35.46]

14 100.0% -37.06 [-49.79, -24.33]

i

>

b do 0 5o 160
FSH (IU/L)

Amount of ovary transplanted to achieve reproductive or endocrine function

There was inconsistency in how the amount of ovarian tissue transplanted was

measured. The authors described the amount of the ovarian tissue in volume, strips,
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fragments, pieces, biopsies or sections. Not all authors reported a 3-dimensional
measurement of the ovarian graft. Owing to the variation in size of the ovary and
follicular count at baseline, it is not possible to estimate the optimal amount of tissue

for achieving desirable reproductive and hormonal outcomes.

Slow freezing versus vitrification

In our review we found 13 cases in whom vitrification was used to cryopreserve
ovarian tissue (34-36). Five pregnancies and two live births were reported. Based on
the data available, meta- analysis showed that the cumulative pregnancy rate for
ovarian tissue cryopreserved using slow freezing was 37% as compared to

vitrification, which was 44% (Figures 20 and 21).
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Figure 20. Meta-analysis comparing pregnancy rates using slow freezing or
vitrification as a method of cryopreservation

Author and Year Women with Sample Pregnancy rates
of study at least size (95% Cl)
one pregnancy
Slow freezing
Beckmann 2017 21 86 —_— 24 (16,37)
Callejo 2013 1 1 | % 100 (14, 100)
Diaz-Garcia 2018 12 44 - X 27 (15, 48)
Donnez 2011 10 13 : ——> 77 (41, 100)
Gook 2019 10 35 —— 29 (15, 53)
Hiorth 2020 26 50 ——,— 52 (35, 76)
Hoekman 2019 4 7 . —— > 57 (21, 100)
Imbert 2014 6 12 : + > 50 (22, 100)
Meirow 2016 10 20 ; —— 50 (27, 93)
Oktay 2016 3 6 ; + = 50 (16, 100)
Poirot 2019 8 31 " 26 (13, 52)
Roux 2019 39 114 —_— 34 (25,47)
Sibber 2018 8 9 —————t=3 59 (44, 100)
Suzuki 2015 3 37 € 8 (03, 25)
Van der ven 2016 9 41 *> 22(11,42)

Vitrification

Suzuki 2019 2 8 € +* 25 (6, 100)
Kiselva 2015 1 1 % 100 (14, 100)
Silber 2018 2 4 - > 50 (13, 100)

Subgroup, IV (I = 0.0%, p=0.510) 44 (18, 100)

Heterogeneity between groups: p = 0.735
Overall, IV (I = 52.1%, p=0.005)

1
T
:
Subgroup, IV (I = 58 9%, p= 0.002) <> 37 (32, 43)
|
|
|
|
|
|
!
|
|
|
|

37 (32, 43)

T I I [
10% 25% 50% 75% 90% 100%

Rate of pregnancies



Figure 21. Meta-analysis comparing live birth rates using slow freezing or vitrification
as a method of cryopreservation.

Women with at

Author and least one Sample Live gg; rgt?s
Year o study live birth size
Slow freezing E
Beckmann 2017 17 86 —— . 20 (12 32)
Callejo 2013 1 1 > 100 (14 100)
Diaz-Garcia 2018 8 44 < —— - 18 (9 36)
Donnez 2011 10 13 l - 77 (41 100)
Gook 2019 4 35 < : 11 (4 30)
Hjorth 2020 12 50 ~— 24 (14 42)
Hoekman 2019 4 7 - —~— 57 (21 100)
mbert 2014 6 12 , —— 50 (22 100)
Meirow 2016 6 20 —— 30 (13 67)
Oktay 2016 2 6 < . 33 (8 100)
Poirot 2019 7 31 - 23 (11 47)
Roux 2019 29 114 _— 25 (18 37)
Silber 2018 7 9 . —— 78 (37 100)
Suzuki 2015 2 37 “— | 5(1 22)
Van der ven 2016 8 41 < —— - 20 (10 39)
Subtotal (-squared =62 5% p =0 001) = 28 (24 34)

1
Vitrification E
Silber 2018 2 4 ; 50 (13 100)
Subtotal (-squared= % p= ) : 50 (13 100)

1
Heterogeneity between groups p = 0418 X
Overall (-squared =60 6% p =0 001) = 28 (24 34)

I

T T T T
10% 25% 50% 75% 90% 100%

Rate o live births

Surqical approaches for ovarian tissue retrieval and transplantation

Surgical technique

The surgical approach for retrieval of ovarian tissue was reported for 237 out of 735
women, with 225 women (95% having had laparoscopy and 12 (5%) having had
laparotomy. The surgical approach for transplant was reported for 323 women where
205 (64%) had their ovarian tissue transplanted using laparoscopy and 95 (29%) had
laparotomy. Other sites and techniques are listed in Table 7. The site of transplant
was explicitly reported in 440 participants and described as transplant onto a

remaining ovary (orthotopic), pelvic side wall or peritoneal pocket (heterotopic),
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transplant on two sites (orthotopic + heterotopic), transplant at three sites (remaining
ovary, pelvic side wall and abdominal wall), subcutaneous, subdermal and

intramuscular (rectus abdominis and deltoid muscles).

Table 7. Overview of ovarian tissue transplantation technique.

Surgical Approach Number of Source
patients

Laparoscopy 205 Bystrova 2019; Janse 2011; Poirot 2019; Zhai 2016;
Callejo, J., et al. (2013); Donnez et al 2011 (2); Donnez et
al 2012; Gook 2019; Beckmann M.W. 2017 + IPD; Oktay
2004; Oktay 2016; Diaz; Garcia et al. 2018; Dunlop et al.
2016; Fabbri et al 2018; Fabbri et al. (2014); Fabregues et
al. (2017); Fajau-Prevot et al 2017; Haixia 2019;
Isachenko et al. 2012; Isachenko et al. 2013; Kiseleva et
al 2015 ;Lee at al 2018; Lorenzo 2016; Mardesic 2017;
Mathews et al 2018; Muller et al 2012; Ozkavakcu 2019;
Povoa et al 2016; Radford 2001; Radwan 2016
Revelli 2013

Intramuscular (IM) 6 Oktay 2003; Kim et al 2012; Hilders et al 2004; Laufer
2010; Tammiste 2019

Laparotomy/ Mini 95 Almodin et al (2015);

laparotomy Andersen, C. Y., et al. (2012);
Donnez et. Al 2008;
Meirow 2005;
Revel 2011;
Tryde Schmidt 2004; Sanchez et al. 2007; Diaz Garcia et
al. 2018; Mhatre et al. 2003; Kim et al. 2012; Azem et al
2012;
Burmeister, L., et al. (2013); Donnez et al 2011; Donnez et
al 2011 (2); Donnez and Squiflet 2010;Ernst 2012; Meirow
(2016); Milenkovic 2017; Shapira 2018; Silber 2008;
Tanbo 2015 Anderson 2008; Kristensen 2017; Rosendahl

2006;

Greve et al.(2012)
Subcutaneous 12 Oktay 2011; Bystrova 2019; Kiran 2004
Submuscular 1 Tammiste et al. 2019

Transplant on to remaining ovary

Of the 440 women, 175 had ovarian tissue transplanted onto their remaining
postmenopausal ovary. FSH levels pre and post transplantation were reported in 55
participants, with mean FSH of 71.5 IU/L (SD 44.6) pre transplant and 25.3 (SD
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28.5) post transplantation. Oestrogen at pre transplantation and post-transplant was
reported in 33 of the 175 participants. Mean oestrogen before transplant was 104.9
pmol/l (SD 143.7) and post-transplant 387.5 pmol/l (SD 419.6). Fifty-two pregnancies

and 34 live births have been recorded from transplant onto the remaining ovary.

Pelvic side wall or peritoneal pocket

Ovarian tissue was transplanted onto the pelvic side wall or peritoneal pockets in
184 women. Oestrogen levels at baseline and post-transplant were described in 22
participants. The mean oestrogen level before transplant was 207.5 pmol/l (SD
245.1) and post-transplant 1204.4 pmol/l (SD 1164.3). FSH was reported in 25
participants, with mean pre-transplant FSH of 58.8 IU/L (SD 38.5) and post-
transplant 14.4 IU/L (SD 13.2). Forty-one pregnancies and 37 live births were

reported.

Transplant onto two sites: pelvic side wall and remaining ovary

Fifty participants had their ovarian tissue transplanted in the pelvic peritoneum as
well as the remaining ovary. The mean oestrogen level pre transplantation in these
participants was 172 pmol/l (SD 144) and post-transplant 1922 pmol/l (SD 3257.9),
reported in 14 participants. FSH was reported in 24 participants with mean pre-
transplant 84.7 IU/L (SD 47.6) and post-transplant 20.5 IU/L (SD 21.1). Twenty-eight

pregnancies and 10 live births were reported.

Transplant onto three sites: pelvic side wall, remaining ovary and abdominal wall

Eight participants received ovarian transplantation in three sites during one

operation. FSH was reported in seven participants with a mean of 62.9 IU/L (SD
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28.1) pre transplant and 10.8 IU/L (SD 8.5) post-transplant. There was insufficient
data to report on oestrogen post transplantation. Four pregnancies and one live birth
were reported. The rest of the transplant sites (abdominal, subcutaneous and

intramuscular) are described in Table 8.
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Table 8.

Reproductive and endocrine outcomes based on site of transplant.

Site of
transplant

No. of
participants
in whom
transplant
site
reported

Endocrine function

Reproductive function

Oestrogen n,
pre
transplant,
post-
transplant
Mean (SD)
(pmol/l)

FSH n, pre
transplant,
post-
transplant
Mean (SD)
(IU/L)

Pregnancies

Live
births

Studies

Remaining
ovary

175

33,
104.9(143.7),
387.5(419.6)

55,
71.5(44.6),
25.3(28.5)

52

34

Greve et al. 2012;
Janse et al. 2011;
Meirow et al. 2016;
Schmidt et al. 2005;
Schmidt et al. 2011;
Sanchez et al 2007,
Andersen et al.
2012; Andersen et
al. 2008; Donnez
and Squifflet 2011;
Donnez et al. 2005;
Donnez et al. 2007,
Donnez et al. 2011;
Suzuki 2019; Oktay
2016; Almodin et al.
2015; Burmeister et
al. 2013; Ernst et
al. 2012;
Fabregues et al.
2017; Lorenzo
2016; Mardesic
2017; Revelli 2013;
Diaz-Garcia 2018;
Rodrigeuz-
Walberg et al.
2014;

Shapira et al. 2018;
Tanbo et al. 2015;
Schmidt et al. 2004;
Roux et al. 2019

Pelvic side
wall or
peritoneum

184

22,
207.5(245.1),
1204.4(1164.3

)

25,
58.8(38.5)
14.4 (13.2)

41

37

Greve et al. 2012;
Poirot et al. 2019;
Schmidt et al. 2011;
Zhai et al. 2016;
Callejo et al. 2013;
Donnez et al. 2004,
Donnez et al. 2005;
Donnez et al. 2011;
Donnez et al. 2012;
Gook et al. 2019;
Bekcman et al.
2017; Azem et al.
2012; Isachenko et
al 2012; Kristensen
2017; Lee et al.
2018; Muller et al.
2012; Ozkavakcu et
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al. 2019; Povoa et
al. 2016; Radwan
et al. 2016;
Kodama et al.
2010; Diaz-Garcia
2018, Roux 2019

Pelvic side | 50 14, 24, 28 10 Greve et al. 2012;

wall/periton 172(144), 84.7 (47.6) Imbert et. Al 2014

eum + 1922(3257) 20.5(21.1) Schmidt et al. 2011;

remaining Donnez et al. 2006;

ovary Donnez et al 2011;
Gook 2019; Suzuki
etal. 2019;
Beckmann et al.
2017; Akar et al.
2011; Ernst et al.
2013; Fabbri et al.
2014; Fajau-Prevot
etal. 2017;
Mathews et al.
2018; Milenkovic et
al. 2017; Radford et
al. 2001; Revel et
al. 2011

Pelvic side | 8 - 7, 4 1 Greve et al. 2012;

wall + 62.9 (28.1) Schmidt 2005;

abdominal 10.8 (8.5) Schmidt et al. 2011;

wall + Anderson et al.

remaining 2008

ovary

Intramuscul | 6 - - - - Oktay 2003; Hilders

ar (IM) et al 2004; Laufer
2010; Tammiste
2019

Subcutane | 14 - - 4 3 Oktay 2011;

ous Bystrova 2019;
Callejo 2001; Kiran
2004

Submuscul | 3 - - - 1 Callejo 2001;

ar Tammiste et al.
2019

Risks of surgery

The included studies did not report any specific complications related to ovarian

transplantation other than those of gynaecological laparotomy and laparoscopic

surgery. The only complications reported thus far were those of skin infection and

injury to surrounding organs (37-39). The largest dataset from ‘FertiProtekt’ network
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(a collaborative network of German speaking countries) that included 71
transplantations in 58 participants did not highlight any ovarian transplantation

related complications (32).

Risk of subsequent cancers in the ovarian graft

Through our literature search, we found two cases of cancers reported in the
transplanted ovarian graft. A case report diagnosed the recurrence of granulosa cell
tumour in a patient at caesarean section delivery. The patient had not received any
adjuvant chemotherapy before oophorectomy for ovarian tissue cryopreservation
(40). In another case, a patient who was treated for Ewing’s sarcoma and had
ovarian tissue cryopreserved before receiving chemotherapy, presented with an

ovarian mucinous cystadenoma in the transplant (41).

Worldwide activity

The ovarian tissue cryopreservation and transplantation procedure was noted to be
the most prominent in Europe, especially in Belgium, Denmark, France, Germany
and Spain. A collaborative network of German speaking countries called
‘Fertiprotekt’ which includes Germany, Switzerland and Austria, forms one of the
largest databases of ovarian cryopreservation and transplantation procedures.

Figure 19 displays the worldwide activity.
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Figure 22. Worldwide ovarian transplantation activity based on cases reported in the
literature. Note: The blue pins represent the countries that have specialised centres
offering ovarian tissue transplantation. The number of ovarian transplant cases in
various countries that are published are as follows: Argentina (1), Australia (37),
Belgium (26), China (1), Denmark (80), Estonia (1), France (162), Germany (92),
Holland (1), India (3), Israel (24), Italy (5), Japan (8), Korea (12), Poland (1), Portugal
(1), Prague (2), Russia (13) Spain (71), Sweden (3), Taiwan (1), Turkey (3), UK (3),
USA (38), Multi centre collaborations (65).
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Discussion

This meta-analysis includes data from 568 women at individual level, as well as
study level, and suggests that ovarian reproductive and endocrine function could be
restored using fresh or frozen-thawed ovarian transplantation. The pooled results
show a significant decrease in FSH and LH, and an increase in oestrogen post
ovarian transplant. The median time to return of FSH to a value of <25 IU/L was 19
weeks, that of LH to a value of <15 IU/L was 19.5 weeks and menstruation was 18
weeks. A total 189 live births were reported in this systematic review. Two recent
cohort studies that included 67 participants reported greater than 50% pregnancy
rates and more than 40% live birth rates (39,42). Our IPD meta-analysis, however,
showed that the live birth rate from frozen-thawed ovarian transplants is 28%, which
is in keeping with a recent study published by Dolmans et al. 2021 and previous
systematic reviews (6,43—45). The meta-analysis also showed that the live birth
rates from fresh transplants was 45% (95% CI 23-86%). However, it is not possible
to comment on the difference between fresh and frozen transplants owing to the very
small sample size of fresh transplants. Although more miscarriages are reported in
the fresh transplant group, sample size is extremely small for a comparison with
frozen-thawed transplants. There is limited evidence on whether cryodamage or loss
of follicles post transplantation result in less favourable oocytes being fertilised and
hence the pregnancy ending in miscarriage. The evidence however suggests that
the main concern when transplanting tissue is the loss of follicles caused by
ischemia when retransplanting and hence the delay in revascularisation (46). Further
research is required to explore whether there is an increased risk of miscarriage from
fresh ovarian transplants. Furthermore, pregnancy rates were noted to be higher in

participants in whom ovarian tissue was cryopreserved at < 35 years. The results
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also suggest that higher concentrations of oestrogen are achieved when pelvic sites
and more than one site is used for transplantation. Whether the ovarian tissue is
transplanted onto the remaining ovary or pelvic peritoneal pockets, a similar number
of live births was achieved (34 live births for transplant on to remaining ovary and 37
if transplanted at a close proximity to the ovary in a peritoneal pocket). It was
estimated that ovarian grafts had a median duration of function of 2.5 years (IQR 1.4
to 3.4, range 0.7-5 years). This should be interpreted with caution, however, as the
duration of graft function may correlate with the number of transplantations.
Moreover, the procedure of ovarian tissue retrieval and transplantation is safe and
the only risks associated are known intraoperative and postoperative complications
for operative gynaecological laparoscopy and laparotomy (32). Likely variables such
as the amount of the tissue transplanted and follicle density which may influence
oestrogen level, longevity of function and pregnancy could not be assessed owing to
a lack of, or variable, information reported. We found that most centres used slow
freezing as a method of ovarian tissue cryopreservation with only 13 cases reported
using vitrification. Evidence of pregnancies being achieved shows that vitrification
could be considered as a method of cryopreserving ovarian tissue. A systematic
review and meta-analysis conducted to assess the proportion of morphologically
intact tissue after cryopreservation showed vitrification to be superior to slow freezing
(47). However, the protocols used for vitrification vary significantly and are not
validated to support a change in practice. The data therefore needs to be interpreted

with caution as further studies are required to draw definitive conclusions.

Although most centres will perform a unilateral oophorectomy for fertility preservation
in women who require gonadotoxic anti-cancer therapies, through this review we

were not able to ascertain whether this alone puts young girls and women at risk of
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premature menopause (entering menopause before the age of 40 years). There is
evidence to suggest that unilateral oophorectomy appears to reduce the age of
menopause by 1-1.8 years (48-51). As for the reproductive outcomes in women who
have undergone unilateral oophorectomy, recent evidence suggests that for
unassisted reproduction, the outcomes were similar to those with two ovaries but
when using ART, reduced live birth rates were reported. This is relevant and
reassuring for healthy women who wish to preserve their fertility for social reasons,
and who may be worried about their fertility if wishing to try naturally (51).
Chemotherapy before tissue retrieval, although reported in a small number of women
having tissue transplanted, did not appear to compromise ability to conceive and
achieve a live birth, which is very encouraging. This evidence is also supported by a
recent study where the authors conclude that anti-cancer therapy before
cryopreservation should not be considered a contraindication to opting for this
method of fertility preservation (42). Many experts have commented on the
possibility of recurrence of primary cancer or even emergence of new cancer in the
ovarian graft (52,53). Although patients with cancers that have a high chance of
recurrence should be treated with caution, in cases of recurrence it is not always

possible to prove that the cancer definitely originated in the transplanted graft.

When examining the type of cancer and related pregnancies and live births
achieved, it was interesting to note that no pregnancies were achieved in the cervical
cancer cohort: this in keeping with a recently published study in which no
pregnancies were reported in this group either (43). A study conducted by Anderson
et al. (2018) showed that the pregnancy rates were noted to be the lowest in women
suffering from cervical cancer as compared to other cancers (standardized incidence

ratio = 0.34, 95 % CI: 0.31-0.37) (54). Cervical cancer affects relatively young
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women and there has been a steep increase in the incidence of cervical cancer in
recent years (55). Fertility preservation in females with cervical cancer is usually
achieved by surgery (radical trachelectomy) but is only offered to those with early-
stage disease, a good prognosis and ideally those who do not require adjuvant anti-
cancer therapy in addition to surgery (56). This limits the candidature for fertility
preservation in this cohort. Furthermore, there is evidence to suggest that treatment
for cervical cancer (radiotherapy or chemotherapy) compromises uterine function as
most women would need to undergo radiotherapy involving the uterus, resulting in
fibrosis and scarring (55,57). There is also evidence to suggest that the dose and
site of radiation (pelvic or total body) significantly impacts pregnancy outcomes (57).
Women who have had a fertility-sparing surgery may therefore still not be able to
conceive (58). Offering fertility preservation in this cohort needs to be carefully
considered as they may not be able to conceive despite standard methods of fertility
preservation before treatment. The return of hormonal function in this cohort,
however, is promising and perhaps ovarian tissue cryopreservation could be
considered to preserve hormonal function in these women. Furthermore, there is
much debate as to whether AMH is valuable in predicting pregnancy and live birth
rates in women undergoing OTC. Our data suggests that having a low AMH pre-
transplantation does not predict a poor reproductive outcome in young girls and
women who want to consider ovarian tissue cryopreservation as a method of fertility
preservation. Ideally one needs to measure AMH pre-retrieval, pre-transplant and at
various time points post-transplant to be able to accurately predict pregnancy and
live birth rates. Another factor to consider is the assay used for analysing the blood

test, that adds further confounding to the results. For the reasons mentioned, the
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predictability of reproductive outcomes based on AMH alone should be interpreted

with caution.

Additionally, through this review we found that more pregnancies were achieved
naturally as compared to using ART. Furthermore, recent studies have shown
promising results from IVM of immature oocytes in ovarian cortical grafts. A study
conducted on ovarian cortical tissue from 25 women demonstrated an unexpectedly
high number of metaphase Il (MIl) oocytes being generated without stimulation (59).
This gives further hope to many young girls and women who cannot undergo ovarian
stimulation before chemotherapy, for achieving motherhood from ovarian tissue

cryopreservation and transplantation.

Ovarian tissue cryopreservation and transplantation may still be deemed as
experimental by some centres, however many experts are now considering the
potential use of this procedure in clinical practice and offering it as a routine fertility
preservation method (60-62). Evidence suggests that ovarian tissue
cryopreservation may be particularly applicable to pre-pubertal girls and those at
high risk of POl who require immediate gonadotoxic anticancer therapy and cannot
wait for oocyte retrieval (63,64). As per recommendation by the American Society for
Reproductive Medicine, ovarian tissue cryopreservation is an acceptable technique
for preserving fertility and is no longer considered experimental (61). A fertility
preservation guideline recently published by the ESHRE also recommends offering
ovarian tissue cryopreservation in patients undergoing moderate to high risk
gonadotoxic treatment, if patient prefers this method over oocyte and embryo
freezing (65). A guideline by the British Fertility Society (BFS) on fertility preservation

for medical reasons in females describes the limitations of this technique when
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applied to adolescents and children. With increasing evidence of live births and
return of endocrine function however, the BFS concludes that ovarian tissue freezing
should be considered in pre-pubertal girls (63,66). The BFS committee also agreed
on the advantages of this technique with regards to the possibility of natural
conception (especially if the ovarian tissue is transplanted in the pelvis, close to the
fallopian tube) and proposed its use in post-pubertal patients, especially if oocyte
cryopreservation is not possible. Furthermore, the possibility of continued hormone
production from these transplants in order to prevent menopause has been
emphasised by various experts in the literature (7,66,67). Therefore ovarian
transplants could also potentially be used as cell-based hormonal replacement

therapy.

Strengths

We performed a comprehensive search of the literature and synthesised the
evidence from all studies available in this systematic review. While previous reviews
have shed light on the outcomes of this procedure in the form of reproductive or
hormonal function, the results have mainly been restricted to frozen-thawed
transplants. This is the first systematic review that included outcomes from both
fresh, frozen and donor ovarian tissue transplantation using unique IPD meta-
analysis. Through a broad literature search, we identified all the reported ovarian
transplant cases in addition to adding participant-level data through collaboration
with centres that are established in providing this procedure. We also considered
grey literature that includes an account of unsuccessful cases in various centres,

conference proceedings and unpublished cases. This allowed inclusion of 87 studies
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and 735 women. To our knowledge, this is the largest collation of ovarian tissue
transplantation outcomes to date. Our meta-analysis model can be updated, as such
having the potential to create a worldwide network of ovarian cryopreservation and

transplantation activity.

Furthermore, various relevant outcomes that determine reproductive and endocrine
function, such as age at cryopreservation and transplantation technique, were
analysed in addition to the time of return of hormonal function to premenopausal
levels. We were also able to collate the outcomes based on disease, chemotherapy

prior to tissue retrieval, and site of transplant.

Limitations

Most of the studies included small numbers of participants, which reduces our
confidence in true success rates of this procedure. In some studies, hormonal
function was described as being assessed immediately before tissue retrieval
whereas others assessed on the day of transplant, just prior to the procedure. For
studies that did not explicitly describe the timing of hormonal tests, it is not possible
to assess accurately the premenopausal status before the transplant. Also, in
women having a remaining ovary, albeit menopausal, there is uncertainty regarding
residual hormonal function from that ovary. Many studies also failed to mention the
longevity of the graft to give an accurate estimate of the hormonal lifespan of the
ovarian tissue. We were also unable to calculate the time to pregnancy. Not all
pregnancies were conceived naturally and so it was not possible to predict how long
it would have taken to conceive naturally. Through this review, 45 cases of fresh
ovarian transplants were identified but meta-analysis was only possible for two

studies with a very small sample size (four women). Although the results were
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reassuring in terms of decreasing FSH to a level of <25 IU/L and levels of oestrogen
increasing to >200pmol/l, it was not possible to make a comparison with frozen-

thawed transplants owing to such a small sample size.

Furthermore, clinical heterogeneity of the studies included in the meta-analysis
resulted in weakness in our analysis. To overcome this, we endeavoured to gather
IPD from authors and six centres agreed to provide this and further clarification.
Collecting IPD was one of the significant challenges of this project. In order to help
authors who may have a lack of time, funding or organisational support, we offered
assistance in data collation and also sent them an outcome spreadsheet to assist
with data collection (68). From the 10 authors and centres that did not share data, six
did not respond to emails despite reminders and four centres informed us that they
were awaiting further publications or were simply not keen on collaboration despite a
positive initial response. A scoping review that involved assessing the outcomes of
IPD requests found that for academic studies eligible for IPD requests, only 33%
provided the data (69). We have managed to acquire data from 38% of the centres.
Furthermore, we had requested data for 493 participants, from centres that had
previously reported cohorts of five or more patients: we received data for 220
patients from six centres, which gives us a response rate of 45%. But despite the
novelty of IPD meta-analysis on this topic, it has its limitations. When more than one
publication originated from the same centre, population or cohort, there was a
possibility for double counting the patients. For this reason, reports were individually
assessed by two reviewers independently to identify and remove duplicates. This
was also double checked by cross referencing and contacting the authors directly for
clarification, and with the most recent or complete publication being selected. To

ensure that the IPD and aggregate samples were a random sample from the
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population of interest, we compared the studies and conducted a meta-analysis of
reproductive outcomes. We found that the live birth rate for studies that provided
aggregate data was 28% (95% CI 23-35%) compared to that for IPD, which was
30% (95% CI 23-38%). This supports the assumption that the data are missing at
random and the ones that did not provide IPD are not systematically different from

the ones that provided it (Appendix 2, 3 and 4).

Despite the efforts of gathering IPD, due to the heterogeneity of the included studies,
the available outcome measures in this study need to be interpreted with caution. In
this review, we measured the success of ovarian transplantation using various
outcome measures such as pregnancy rate, live birth rate and return of hormonal
function however there are limitations to these outcome measures that can impact
the clinical interpretation of study results. Reproductive outcome measures such as
pregnancy and live birth rate in women (whether undergoing cancer treatment or not)
are affected by many factors such as age, the quality of oocytes, extent of damage
to the ovaries from gonadotoxic treatment etc. Although we have conducted a meta-
analysis to provide pregnancy and live birth rates, the data used is largely
heterogenous. Similarly, endocrine outcome measures using hormone levels such
as FSH, LH and AMH were measured at different time points and may not have
accurately detected changes in the ovarian reserve and fertility potential.
Furthermore, although we endeavoured to provide reproductive outcomes based on
markers of ovarian reserve such as FSH, it should be noted that FSH is not a
predictor of live birth in patients who undergo OTC. While FSH is used as a marker
of ovarian reserve and can provide information about a woman's fertility potential, it
is not a reliable indicator of the likelihood of achieving a successful pregnancy. Other

factors such as age, AMH, overall health, and the type of gonadotoxic treatment
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used, need to be considered when assessing a woman's fertility and likelihood of a

successful pregnancy.

Lastly, the ovarian transplant procedure is carried out worldwide in different centres
with variable protocols and some degree of heterogeneity is to be expected. This
review also highlights how this procedure is currently provided, showing lack of
consensus in the delivery of this technique as well as an urgent unmet need for a

worldwide registry.

Implications for clinical practice

Through previous publications and this review, we can conclude that ovarian tissue
transplantation has shown promising results in preserving ovarian reproductive and
endocrine function. This procedure should no longer be considered experimental,
and it should be offered to women who wish to preserve their fertility out of the
research context. The potential use of transplants in preserving hormonal function is
an area that needs to be explored further. There is currently no robust guidance for
clinicians or patients about this procedure and its potential uses. With its potential
use in alleviating menopausal symptoms and improving quality of life, there is an
urgent unmet need for a robust policy and standard. The results of this review will
hopefully guide clinicians in advising women about the benefits and shortcomings of

this procedure until a formal guideline is produced.

Implications for further research

Further data with larger studies that include participants with results that were not
successful need to be included to give an accurate success rate of this procedure.

Furthermore, a robust guideline for the optimal size of the tissue graft and surgical
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procedure for retrieval and transplantation of ovarian tissue needs to be produced to
guide centres with this technique. There is also an urgent unmet need for a
worldwide registry to provide a database that records all cases of ovarian
transplantation. Lastly, predefined outcome sets need to be determined to ensure all
randomized control trials, cohort studies or case series report similar outcomes for

ovarian transplantation.
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CHAPTER 3: FRESH OVARIAN TISSUE AUTO-GRAFTING IN MAINTAINING

ENDOCRINE FUNCTION: A CLINICAL SERIES.
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Preamble

The original study was given favourable opinion by research and ethics committee
on 30" November 2018.

A substantial amendment was sought and approved on 5" June 2019.

A further non substantial amendment was sought and approved on 6" March 2020.
Due to the COVID-19 pandemic, it was not possible to follow up patients. A
substantial amendment was therefore sought so that patients could be followed up at

any time point when presented for their appointment. The amendment was granted
on 19t February 2021.
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Abstract

Background: Many women undergo surgery for removal of either their ovaries or a
significant part of the ovaries for non-malignant indications for example
endometriosis and ovarian cysts. Consequently, total or significant loss of ovarian
function can occur and cause premature menopause and permanent fertility loss
with significant compromise on quality of life. Although hormonal replacement
therapy (HRT) is the only available treatment for premature menopause, frozen
thawed ovarian transplantation has been shown to return ovarian endocrine function
in women with cancer as well as those with benign conditions. Furthermore, fresh
ovarian transplantation has been used previously and can potentially prevent
menopausal symptoms by providing endogenous hormones. The aim of this study
was to assess the return of ovarian endocrine function in patients having undergone

fresh ovarian tissue transplantation.

Methods: Participants undergoing unilateral or bilateral oophorectomy, who had
consented to ovarian tissue transplantation were approached to take part in this
study. Hormonal function was assessed at follow up appointments over a 2-year
period using blood tests: follicle stimulating hormone (FSH), luteinizing hormone
(LH), progesterone and anti-mullerian hormone (AMH). Graft viability was assessed
using ultrasound scans. Symptoms of menopause were assessed using the quality

of life questionnaire (MenQol).

Results: This observational study included 14 women aged 29 to 45 (Mean 36.1
years, SD 3.9) who underwent fresh ovarian autotransplantation to preserve

hormonal function in a tertiary hospital. The size of the graft was approximately
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10x10x1mm. Participants had follow up blood tests that included FSH, LH, oestrogen
and progesterone as well as ultrasound scans to assess follicular activity in the
ovarian graft. At 6 months, oestrogen post transplantation was recorded in five
patients, four of whom had oestrogen levels of <100pmol/l before surgery. The mean
oestrogen level post-transplant was 334.2pmol/l (SD 187.2pmol/l). FSH at 6 months
was reported in five participants. Mean baseline FSH was noted to be 3.4 IU/L (SD
1.7). Mean FSH post-transplant was 18.9 (SD 15.3). The mean age of participants in
this cohort was 35.6 years (SD 1.9). LH was also reported in 5 participants. Mean
baseline LH was 2.02 |U/L (SD 2) and post-transplant 14.1 (SD 12.5). Longer follow
up was only available for 2 participants (loss to follow up and lack of appointment

availability due to the pandemic).

Conclusion: Elevated levels of oestrogen post-surgery indicate preservation of
ovarian endocrine function using fresh ovarian autografts. Return of ovarian
endocrine function using ovarian transplants needs to be explored further as it could
help with symptoms of menopause in young women undergoing bilateral
oophorectomy. Further research should include larger sample sizes and observation
over longer periods of time to ascertain how long the grafts will work for. Future
research is also required to assess the best transplantation techniques, optimal graft
sizes and transplantation site to provide adequate hormone levels to prevent early

onset of menopause.
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Introduction

Premature ovarian insufficiency (POIl)

Premature ovarian insufficiency is defined as amenorrhea which is caused by loss of
ovarian function before the age of 40. Premature ovarian insufficiency affects 1% of
women under 40 years and 0.1% of women under 30 years in the UK. (1-3)
Premature ovarian insufficiency is different to natural menopause in that

management options and patient needs vary considerably.

Causes of POl

Various causes of POl have been described and divided into those that appear as
primary amenorrhea or those that result in secondary amenorrhea (depending on if
occurred before or after menarche). Pre-menarche POI could be caused by
chromosomal abnormalities or genetic defects such as Turner's syndrome, whereas
POI post menarche could be due to iatrogenic factors such gonadotoxic anti-cancer
therapy or surgery, but many causes remain unknown. (1,4) In premenopausal
women, surgical primary ovarian insufficiency (POI) is the most common cause of

ovarian hormone deficit. (5)

latrogenic POl

Ovarian failure as a result of medical treatment is termed iatrogenic POI.

Interventions such as chemotherapy, radiotherapy or surgical removal of ovaries can
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result in POI. Young women may undergo bilateral oophorectomy for issues like
prevention of breast and ovarian cancer, pelvic pain and severe endometriosis,
which results in early onset of menopause. For non-malignant diseases such as the
ones mentioned above, there is often variation in practice when conducting bilateral
salpingo-oophorectomies (BSO). (6) To avoid ovarian cancer from occurring later in
life, bilateral salpingo-oophorectomy is typically offered at the time of hysterectomy
for non-malignant conditions. (6) However, because of the possible risks associated
with the loss of ovarian hormone production, this treatment is increasingly being
advised against. (6) It is estimated that about 23% of women between ages of 40-44
undergo elective BSO with hysterectomy. (7,8) There is a fine balance to be

achieved between offering BSO considering the age and risks of malignancy. (5)

There is evidence to suggest that surgical menopause is linked to worsened
symptoms from oestrogen depletion such as hot flushes, night sweats, vaginal
dryness and loss of libido, as compared to natural menopause. (9) One reason for
this is the abrupt loss of ovarian function as compared to the gradual onset with
natural menopause. (9,10) Women who experience ovarian insufficiency as a result
of oophorectomy therefore present a unique situation which can often be debilitating

for young women.

The need for bilateral oophorectomy in benign qynaecological conditions

Although it is recommended that healthy premenopausal ovaries be retained unless
there is a risk of ovarian cancer, it is not always possible to do so. Non-oncological

reasons for oophorectomy include pelvic pain, endometriosis and benign ovarian
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masses. Young women in particular who suffer with severe endometriosis and pelvic

pain usually opt for bilateral oophorectomy as a last resort. (11)

Consequences of surgical POI

Depletion of oestrogen as a result of POl increases the risk of osteoporosis,
cardiovascular disease, cognitive decline, loss of libido, dementia, and a concomitant
increase in morbidity and mortality. (2,3) Women with ovarian conservation before
the natural age of menopause, have a reduced long-term risk of cognitive decline
and dementia compared to women who undergo bilateral oophorectomy. (7,12—14)
Symptoms experienced during surgical menopause are similar to those experienced
by women who develop POI due to other reasons, however, iatrogenic POl involves
a more rapid development of symptoms due to abrupt deficiency of oestrogen,
progesterone and testosterone, and a disruption of the hypothalamic-pituitary-
ovarian axis. (10) One study that compared the health-related quality of life in
women having undergone surgical menopause, with those who had natural
menopause, found that symptoms of menopause were worse in women after

surgical menopause. (15)

Treatment options for POl

Therapy choices and patient needs for premature ovarian insufficiency differ from
those for typical menopause. Currently the only treatment options for young women
with POI are either the combined oral contraceptive (COC) or hormone replacement
therapy (HRT), with HRT being the only option for women undergoing surgical
menopause. A Cochrane review conducted on the topic of post-surgical HRT for

women with endometriosis concluded that exogenous hormones could potentially
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result in further pain and disease recurrence. Although the notion should not deprive
young women from using HRT, further studies are required to make definitive

assumptions. (16)

HRT for women with surgical menopause

Although HRT is currently the best recognised pharmaceutical option for aiding with
symptoms of menopause, there is evidence to suggest that oestrogen alone cannot
counteract the symptoms of menopause. Various preparations of HRT are available;
however it is not suitable for all women, especially who are well below the age of

natural menopause as they may require higher than usual doses. (17)

Ovarian tissue transplantation (OTT) as a means of endogenous hormone

production

A recent fertility preservation technique of ovarian tissue cryopreservation (OTC) and
transplantation (OTT) that has shown promise in returning reproductive function in
women, has also been shown to return ovarian endocrine function. (18-23) The
systematic review conducted on the topic (Chapter 2) also alludes to the potential of
return of endocrine function using ovarian transplants. Use of ovarian transplants for

endocrine function alone however is not reported widely.

Fresh ovarian autografting

Leporrier et al. 1987 described whole ovary transplantation to the forearm of a
patient with Hodgkin’s disease, to avoid pelvic irradiation to the ovary. This new
technique provided successful outcomes for patient as resumption of menstruation

as well as follicular growth were noted. Since then, there have been many cases of
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fresh ovarian tissue transplantation, successful in restoring fertility and endocrine

function. (24—-30) One study in particular described a case series of 25 women who

underwent fresh and frozen ovary transplantation where FSH levels returned to

normal and menstrual cycles resumed in all women. Live births were also reported.

(27,31) Although fresh autografts are expected to be just as effective in restoring

ovarian function as cryopreserved tissue, the role of fresh autografts in preserving

ovarian endocrine function is explored in only a handful of studies. Donnez et al.

reported fresh ovarian autografting in women with severe endometriosis, where

histological examination revealed survival of primordial follicles. (32) This however is

the only study that reports using fresh autografts for a benign disease. The list of

fresh ovarian transplants as reported in the literature are displayed in Table 9.

Table 9 Reported cases of fresh ovarian transplantation.

Study

Leporrier
et al.
1987(24)

Marconi
etal.
1997
(25)

Almodin
etal.
(2015)
(33)

Oktay et
al. 2003
(28)

Laufer et
al. 2010
(34)

Number
of
reported
cases

1

Type of
fresh
transplant

Autograft
(whole
ovary)

Autograft
(accidental
at surgery)

Donor

Autograft

Autograft

Disease/Reasons
for transplant

Hodgkin’s disease

Endometriotic cyst

POI

Stage IlIB
squamous cell
cervical carcinoma,
n =1 Recurrent
benign ovarian
cysts, n =1

Wilms tumour

Site of transplant

Forearm

Abdominal wall
trocar site

Recipient ovary

Subcutaneous

Subcutaneous
(axilla), n =1,
deltoid muscle
belly, n =1

Outcome

Menstruation and
follicular
development

Follicular growth

Return of
hormonal function
and follicular
development. No
pregnancy
reported

Return of
hormonal function
and follicular
development. No
pregnancy
reported

Menarche,

follicular
development and
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Kodama
etal.
2010
(35)

Kiran et
al. 2004
(29)

Donnez
etal.
2010
(36)

Hilders
etal.
2004
(37)

Donnez
etal.
2011
(38)

Donnez
etal.
2005
(32)

Callejo
et al.
2001
(39)

Silber et
al. 2005
(26)

Silber et
al. 2008
(31)

Zhai et
al. 2016
(40)

Autograft

Autograft

Donor

Autograft

Donor

Autograft

Autograft

Donor

Donor

Autograft
(in vitro
activated)

Caesarean
hysterectomy
(accidental bilateral
oophorectomy)

Fibroids

POI due to:
Beta-thalassemia
major, n = 1
Homozygous sickle
cell anemia, n = 1

Acute myelogenous
leukemia, n = 1

(all required bone
marrow transplant)

Cervical cancer

Turner syndrome

Severe
endometriosis

Fibroids
POI
POl =7

Acute lymphoblastic
leukaemia =1

POI

Triceps muscle
belly, n =1
Retroperitoneum

Anterior
abdominal wall

Not explicitly
described

Upper arm

Ovarian hilus

Peritoneal window
(pelvic side wall)

Subcutaneous
(arm) =2

Rectus abdominis
muscle = 1

Medulla of the
recipient

Medulla of the
recipient

Beneath the
serosa of both
fallopian tubes

return of hormonal
function

Return of
hormonal function

Return of
hormonal function
and follicular
development
Return of
hormonal function

Not given

Restoration of
ovarian activity
and pregnancy

Follicular growth

Return of ovarian
endocrine function

Return of ovarian
endocrine
function, follicular
development and
live birth

Return of ovarian
endocrine
function, follicular
development and
live births
Follicular growth
and hormonal
function (although
modulated with
GnRH agonists for
ART)
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Yinetal. 1
2009
(41)

Autograft

Sanchez 12
etal.
2007
(42)

Autograft

Uterine fibroids and
dense pelvic
adhesions

Fibroids = 10,
endometrial polyps
=1, menorrhagia =
1

Subcutaneous
tissue of the
Pfannenstiel
incision

Medulla of the
contralateral ovary

Preservation of
ovarian endocrine
function and
follicular
development
Preservation of
ovarian endocrine
function and
follicular
development

The fresh autografting procedure was approved to be applied clinically at

Birmingham Women’s Hospital as a new procedure, and an alternative for ovarian

conservation in women with endometriosis. Through this study we aimed to preserve

ovarian endocrine function by transplantation of fresh ovarian cortical strips during

routine bilateral oophorectomies. For young women undergoing oophorectomies, this

was thought to be their only hope of endogenous hormone production from the

ovary, preventing POl and its symptoms. The aim of this study is therefore to assess

the effectiveness of fresh ovarian transplants in women undergoing BSO for benign

disease.

Methods

Study Design

This was an observational study of women having surgery that was likely to lead to

significant compromise of ovarian reserve (for e.g. oophorectomy or ovarian

cystectomy for endometriosis). These women had healthy strips of the ovarian cortex

removed and implanted into a peritoneal fold, subdermal or vaginal with the aim to

preserve ovarian function. Women with documented menopause or POl were

excluded. All women were offered baseline tests for their hormone profile (follicle

stimulating hormone (FSH), Oestrogen, progesterone and luteinising hormone (LH)

as part of their routine care and anti-mullerian hormone (AMH) where available.
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Women were also requested to complete a validated quality of life, menopause
specific questionnaire at follow up appointments (in person, virtually or over the

phone, electronically or by post).

Inclusion criteria
e \Women
e Age: 18-45 years
e Undergoing surgery (or having undergone surgery previously) for the removal
of one or both ovaries and received fresh ovarian transplantation
e Patients will be offered tests and investigations prior to the surgery: FSH, LH,
oestrogen, progesterone and AMH (if possible) and ultrasound scan (USS) for

visibility of follicles and if possible follicular count

Exclusion criteria:
e \Women suffering from menopause or premature ovarian failure (this did not
include patients on GnRH agonists)
e \Women younger than 18 or older than 45 years.
e \Women who require fertility treatments.
e \Women who are pregnant at the time of the study investigations.
e \Women who are participants in other interventional studies or trials.

e \Women suffering from cancer
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Consent process

The notes of all the women who are attending the clinic were screened. Women with
the potential of removal of one or both their ovaries were given the patient
information sheet whilst they waited. The doctor or research nurse in Gynaecology
outpatient clinic verified eligibility for participation in the study, provided verbal and
written information and instructions about the study and obtained written consent. If
during consultation it was confirmed that these patients were to have a surgery for
removal of their ovaries, they were invited to take part in the study. If the patient had
any questions, they were answered during consultation. If the patient required time
to consider participation, the consent was sought either on the day of the surgery or
at a follow up appointment. All participants were consented before the COVID-19
pandemic. For patients that had ovarian transplant surgery before this study
commenced but not recruited previously, were also approached during their follow
up appointment (telephone, virtual or in person). These patients had the option of
completing the consent form in person, over the phone, electronically or by post.

Recruitment strategy is shown in Figure 23.

Surqical technique

The steps of ovarian tissue retrieval and transplantation are as follows (Figure 24):
1. Patient was prepared for routine laparoscopic surgery
2. Vasopressin is injected into the ovarian cortex followed by a stay stitch to
manipulate the ovary
3. Curved micro scissors were then used to remove the cortex
4. The medulla is carefully dissected, and the cortex is trimmed to 1x1cm (1mm
thick)
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5. The tissue was transplanted back to the pelvic side wall using two to four

simple inverted stitches.

Follow up

Hormonal function was assessed at follow up appointments, over a 2-year period
using blood tests; FSH, LH, progesterone and AMH. The follow up was to be done at
two time points with blood tests, ultrasound assessment of the ovarian autograft and
assessment of menopausal symptoms using a validated quality of life questionnaire
(Mengol). Any patients suffering with menopausal symptoms were started on HRT
and not included in the analysis. Graft viability was assessed using an ultrasound
scan. Due to the COVID-19 pandemic, an amendment was sought due to

appointments being held virtually or over the phone.

124



Figure 23. Recruitment strategy.
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Results

Participants

Twenty-one patients were assessed for eligibility and 14 were recruited to the study.
Of the 14 patients, 13 had a laparoscopic approach to the surgical procedure and
one had an open abdominal approach. Four patients had unilateral oophorectomies
but two of them had previously had an oophorectomy. Originally the patients were to
be followed up at 6 and 12 months but due to availability of clinic appointments, an
amendment was sought, after which patients were followed up when they came for a
routine outpatient appointment with their clinical care provider.

The mean age at transplantation surgery was 36.1 years (SD 3.9). Underlying
reasons for surgery were endometriosis and pelvic pain. The study flow chart is

shown below (Figure 25).
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Figure 24. Fresh ovarian autografting technique.

s \
Injection of vasoconstrict&r\

il

After routine entry into the abdominal cavity, vasopressin is injected into the ovarian cortex followed
by a stay stitch to manipulate the ovary.

Curved micro scissors are then used to The medulla is carefully dissected,

remove the cortex. and cortex trimmed to 1x1cm (1mm
thick).

The tissue is transplanted back to pelvic side wall
using two to four simple inverted stitches.
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Figure 25. Study flow chart.

Study Flow Diagram

[ Enrollment ] Assessed for eligibility (n= 21)

Excluded (n=7)
+ Not meeting inclusion criteria (n=6)
+ Otherreasons (n=1)

Total number included in the study (n= 14)

A 4

[ Follow-Up ]

l

Follow up at 6 months, n=7

No Follow up =7 (No FU. n = 6, Follow up with GP, n = 1)

Reason: Unable to follow up due to lockdown restriction as a result of the
COVID-19 pandemic

Follow up at 12 months and beyond, n = 3. No Follow up, n =11

Reason: Lack of clinic’s capacity

[ Analysis J

Analysed at 6 month follow up (n=7)

Analysed for longer follow up (n = 3)

Excluded from analysis at 6 month follow up, n= 7 (3 patients on HRT and 4 unable to be followed up as a result of
the pandemic)

Excluded from analysis at 12 month follow up, n = 11 (5 patients on HRT by 12 months, 6 unable to be followed up as
a result of the pandemic)
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Sites of grafts

All grafts were cut to approximately 10 x 10 x 1Tmm in size by the surgeon before
transplantation. Seven patients (50%) had transplantation to left pelvic side wall, five
(36%) to right pelvic side wall and two participants (14%) had transplantation to more
than one site (one participant with transplantation to left pelvic side wall,
supraumbilical, port site and one to left pelvic side wall and subcutaneous tissue in

abdomen).

Qutcomes

6 month follow up
Seven patients were followed up at 6 months before the COVID-19 pandemic. The
graft did not work for one patient, and she was already on HRT at this stage (patient

3).

Follicle stimulating hormone (FSH) and Luteinizing Hormone (LH)

FSH at 6 months was reported in five participants. Mean baseline FSH was noted to
be 3.4 IU/L (SD 1.7). Mean FSH post-transplant was 18.9 (SD 15.3). The mean age
of participants in this cohort was 35.6 years (SD 1.9). LH was also reported in the
same five participants. Mean baseline LH was 2.02 |U/L (SD 2) and post-transplant
14.1 (SD 12.5). Below, Figure 26 shows a graphical representation of FSH at
baseline (before the transplantation procedure took place in these patients) and at 6

months follow up.
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Figure 26. Follicle Stimulating Hormone (FSH) at baseline (before transplantation)
and at 6 months post-transplant.
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Oestrogen

Of the 13 patients that had bilateral salpingo-oophorectomies, 5 had baseline
oestrogen levels and the other 8 were on gonadotropin-releasing hormone agonist
(GnRHa) for symptoms of endometriosis and, therefore, had low oestrogen levels.
Oestrogen post transplantation was recorded in 5 patients, 4 of whom had oestrogen
levels of <100pmol/l before surgery. The mean oestrogen level post-transplant was
334.2pmol/l (SD 187.2pmol/l). The mean age of participants was 34.4 years (SD 3.6
years). Below, Figure 27 represents the level of oestrogen in patients both pre and 6

months post transplantation.

130



Figure 27. Oestrogen at baseline (before transplantation) and at 6 months post-
transplant.
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Anti-Mullerian Hormone (AMH)

AMH was done in eight patients before transplantation. Post transplantation AMH
was, however, reported in four participants. Mean AMH in this group was 13.5pmol/l
(SD 17.1) which was noted to be 3.45 (SD 6.1) post transplantation. The average
age of participants was 35.8 years (SD 2.2). Figure 28 shows the levels of AMH pre

and 6 months post ovarian transplantation.
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Figure 28. Anti-Mullerian Hormone (AMH) at baseline (before transplantation) and at
6 months post-transplant.
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Itr n n ment

Seven participants received ultrasound scans, 3 of whom were also scanned a year
later.

1. Visibility of graft

In all of the participants scanned, the graft was visible.
2. Presence of antral follicles
Ovarian follicles were noted in grafts of all the patients at 6 months post pelvic

ultrasound scan.

Long term follow up

Patients were given instructions to seek medical advice if they suffered from
symptoms of menopause. Due to long wait times for appointments at secondary and

tertiary level care, these patients were advised to see their GP and start hormonal
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replacement therapy if symptoms of menopause were unbearable. Due to the
COVID-19 pandemic, there was a large backlog of patients with other gynaecological
concerns to be seen and unfortunately the clinic that followed up with these patients
did not have the capacity to see them within the time frame of this project. Ultimately,
only three patients had follow ups after a year and two of them had blood tests. All
three participants had ultrasound scans. Figure 29 represents oestrogen and FSH
levels in the two patients at baseline and at 18 months post ovarian transplants.

Figure 29. Follicle Stimulating Hormone (FSH) and Oestrogen in participants at 18
months post ovarian transplantation.
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Ultrasound scan assessment
Three participants had a scan beyond 12 months. In all of the participants, the

graft was visible and follicular activity was noted (Figure 30).
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Figure 30. Evidence of follicles in the transplanted ovarian autograft (patient 2).

Lastly, due to the COVID-19 pandemic, patients were lost to follow up which resulted
in lack of quality-of-life questionnaires being completed. Only four participants
completed the questionnaire at 6 months post-surgery. Of the four participants that
completed the questionnaire, two (50%) reported hot flashes and night sweats, 1
(25%) reported vaginal dryness and 1 (25%) reported experiencing poor memory. No
participants reported lack of sexual desire and only 1 (25%) reported avoiding

intimacy.

Discussion

Through this study it is demonstrated that women with chronic pelvic pain and
endometriosis, in whom ovarian conservation is not an option, fresh ovarian
autografting could potentially preserve ovarian endocrine function. The use of
ovarian tissue autografts to preserve endocrine function has been applied previously
however not in women of reproductive age who suffer with endometriosis.
(27,29,33,35,41) It is recommended that premenopausal women with low genetic
risk of ovarian cancer should have their ovaries preserved. (43) Ovarian

conservation however is not always possible due to reasons including benign
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ovarian tumours, tubal ovarian abscess that is not resolved with antibiotics, adnexal
torsion resulting in necrosis and endometriosis. (44) In a small cohort of women
where this applies, fresh ovarian autografting could therefore offer a potential
solution. In this study it is demonstrated that although the FSH and LH remained
high after the transplant, return of oestrogen and graft visibility was seen in
participants at follow up, proving the proof of concept. Evidence suggests that
bilateral oophorectomy results in a sudden depletion of ovarian hormones resulting
in severe menopausal symptoms. (9,10,44,45) Transplantation of ovarian autografts
either at orthotopic sites (within the pelvic cavity) or heterotopic (outside the pelvic
cavity) may help counteract the abrupt loss of ovarian endocrine function. The
results from quality-of-life questionnaire demonstrate that 50% of the participants
reported hot flashes and night sweats, but symptoms such as vaginal dryness and
poor memory were only reported in 25% of participants. Additionally, no participants
reported lack of sexual desire. The results from the questionnaire suggest that in the
short term, ovarian grafting has the potential to help with symptoms of menopause.
For women in whom ovarian conservation and HRT is not an option, or they prefer
not to conserve their ovaries or take HRT, fresh ovarian grafting could help provide

endogenous oestrogen, bridging the gap until the natural age of menopause.

Strengths of the study

Previously ovarian autografting had only been applied in young girls and women with
no previous other gynaecological conditions. Additionally, ovarian autografting works
as an alternative to HRT, does not require additional surgery, and allows for

endogenous hormone production. While the initial sample size may have been
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considered small, this holds its own advantages including addressing the research
question in a shorter space of time as needed with this study, obtaining ethical
approvals, and testing a novel hypothesis with limited resources, money, patients,
etc. As a proof of concept, it has been demonstrated that ovarian autografting in

women with endometriosis, can potentially preserve ovarian endocrine function.

Limitations of the study

Selection bias is a potential limitation in this study due to the lack of follow-up for
many patients. The Covid-19 pandemic made it harder to follow up with patients in a
timely manner, as most patients had their follow-up during lockdowns when only
emergency admissions were seen at the hospital providing ovarian transplantation.
Even after clinics resumed, there was a backlog of new patients to be seen, which
further delayed follow-up appointments. Because many patients were not followed
up, the study sample may not be representative of the broader population of patients
who undergo ovarian transplantation, potentially introducing selection bias. As a
result, the findings of this study may not be generalisable to the broader population

and should be interpreted with caution.

Furthermore, the study was initially set to recruit participants prospectively however
due to the pandemic this was not possible, and an amendment was sought.
Outcomes were therefore collected retrospectively from patients that met the
inclusion criteria, and which may have caused inappropriate exclusion of

participants, further adding to selection bias.
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Implications of findings

Young women who suffer with endometriosis and pelvic pain do opt bilateral
oophorectomies (17,45,46). This depletion in oestrogen results in iatrogenic
menopause. Pharmacologic treatment, such as HRT, is an option, although it may
not be appropriate for many young girls and women, and it is not without side effects.
(5,17,45) Additionally, in women under the age of 50, bilateral salpingo-
oophorectomy with non-malignant hysterectomy has previously appeared to be
linked to an increase in all-cause mortality. (6) This study fills an identified gap in the
literature by reporting a case series on ovarian autografting in women with benign
gynaecological conditions such as pelvic pain and endometriosis. This study
demonstrates the success in return of ovarian endocrine function as depicted by an
increase in oestrogen post fresh ovarian autografts in women of reproductive age.
The novel technique used in this study could potentially provide an alternative to
HRT for select patients who want to maintain endogenous ovarian endocrine

function.

Unanswered questions and future research

While this study design can provide preliminary results, further research is necessary
to demonstrate and explore this issue more directly through replicated studies with
larger sample sizes, meticulous follow up of participants receiving ovarian
transplants and follow up for a longer period. The effect of HRT versus fresh ovarian
autografts is another area of research that needs to be explored further. Especially
the quality of life in young women after BSO and ovarian transplants needs to be
assessed, and whether ovarian transplants could provide a smoother transition into

natural menopause in comparison to those taking HRT.

137



Conclusion

Data on ovarian autografting are increasingly encouraging as evident by the return of
oestrogen and presence of follicles in the ovarian grafts months after post
transplantation. Fresh ovarian transplants have the potential to maintain endocrine
function in a select group of women in whom HRT is not a feasible option. The study
has started laying the foundations of understanding, and the current research will
provide important and novel information, especially regarding use of ovarian
autografts as an alternative to HRT in young women. Future research needs to be
focused on longer term follow up to assess the longevity of the graft and optimal

transplantation sites.
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CHAPTER 4: EXPERIENCES OF YOUNG GIRLS AND WOMEN UNDERGOING

OVARIAN TISSUE CRYOPRESERVATION: A SYSTEMATIC REVIEW AND

THEMATIC SYNTHESIS
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A version of this chapter is published in Psychosomatic Journal of Obstetrics and
Gynaecology.

Khattak H, Woodman H, Afifi Y, Amorim CA, Fishel S, Gallos |, Coomarasamy A,
Topping A. Experiences of young girls and women undergoing ovarian tissue
cryopreservation: a systematic review and thematic synthesis. J Psychosom Obstet
Gynaecol. 2022 Dec;43(4):502-516.
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Abstract

The aim of this study was to explore the experiences of young girls and women who
underwent or considered ovarian tissue cryopreservation (OTC) using a systematic
review of qualitative studies with thematic synthesis framework. Major electronic
databases: MEDLINE, EMBASE, the Cochrane Library, CINAHL and PsycINFO
were searched from 1946 to May 2020 and reference lists of relevant articles were
hand searched. Any studies that described a qualitative inquiry and highlighted the
experiences of women with regards to OTC were included. Two independent
reviewers (H.K. and H.W.) screened the title and abstracts and made a selection
against inclusion criteria. Main outcomes measures were experiences of women who
have considered and/or undergone ovarian tissue cryopreservation (OTC), decision
making in women who underwent or considered OTC and patient education.
Nineteen studies were assessed for full text eligibility and four were included in
analysis. 144 verbatim quotations from 85 participants in high income countries (UK,
USA and Denmark) were included. Two studies adopted grounded theory approach,
one phenomenology and one inductive content analysis. Four themes were
generated; participants described their experiences as emotional, involving complex
decision-making, helping them prepare for the long-term consequences of potentially
losing their fertility and hormonal function, as well as their experience being
educational. Additionally, the more practical aspects of the procedure such as OTC
being invasive as well as costs implications were highlighted. Women and young
girls are often involved in making time-sensitive decisions whether or not to undergo
OTC. Healthcare professionals involved in the care of young girls and women

undergoing this method need to also take into consideration the emotional wellbeing
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of the patients as well as the time and expertise it requires to help them make an

informed decision.

Key words: Female fertility preservation; ovarian tissue cryopreservation;

experiences; qualitative research; thematic analysis
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Introduction

Ovarian tissue cryopreservation (OTC) is an emerging method for fertility
preservation that has been utilised by thousands of young girls and women
worldwide, whether they are treated for cancer or benign gynaecological conditions
(1-3). While some experts still consider OTC experimental, many stakeholders and
policy makers are exploring the possibility of routinely using this procedure for
women and prepubertal girls (4,5). However, there remains limited information on the
patient experience of this procedure, despite technical advancements over the past

two decades.

Initially developed as a fertility preservation option for young girls and women with
cancer, OTC has since been used in women with non-malignant diseases who are at
risk of premature menopause (3,6-8). OTC involves retrieving a portion of the ovary
and freezing it in liquid or vapour nitrogen. The tissue is typically collected before the
administration of gonadotoxic anti-cancer therapy and transplanted once treatment is
completed. The first live birth resulting from OTC and transplantation was reported in
2004 (9). Since then, over 200 live births have been reported globally (1,7,8). OTC
has provided comfort to many young girls and women, particularly because it

remains the only fertility preservation option for prepubertal girls.

Recent improvements in treatment, prognosis, and quality of life post-cancer
treatment have sparked greater interest in post-treatment fertility. Many individuals
seek information from their healthcare providers as their primary source of

information, while others rely on online resources (12). However, the adequacy of
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information provided to young girls and women to make informed decisions has been
criticised, highlighting the need for improvement when discussing fertility
preservation (10,11). Compared to embryo and oocyte cryopreservation, OTC is a
newer alternative method of fertility preservation that warrants further investigation to
better understand how women and young girls make decisions about undergoing the
procedure. Although several studies have been conducted to provide success rates,
technique-related information, patient satisfaction surveys, and healthcare providers'
opinions on the matter (1,2,11,15-19), quantitative methods may not provide
sufficient depth on their own. Qualitative methods, on the other hand, aim to
comprehend lifestyle, systems, policies, and human environments through human
interaction, as opposed to the analysis of numbers and statistical figures (20).
Synthesising qualitative research enables data to be combined across various
contexts, and ultimately allows researchers to create new theoretical or conceptual
models, identify research gaps, inform primary studies, and provide evidence for the
development, implementation, and evaluation of health interventions (20). Despite
OTC's well-developed scientific potential, the qualitative evidence remains limited.
This review was conducted to shed light on women and young girls' experiences of
undergoing OTC for fertility preservation and their interactions with healthcare

professionals.

Methods

The protocol was registered on the International Prospective Register of Systematic
Reviews (PROSPERO) Database (registration number: CRD42020192882). The
review was guided by recommendations to enhance transparency in reporting the
synthesis of qualitative research (ENTREQ) as described in Appendix 10 (21,22).
The ENTREQ statement aids researchers to report aspects of the steps which
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structure the synthesis of qualitative health research. These include; searching and
selecting qualitative research, quality appraisal, and methods for synthesising

qualitative findings (21,22).

Systematic search of the literature

A search strategy was developed in consultation with an information specialist
(Appendix 11). The eligibility criteria for inclusion of studies were devised using the
population, indicator or phenomenon of interest, context and study design organising

framework, as shown in Table 10 (23).

Table 10. PICoS framework to develop eligibility criteria.

PICoS Indicator Eligibility criteria

Population / Participants Young girls or women who considered or underwent
ovarian tissue cryopreservation

Indicators / phenomenon Experiences relating to ovarian tissue cryopreservation
of Interest
Context Any women or young girls who considered or underwent

ovarian tissue cryopreservation as a method of fertility or
hormonal preservation

Study design Qualitative research designs including (but not limited to)
thematic analysis, grounded theory, phenomenological
analysis and mixed method studies with qualitative
components.

Exclusion criteria Women who underwent other fertility preservation
methods such as oocyte and embryo cryopreservation

Major electronic databases: MEDLINE, EMBASE, the Cochrane Library, CINAHL
and PsycINFO were sought and reference lists of relevant articles were hand
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searched. Any studies that described a qualitative inquiry and highlighted the
experiences of women with regards to OTC were included. Abstracts retrieved
through the search were first screened to remove duplicates. Subsequently, two
independent reviewers (H.K. and H.W.) screened the title and abstracts and made a
selection against inclusion criteria. This was followed by the screening of full text
articles by two reviewers. Any further articles identified through hand searching and
that were deemed relevant by either or both of the reviewers were also included in
the full-text review. Disagreements were resolved with the help of a third reviewer

(AT) until consensus was reached.

Quality assessment and appraisal

All included studies were critically appraised using ‘“The Critical Appraisal Skills
Programme’ CASP qualitative checklist (24) and are displayed in Appendix 12. All
the studies were appraised for their validity, evaluation of the methodological quality
and an assessment of external validity. Critical appraisal was conducted
independently by two reviewers (H.K. and H.W.). The findings from the two
reviewers were compared and any disagreements were discussed and re-reviewed.
The studies included were assessed as high quality. All included studies had clearly
described aims and the qualitative methods employed in all the studies were
appropriate. Although the data were collected to address the stated research
questions, the relationship between researcher and participants was not described
and only two studies discussed recruitment details such as data saturation (25,26).
One study reported that ethical approval was not required (as per their national
legislation) however the study was attested by their Regional Committee on Health

Research (27).
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Data extraction

A data extraction form was developed a priori in Microsoft Excel to facilitate data extraction.
One review author (H.K.) extracted and charted all the data, the second author (H.W.) then
verified the extracted data. Any differences were resolved through discussion until
consensus was reached. If differences were not resolved by discussion, a third reviewer
(A.T.) was approached. Extracted materials were based on the inclusion criteria and a
framework of predefined outcomes of interest. Information gathered from the selected
studies included: author; year of publication; country of study; study type; setting; relevant
background and impetus for the study; methodological approach and specified methods;
patient characteristics and demographics; main findings including themes and narratives
relating to the experience of OTC and key relevant discussion points. Data were mainly
analysed (coded) by one reviewer, but regular meetings were held with the review team to

ensure that the extracted data appropriately reflected the original data.

Data synthesis

The process of thematic analysis and meta-synthesis process as described by Thomas and

Harden (2008) was used and involved the following steps (28).

Step 1: Coding
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Data from primary studies were coded line by line and examined for meaning. This helped
identify the translation of codes between studies. An Excel spread sheet was used to

organize the extracted descriptive and qualitative data.

Step 2: Theme development

The codes generated in step 1 were assessed for meanings. These meanings were further

organized into categories. The properties of these categories were then analysed.

Step 3: Theme generation

Categories generated were compared between studies and any similarities or difference
was examined. Similar categories were merged such that substantive themes were
generated merging higher-level constructs. This enabled the development of higher order

abstractions of the phenomena.

Results

Included studies

Through our literature search, we found 17 potential studies, but only two studies were
eligible for inclusion in the analysis. Two further studies, including an unpublished doctoral
thesis, were found through hand searching. Four studies were included in the thematic
analysis, representing experiences of 85 females in the form of 144 verbatim quotes. The
included studies were conducted in Denmark, UK and two in USA. The age range of the
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participants at the time of interview was 13-42 years, with all participants undergoing the

procedure as a fertility preservation option due to cancer. The study design included two

studies that adopted the grounded theory, one phenomenology and one inductive content

analysis. The characteristics of included studies are given in Table 11. A Preferred

Reporting Items for Systematic Reviews and Meta- Analyses (PRISMA) diagram of the

search and study selection is presented in Figure 31.

Table 11. Study characteristics table for included studies.

Author
Year
Country

M tche et
a. 2020
USA

Hershberg
er

eta.
2013

USA

Student ID:

PhD Met+Sys Re T Lab A300

Aim(s)

To determ ne
pat ents’
know edge
and fee ngs
about ther
cryopreserved
ovar an t ssue

To prov de an
n depth
descr pt on of
the dec son
mak ng
process that
women who
are d agnosed
w th

cancer
undergo as
they dec de
whether to
accept or

dec ne fert ty
cryopreservat
on.

Sample/Population

8 femaes

Mean age at the
tme of ntervew =
25.8 £ 6.1 (Range
19 37 years)

Mean age at OTC =
20.4 +

7.5 (range 13 35
years)

27 femaes

Mean age at the

t me of ntervew =
28.7 (Range 19 40)

Study
design/methods

Qua tatve

nterv ew study,
nduct ve content
anayss
(generat on of
themes)

Qua tatve
grounded theory
approach

Findings/Themes

Lack of
understand ng

Fert ty ntentons
Hormona functon
Fee ngs about
OTC (postve and
negat ve)

Four phases of
dec s on mak ng
process
Ident ty
Contemp ate
Reso ve
Engage

Specific
outcomes

Ident f cat on of

s gnfcant

know edge gap
among pat ents

w th cryopreserved
ovar an t ssue,
about ts uses,
benefts as we as
a strong des re for
mproved pat ent
educat on.

C arfcaton of
under y ng process
that women w th
cancer undergo
about fert ty
cryopreservat on

To mprove qua ty
of care for women
w th cancer by
mp ement ng
appropr ate y t mes
nformat on and
ta ored
deve opmenta and
contextua
counse ng to
support dec s on
mak ng.

Quality
appraisal
score

Hgh

Hgh
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have been
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freezer:

Dan sh
women’s
exper ences
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cryopreservat
on and
transp antato
n

Bacheta.
2020
Denmark

Figure 31. PRISMA Flow diagram of search and selection strategy.
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Articles identified through
database searching (n = 852)

Duplicates (n = 98)

Identification

Articles found through hand search,
n= 2 (including 1 unpublished thesis)

Articles Screened (n = 756)

Articles excluded following reading of
titles and abstracts (n = 737)

Screening

Full-text articles assessed for Full-text articles excluded because of not meeting
eligibility (n = 19) the inclusion criteria following quality assessment
(n=15)

Eligibility

Included

Total number of studies included in
the review, n=4

Results of meta-synthesis

We identified four themes associated with experiences of young girls and women who
underwent or considered having ovarian tissue cryopreservation. Participants described
their experiences as emotional, involving complex decision-making, educational and
helping them prepare for the long-term consequences of potentially losing their fertility and

hormonal function. Additionally, the more practical aspects of the procedure such as cost
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implications and the invasive nature were also highlighted. A schematic representation of

the generated themes is shown in Figure 32.

Figure 32. Schematic representation of generated themes.

QOptimism about OTC

Overwhelmed by
diagnosis of cancer and
future fertility prospect

Complex decision
making

Emotional
experience

Support network in

decision making

Time sensitive decisions

Pessimism about OTC
procedure

Emotional resilience,
being pragmatic and
survivorship

Female reproductive
identity

Lack of information and
limited knowledge
Patient education
Active infermation

seeking and need for
follow up

Preparing for long
term
consequences

Concerns regarding
future fertility

An emotional experience

Participants described the process of undergoing fertility preservation as very emotional.
There was a great deal of overwhelm, but the idea of ‘banking’ something for the future

formed part of a sense of hope for the future, about survival and was reassuring.

Overwhelmed by diagnosis and future fertility prospects
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For women of childbearing age, the diagnosis of cancer can come with bad news about
losing their potential for motherhood. Women described this as very challenging and an

added burden to their disease.

‘Everything was happening in a whirlwind.’

(Mitchell, Whiting-Collings, & Christianson, 2020, p. 2)

‘...it was devastating, absolutely devastating.’

(Hershberger et al., 2013, p. 63)

Emotional resilience, being pragmatic and survivorship
Some participants dealt with the situation pragmatically, thinking of the next steps and

sometimes making difficult choices.

‘Then comes cancer. Alright, you know what, we can handle this. We’re
educated enough, that, you know what, this is not all dead set. This is a
bump in the road and we will face it head on and we’ll fight, and years from
now we’ll look back and it’ll be a memory. And that’s okay. But then you tell
us on top of it, that we can’t have children. We can’t have a family ...you
know, as tears rolled down my cheeks—which was not me what-so-ever-I|
can deal with the cancer, but throw this [loss of fertility] on top of it and it
was devastating, absolutely devastating.’

(Hershberger et al., 2013, p. 63)
Optimism and being grateful for having the option

Participants described the feelings of having undergone OTC as something that had

provided hope, reassurance and an opportunity to ‘save’ their future.
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‘Gave me one less thing to worry about with everything else going on’

(Tennyson, 2017, p. 86)
Pessimistic about OTC procedure

Ovarian tissue cryopreservation is an invasive procedure requiring surgery and some
participants felt this might impact their already deteriorating health. Participants found it to
be an aggressive cure for preserving fertility. Also, the fact that they heard ‘stories’ of
women who had conceived despite having chemotherapy somewhat challenged their view

about the necessity for fertility preserving intervention.

“If | were to go back, I'm not sure if | would have said yes...because | know
of many stories of women who received chemotherapy and didn’t have any
problems reproducing after that.

(Mitchell, Whiting-Collings, & Christianson, 2020, p. 3)
Attitudes of young adults towards fertility preservation

The analysis included young participants, most of whom described being coerced into
having the ovarian tissue cryopreservation procedure. They felt they were too young to

make these decisions and something they had not thought about before.

‘I was a little mad about having to do it when I didn't have any interest in
having kids.’

(Mitchell, Whiting-Collings, & Christianson, 2020, p. 3)

‘but my parents were very adamant like ‘maybe you'll change your mind in
the future’, but | didn't really care.’

(Mitchell, Whiting-Collings, & Christianson, 2020, p. 3)
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Complex decision-making

Participants appeared to find decision making about fertility and dealing with the news of a
cancer diagnosis complex. Although their diagnosis was something they did not have
control over, a decision about fertility preservation, provided a sense of being in charge of
their destiny. Ovarian tissue cryopreservation was therefore seen as autonomous although
it meant making time-sensitive decisions often with the support of family, friends and input

from healthcare professionals.
Autonomy

Participants felt that the option of preserving fertility gave them a sense of control over
their body. This was described in various ways as some participants felt empowered whilst

others felt some coercion that the decision was made for them and they had to conform.

‘[it] let me have some control’

(Mitchell, Whiting-Collings, & Christianson, 2020, p. 2)

‘It was about having the option. That | regained a bit of free will..’

(Bach, Macklon, & Kristensen, 2020, p. 558)
In contrast another participant described how she perceived that the decision was
determined by whether she already had children and she just complied but ultimately was

appreciative:
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‘It was like “Do you have a child?” “No, | do not.” “Okay, you have to go to
the fertility clinic.” | actually didn't have a lot of influence on that. And
today, | mean, I'm really happy about that, because I think if | had to think
about it... the pros and cons, then | don't know what | would have done.’

(Bach, Macklon, & Kristensen, 2020, p. 558)

Many of the young girls in the included studies that were diagnosed with cancer had not
considered the consequences of their illness or made a connection between cancer
treatment and threat to future fertility. Often the decision to preserve fertility was taken by

their parents or guardians and made some feel that their autonomy was taken away.

‘you’re just told like you don’t really have an option’

(Tennyson, 2017, p. 87)

Support network in decision making

The complex decision-making involved support from family, friends and advice of the
health care professional. Some participants felt if it was not for this support network, they

might have not made the decision to go for OTC.

‘She (my mother) was the one — her and my dad — were the ones who
helped me make a lot of the big decisions.’

(Hershberger et al., 2013, p. 64)

‘[Being offered OTC showed] how kind of how important you are to the
medical team and how much they care for you.’

(Tennyson, 2017, p. 84)
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Time sensitive decisions

Participants also felt that they were making decisions sometimes under immense
pressure. This was primarily due to the urgency of starting anti-cancer treatments.
‘It’s tough to make this decision under the gun.’

(Hershberger et al., 2013, p. 64)

Preparing for the long-term consequences

Women saw ovarian tissue freezing as something that gave them a future, which involved
surviving cancer and leading a ‘normal’ life. It also meant exploring what fertility meant and
how they defined themselves as having, or not, a reproductive identity. For most
participants, this was something they had not previously considered. It was evident that to
some participants, fertility seemed to form a significant part of womanhood.

Female reproductive identity

Some participants regarded fertility as an important characteristic of being a female. It was
not something they considered might be endangered as a result of a cancer diagnosis and
anti-cancer therapies. Ovarian tissue cryopreservation gave these participants the option
of preserving this aspect of femaleness’ after they became aware that it was at risk.
Undergoing OTC meant making a choice that would have consequences beyond the here

and now.

‘It was like having the possibility of reclaiming my body or reclaiming my
life including all the choices I had. So, it was not tied to a specific wish to
have another child in that way.’
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(Bach, Macklon, & Kristensen, 2020, p. 558)

Participants recognized that banking ovarian tissue might help long term with symptoms
caused by hormonal imbalance and not just fertility. Many expressed concerns about
developing treatment related early onset of menopause and the ovarian tissue provided

security, hope for the future, a future that might involve living a ‘normal life’ with children.

‘Il was pretty insistent about wanting the last part of my tissue implanted.
And if they couldn't find room, apparently my ovary is pretty small, which
they always grumble about... then they could put it wherever, because |
had, you know, a feeling like | had to have my body assembled again. |
mean, that it had to be whole again in some way.’

(Bach, Macklon, & Kristensen, 2020, p. 562)

In the account above, women conceptualized wholeness or intactness closely with fertility
and normality. Whereas in contrast some focused on the assault of the removal and
transplant of the ovarian tissue as an invasive procedure, removal of what constituted a

woman and how in retrospect she should not have opted for it.

‘I mean it is kind of a drastic procedure, | feel. You know you're removing
like a piece of woman's you know reproductive or hormonal system down
there.’

(Mitchell, Whiting-Collings, & Christianson, 2020, p. 3)
Fertility was seen as precious and now threatened ‘One of those things that you take
for granted.’ (Tennyson, 2017, p. 82), and the option of ovarian tissue cryopreservation

offered a consolation that softened the cancer diagnosis. Although fertility preservation
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was a small part of dealing with cancer, it nevertheless contributed to the wellbeing of

women after treatment.

Concerns regarding future fertility prospects
The potential for loss of fertility was concerning and causing further anxiety in addition to

dealing with a cancer diagnosis.

‘That... has been a paralyzing fear of mine - not getting pregnant.’

(Mitchell, Whiting-Collings, & Christianson, 2020, p. 3)
Other anxieties were related to costs associated with restoring the tissue.

‘Anxiety... because you don't know if it’s going to work, you don’t know if
you're going to be able to use that tissue, you don't know if financially you
will have resources’

(Mitchell, Whiting-Collings, & Christianson, 2020, p. 2)

It also reinforced the damaged identity brought by cancer, causing further disruption with

life-long consequences and unexpected losses.

‘One of the things that startled me the most when | was diagnosed was how
it might affect my fertility. Not because | may never be able to bear a child,
which I want to do, but because it made me realize how this diagnosis was
going to be truly life changing and could affect me the rest of my life.’

(Hershberger et al., 2013, p. 62)

Whereas others could reconcile future loss by getting through the cancer journey and
surviving. Fertility preservation was secondary, put away temporarily and thought about in

the future (especially for younger participants).
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‘is this even what | should be worrying about. [?]... should | just be
focusing on getting better?’

(Tennyson, 2017, p. 86)

Patient education

Ovarian tissue cryopreservation is a relatively new fertility preservation method and only
offered by a limited number of centres. Our analysis highlighted the lack of information
provided about this new technique to the participants. A number of study participants felt
they had received limited information about follow up, specifically what they needed to do

when ready to consider re-implantation of the preserved ovarian tissue.

Lack of information and limited knowledge

Many participants reported an overall lack of understanding about ovarian tissue
cryopreservation as a fertility preservation technique. This was highlighted as lack of
information provided to the participants during fertility preservation counselling. It is
unclear whether this was due to the fact that these young girls and women had
discussions about OTC immediately prior to commencing gonadotoxic anti-cancer

treatment, and that there was often an imperative to make decisions quickly.

‘Before I tried artificial conception... wow, was I naive...’

(Bach, Macklon, & Kristensen, 2020, p. 561)
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Participants also did not seem to recall the details of the procedure. Some participants
mistook ovarian tissue freezing for freezing of oocytes due to the complex jargon used by

healthcare professionals.

I think they (froze) eggs... Oh, they didn't freeze eggs?

(Mitchell, Whiting-Collings, & Christianson, 2020, p.3)

‘l was talking to doctors and they were using a lot of jargon’

(Hershberger et al., 2013, p. 62)
Active information seeking and need for follow up

Participants were keen for health care professionals to follow them up to discuss the future
of their tissue. At the time of OTC, women were facing a cancer diagnosis, a barrage of
information and potential decisions about treatment for cancer that included risks to
fertility. However, their primary concern was the current treatment and not their future
fertility. After completion of cancer treatment, women started to think more about a future
that included having biological children and therefore wanted information about OTC and

its implications at that point.

‘I have probably been given a lot of information which | have forgotten...’

(Bach, Macklon, & Kristensen, 2020, p. 559)

‘It would be helpful if there was patient follow-up-whether that be
something as simple as a newsletter, or a quarterly email, or just
something biannual that patients could know about what is happening’.
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(Mitchell, Whiting-Collings, & Christianson, 2020, p.3)
The included studies represented the perspectives of a wide range of female participants

of different ages. Lack of knowledge appeared more pronounced in the younger group.

This seemed to be related to fertility and risks of infertility not imagined.

‘I think | just assumed growing up that everyone can have kids’.

(Tennyson, 2017, p. 80)

And a second issue was the complexity of the information presented.

‘Maybe they need someone to break it down in a way that | can understand
for people who are younger’.

(Mitchell, Whiting-Collings, & Christianson, 2020, p. 3)

Participants therefore expected healthcare professionals to follow them up meticulously as

most of the information provided before the OTC procedure was forgotten.

Discussion

In this review, we included four studies that highlighted the experiences of young girls and
women undergoing ovarian tissue cryopreservation. The results were analysed using 144
verbatim quotes from 85 participants. We identified four themes associated with
experiences of young girls and women who underwent or considered ovarian tissue
cryopreservation. The experiences were described as emotional, involving complex
decision-making, educational and helping them prepare for the long-term consequences of

potentially losing their fertility and hormonal function.
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Evidence suggests that there is a great variability across studies when it comes to patient
satisfaction in relation to receiving infertility related information associated with cancer
(29). Our results echo these findings as most participants would have liked more
information before making a decision to undergo ovarian tissue cryopreservation. We
found that overall, participants did not understand the technical aspects of the ovarian
tissue cryopreservation procedure. They also did not seem to remember much of the
information provided, mostly because they were under pressure and had to make other
decisions in relation to cancer treatment. The European Society of Human Reproduction
and Embryology (ESHRE) in their recent guideline on fertility preservation makes a strong
recommendation for clinicians to provide patients with clear information on the impact of
their disease (cancer or benign) and treatments on fertility (30). This must also include
decisional aids where required. Previous systematic reviews highlight the need for the
provision of decision aids as early on as a week after diagnosis in the fertility preservation
process (31). There is evidence to suggest that participants preferred written information in
addition to oral information such as leaflets that they can take home. Relevant websites
dedicated to fertility preservation have also shown to help patients understand the
procedure better (29,31,32). Furthermore Anazodo et al. stipulated that having more than
one form of decision aid helps patients compare fertility preservation options (33). Through
this study, we found that the information provided to participants at the time of fertility
preservation needs to be accessible and perhaps in more than one format so it can be

easily comprehended by all age groups. Most participants were making decisions under
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pressure and so a healthcare professional trained to conduct these consultations are
required to have these discussions. We also found that there was a discrepancy in how
these young girls and women were followed up. Participants felt the need to have a longer

follow up because they may forget they have a tissue ‘banked’ for future use.

Furthermore, younger participants expressed frustration towards how the information was
provided and the use of medical jargon. Through this review we found that lack of
knowledge and information was more pronounced in the younger patients. The ESHRE
guideline on fertility preservation also stressed the need for providing age-specific
information, although this has only been considered as a ‘good practice point’ (30).
Another study that examined the provision of oncofertility care globally, recommended
age-specific information as being useful for young adolescents. We however suggest
providing clear, age-specific information to young adolescents as absolutely necessary.
Furthermore, since younger participants were unable to fully understand the impact of their
disease on fertility, their parents or guardians were having to make these decisions on
their behalf. Most young participants therefore felt frustrated with being infantilized, as if
their autonomy was taken away. Interestingly, none of the included studies mention the
use of Gillick competence or equivalent fithess and whether these were considered in

participants before making fertility preservation decisions (34,35).

Overall, participants felt grateful for having the option of ovarian tissue cryopreservation

especially since oocyte cryopreservation was not a feasible option for them. Participants
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also highlighted how making decisions under pressure was not always possible without the
support of family and friends. Healthcare professionals in particular played an important
role in the decision-making process. All the studies included, stated how input from the
clinician and nurses as well as how the information about the procedure was provided,
were key factors in accepting ovarian tissue cryopreservation as a fertility preservation
option. Evidence suggests that patients find the decision-making process more

manageable if they have adequate knowledge about fertility preservation options (36).

Furthermore, women saw ovarian tissue cryopreservation as an opportunity for the future.
Young girls and women and who had not considered becoming mothers, were suddenly
faced with the dilemma of being deprived off this right. Being offered ovarian tissue
cryopreservation was therefore seen as a salvation. Some participants however did
comment on the invasive nature of the procedure and something they would have
reconsidered had they had more time and information. We also found that ovarian tissue
preservation was provided free of charge in two settings (27,37), whereas participants who
had to pay through their insurance, were worried whether spending all this money will help
them in the future since there no guarantee they will be able to conceive after

transplantation (25,26).

Strengths
To the best of our knowledge, this is the first systematic review that gathers qualitative

evidence on the experiences of women undergoing ovarian tissue cryopreservation.
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Through a robust systematic search and hand searching of grey literature, we included
four studies in the thematic analysis. Although ovarian tissue cryopreservation is being
offered widely in specialized centers, patient experience has been limited to survey
questionnaires only. This review captures various aspects of patient experience as well as
provides recommendations for future research and guidance that can be applied by

clinicians in routine practice.

Limitations

There was a lack of true qualitative research on the topic of ovarian tissue
cryopreservation and this limited our analysis to only four studies. Through our literature
search we found that researchers deemed patient surveys as qualitative research and if
there were any true qualitative studies, they mainly focused on the views of health care
professionals rather than women that opt for ovarian tissue cryopreservation. This limited
us in providing a complete picture of patient experience. In the studies included, all
participants interviewed were suffering with cancer. These women were primarily focusing
on survivorship, with fertility preservation playing a small role in cancer survival.
Furthermore, the possibility of hormonal preservation from this method was only
mentioned in one study. It is therefore not possible to comment on whether participants
were, or not informed about this. If they were provided with information about hormonal
function, we cannot ascertain whether participants simply could not recall this information

or return of hormonal function was not important to them.
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Implications for practice

Ovarian tissue cryopreservation should be provided by specialised centres only, with
healthcare professionals particularly trained in carrying out consultations related to fertility
preservation. The decision to undergo this method of fertility preservation for both cancer
and benign reasons should be taken by a multidisciplinary team of reproductive
endocrinologists, oncologists, surgeons, psychologists, and nurses. The centres that
provide this novel technique, should provide participants with written material as well as
online visual aids (websites and e-learning). There needs to be a robust policy in place for
follow up of these patients. This may be complex for young girls as they are likely to have
had their ovarian tissue cryopreserved when much younger. Policy makers need to reach
a consensus regarding a time frame for follow up for girls who have had their tissue

retrieved before puberty.

Furthermore, there is an urgent unmet need for a universal guideline for health care
professionals involved in the care of women requiring ovarian tissue cryopreservation.
Various fertility preservation societies have provided guidance on who to offer this
procedure to, however there is a significant discrepancy in how this procedure is provided

globally.

Young adolescents who wish to undergo this procedure pose a challenge for health care
professionals. This cohort requires particular attention when it comes to the provision of
information. Additionally, clinicians need to consider capacity and competence in these
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young girls as well as guidance on when to involve parents in the decision-making
process. There is currently no robust guidance on assessing capacity and competence in
young adolescent girls when it comes to considering ovarian tissue cryopreservation as a

fertility preservation method.

Lastly, there is a need to establish a global registry and research database to generate
evidence-based information regarding the return of hormonal and reproductive function

from transplantation of the cryopreserved ovarian tissue.

Conclusion

This study addresses the experiences of young girls and women regarding a new fertility
preservation method. Ovarian tissue cryopreservation is gaining popularity due to not
requiring ovarian stimulation and therefore preventing a delay in starting anti-cancer
treatment. Women who have considered or undergone this procedure have described their
experiences as emotional, requiring complex decision making and having to make time
sensitive decisions. Healthcare professionals involved in the care of young girls and
women undergoing this method therefore need to take into consideration the emotional
wellbeing of the patients as well as the time and expertise it requires to help them make an
informed decision. Furthermore, given the novel nature of this procedure, young girls or
women undergoing this method of fertility preservation should be given clear information

about what the procedure entails and followed up meticulously.
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CHAPTER 5: WHY WOMEN CONSIDER OVARIAN TISSUE CRYOPRESERVATION FOR
PRESERVING REPRODUCTIVE AND HORMONAL FUNCTION: A QUALITATIVE

ENQUIRY
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Preamble

When originally designing the study that would contribute to this doctoral thesis, the plan
was to undertake a qualitative study to explore with women attending a non-publicly
funded clinic to discuss OTC. Due to the COVID-19 pandemic, the service temporarily
ceased, and it was not possible for women to attend the clinic. In order not to miss the
opportunity to explore why women might consider or understand what motivated those
who had undergone fertility preservation to choose OTC, amendments were made to
original protocol. The study described in this chapter presents the views, motivations and
expectations from women recruited through social media and through online message
boards who indicated a willingness to discuss OTC or had undergone the procedure. An
amendment to the original ethical approval, granted on 14/09/2020 (ERN 19-1578A) was
therefore sought and granted on 19/01/2021, (ERN 19-1578A).

The protocol for this study has been published in BMJ Open, which is added to the
appendix (Appendix 19).

Khattak H, Gallos I, Coomarasamy A, Topping AE. Why are women considering ovarian
tissue cryopreservation to preserve reproductive and hormonal ovarian function? A
qualitative study protocol. BMJ Open 2022;0:€051288. doi:10.1136/bmjopen-2021-051288

183
Student ID:
PhD Met+Sys Re T Lab A300



Abstract

Introduction

Many women who are in a position to control their fertility, are delaying childbirth for
various reasons including career aspirations, lack of long-term relationships, or not feeling
ready for motherhood. Currently two established fertility preservation options are
accessible to women and young girls - oocyte cryopreservation (egg freezing) and embryo
cryopreservation. Ovarian tissue cryopreservation (OTC) provides another option and
involves removing sections of ovarian tissue and cryopreserving it for future use.
Subsequently, often several years later, the ovarian tissue is transplanted back onto the
remaining ovary, pelvic side wall or subcutaneous tissue sites in forearm. OTC was
originally developed for women and young girls undergoing cancer treatments that were
potentially damaging to the ovaries. This technique offers many young girls and women,
who would otherwise be infertile, the chance at some point in the future, to have biological
children. In addition to fertility preservation, this surgical technique can also be used to
restore ovarian endocrine function thus could be used as another strategy for those
women experiencing premature menopause and associated debilitating symptoms. In
healthy women, OTC has the potential to prolong time to natural age of menopause
remaining women are fertile for longer. In theory, endocrine function of ovaries could also
help transition through symptoms of natural menopause. However, OTC is still considered

experimental in most countries, is an invasive technique, involving two operations with
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concomitant risks, and not commonly available in the UK through NHS services could be
costly. It is, therefore, important to understand perceptions of women who are interested
in, or have undergone this procedure, and how they view its potential benefits and risks, so

that evidence-based and women-centred care can be provided for women in the future.

Methods

This study used a qualitative enquiry approach to explore the knowledge, motivation, and
decision-making who expressed an interest in and or had sought ovarian tissue
cryopreservation for fertility or hormonal preservation. A pragmatic approach underpinned
the theoretical orientation to frame the qualitative study design. Data was collected from
women who responded after information about the study was disseminated via social
media platforms, online patient information groups and relevant organisations. Women
who responded to the call were invited to participate in an in-depth semi-structured

interview.

Analysis
Participant interviews were conducted using Zoom software, audiotaped and, if consented,
video recorded. The recordings were transcribed verbatim and analysed using thematic

analysis supported by NVivo®© software (version12).

Results

185
Student ID:
PhD Met+Sys Re T Lab A300



Twenty one participants were interviewed (age range 22-43 years) including nine women
who identified as single, 11 married (or in a long term, stable relationship) and one was
separated. All 21 participants had undergone formal education to age 18 years. Nineteen
were university graduates and two were currently attending higher education. All but two
were employed. Participants were from a range of different ethnic backgrounds. Six
participants had previously been diagnosed with cancer, five of whom were residents
outside the UK and had undergone OTC procedure in their resident country. Sixteen
participants indicated they were interested in OTC for non-medical (social reasons) or had
awareness of the procedure as a fertility preservation option. Five themes emerged as a
result of the thematic synthesis: OTC provides another option for female fertility
preservation, it provides insurance in the future, fertility is not a priority now, awareness
and availability of OTC procedure and financial considerations if wishing to undergo OTC.
Conclusion

This study highlights the perceptions of women who have considered or undergone OTC.
Whether women considered OTC for social reasons or due to fertility ablating cancer
treatments, OTC was seen as another option of fertility preservation. Key findings included
participants' concerns about the costs associated with the OTC procedure; although it was
also argued that it should be made available to those in whom it is the only option for
fertility preservation or have the means to do so. Lastly, participants who underwent OTC
procedure (all US based) perceived that not all members of the multidisciplinary team were

up to date with information about provision of OTC.
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Key words: Female fertility preservation; hormonal preservation; ovarian tissue

cryopreservation; decision making; menopause; qualitative; thematic analysis

Introduction

Advances in anti-cancer therapies have resulted in an increase in the number of young
women surviving cancer. A consequence of ovary-damaging treatments as a result of anti-
cancer therapies is that patients may be left subfertile or infertile. (1) The field of fertility
preservation is evolving, with more practise innovation, service usage, and improved results
driving the therapeutic landscape forward. Fertility preservation offers women that have
survived cancer with the chance to have children. (2—4). Advances in fertility preservation
techniques also means that the advantages presented by fertility restoration may not be
limited to just women suffering from cancer. Fertility preservation for non-medical reasons
is termed as ‘elective’ or ‘social’ freezing. In recent decades, the average age of women
giving birth to their first child has gradually increased. (5) Various reasons have been offered
to explain this trend including increased levels of participation in higher education, career
aspirations, lack of suitable partner or sustained relationship with someone who wishes to
co-parent, and financial considerations. (5—7). Hence some women may wish to consider

fertility preservation to extend their fertility for social reasons.

Although oocyte and embryo freezing are well established fertility preservation methods,

several centres worldwide are now offering a new procedure that involves ovarian tissue
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cryopreservation (OTC). Unfortunately for women who are starting cancer therapy, oocyte
freezing can be a lengthy process involving controlled ovarian stimulation that can cause
delays to initiation of cancer treatment. Ovarian tissue cryopreservation offers an alternative
option, first used clinically over two decades ago and has been utilised by thousands of
women worldwide. (8—11) Whilst the availability of OTC has increased since its introduction
as an innovative technology for female fertility preservation, its availability in the UK remains
patchy, with only a handful of centres offering this option to national health service (NHS)
patients. (4,12,13) In the UK, when available, OTC procedures are normally only offered to
women with cancer prior to fertility ablating treatment. The paucity of the service, paired with
the small patient group to whom it is available, disadvantages women for whom OTC is the
only fertility preservation option, for example those needing to start anti-cancer treatment
imminently. Globally, some centres are offering OTC routinely for the preservation of fertility
(mainly for women with cancer but also for social reasons as mentioned above) but due to
OTC requiring trained staff and a dedicated biobank availability is variable. (12,14) Evidence
suggests that re-implantation of thawed previously frozen ovarian tissue can produce a
return of hormonal function in women; hence it could be used to preserve hormonal function
as well. (15,16) In chapter two, we conducted a systematic review and individual patient
data meta-analyses to address the reproductive and endocrine outcomes from ovarian
transplantation. Through this study, we found that the live birth rate from OTC and
subsequent transplantation procedure was 28%. (17) Furthermore, the study also

highlighted the return of endocrine function from transplanting ovarian tissue. Additionally,
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ovarian tissue cryopreservation and transplantation procedures have also been used in
women experiencing premature ovarian insufficiency (POI) to restore reproductive function.
(18) Therefore, OTC followed by transplantation offers a wide range of women the possibility
of pregnancy, to have biological children and experience motherhood, in addition to
preserving and or restoring their hormonal function. Ovarian tissue cryopreservation for
social reasons or preservation in women experiencing POI, has its critics. (19) However,
alongside the clinical evidence of benefit, it is also crucial to gain the perspectives of women
(which hasn’t been previously explored) to enable informed discussion regarding who is

eligible for or should have access to OTC.

Recently, there has been increased awareness regarding fertility preservation methods and
they are now also being offered to healthy women who wish to delay childbirth. (20-24) For
example, age related oocyte preservation is now considered acceptable as a strategy for
delaying pregnancy for personal reasons, but this technique does not preserve ovarian
hormonal function. (3,25,26) In comparison to age-related oocyte preservation, OTC has the
potential to offer women with natural ovarian hormonal function and postponing menopausal
symptoms. (16,26) Hence there is a need to explore the underlying values, beliefs and
reasons that motivate women to seek ovarian tissue cryopreservation for hormone-related

purposes.
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Methods

Theoretical framework

Women have a longer life expectancy as compared with few decades ago and can spend
nearly half of their lives in menopausal state, which for some mean experiencing debilitating
post-menopausal symptoms for an extended period of time. (27) Reduced levels of
oestrogen due to menopause increases cardiovascular risk and osteoporosis, and for some,
can have a negative impact on mental wellbeing. (28,29) Understanding the acceptability of
a procedure such as OTC in the imaginations of women who are not yet menopausal but
may have fertility ‘biological clock’ anxieties warrants attention. One possible explanation for
using OTC is the notion of future proofing, as OTC offers the potential of hormonal
‘insurance’. Menopause was once something experienced but not spoken of and is starting
to increasingly being portrayed as a negative life event in both the medical literature and
mainstream media. (30—35) This may provide some traction for requests to preserve ovarian
hormonal function through an interventional approach. Some women may wish to pre-empt
the anticipated menopausal changes both physically and psychologically, by choosing to
intervene and prolong their fertility prior to menopause. How these influences manifest and
or if they engender a menopausal anticipatory anxiety is currently unknown.

Theory underpinning decision making

In behavioural psychology two systems of thinking are described as important in influencing

the decisions we make; ‘System 1’ thinking is fast, influenced by emotions and is intuitive.
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This system enables humans to differentiate between danger and safety. (36) In
comparison, ‘System 2’ is slower and functions through reasoning. It is used as a backup
and is often difficult to actuate. While ‘System 1’ operates reflexively, normally activation of
‘System 2’ requires conscious processing. Often these two systems interact with each other
rather than operate independently, with System 2 overriding System 1 (if it is intermittently
overruled). The crucial point is when System 1 does not allow for System 2 to take over.
(37) This concept of fast and slow thinking could be applied to how women may make
decisions when considering OTC to preserve their fertility or hormonal function. The
proposition is that women may use system 1 when initially seeking information or attending
a first consultation about the procedure, whereas system 2 may come into play when a more
considered decision is required such as when finally deciding whether or not to undergo the

procedure.

A concept that may modulate ‘System 1’ or ‘System 2’ thinking in the case of these women
is that of biographical disruption. Biographical disruption, a term that was first coined in 1982
by Michael Bury to describe how events or occurrences such as an illness can cause a
profound change that affects how individuals understand themselves. This has been used
to understand response to chronic illness where an individual may feel that their condition
has created a major disruption to their self-identity, causing them to redefine their
‘biography’. (38) This concept could be extended to women experiencing menopause, or to
women who will ultimately become menopausal, by framing menopause as a state where

women may be challenged to redefine their identity. A qualitative study conducted by de

191
Student ID:
PhD Met+Sys Re T Lab A300



Salis et al. 2018 examined the women’s experiences of menopause in women and offered
three main explanatory narratives. Menopause was defined either as 1) a normal process
where no transition occurs in the women or in her societal interactions; 2) as a struggle,
associated with loss of identity and distress; and 3) menopause as release from the messy
business of menstruation and therefore a liberating experience. (29) In the wider medical
literature, menopause has been associated with ageing and other risks such as osteoporosis
and cardiovascular disease and often constructed as an illness that is treatable with
hormone replacement therapy (HRT). (31,39-41) Although the notion of medicalisation is
contentious in itself; not least because is it often presented as medical dominance over ‘a
lay docile’ female population to that of consumerism where users determine or resist
medicalisation. (42) HRT is not an unproblematic solution for managing menopausal
symptoms and the side effects and consequences of HRT are well known with women
enabling them to be ‘active participants in decision-making’ about this risks. (42) In some
cases, women have resisted the rationality of evidence-based medicine and risk narratives
when presented by healthcare providers and negotiated the competing discourses to obtain
solutions that they perceive are best for them. This has exposed women to making decisions

that involve balancing acceptability with risks of hormone replacement treatments.

Anticipation of the biographical disruption which menopause might induce, may worry some
women in their younger years and function as the background interference to ‘System 1’
thinking. This interference may be influenced by experiences, emotions and memories

associated with learning about menopause. This menopausal system 1 thinking could be
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overruled by ‘System 2’ thinking (influenced by facts, logic and evidence) when a woman is
making a decision about whether or not to undergo OTC. However, it could very well be the
reversed for example, ‘System 1’ sends suggestions to ‘System 2’ regarding menopause as
a biological disruption which then turns these thoughts into beliefs. Irrespective, awareness
of the symptoms of menopause has gained greater profile in recent years likely fuelled by
media interest and widely accessible information on the topic. Whether these influences
encourage women to seek out information deliberately through ‘System 2’ thinking and, in
some cases, opt for a procedure that can potentially delay, or even reverse menopause
remains unknown. Women who seek to preserve their fertility or hormonal function may
have various personal reasons as to why they choose to do so and this study sought to
explore these perspectives. Throughout this study we explored whether or not menopause
was seen as an anticipation of biographical disruption in women’s lives that pre-empted

them to bank their ovarian tissue for future use.

Study design
Pragmatic Qualitative Descriptive Design was used to test and develop the theories

underpinning this body of research. (43)

Pragmatist theory

Pragmatism can be defined as a link between ‘human knowing’ and ‘human action’ and
explores how beliefs are held and shared through behaviours. (44) Pragmatism
incorporates the idea that two individuals may share the same experience, but their
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worldviews of the situation may not be the same. The extent to which an experience is
similar, depends on the degree of shared view. This phenomenon therefore allows an
individual to hold a unique, as well as a shared, view of an experience. (43,44) This study
was designed to purposively recruit women from varying backgrounds, ethnicities and
ages, to collate their views and experiences of women in relation to fertility and hormonal
preservation in thinking about OTC. Pragmatist philosophy proposes that the meaning of
actions and beliefs are found in consequences. (43) Actions in pragmatism are ‘fluidly’
linked to consequences, and so, they are open to change. If the situation pertaining to an
action change, so does the consequence of the action, even though the action remains

unchanged. (43,44)

Participant selection

Participants originally were to be recruited from one UK based clinic that offers this
procedure on a private basis. It was however not possible to recruit from the clinic due to
closures as a result of the COVID-19 pandemic. Hence participants were recruited through

social media platforms (Facebook, Twitter and Instagram). Snowball sampling was used.

Participants were all women who were aware of and interested in, or had considered, or
undergone ovarian tissue freezing for fertility and/or hormonal preservation. Details of the
study were posted on Twitter, Facebook and Instagram of the researcher as well as

through patient information groups such as fertility network UK. These posts were
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encouraged to be shared. Potential participants responded to the call by contacting the
researcher directly via email, which was provided in the post. The sampling was purposive
in nature, in that anyone who was born female at birth, aged of 18-45 years and was
thinking about fertility preservation and considering OTC, was eligible. The age range was
chosen because we wanted to reach an adult population that included both women of
reproductive age and those who had not yet reached menopause. Women who had heard
of ovarian tissue cryopreservation and were interested in it or undergone it as a fertility or

hormonal preservation method, were deemed eligible.

Non-participation

Thirty-one individuals showed interest after contacting the researcher on social media
platforms and emails. Twenty-one participants, however, proceeded to be interviewed. The

study flow diagram is shown in Figure 33.
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Figure 33. Study flow diagram
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Recruitment

Recruitment and sampling continued until data saturation point was reached, at 21

participants.

Data collection

Interview guide

A topic guide to frame the interviews was developed for the study (Appendix 17). This was
not piloted prior to commencing interviewing and minor adjustments were made following
the first three interviews. The interview adopted a semi-structured approach, starting with
open ended questions to understand individual perspectives of the women about fertility,
fertility preservation and menopause followed by specific questions about awareness of

the different fertility preservation techniques. No follow up interviews were conducted.

Audiolvisual recording

All interviews were audio recorded. If the participants permitted and consented, video
recordings were also included. The video recordings were not used in the data analysis
but saved on a secure university drive should they need to be referred to in the future. The

recordings were transcribed automatically on Zoom, and the transcripts were checked
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again manually, and anonymised. Each participant was assigned a pseudonym to protect
their anonymity which was used in the reporting of the results. (45) Transcripts were not
returned to participants for comment or corrections. Data was analysed using thematic
analysis, supported using NVivo software version 12. (46) On average, the duration of the
interview was 36 minutes (range 23 to 55 minutes). Reflective field notes were made
following each interview and these were used to assist in analysis, stored as part of the
study data set. Reflexivity aided critical thinking, as well as questioning assumptions and
identifying the degree that the researcher’s ideas, actions, and judgments affected coding

and analysis. (47)

Interviews were conducted until saturation was reached after the 21st interview. The
definition of saturation used in this study was the ‘the point in coding when you find that no
new codes occur in the data’. (48-50) In practice this was the point that mounting

instances of the same codes, but no new ones were applied to the data.

Data analysis

The transcripts were coded line by line. Data was coded by one person and confirmed by
a second coder. The method described for thematic analysis by Braun and Clarke 2006
was used. (51) This involved what has been described as the “complete coding” method

first working systematically through the data and coding data chunks that were relevant to
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the research questions. Subsequently, refining codes as the analysis evolved. All
transcribed data were checked prior to commencing coding which helped with
familiarisation of data. This was followed by initial coding. Coding was theory driven in that
codes particular to women’s perspective on OTC for fertility and hormonal preservation
were identified. When all the data had been coded, the codes were grouped into
categories. These categories were then collapsed to form the basis of potential
overarching themes. Appendix 18 shows an example of the codes identified during the
analysis, as well as how the original theoretical orientation were used to frame coding and

theme development.

The researcher (H.K) conducted the interviews, and completed the analysis and coding,
then a second coder reviewed the coding; any cases of disagreement were discussed in
conjunction with the first researcher, and mutually agreed. Derivation of themes from

codes was an iterative process.

Results

Description and size of sample

21 participants (age range 22-43 years) were interviewed, of which nine identified as
single, 11 married or in a civil partnership or long term, stable relationship and one woman
described her status as separated. Nineteen participants were university graduates with

two currently undertaking higher education. All but two were employed. Participants self-
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identified their ethnic backgrounds including Black Caribbean (n=2), Asian (n=11) and

White (n=8). Six participants had previously been diagnosed with cancer, five of whom had

undergone OTC outside the UK. Sixteen participants were considering OTC for social

reasons. Detailed demographic information is presented in Table 12. Eleven participants

had a background in healthcare (7 doctors, 1 midwife, 1 nurse, 1 radiographer and 1

medical student). Sixteen participants were interested in use of OTC for social reasons.

Table 12. Participant demographics.

No. | Pseudonym | Age | OTC Marital Education Profession | Country Ethnicity

experience status of
residence

1 Faria 32 Interested in Single University Banker UK Asian-South
oTC Asian

2 Alex 22 Interested in Single College/sixth | Student India Asian-South
oTC form Asian

3 Donna 37 Interested in Single University Not given UK Black
oTC African

4 Andrea 35 Interested in Single University Charity UK Asian-
oTC sector Chinese

5 Vinita 31 Interested in Long term University Doctor UK Asian-South
OTC relationship Asian

6 Casey 33 Interested in Married University Doctor UK Caucasian
oTC

7 Denise 38 Interested in Married University Midwife UK Caucasian
oTC

8 Rita 32 Interested in Single University Not given UK Not given
oTC

9 Debora 30 Interested in Married University Doctor UK Black
oTC African

10 | Faye 31 Interested in Single University Doctor UK Asian-South
oTC Asian

11 Gina 31 Interested in Single University Doctor Turkey Not given
oTC
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12 | Nina 35 Interested in Single University Not given UK Asian-South
oTC Asian

13 | Veronica 33 Interested in Single University Teacher India Asian-South
oTC Asian

14 | Ruth 33 Undergone Married University Self USA Not given
oTC employed

15 | Emma 23 Interested in Single College/Sixth | Student UK Caucasian
oTC form

16 | Alice 40 Undergone Married University Not given USA Caucasian
oTC

17 | Danika 34 Undergone Married University Scientist USA Caucasian
oTC

18 | Amelia 43 Undergone Married University Nurse USA Caucasian
oTC

19 | Lucy 34 Undergone Married University Radiograp | USA Caucasian
oTC her

20 | Lina 31 Interested in Separated University Doctor UK Asian-South
oTC Asian

21 Anya 32 Interested in Married University Doctor UK Asian-South
oTC Asian

Five themes were developed from the thematic analysis. These were: OTC provides
another option of female fertility preservation, OTC provides insurance for the future,
female fertility is not a priority, awareness and availability of OTC procedure, and cost of

OTC. The themes are represented in Figure 34.
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Figure 34. Schematic representation of generated themes. OTC = ovarian tissue

cryopreservation.
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Theme: Another option of fertility preservation

Women with cancer who were not eligible for oocyte cryopreservation because there was
urgency to start cancer treatment expressed gratitude that OTC was provided as an option

as it also meant that their cancer treatment was not delayed due to fertility preservation.

‘So that [OTC] was kind of like my only option, given the short timeline...so
| was grateful to have that hope out there.’

Amelia, 43 (undergone OTC)

In healthy women who had the desire to preserve their fertility using OTC, it gave them a

choice between oocyte cryopreservation and OTC.
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‘I think the fact that we have more options is really encouraging and it's
helpful for a lot of women out there.’

Lina, 31 (interested in OTC)

Subtheme: Comparison of OTC to other FP methods

Participants compared OTC with what they understood about other available methods of
fertility preservation, such as oocyte cryopreservation and embryo cryopreservation, and
described OTC to be more 'natural. For participants interested in OTC, the notion of
potentially avoiding exogenous hormones for oocyte collection was attractive as forcing
ovulation was perceived as ‘unnatural’. The added benefit of potential hormonal
preservation that could help with menopausal symptoms in the future, was also appealing
and considered closer to the natural bodily function as compared to taking
pharmacological treatment for menopausal symptoms. Some participants had undergone
other assisted reproductive techniques as well as OTC. In these women the OTC
procedure both for conception as well as return of hormonal function was again deemed

as being more ‘natural’.

‘I think the fact that you actually take a part of your ovary, freeze it and
transplant it back, you can get some of that function back rather than trying
[assisted reproductive technology] to do things, | mean not that it's a more
natural thing to do, but it's very close to how your natural fertility works, or
how your natural hormones work...as opposed to egg freezing.’

Anya, 32 (interested in OTC)
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Theme:

‘This felt so natural...so wonderful to feel like my body is working you
know. Being able to just naturally conceive and not have to like have all
those procedures and the egg retrieval, all that stuff like at such a young
age is just...such a [great thing] ...something to [really] embrace’.

Ruth, 33 (undergone OTC)

Awareness and availability of OTC

One of the issues voiced by the participants who had required cancer care was that they

felt that

some of the healthcare professionals involved in their cancer care were unaware

of the OTC procedure, particularly their oncologists. This may be that preserving fertility is

not always a top priority for oncologists at the time of cancer diagnosis when the clinical

imperative might be initiating cancer treatment.

Student ID:

‘I think that there's like hardly any awareness about it when | talk to people
about this, they've never heard of it, they have no idea even, my
oncologist.’

Alice, 40 (undergone OTC)

‘I would have loved to be guided by my oncologist, even by my doctor that
removed my ovarian tissue and even by a patient organization to say hey,
these are the doctors that know what they are doing when it comes to this
and actually have proven success in doing that stuff.’

Danika, 34 (undergone OTC)
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A participant who had undergone OTC and was also a patient advocate for OTC
expressed her concerns about healthcare professionals failing to emphasise the
importance of fertility preservation, suggesting that some young women who are at risk of
losing their fertility due to treatment may miss out an opportunity to preserve their

reproductive function.

‘But I met other cancer survivors, where the oncologist never even told
them that they were going to lose their fertility.’

Danika, 34 (undergone OTC)

In the UK it is expected that clinicians will have a fertility preservation discussion prior to
initiation of cancer treatment. (4) None of the participants who had OTC were based in the
UK, it is therefore not possible to ascertain whether the discussions take place routinely in
the UK. Participants who were thinking about OTC for social reasons were surprised by

the lack of awareness of the procedure and wondered why it was not widely publicised.

‘Makes you think why...why hasn't it been thought about like years ago.’

Debora, 30 (interested in OTC)

‘I mean if | hadn't heard about it from a colleague, I’'m not sure if | would
have known about it.’

Nina, 35 (interested in OTC)
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One participant suggested it was linked to gender disparity in both information and
availability of fertility preservation procedures between males and females and offered it as

a potential reason for the lack of awareness about OTC.

‘Because we always know that the female health falls behind males all the
time.’

Amelia, 43 (undergone OTC)

Even though OTC has been described in the evidence for more than two decades, it is still
not widely available. (9,13,17) One participant who sought to explore options to preserve
her fertility was told that OTC could not be offered to her because the clinic did not provide

it.

‘He [doctor] made it clear at the time that it's not something that the clinic
he was working at offered, and that | would need to go elsewhere, which
was a little bit disappointing especially as it was something | was quite
interested in.’

Nina, 35 (interested in OTC)

‘I'm quite curious as to why this is not more of a well-known thing, you
know why it is not a routine and we talk about IVF and IVF is a thing, we've
always known that you can freeze something but I’'m just quite curious this
is not routine practice.’

Rita, 32 (interested in OTC)

Women in this study seemed to be inquisitive about OTC as a fertility and hormonal
preservation option however were surprised by the limited availability of this procedure.

206

Student ID:
PhD Met+Sys Re T Lab A300



Subtheme: Grateful to healthcare professionals

Participants who had undergone OTC as a result of cancer treatment to prevent
impairment to their fertility were grateful that they were undergoing treatment in centres
that offered OTC or had their care managed by healthcare professionals who were able to
refer them. They felt indebted to what they perceived as ‘forward-thinking’ healthcare

professionals, who had enabled their access to fertility preservation using OTC.

‘When | was meeting with the [bone marrow] transplant physician the nurse
practitioner, who worked with him had just gone to a conference where this
doctor talked about this experimental ovarian tissue freezing that worked in
sheep and rats. | was grateful for that nurse who happened to just go to
that conference at the right time.’

Amelia, 43 (undergone OTC)

‘Il was lucky, fortunate that | had a primary doctor that saw the big picture
and knew me. If | hadn't had her, | wouldn't have this miracle inside of me
right now.’

Alice, 40 (undergone OTC)

Theme: Fertility is not a priority

Participants considering OTC for fertility preservation gave a variety of reasons for wanting
to delay motherhood including not being ready, financial reasons and focusing on career
progression. Not having a partner or being in a legal relationship was not necessarily a
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reason for delaying motherhood as there were also participants who identified as married,

wished to delay childbearing.

‘I'm actually at a stage in my life, that I feel children are not something that
I’'m thinking about right now.’

Veronica, 33 (interested in OTC)

‘I've always kind of felt like 35 was the time that | would really need to start
thinking about this stuff a bit more seriously.’

Casey, 33 (considering OTC)

The women who had undergone cancer treatment had not really had thoughts about their

fertility at the forefront prior to diagnosis and treatment initiation. Also, these women

perceived that fertility was not always a priority for the healthcare professionals looking

after them.

Student ID:

‘I don't think I really thought about it, until she [the nurse] had mentioned
that. | feel most times in cancer treatments like you're just so worried about
the disease that sometimes things like fertility get brushed over.’

Amelia, 43 (undergone OTC)

‘| feel like they are one track minded, like when I try to talk to my
oncologist, | love her dearly she's amazing, but when | tried to talk to her
about my fertility and hormones post cancer and how I’m feeling, does she
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care? | think the bottom line is | don't have cancer and that is what is
important to her.’

Alice, 40 (undergone OTC)

Theme: Insurance of fertility and hormonal function in the future

For participants who had previously had cancer, OTC was a form of insurance that
protected their fertility and hormonal function for the future. It provided hope, a sense of
normalcy, a future that included the possibility of having biological children and restarting

hormonal function.

‘It gave me that hope in the midst of everything else that was going on. It
just was kind of that light that | needed.’

Amelia, 43 (undergone OTC)

‘Just having that [hope] that whole time, | felt like really kept me going, and
I was like it'll all be okay, everything will get back to normal. Like in a
couple of years it will feel like this was just a really bad dream.’

Lucy, 34 (undergone OTC)

Subtheme: Future proofing

OTC was also seen as a form of security for the future. Some described OTC as
empowering as it offered the prospect of not being constrained by a time-limited

reproductive lifespan.
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‘Fertility preservation is not just about postponing [or] having children,
which is important, having children at the right time, with the right
partner...when you’re ready, for me that is a big deal...not having to panic
about it when that time comes.’

Donna, 37 (interested in OTC)

‘I had always considered that | would have completed my family by my age
and it had never occurred to me, as | was growing up, that | would be in the
situation where I’'m not married and | have not started [family] you know,
never mind completed my family. So in that way this is something that |
need to seriously consider it if that’s something I still want in life, which it
is.’
Nina, 35 (interested in OTC)

Subtheme: Perceptions on menopause

What menopause meant for participants emerged through discussion and was a recurring
narrative in the interviews with women interested in OTC. Attitudes towards menopause

seemed to be particularly influenced by the experiences of close family members.

‘I sort of dread menopause and | associate it with aging.’

Rita, 32 (interested in OTC)

‘My mom has really struggled with menopause and menopausal
symptoms.’

Donna, 37 (interested in OTC)
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‘Like I saw first-hand what was happening to a very sane, beautiful woman,
what she [my mother] was going through.’
Gina, 31 (interested in OTC)

Menopause was perceived as negative by some of the participants. However, for some

interfering in an inevitable process was perceived as 'unnatural' and women should not

‘play with nature’ unless at risk of early menopause.

‘Il would be willing to embrace the natural progression of things unless

someone was able to tell me you're going to go through menopause the
age of 42 and I'll be like actually I'll take whatever is on the market (laughs)

to delay that a little bit.’
Debora, 30 (interested in OTC)

These participants however did see benefit in the use of OTC in young girls and women

who are at risk of early menopause due to fertility ablating cancer treatments or those at

risk of POIL.

‘l also know that women who are aware of it, who maybe don't want to hit
menopause, and early menopause like in early 40s or you know if they
have a family history or hereditary [disease] that can happen with
menopause, so if they want to prevent that then that [OTC] could be an
option for them.’
Alice, 40 (undergone OTC)
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Subtheme: Hormonal function from OTC

Participants who had OTC due to cancer diagnosis and re-transplantation, found the return
of hormonal function to bring benefits, one being reduction in menopausal symptoms that

occurred as a consequence of treatment.

‘So that's why we tried to keep each ovarian tissue section in as long as we
could because it gave me those hormone levels that | wasn't going to be
able to get otherwise. You know HRT is not an option for me.’

Amelia, 43 (undergone OTC)

‘The main reason | wanted it was to get me out of menopause.’

Lucy, 34 (undergone OTC)

Some participants who had undergone OTC and subsequent transplantation, also had
remaining tissue stored in the bank. Because the transplantation had helped with
menopausal symptoms, one participant was very keen on having further transplantation of
stored tissue, not for having children but to help manage the symptoms of menopause

such as hot flushes and vaginal dryness.

‘I do consider having another transplant because not necessarily to have
babies, but for the hormone replacement.’

Ruth, 33 (undergone OTC)
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Theme: Cost of OTC

One of the concerns raised by participants considering OTC for social reasons was the
potential costs associated with the double surgical procedure of harvesting and then re-
implantation and storage. This had an influence on deciding whether or not to undergo

OTC. Participants seemed to weigh up the perceived benefits of what the procedure

offered in terms of value for money against providing the option of fertility preservation.

‘I think the only deterring factor would be the finance it's very, very pricey
from what | understand. | would if money wasn't a huge determining factor.’

Andrea, 35 (interested in OTC)

‘Il would want to know the full scope of [OTC procedure] ...because you
have invested emotionally and financially and physically.’

Faria, 32 (interested in OTC)

Some participants acknowledged that the cost might be prohibitive but that should not

mean that the procedure should be unavailable for fertility preservation.
‘Yes, so there'll be an element of expense to it, but if that’s what a woman

is willing to do, then it at least should be an option...’

Nina, 35 (interested in OTC)

Subtheme: Lack of financial support for young girls and women with cancer
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There was a view across the interviews that female fertility received less attention which

was perceived to be similar to other conditions relating to women’s health.

‘So if you're male and you want to freeze your sperm, yes you go ahead
and do that it's covered [by health insurance], but for females it is not an
option.’

Amelia, 43 (undergone OTC)

‘It's about what we believe and listen to you know, everybody having that
same opportunity.’

Lina, 31 (interested in OTC)

As participants who had undergone OTC were not based in the UK, they did not have
access to a national healthcare coverage as part of the treatment package for cancer.
Participants were therefore grateful for the generosity of some healthcare professionals
who did not charge for the OTC procedure. Whereas others had to pay for the procedure

themselves and were frustrated that procedures such as IVF had funding whereas OTC

did not.
‘Of course, like insurance doesn't cover it so you know, trying to get funds
for, but [ovarian transplant surgeon] was great and did their services for
free, essentially, so | was able to have that.’
Lucy, 34 (undergone OTC)
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‘Like there's organisations that will sponsor IVF you know, like this, you
can apply for grants for that and there isn't that right now for the ovarian
transplant. It’s just too new and unheard of.’

Ruth, 33 (undergone OTC)

Discussion

This study was undertaken to understand the views, motivations and expectations of girls
and women who considered and or had undergone OTC as a method of fertility and or
hormonal preservation. Although not universally available to all, women are intrigued by
OTC. Participants unanimously described that they were considering OTC because of how
it offered 'another' option for female fertility preservation. OTC was considered to be more
natural compared to other fertility preservation methods, albeit for different reasons. For
example, those who were interested in OTC for hormonal preservation, viewed the lack of
exogenous hormones required, as increasing the ‘naturalness’ of OTC. Whereas
participants who had undergone OTC and other assisted reproductive techniques such as
oocyte cryopreservation and attempts of in vitro fertilisation (IVF), considered OTC to be
‘more natural’ although it involved invasive surgical procedures, a minimum of two and
sometimes more surgical interventions. Participants who were interested in OTC and were
familiar with the processes involved, also regarded the idea of being able to conceive
without taking exogenous hormones for oocyte retrieval for IVF followed by embryo

transfer, as ‘natural’. For those that had undergone transplantation, the return of hormonal
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function was reported to be as close to natural. This was even more pronounced in those
that underwent early menopause due to cancer treatment and were prescribed hormone

replacement therapy (HRT) until they received the transplantation of their ovarian tissue.

The reasoning for considering or undergoing OTC varied based on whether OTC was
considered for social reasons, or whether the participant was at risk of infertility due to
anti-cancer treatment. For participants with cancer the ‘fear of losing fertility’ was the
underlying motivation for considering OTC. For those participants who were interested in
OTC for social reasons, they described their motivations in terms of ‘insurance of fertility
for the future’ although ‘fertility was not a priority’ at the time of interview, it often came up
and was described as ‘not ready for motherhood’. There seemed to be a cognitive
dissonance as on the one hand these women did not prioritise motherhood but on the
other, perhaps had an underlying fear of not being ready. Ovarian tissue cryopreservation

was approached as ‘insurance for return of fertility should it be necessary’.

Those participants who had undergone OTC expected ‘more information’ than what they
received from the healthcare professionals who supported them through the process.
Some participants felt discussion of OTC when facing the likelihood of treatment induced
infertility as an option was ‘by chance’ rather than as part of an open discussion of

available options with their healthcare provider. Although they now expressed feeling
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‘grateful for OTC’, they were surprised that oncologists failed to prioritise fertility and

seemed unaware of OTC during discussions about fertility preservation at the time.

Participants that were interested in OTC for social reasons expected their healthcare
provider to explain the likely ‘success rates’ of the procedure during discussions. This was
linked to a perception that the procedure is remained experimental in some countries. Only
those participants who were healthcare professionals and/or those that had undergone the
procedure already, appeared to understand the risks involved with the procedure. There
was consensus that there was a ‘lack of awareness’ about OTC coupled with limited
availability. The likelihood that hormonal function would return after ovarian tissue
transplantation was an area that the participants felt needed to be investigated further.
They perceived that this might benefit young girls and women with POI by providing them
with their ‘own’ hormones and by aiding with symptoms of early menopause, or in cases of
healthy women, help with symptoms of menopause. Women with cancer, who had already
undergone OTC had a better understanding of the technique. All participants described
that at the time of considering OTC, decision-making was felt to be overwhelming.
Participants interested in OTC for social reasons, appeared to have only a vague

understanding of the procedure regarding tissue extraction, storage and re-implantation.

Female fertility and the need for fertility preservation
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Females are born with a finite supply of oocytes that deplete at an exponential rate, with
only 25, 000 follicles remaining from the 1-2 million by the time a woman is 37 years old.
(52). This supply depletes more quickly in young girls and women who undergo
gonadotoxic anti-cancer treatments. (1) Fortunately, advances in ART have been made,
resulting in oocyte cryopreservation and OTC. Oocyte cryopreservation is not applicable in
pre-pubertal girls due to requiring ovulation induction, which is not possible or ethical in
this population. Despite the OTC technique being developed for over two decades, many
young girls and women do not have access to it. Possibly because information about the
technique has been poorly disseminated and or no requests have made the consequence
is women are either not referred routinely or do not follow through even if they are referred.
This impacts on demand and ultimately on the availability of fertility preservation and

newer techniques such as OTC. (53)

Immediately following a cancer diagnosis, the priority for clinicians and possibly the patient
will be to start anti-cancer treatment as rapidly as possible, and this will take precedence
over matters of fertility preservation. (54) This haste to treatment initiation could ultimately
lead to the fertility potential of a woman to be jeopardised as discussed in the review of the
literature presented in Chapter 4. This study illuminates the challenges encountered by
women who reported some consternation that healthcare professionals had limited
knowledge about the OTC procedure. Indeed, some of the participants accessed OTC by

chance. Of the six participants who had previously been treated for cancer, five underwent
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OTC. The one cancer survivor who did not undergo fertility preservation did discuss it with
their oncologist but did not have a consultation with a reproductive medicine specialist.
Upon enquiring further, she could not recollect the reasoning behind not seeing a
specialist for fertility preservation. Evidence suggests that many oncologists either fail to
talk about fertility preservation with their female patients or do so ineffectively. (53,55-58)

It can only be conjecture that this may have been the case with this participant.

Various factors have been identified that confound access to female fertility preservation.
Age, financial status and education appear to influence who are referred for and who have
access to fertility preservation treatments. (54,57) The decision on which method(s) for
fertility preservation is used with young girls or women is undertaken by a multidisciplinary
team of health care professionals and it is imperative that they are up to date with
information about provision of OTC so that patients can make an informed choice. As none
of the participants who had OTC prior to initiation of cancer treatment were UK based it is
beyond this study to determine whether discussions related to fertility preservation take
place routinely. Furthermore, healthcare professionals may have a lack of expertise with
infertility risks, unfamiliarity with fertility preservation techniques, few clinical perspectives
of fertility preservation and lack of referral protocols, which all function to negatively

influence fertility discussion practices. (54)

Financial implications
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Lack of provision of OTC is further compounded by cost. Ovarian tissue cryopreservation
is still considered experimental in most parts of the world and is not readily available
through the NHS for the most part or insurance schemes elsewhere, making it a
particularly prohibitive procedure. A study conducted on economic evaluation on OTC and
oocyte cryopreservation found that the estimated cost of OTC procedure in order to
achieve at least one live birth was $10,032 (approximately £8130). (50) The private
company that offers this procedure in the UK, estimates for the costs to be £2890 for
'opportunistic' surgery (where the woman is having surgery for another procedure and the
tissue is retrieved opportunistically) or from £6000 for primary standard care (exclusive
surgery for the OTC procedure). (60) There is lack of homogenous funding for OTC
procedure in the UK, whether at the individual level or organisational level. (13) Regulatory
and funding bodies should consider the overall benefits derived from OTC to ensure
adequate funding and service provision is in place, especially for young women with

cancer.

Views, motivations and expectations

Overall participants expressed dissatisfaction with the absence of OTC as an option for
young girls and women. This was the case for both cancer survivors and those interested

in OTC for social reasons. Furthermore, motivations for undergoing OTC were clear for
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women who were suffering with cancer i.e., preserving fertility that may otherwise be lost
following cancer treatment. Women who were interested in undergoing OTC for social
reasons had a vague understanding of the procedure, for instance they may not be as
motivated to understand the procedure as compared to female cancer patients in whom
there was an immediate threat to fertility. Whilst participants interested in OTC were
intrigued by it, only participants who were healthcare professionals truly understood the
procedure and it’s risks in detail. As a result, there is an even greater dearth of
understanding about the numerous alternatives open to women who wish to preserve their

fertility.

Hormonal preservation with OTC

Participants who had gone through gonadotoxic cancer treatments discussed the
debilitating symptoms associated with premature menopause. Depletion of hormonal
function after anti-cancer therapies is therefore an area that needs to be investigated
further, both on a clinical and research front. Different types of cancers and their
subsequent treatments are linked with either a greater or lesser risk of premature
menopause. (1) We were not able to ascertain if those participants who had cancer
treatment had a discussion about the possibility and risk of early menopause with their
oncologist, as they had no recollection of it being mentioned. All the participants in this

study who had undergone OTC became menopausal after anti-cancer treatments. At the
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time of interview, these participants had already received ovarian tissue transplantation
and all reported improved menopausal symptoms post transplantation. Participants with
previous cancer who underwent OTC, did not recollect giving much thought at the time of
OTC surgery to future fertility and/or hormonal preservation as they were dealing with the
existential threat posed by a cancer diagnosis. Participants were mostly grateful that they
had an option. Most of these women are now advocates for the availability of the OTC
procedure and have suggested that conversations with women undergoing cancer

treatment should involve discussion of hormonal as well as fertility preservation.

Women who were considering OTC to ensure their fertility for reasons not linked to cancer
had mixed views about delaying menopause with OTC. Although participants considering
OTC for hormonal preservation expressed anxieties about menopause, these anxieties
seemed to be influenced by the experience of other women, particularly close family
relatives, who had gone through menopause. One participant, whose mother and sister
had both experienced early menopause, was keen to undergo OTC and expressed

frustration at the limited availability of the procedure for women like herself.

Mitigating against an anticipated biographical disruption

Fear of infertility after cancer, or knowledge of reduced fertility, can have detrimental

impact on female identity and psychological well-being, impact on survivorship, and can
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cause biographical disruption. (61) Those participants who had previously been diagnosed
with cancer underwent cancer treatment in their early twenties and had already
experienced feeling different to and being ostracised amongst their peers. Their main
motivation underpinning the decision for OTC was fear of the future beyond cancer
treatment, possibly not being able to live what they perceived as a ‘normal’ life, which
included having biological children. OTC offered hopefulness against what was felt as an

additional consequential loss from cancer.

Participants interested in OTC for social reasons appeared to view pregnancy as
something for the future and not necessarily at a point when they were likely to be more
fertile. This resonates with the current literature indicating there has been a rapid increase
in the average age of first-time mothers in the last few decades. In the US, the percentage
of women aged 35-44 who become first-time mothers has grown more than five-fold in the
previous four decades. (62) Within Europe, Italy has one of the highest mean age of first-
time mothers (30.6 years). (63) These developments are most likely due to an increase
with women entering higher education in large numbers, entering the full-time workforce,
and using contraceptive techniques to protect against unwanted pregnancy, and our

cohort reflects this. (64)

Eight of the 11 healthcare professional women who participated were in their 30’s, did not

have children and indicated they were not thinking of planning pregnancy in very near

223
Student ID:
PhD Met+Sys Re T Lab A300



future. One had a child previously but conceived using assisted reproductive techniques.
Despite expressing an awareness of their declining reproductive capacity, these women
were still opting to postpone childbearing. Yet ultimately experiencing motherhood was
viewed as an important aspect of an imagined future identity. The idea of childlessness
was deemed as unacceptable, with OTC offering a form of indemnification, providing an
opportunity to extend their fertility and therefore slowing the biological clock and providing
space to achieve career and life goals. The anticipated biographical disruption to these
informants was part of a potential future that was ultimately childless. OTC mitigated

against this and offered future proofing.

Women are choosing to 'delay childbearing’ but insuring against infertility are increasing
their options. Women in our cohort seemed to be well aware they have a finite
reproductive lifespan but not necessarily aware of their reproductive health. The
phenomenon of optionality is more complex in that women are now choosing to delay
childbearing due to reasons beyond their control (lack of partner, lack of supportive work-

place etc). (7,21)

Young women in this study who were interested in OTC as a way of preserving their
fertility also verbalised concerns about a future and anticipated menopause negatively.
They associated it with ageing, decreased libido, increased risk of osteoporosis and

cardiovascular conditions. Participants saw menopause as a bundle of debilitating

224
Student ID:
PhD Met+Sys Re T Lab A300



symptoms and how OTC could potentially help them live a healthy lifestyle in their later

years.

Decision-making and OTC

Recruitment from social media with its global reach helped us understand the views,
motivations and expectations of women regarding OTC procedure. This was
supplemented by an analysis of results through a behavioural psychology lens lending to
‘System 1’ and ‘System 2’ thinking of the brain’s two operating systems. Combining a
pragmatist approach to qualitative inquiry with how fast and slow thinking shapes the
perception and choice of women regarding OTC procedure has allowed for a critical
analysis around this important subject matter. Systems thinking theory (thinking fast and
slow) was apparent in the accounts of the participants in this study. System 1 (reflexive)
thinking was used when initially considering OTC and often involved a ‘gut reaction’, a
solution for solving a reproductive and hormonal function concern. However, all
participants discussed questioning their initial response which involved them in re-
considering whether the decision needed to be taken at pace, an example of System 2
(conscious) thinking. Participants saw OTC as potentially empowering for women, it
offered an alternative female fertility preservation method and something that should be
available to those who wanted to preserve or extend their fertility. Those participants who

were healthcare professionals (and particularly those who worked in women’s health) were
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positive about OTC as an option for women who were at risk of loss of fertility or hormonal

function.

What was unclear from this study was whether women were conscious of the time limited
nature of female fertility. The average age of participant in this study considering OTC for
social reasons was 32.8 years (SSD 4.7), an age by which female fecundity decreases at
an exponential rate. When discussing OTC and other fertility preservation methods,
participants expressed hopefulness about their fertility regardless of their age. It was
perceived that OTC was suitable for others and should be an option but was not
foreground to personal declining fertility. System 1 and 2 thinking was evident; however
there is much more overlap between the two, especially with aspects of motherhood which
appeal to emotion whereas cost or availability of OTC are things which clearly influence
System 2. Ultimately, the myriad of factors affecting woman’s decision mean they must
integrate 1 and 2 type thinking to arrive at a measured conclusion in which they
understand they may not be able to achieve all their aspirations and require sacrifice of
one for another. This is ultimately dependent on the woman’s circumstance, as outlined by

pragmatist philosophy.

Strengths

In several respects, the methodology and conclusions we used in this study build on past

studies that address the experience of women undergoing OTC (as described in chapter
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4). Previous literature focused mainly on the acceptability and perception of healthcare
professionals towards it with only a handful of studies addressing the experiences of
women who have actually undergone OTC. To best of our knowledge this is the first study
exploring women's perspectives of OTC as a fertility and hormone preservation method,
using qualitative research methods. Through this study we have uniquely examined the
views of women on a newer method of fertility preservation. We recruited women who
were interested in OTC as well as those who have experienced it, giving us with distinct

insights, using a pragmatic method and purposive sampling.

Limitations

The main limitation of this study was being unable to recruit from the clinic as a result of
the COVID-19 pandemic and therefore social media channels were used to identify
potential participants. Because of its potential to reach vast audiences, social media is
increasingly being utilised for recruiting to research studies, however in our study it may
have resulted in exclusion of the views of women who do not use such platforms. (65)
Recruiting participants through social media platforms can have several limitations that
may affect the generalisability of the study results. One such limitation is the potential for
selection bias. For example, participants who use social media may differ in important
ways from those who do not, such as age, gender, socio-economic status, and health
status. This can lead to an unrepresentative sample that may not accurately reflect the

wider UK population, which can limit the external validity of the study. Furthermore, there

227
Student ID:
PhD Met+Sys Re T Lab A300



are concerns about privacy and confidentiality when recruiting participants through social
media platforms. It is important to ensure that the recruitment process does not

compromise the confidentiality of the participants' personal information.

Additionally, all the participants who volunteered to participate in this study who had
undergone OTC had positive outcomes. Only one failed to conceive but was nevertheless
satisfied with the level of return of hormonal function. A further limitation was also the fact
that women who had undergone OTC, had done so many years previously. We were
therefore relying on the recall of participants, and this may have been biased given most
had positive outcomes and therefore may not remember how they truly felt at the time of

OTC.

Furthermore, most of the participants were residents in high income countries who may
have had greater access to cutting edge cancer treatments and fertility preservation
options. The findings therefore may not be applicable in other settings. Participants with
cancer highlighted the costs associated with this procedure but were living in a country
with no universal healthcare coverage. Although the provision of OTC in the UK appears to
be based on post code lottery, when available, the procedure is funded for medical
reasons (cancer). The findings in relation to cost for cancer patients may therefore not be

directly applicable to the health system in the UK.
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The sample size, characteristics of participants included and study findings may not be
generalisable to the wider population of women however, the findings are still relevant to a
particular group of women - those who are part of the workforce. Women in the workforce
may face unique challenges when it comes to balancing career progression and
motherhood. Fertility preservation using OTC is not the ultimate insurance but

nevertheless does provide women with an additional option of fertility preservation.

Lastly, none of the participants who were interested in OTC for social reasons had
undergone OTC. Given they were merely considering it and the limited availability, this
may simply be wishful thinking. Only one participant had sought advice about OTC

availability but had been disappointed.

Conclusion

OTC could potentially provide women with an alternative approach for fertility and/or
hormonal preservation. Healthy women who wish to consider OTC for fertility or hormonal
preservation (or both) should be made fully aware of the potential risks and benefits
associated with the procedure and ultimately likely success rates. Participants in this study
felt that those who want to pursue OTC after understanding the risks, and consent, should
be given the option to do so. This procedure is currently not widely available, with a few
centres offering an OTC service. There is also limited awareness regarding OTC among

oncologists and other clinicians involved in counselling women facing loss of fertility. This
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could mean many cancer patients missing the opportunity of preserving their fertility due to
lack of awareness of both the patients and healthcare professionals. Women undergoing
cancer ablating treatment should be counselled for OTC as this may be their only option of
preserving their fertility and having biological children in the future. Furthermore, hormonal
preservation using OTC in females with cancer is an area that requires further exploration.
Oncologists and reproductive medicine specialists should liaise closely to be able to offer
young girls and women with cancer, a chance at bearing children. To overcome the
perceived hurdles to reproductive dialogues with young cancer patients and to improve
care, active initiatives such as regular and persistent interprofessional collaboration and
communications that can allow fertility preservation education are needed. Further
research should include mapping oncofertility services in the UK to understand the barriers
to provision of OTC. The viability of OTC as a hormonal preservation option needs to be
investigated further especially women at risk of early menopause as a result of

gonadotoxic anti-cancer therapies.
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CHAPTER 6: THESIS DISCUSSION AND WIDER IMPLICATIONS
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The overall goal of this thesis was to explore the effectiveness of ovarian transplantation
as well as how ovarian tissue transplants may be used to improve female reproductive and
endocrine function. In order to assess the effectiveness of ovarian transplants, it is
important to first define what effectiveness in healthcare means. Effectiveness is the ability
of an intervention to have a meaningful effect on patients in normal clinical conditions.
Hence, the thesis also explored the role of ovarian tissue cryopreservation in this process,
which is a prerequisite to ovarian tissue transplantation, in addition to an exploration of the
perceptions of women who were interested in this procedure as a fertility or hormonal

preservation. The following phenomena were examined:

1. Current evidence on the use of fresh and frozen ovarian transplantation

2. Could fresh ovarian autografts be used to preserve hormonal function?

3. What are the experiences of young girls and women who have undergone ovarian
tissue harvesting for fertility or hormonal preservation?

4. Why are women interested in ovarian tissue cryopreservation as a method of

preserving fertility and hormones?

The findings from each of the above phenomena are reported in this summary.
Furthermore, wider implications of the thesis and recommendations for future practice will

also be discussed.
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Fresh and frozen ovarian transplantation: summary of findings and future work

This study generated interesting findings in relation to the use of ovarian transplants
(fresh, frozen-thawed and donor) for preserving reproductive and endocrine outcomes in
women. The multicentre, international collaboration between our centre, Australia,
Belgium, Denmark, Germany, Russia and USA, resulted in a collection of 735 cases of
ovarian transplants reported to date. Through previous publications and this review, we
can conclude that ovarian tissue transplantation has shown promising results in preserving
ovarian reproductive and endocrine function. This procedure should no longer be
considered experimental, and it should be offered to women who wish to preserve their
fertility out of the research context. However, the potential use of transplants in preserving
hormonal function is an area that needs to be explored further. There is currently no robust
guidance for clinicians or patients about this procedure and its potential uses. With its
potential use in alleviating menopausal symptoms and improving quality of life, there is an
urgent unmet need for robust policy and standard around this procedure. The results of
this review will hopefully guide clinicians in advising women about the benefits and

shortcomings of this procedure until a formal guideline is produced.

Large scale studies with higher sample sizes of participants need to be orchestrated in the
future to give an accurate success rate of this procedure. Additionally, a robust guideline
for the optimal size of the tissue graft and surgical procedure for retrieval and

transplantation of ovarian tissue needs to be produced to guide centres with best practices
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around this technique. Furthermore, there was great heterogeneity in reporting of
outcomes from ovarian transplants which made it difficult to conduct meta-analysis. It is
therefore recommended that a predefined outcome set be determined to ensure all
randomised control trials, cohort studies or case series report similar outcomes for ovarian

transplantation.

Lastly, around 300 pregnancies and 200 live births have now been reported worldwide
from transplantation of ovarian tissue. There is however no data on the obstetric outcomes
for these pregnancies. Future research should include meticulously following up with these
women and creating a global database to record the long-term outcomes for women who

received the ovarian transplantation and children born as a result.

Fresh ovarian autografting: summary of findings and future work

In this study, a novel technique of fresh ovarian autografting to prevent symptoms of
iatrogenic menopause was explored. This study falls under the umbrella of current
evidence on the use of fresh and frozen ovarian transplantation to answer the question of
whether or not fresh ovarian autografts can be used to preserve hormonal function.
Furthermore, the study fills an identified gap in the literature by reporting a case series on
ovarian autografting in women with benign gynaecological conditions such as pelvic pain
and endometriosis. For young women with severe endometriosis, hysterectomy with

bilateral saplingo-oophorectomy is a last resort. Depletion in oestrogen because of
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oophorectomy causes iatrogenic menopause. Pharmacologic treatment, such as HRT, is
an option but is not without side effects. This study demonstrates the success in return of
ovarian endocrine function as depicted by an increase in oestrogen post fresh ovarian
autografts in women of reproductive age. While the effect of HRT versus fresh ovarian
autografts is another area of research that needs to be explored further, the novel
technique used in this study could potentially provide an alternative to HRT for select
patients who want to maintain endogenous ovarian endocrine function. This study design
can provide preliminary results, however, further research is necessary to demonstrate
and explore this issue more directly through replicated studies with larger sample sizes,
meticulous follow up of participants receiving ovarian transplants and follow up over a

longer period of time.

Experiences of females undergoing OTC: summary of findings and future work

This systematic review of qualitative studies highlighted various themes in relation to the
experiences of young girls and women who had considered or undergone OTC (with the
view of transplantation in the future). Ovarian tissue cryopreservation as a fertility
preservation technique is still considered a fairly new technique and considered
experimental in most parts of the world. Because OTC is only used in cancer patients or
those who are at danger of losing their fertility due to benign diseases, the circumstances

in which OTC and transplantation are considered are not always pleasant for the patient.
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The experiences of women revealed that the circumstances in which they underwent or
considered OTC were emotive, and decision making became that much more complex.
Through the process of consideration for OTC and future transplantation, these women
become better prepared for the consequences of potential infertility in the future. This
however would not be possible without equipping these women with all the relevant
evidence and information needed to support their decision-making process. It was
therefore concluded that OTC should only be provided by specialised centres, with
healthcare professionals particularly trained in carrying out consultations related to fertility
preservation. The decision to undergo this method of fertility preservation for both cancer
and benign reasons should be taken by a multidisciplinary team of reproductive
endocrinologists, oncologists, surgeons, psychologists, and nurses. The centres that
provide this novel technique, should provide participants with written material as well as
online visual aids (websites and e-learning) to help them understand the risks and
benefits. There needs to be a robust policy in place for follow up of these patients. This
may be complex for young girls as they are likely to have had their ovarian tissue
cryopreserved when much younger. Policy makers need to reach a consensus regarding a

time frame for follow up for girls who have had their tissue retrieved before puberty.

Furthermore, there is an urgent unmet need for a universal guideline for health care
professionals involved in the care of women requiring OTC. Various fertility preservation

societies have provided guidance on who to offer this procedure to, however there is a
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significant discrepancy in how this procedure is provided globally. Establishing a gold
standard for these set of guidelines in the future will enable good practice to be available

to all.

While challenges around this procedure are plentiful in nature, young adolescents who
wish to undergo this procedure pose a unique challenge for healthcare professionals in
particular. This cohort requires close attention when it comes to the provision of
information. Additionally, clinicians need to consider capacity and competence in these
young girls as well as guidance on when to involve parents in the decision-making
process. There is currently no robust guidance on assessing capacity and competence in
young adolescent girls when it comes to considering OTC as a fertility preservation

method.

Why are women interested in ovarian tissue cryopreservation as a method of preserving

fertility and hormones?

This study explored the views, motivations and expectations of women who were
interested in or underwent OTC. The results of the thematic analysis were interesting in
that women unanimously felt that OTC and subsequent transplantation, provided women
with another option of fertility preservation (whether women want to consider it for social
reasons or due to fertility ablating cancer treatments). Although the procedure is not
without its risks such as requiring potentially two surgeries and the uncertainty regarding
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longevity of the transplanted grafts, women felt it was important for this technique to
become readily available as an option for women. Healthy women who wish to consider
OTC for fertility or hormonal preservation (or both) should specifically be made aware of
the procedure's potential risks and success rates. Furthermore, the procedure is not widely
available and centres that provide it are few and far between. This leads to many cancer
patients missing the opportunity of preserving their fertility due to lack of awareness on
both the patients’ and healthcare professionals’ sides. Women facing cancer ablating
treatment need to be considered for OTC as this may be their only option of preserving
their fertility and having biological children in the future. Furthermore, hormonal
preservation using OTC in females with cancer is an area of study that needs to be
explored in more detail to truly understand the risks and benefits associated with this
technique. There is lack of funding for OTC procedures on a personal level and
organisational level and this needs to be mitigated for young girls and women with cancer.
The decision on methods for fertility preservation in young girls or women is undertaken by
a multidisciplinary team of health care professionals and it is imperative that they are up to
date with information about the provision of OTC so that young girls and women can make
an informed choice regarding their fertility. Oncologists and reproductive medicine
specialists need to work closely together to be able to offer young girls and women with
cancer a chance at motherhood. The lack of attention to this subject matter around fertility
preservation represents both a unique opportunity and an important challenge for us to

engage more emphatically and scientifically with this area of study. To overcome the
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perceived hurdles to reproductive dialogues with young cancer patients and to improve
care, active initiatives such as regular and persistent interprofessional collaboration and

communications that can advocate for fertility preservation education are also needed.
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APPENDIX

Appendix 1. Search Strategy

Humans/

Female/

exp ADULT/

exp Middle Aged/

3or4

(human or female* or woman or women or adult* or middle aged).mp. [mp=title,
abstract, original title, name of substance word, subject heading word, keyword heading
word, protocol supplementary concept word, rare disease supplementary concept word,
unique identifier, synonyms]

7 1or2orb5o0r6

8 1and2and5

9 (human* and (female* or woman or women) and (adult* or middle aged)).mp.
[mp=title, abstract, original title, name of substance word, subject heading word, keyword
heading word, protocol supplementary concept word, rare disease supplementary concept
word, unique identifier, synonyms]

10 8or9(

11  exp Tissue Donors/ or tissue donor*.mp.

12 tissue transplants.mp. or exp Transplants/

13 tissue transplantation.mp. or exp Tissue Transplantation/

14  exp Transplantation, Autologous/

15 exp AUTOGRAFTS/ or autograft*.mp.

16 exp Transplantation, Heterotopic/ or heterotopic transplant.mp.

17  exp Allografts/

18 exp Heterografts/

19 (allograft* or autograft* or xenograft* or orthotopic or heterotopic or autotransplant or
autotransplantation or transplant*).mp. [mp=title, abstract, original title, name of substance
word, subject heading word, keyword heading word, protocol supplementary concept
word, rare disease supplementary concept word, unique identifier, synonyms]

20 11or12or13or14or150r160or17 or18 or 19

21 exp OVARY/ or ovary.mp.

22 (ovarian or ovaries).mp.

23 21o0r22

24 10 and 20 and 23

OO WN -
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Appendix 2. Meta-analysis comparing pregnancy rates between studies that provided
aggregate data vs studies that provided participant level data.

Women with
at least one Totalnumber Pregnancy rate

Study pregnancy of women [95% CI}
Studies that provided aggregate data ,
Diaz-Garcia 2018 12 44 < X 27 115,48}
Donnez 2011 10 13 P ; e 77 141,100}
Donnez 2011 |fresh} 2 G < = 3318, 100}
Oktay 2016 ] f * = 50|16, 100}
Poirot 2019 ] 3 i X 26 113,52}
Roux 2019 19 114 _+1_ 34 125,47}
Silber 2010 |fresh} 7 9 T ] 78 137,100}
Suzuki 2015 3 37 f ! 813, 25}
Suzuki |lwahata} 2019 9 8 < + T 25 |6, 100}
Van derven 2016 9 41 ] T 22 111,42}
Zhai 2016 [fresh} 1 14 < | T, 51
Subgroup, IV [l = 57.6%,p=0.009} Q 34 (28,42}

1
Studies that provided IPD : . R
Hoekman 2019 4 7 | L] 57 121,100}
Meirow 2016 10 20 T < 50 127,93}
Beckmann 2017 21 a6 = ! 24 |16, 37}
Gook 2019 10 15 | | | - 29 115,53}
Hijorth 2020 26 50 | > 52 135, 76}
Imbert 2014 f 12 T & 21 50 |22, 100}
Silber 2018 10 13 i [ ] 77 141,100}
Subgioup, IV || =56.1%, p = 0.037) i 42 134,52}

1
Heterogeneity between groups: p = 0.146 :
Overall, IV |l = 56.6%,p=0.002} 0 38 133,44}

T T T T T
10% 25% 50% 75% 90% 10%
Rates of pregnancies

Student ID:

PhD Met+Sys Re T Lab A300

246



Appendix 3. Meta-analysis comparing live birth rates between studies that provided
aggregate data vs studies that provided participant level data.

Women with at

Total number

Live birth rates

Study least one live birth ofwomen 195% CI)
Studies that provided aggregate data » .
Diaz-Garcia 2018 ] 44 < - ; - 18(9, 36)
Donnez 2011 10 13 ' 77 (41, 00)
Donnez 2011 {fresh) 2 g < —= 33 (8, 100)
Oktay 2015 2 6 < n | & 33 (g, 100)
Pairot 2019 7 31 * ] 23(11.47)
Roux 2019 29 114 B T 25(18,37)
Silber 2010 {fresh) f 9 P ! = A7 (20,100)
Suzuki 2015 2 37 < | 5i1,22)
Van derven 2016 8 41 < X 20({10,38)
Zhai 2016 (fresn) 1 14 < T 711,51
Subgroup, Iv {1 = 64.4% p= 0.003) "’*':I;-“" 28 (23, 35)
Studies that provided IPD i -
Hoekman 2019 4 7 ! % 57(21,100)
Meirow 2016 ] 20 [ 30{13,67)
Beckmann 2017 17 86 P = | 20{12,32)
Gook 2019 4 35 < . 11(4, 20)
Hjorth 2020 12 50 S . 24 (14,42)
Imbert 2014 5 12 l L] 50(22,100)
Silber 2018 | 13 ! = 62 (36, 100)
subgroup V(1 =64.3% p=0.010) -::;:. 30(23,36)
Hetzrogenety between groups: p = 0769 :
Qverall, IV (| =62.0%, p =0.000} ..<>. 20 (24, 34)

| | I | |

10% 25% 50% 75% 90% 100%

Live birth retes

Appendix 4. Characteristics of studies with and without participant level data.

Characteristics of studies with and without participant level data

IPD data Assoc ated Number
pub caton(s) of
partcp
ants
Austra a Gook eta. 2019 35
Be gum Imbert et a. 2014; 12
Demeestere eta.
2015)
Denmark Hjorth et a . 2020, 64
Jenseneta. 2015
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Age at
cryopreser
vaton

(Mean,
SD)
29.1 (6.1)

27.5(5.8)

30 (5.8)

Age at Cryoprese Transpant Informaton
transpa rvaton aton prov ded on
ntaton technque technque endocrne
(Mean, functon
SD) (Yes/No)
35.5 Sow Laparosco | Yes
(5.7) freezng py
33.1 Sow 2 step Yes
(5.1) freezng aparosco

py
33.7 Sow Laparosco | Yes
(5.6) freezng py+mn-

aparotom

y

Pregna

ncy

rates

(%)
29

50

52
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Lve
b rth
rates
(%)
1

50

24



Germany
Russ a

USA

Israe
The
Nether ands

Non IPD data

Begum

Chna

France
France
Japan

Japan

Russ a

Span

USA

Beckman et a. 2017
Bystrova et a. 2019

S bereta. 2018;
S bereta. 2010,
S berete. 200

Merow eta. 2016

Hoekman et a. 2019

Assoc ated
pub caton(s)

Donnez et a 2004;
Donnez et a. 2005;
Donnez et a. 2006;
Donnez et a. 2007;
Cambon et a. 2008;
Donnez et a. 2008;
Donnez and Squ ff et
2010; Donnez et a.
2011; Donnez and
Squ ffet 2011)

Zha eta. 2016

Poroteta. 2019

Roux et a . 2019;
Amoteta. 2017
Suzuk eta. 2015

Suzuk eta. 2019
L syanskyaeta.
2009 (conference
abstract)
Daz-Garcaeta.

2018

Oktay et a. 2016;
Oktay et e . 2003;
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86

10

20

Number
of
partcp
ants

17

14

31
114

37

16

30.5 (5.4)
30.8 (4.4)

23.8 (4)

28.7 (7.5)

27 (4.7)

Age at
cryopreser
vaton
(Mean,
SD)

24 (5.1)

n/a (fresh
transp ant
aton)
26.2 (5.8)
26.3 (5.8)
37 (4.7)

35.5 (3.8)

Not g ven

34.3(72)

27 (4.7)

35.3
(4.9)
318
(4.4)
31.2
(3.9)

34.4
(6.9)

33.4
(5.8)

Age at
transp a
ntaton
(Mean,
SD)
29.7
4.7)

29.2
4.2)

335
(4.8)
328
(4.6)
37 (4.7)

40.6
(3.7)

Not

gven

38.9
(4.1)

345
(2.4)

Sow

freez ng
Sow

freez ng
Sow
Freezng +
Vitrfcato
n

Sow
freezng

Sow
freezng

Cryoprese
rvaton
techn que

Sow
freezng

Vitrfcato
n

Sow
freezng

Vitrfcato
n
Vitrfcato
n

Not g ven

Sow
freezng

Sow
freezng

Laparosco
py
Laparosco
py

Mn-
aparotom
y +
aparosco
py

Mn-
aparotom
y

Not

exp cty
gven
Transp ant
aton
techn que

Laparosco
Py

Laparosco
Py

Laparosco
Py
Laparosco
Py
Laparosco
Py

Not

exp cty
gven

Not g ven

Laparosco
py+mn-
aparotom
y
Laparosco

py

Yes
Yes

Yes

Yes

No

Informat on
prov ded on
endocr ne
functon
(Yes/No)
Yes

No

No
No
No

Yes

Not g ven

No

Yes

24
n/a

77

50

57

Pregna
ncy
rates
(%)

77

26

25

Not
gven

27

50

248

20
n/a

69

30

57

Lve
b rth
rates
(%)

30

23

25

Not
gven

Not

gven

18

33



USA

Oktay et e 2004;
Oktay et e 2011

Kmeta. 2012
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31 (4.1

35.8 (4)

S ow
freez ng

Between
the rectus
musc e
and the
rectus
sheath

No

4
embryo
s but no
pregnan
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reporte
d
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Appendix 5. Protocol for Ovarian transplant study (Chapter 3).

Ovarian transplantation for preserving endocrine and
reproductive function (OysTER)
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Signature page

The undersigned confirm that the following protocol has been agreed and accepted and
that the Chief Investigator agrees to adhere to the signed University of Birmingham’s
Sponsorship CI declaration.

| agree to ensure that the confidential information contained in this document will not be
used for any other purpose other than the evaluation or conduct of the investigation
without the prior written consent of the Sponsor

| also confirm that | will make the findings of the study publicly available through
publication or other dissemination tools without any unnecessary delay and that an honest
accurate and transparent account of the study will be given; and that any discrepancies
from the study as planned in this protocol will be explained.

Chief Investigator:

Signature: .......ccccceveeiiieieeeenn.
Date: 21/05/19

Name: (please print): Arri Commarasamy
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Chief investigator details

Prof. Arri Coomarasamy

Professor of Gynaecology

MBChB, MD, FRCOG

University of Birmingham

3rd Floor Birmingham Women's Hospital, Mindelsohn Way

Birmingham
B15 2TG

21/05/19
Signature Date

Sponsor statement
Where the University of Birmingham takes on the sponsor role for protocol development

oversight, the signing of the IRAS form by the sponsor will serve as confirmation of
approval of this protocol.

Funding
No funding has been sought for this study.

Key Study/Trial Contacts

Chief Investigator

Prof. A Coomarasamy

Professor of Gynaecology

MBChB, MD, FRCOG

University of Birmingham

3rd Floor Birmingham Women's Hospital, Mindelsohn Way
Birmingham

B15 2TG
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Study/Trial Team

Principal Investigator

Dr Hajra Khattak

Clinical Research Fellow

BMBS, BMedsci, DFSRH

University of Birmingham

3rd Floor Birmingham Women's Hospital, Mindelsohn Way
Birmingham

B15 2TG

Academic Supervisor

Dr | Gallos

Clinical Scientist, Consultant Obstetrician & Gynaecologist
DMS, MD, MRCOG

University of Birmingham

3rd Floor Birmingham Women's Hospital, Mindelsohn Way
Birmingham

B15 2TG

Statistician

Dr Aurelio Tobias

Institute of Environmental Assessment and Water Research
Spanish Council for Scientific Research (CSIC)

C/Jordi Girona 18-26

Barcelona, Spain

E-08034

Appendix
OTC- Ovarian tissue cryopreservation
POI - Premature ovarian insufficiency
IVF- In vitro fertilization
HRT - Hormone replacement therapy
USS- Ultrasound Scan
LH -Luteinising Hormone
FSH -Follicle stimulating Hormone
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AMH -Anti Mdllerian Hormone

BWH- Birmingham Women’s Hospital

NICE —National Institute of Clinical Excellence
GnRH- Gonadotrophin releasing hormone

Study summary

Research objective

To assess the effectiveness of ovarian tissue transplantation.

Recruitment tarqget and process
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Duration of project

The study will last for 2 years and the participants will be requested to consent to take part
and complete a quality of life questionnaire.

The study is being conducted in line with the principles of GCP.

Full title of the study

To describe the outcomes of fresh ovarian tissue auto-grafting in maintaining fertility and
endocrine function in a clinical series.

255
Student ID:
PhD Met+Sys Re T Lab A300



Short study title

Ovarian transplantation for preserving endocrine and reproductive function (OysTER).

Primary objective

1. Assessing the return of ovarian endocrine function in patients having undergone
ovarian tissue transplantation (by analysing the data from the hormonal tests and
ultrasound scan).

2. Assessing their quality of life using a validated questionnaire.

Secondary objectives

1. Assessing the longevity of the ovarian graft:
The study will give an indication of how long the ovarian graft is functional for during the

study period (as it will be indicated by the hormonal tests)

2. Assessment of the surgical technique:
Ovarian transplantation being a new procedure, may pose technical challenges when

performing the transplant. This may indirectly have an affect on the functionality of the
graft. The tests results therefore may give an indication of how the technique affected
ovarian graft function.

Backqground and Rationale

Many women undergo surgery for removal of their ovaries or a significant part of the
ovaries for non-malignant indications e.g. endometriosis and ovarian cysts. This can
sometimes also be accompanied with removal of their womb. Consequently, total or
significant loss of ovarian function can occur and cause premature menopause and
permanent fertility loss with significant compromise on the quality of life.
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Why is it important

Premature ovarian insufficiency (POI) is a devastating condition for young women and
even more distressing if the cause is iatrogenic and can potentially be prevented. There is
evidence to suggest that fresh ovarian tissue transplantation has been successful in
restoring fertility and endocrine function. -2 Silber et al, in one of the few studies available,
described a case series of 25 women after fresh and frozen ovary transplantation where
FSH levels returned to normal and menstrual cycles resumed in all women. 3 They
described 20 live babies following 11 fresh and 13 cryopreserved ovary transplantations
(live birth rate of over 70%). 2 Furthermore, ovarian surgery (ovarian cystectomy and
oophorectomy) is a recognisable cause of compromising ovarian reserve and the main
reason of iatrogenic POI and fertility loss. 3 ® Fresh autografts are expected to be at least
as effective in restoring ovarian function as cryopreserved tissue.’

| therefore aim to test a hypothesis in my primary study whereby the ovarian reserve can
be preserved if the ovarian tissue is resected prior to performing surgery on the ovary and
transplanting it on to the pelvic sidewall, subdermal transplantation as well as in the vagina
. The idea is to resect the ‘surgically untouched’ strip of ovarian cortex, before it is being
operated on and transplanted onto the pelvic peritoneum, under the skin (in the abdomen
or the arm) or in the vagina. For patients undergoing oophorectomy, this may be the only
hope of endogenous hormone production from the ovary, preventing POl and its
symptoms in young women. The fresh autografting procedure is already approved to be
applied clinically at Birmingham Women’s Hospital as a new procedure and this study will
help prove the restoration of ovarian function for these girls or women and support a
change in the surgical practice aiming to preserve ovarian function and fertility.

Study Design

This will be an observational study of women having surgery that is likely to lead to
significant compromise of ovarian reserve (for e.g. oophorectomy or ovarian cystectomy
for endometriosis). These women will have healthy strips of the ovarian cortex removed
and implanted into a peritoneal fold, subdermally or vaginally with the aim to preserve
ovarian function. We will exclude women with documented menopause or POI. All women
will be offered baseline tests for their hormone profile (follicle stimulating hormone (FSH),
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Oestrogen as part of their routine care and anti mallerian hormone (AMH) costs permitting.
Women will also be requested to complete a validated quality of life questionnaire (at 6
and 12 month follow up appointments).

Inclusion criteria
Women

Age: 18-45

Undergoing surgery for the removal of one or both ovaries

Patients will be offered tests and investigations prior to the surgery:
FSH, LH, Progesterone and AMH (if possible)

USS for antral follicle count

Rationale: Children are unlikely to be referred with benign gynaecological conditions
requiring removal of both of the ovaries. Young girls aged 16-17 may require the help of
their parents/guardians to consent and therefore females under 18 therefore will not be
included. It is a new procedure and at this stage it is important that informed consent is
sought from individuals who are adults and have full capacity.

Exclusion criteria:

e \Women suffering from menopause or premature ovarian failure (this does not
include patients on GnRH analogues)

Women younger than 18 or older than 45 years.

Women who require fertility treatments.

Women who are pregnant at the time of the study investigations.

Women who are participants in other interventional studies or trials.

Women suffering from cancer

Rationale: The aim of this study is to assess the efficacy of ovarian transplants. Women
who already are suffering from menopause are likely to have non-functioning or
suboptimal functioning ovaries. Transplantation of their own ovaries is not feasible in this

group.

Consent process

For women who agree to participate, the doctor in Gynaecology outpatient clinic will verify
eligibility for participation in the study, provide verbal and written information and
instructions about the study and obtain written consent.
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Consenting and assessment for eligibility will take place within the hospital clinic by a
doctor who has received study-specific training in obtaining research consents and
assessing patient eligibility and will hold a valid GCP certificate.

Treatment/study process

The notes of all the women who are attending the clinic will be screened. Women with the
potential of removal of both their ovaries will be given the patient information sheet whilst
they wait. If during consultation it is confirmed that these patients are to have a surgery for
removal of their ovaries, they will be invited to take part in the study. Should the patient
have any questions, these can be answered during consultation. If the patient requires
time to consider participation, the consent can be sought either on the day of the surgery
or at a follow up appointment. They will also be informed that their initial decision to
participate in the study is not irreversible and they may reconsider it at any point with no
consequence on their routine care. Patients will not be obliged to give reasons for their
withdrawal from the study.

Withdrawal process

Written consent will be sought from patients. Patients will be reassured that they can
withdraw from the study at any time, without giving reasons. Withdrawal will not affect their
clinical care. This is also stated in participant information leaflet.

Data Management process (data management, storage and access)

Paper records will be accessible only to authorised researchers, Sponsor representatives
and individuals within the direct care team of participants and stored at all times in a
securely locked filing cabinet.

At the study office, any paper records (such as consent forms and case report forms) will
be stored securely behind three levels of security. The records will be stored in a locked
filing cabinet inside a locked room, which is located on a corridor with restricted swipe card
access.
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The Study Office belongs to the University of Birmingham and is located within
Birmingham Women's Hospital. The computers are linked to the University's network and
all electronic data will be stored and accessed from the University's servers.

Anonymised research data generated from the study will be stored on the dedicated
secure data storage system. Only individuals with the necessary approvals will be able to
access any of these data. Laboratory research data and records will be stored according
to local regulations and requirements. This data will be anonymised.

Data analysis

Outcome data will be gathered to assess return and continuation of ovarian function by
testing for ovarian reserve markers (AMH, FSH and oestrogen) at 6 months and 12
months post-operatively. Reference ranges appropriate for the age will be used to define
restoration of ovarian function. Data will be analysed descriptively.

Furthermore, patients will be asked to complete a questionnaire at 6 month and 12 month
appointments regarding patient experience of side effects related to surgery, menopausal-
like symptoms, return of menses and effect on pre-existing symptoms of benign disease
e.g. endometriosis related pelvic pain. The data from the same questionnaire filled out at
initial consultation will also be included in the analysis.

The minimum number of patients to be included is 30 over a 12-month period with a follow
up of another 12 months.

Patient & Public Involvement

Patients, service users, and/or their carers may be involved in dissemination of findings.
We intend to contact charities and share our results and these charities may disseminate
our findings.

Protocol Compliance

Monitoring and auditing of conducting of research will be carried out as per Standard
Operating Procedures of University of Birmingham
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Definition of End of Study and Archiving

The trial will end in October 2020 (two years of recruitment and follow up) by which the
follow up for last patient shall be concluded. All the data collected will be stored for 10

years.
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Appendix 6. The Menopause-specific Quality of Life (MENQOL) questionnaire.
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Student ID:

Study IRASID: 246841
Participant number:

UNIVERSITYOF
BIRMINGHAM

The M enopause-specific Quality of Life (MENQOL) Questionnaire.
Reprinted from Hilditch et al’ © 1996, with permission from Elsevier.

The Menapanse Sperific Quality of Tife Questinnmaire

Lot cach of the [ollowing ikem, indivale whellier vou hinve experienced the problem i the
PAST MONTH. 16 you hav, ruts how much you have baen bothered by thw problen.

Nolat all e —— SN T 1
horhered o1 2345 6 hothered
1 HOT FIUSHES a a nd o 12 3 4 56
OR FLASIIES Na Yes
2 NIGHTaWEAILS =] =] b o1 E 45 s
Na Ve
3. SWLEATING (=] =] - LI B R A
Na et
el BFING | ATISFIRDY a u] - LU B A
WITH MY PERSONAL No Yo
LI
3. FEELING ANXIOUS =] a g o 123 4 56
ORNERVOTS Na Ves
6. EXFERIENCING Q - U I A R
POOR MFMORY Na Vet
7 =] Q - L P
Mo Yes
s ELING DEPRESSED. o o - 0 113 456
DOWN OR OLUT Na Yes
Y. BEING IMPATLEN L a a - e 13 45006
WITH OTHER PEOPLE Na e
19, FEELINGS OF Q i L B A
WANTNG Na Yot
TOBE ALONE
11 TLATULLENCE (WIND) a Q - (U B
OR G AINS No Yot
12 ACHING IN MUSCLES Q Q g LUNES DA I
AND JQINTS Na Ve
13, FEFLING TIRKD OR a I L
WOLRNOUL No Yex
11, DIFFICULTY SLEEPING a a g o 1253 4 5 6
Na Yo
15 ACHES IN BACK OF a Q I L
NICK OR ITIEAD No Yer
16.  DECREASE IN PEYSICAL Q - o 123 4 5 6
STRENGTH Na N
17 DECTTASTIN STAMINA a u] - [ A T A
No Yes
18, FEELING A LACK OF o o - 6 113 456
ENERGY No Yoy
13 DRVING SKIN u u - 0 123 4 3
Na Vee
20 WEIGHT GAIN Q Q - LU A )
No  ¥es
21 INCREASCD FACIAL a o B G 123 4 8
1TAIR Na Vee
22, CHANGES IN APPEARANCE, O - o 13 4 50
TEXTURE, OR'TONE OF No Yo
TOLR SKIN
23 FLELING BLOATCD Q Q - LU A
Na Yo
24 LOW BACKACHE a - o 13 4 56
No Yos
25 FREQUENT URINATION Q Q ind o 123 4 5 6
o Yes
26, INVOLUNTARY Q D d LU e
URINAUION WILN Na o Yes
LAUGHING OR COUGHING
27 CHANGLIN YOURSEXLAL O a - [UNE B
DESTRF. Na o Yes
28 VAGINAL DRYNESS a =} ind o 123 4 5 6
DURING INTERCOURSE Na Yes
25 AVOIDING INTIMACY Q Q - L .
No  Yes
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Appendix 7. Patient information leaflet and consent form (OysTER study).
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an early menopause. The menopause is an irreversible permanent]
condition, whereas the cessation of ovarian function in POI

1in 10 wormen aged under 30 and 1 in 100 women aged unde

20 are affected.

he ovary has abundant eggs that are not yet released. If the strips of the ovary (o
he whole ovary itself) are removed surgically, these eggs in the ovarian tissue can
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be frozen and transplanted back at a later stage. Once transplanted the cvarian
issue can release eggs. This procedure has been demanstrated in patents suffering
ram cancer and has resulted in return of the hormonal function of the ovary as wel
as resulted in pregnancy and live births. Furthermore, the strips of the ovary can
@lso be transplanted back al the time of the removal [fresh autografting). In your
case, you have hadiwill have the fresh ovarian transplant. The main goal of avarian
issue transplantation is the restoration of hormonal function of the ovary. This ide
cen potentially prevent the need for harmonal treamentin patients suffering from|
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Birmingham Women's
and Children’s

NHS Foundation Trust

% A Ay | IMSR

CONSENT FORM

Study Number.

Participant Identification Number for this trial:

Pleaseinitial box

1. | confirm that | have read the information sheet version ............ for the above study. |
have had the opportunity to consider the information, ask questions and have had |:|
these answered satisfactorily.

2. | understand that my participation is voluntary and that | am free to withdraw at any time
without giving ary reason, without my medical care or legal rights being affected.

3. lunderstand that relevant sections of my medical notes and data collected during the
studly may be looked at by individuals from the University of Birmingham, from
regulatory authorities or from the NHS Trust, where it is relevant to my taking part in
this research. | give permission for these individuals to have access to my records.

4. | understand that the information collected about me will be used to support other
research inthe future, and may be shared anonymously with other researchers.

5. | give pemission for the information collected to be used to support other ethically
approved research in the future, and may be shared anonymously with other
researchers.

6. |would like to he informed of the results of this study. | thereby give permission to be
cortacted using the details listed below for this purpose.

7. 1 am happy to be contacted about participating in future regarding ethically approved
research. | give permission to he contacted using the details listed below for this
purpose.

OO0 oo o0Od

8. | agree to take part in the above study.

Please complete the information below to corfirm how you would like to be contacted

By POSt By PRONE: ..o
By Email ...

Name of Participant Date Signature

Name of Person taking consent  Date Signature

IRAS |D: 246841, UoB Research Governance Number RG_18-152 6

V1.8 21-May-2019
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Appendix 8. Ethical approval for OysTER study.

Ymchwil lechyd m
a Gofal Cymru

Health and Care Health Research
Research Wales Authority

Pro essor Arri Coomarasamy

Pro essor o Gyanecology Email: hra.approval@nhs.net
University o Birmingham Research-permissions @w ales.nhs.uk
Academic Unit

3rd Floor Birmingham Women's Hospital Mindelsohn Way

Birmingham

B152 G

30 November 2018 RE SSUE

Dear Pro essor Coomarasamy

HRA and Health and Care
Research Wales (HCRW)

Approval Letter
Study title Ovarian transplantation for preserving endocrine and
reproductive function
IRAS project ID 246841
Protocol number n/a
REC reference 18/EM/0338
Sponsor University of Birmingham

am pleased to con irmthat HRA and Health and Care Research Wales (HCRW) Approval has

been given or the above re erenced study on the basis described in the application orm protocol
supporting documentation and any clari icationsreceived You should not expect to receive anything
urther relating to this application

How should | continue to work with participating NHS organisations in England and Wales?
You should now provide a copy o this letter to all participating NHS organisations in England and
Wales as well as any documentation that has been updated as a result o the assessment

his is a single centre study completed as parto an educational project he R&D o ice will con irm
to you when the study can start ollowing issue o HRA and HCRW Approval

t is important that you involve both the research management unction (e g R&D o ice) supporting
each organisation and the local research team (where there is one) in setting up your study Contact
details o the research management unction or each organisation can be accessed here

How should | work with participating NHS/HSC organisations in Northern Ireland and
Scotland?

HRA and HCRW Approval does not apply to NHS/HSC organisations within the devolved
administrations o Northern reland and Scotland

Page 1 0of 7
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Birmingham Women’s and Children’s
HS Foundation Trust

Research and Development

Birmingham Wemen’s and Children’s NHS Foundation Trust
Birmingham Women’s Hospital

Mindelsohn Way

Edgbaston Birmingham B15 2TG

Tel: 0121 335 8046

BW(C.res earchi@ nhs.net
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Appendix 9. Amendments to OysTER study.

A Ressaarch Ethics Caommittee establishad Dy 1he Health Research Autharity

NHS!

Health Research
Authority

East Midlands - Nottingham 1 Research Ethics Committee
The Dld Chapel
Royal Standard Place

Mottingharn
NG1RFS
Tel
Please note: This is the
favourable opinion of the REC
only and does not allow the
amendment to be implemented
at NHS sites in England until
the outcome of the HRA
assessment has been
confirmed.
0% June 2019
Dear Hara Khattak
Study title: Ovarian transplantation for preserving endocrine and
reproductive function
REC reference: 18/{EMI0338
Protocol number: n'a
Amendment number: 1
Amendment date: 21 March 2019
IRAS project ID: 246841

The above amendment was roviewed at the maeting of the Sub-Committes held on 23 April
2019 by the Sub-Committes in correspondence.

Ethical opinion
The members of the Committea taking part in the review gave a favourable ethical opinion
of the amendment on the basis described in the natice of amendment farm and supporting
documentation.

The members of the Sub Committes were satisfied with the responses submitted by the
researcher and wers content to issue a Favourable Qpinion for the Amendment.

The Sub-Committee have reviewed this Amendment and have raised the following points
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246841. Amendment categorisation and implementation information

nrescommittee East Viidlands-Noztingham 1@ nhs.net <noreply@hara.org.uk

Amendment Categorisation and Implementation Information

Daar Professcr CocmarsSamy,

IRAS Project 1D:
Short Study Title As 0 lhe al’acl veness al ransplanting ovarian lissue
Date complete amendment submission received: 06.03,20

Amendment No./ Sponsor Ref: y updated P e and Frotocol
Amendment Date: 06 March 2020
Amendment Type Non-subslantial

Outcoms of HRA and HCRW Assassment :’r:)ldsmerzga'::':l;? constitutes HRA and HCRW Approval for the amendment, and you should nal expect

For NHS/HSC R&D Office information

Ancndment Category C
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Appendix 10. Enhancing Transparency in Reporting the Synthesis of Qualitative Research
(ENTREQ) Guidelines Checklist.

No Item

1 Aim

2 Synthesis
methodology

3 Approach to
searching

4 Inclusion
criteria

5 Data sources

6 Electronic
search
strategy

7 Study
screening
methods

8 Study
characteristic
S

9 Study
selection
results

10 | Rationale for
appraisal

11 Appraisal
items

Student ID:

Guide and description

State the research question the synthesis addresses.

Identify the synthesis methodology or theoretical framework which underpins the
synthesis, and describe the rationale for choice of methodology (e.g. meta-
ethnography, thematic synthesis, critical interpretive synthesis, grounded theory
synthesis, realist synthesis, meta-aggregation, meta-study, framework synthesis
Indicate whether the search was pre-planned (comprehensive search strategies
to seek all available studies) or iterative (to seek all available concepts until they
theoretical saturation is achieved).

Specify the inclusion/exclusion criteria (e.g. in terms of population, language,
year limits, type of publication, study type).

Describe the information sources used (e.g. electronic databases (MEDLINE,
EMBASE, CINAHL, psycINFO, Econlit), grey literature databases (digital thesis,
policy reports), relevant organisational websites, experts, information specialists,
generic web searches (Google Scholar) hand searching, reference lists) and
when the searches conducted; provide the rationale for using the data sources.
Describe the literature search (e.g. provide electronic search strategies with
population terms, clinical or health topic terms, experiential or social phenomena
related terms, filters for qualitative research, and search limits).

Describe the process of study screening and sifting (e.qg. title, abstract and full
text review, number of independent reviewers who screened studies).

Present the characteristics of the included studies (e.g. year of publication,
country, population, number of participants, data collection, methodology,
analysis, research questions).

Identify the number of studies screened and provide reasons for study exclusion
(e,g, for comprehensive searching, provide numbers of studies screened and
reasons for exclusion indicated in a figure/flowchart; for iterative searching
describe reasons for study exclusion and inclusion based on modifications t the
research question and/or contribution to theory development).

Describe the rationale and approach used to appraise the included studies or
selected findings (e.g. assessment of conduct (validity and robustness),
assessment of reporting (transparency), assessment of content and utility of the
findings).

State the tools, frameworks and criteria used to appraise the studies or selected
findings (e.g. Existing tools: CASP, QARI, COREQ, Mays and Pope [25];
reviewer developed tools; describe the domains assessed: research team, study
design, data analysis and interpretations, reporting).
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Page
No.

See
Chapter
4

See
Chapter
4

See
Chapter
4

See
Chapter
4

See
Chapter
4

See
Chapter
4 and
Appendi
x 11
See
Chapter
4

Table 11

Figure
31

Appendi
x 12

See
Chapter
4 and
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12  Appraisal
process

13 | Appraisal
results

14 | Data
extraction

15 | Software

16 | Number of
reviews

17 | Coding

18 | Study
comparison

19 | Deviation of
themes

20 | Quotations

21 | Synthesis
output

Student ID:

Indicate whether the appraisal was conducted independently by more than one
reviewer and if consensus was required.

Present results of the quality assessment and indicate which articles, if any,
were weighted/excluded based on the assessment and give the rationale.

Indicate which sections of the primary studies were analysed and how were the
data extracted from the primary studies? (e.g. all text under the headings
“results /conclusions” were extracted electronically and entered into a computer
software).

State the computer software used, if any

Identify who was involved in coding and analysis.

Describe the process for coding of data (e.g. line by line coding to search for
concepts)

Describe how were comparisons made within and across studies (e.g.
subsequent studies were coded into pre-existing concepts, and new concepts
were created when deemed necessary)

Explain whether the process of deriving the themes or constructs was inductive
or deductive

Provide quotations from the primary studies to illustrate themes/constructs, and
identify whether the quotations were participant quotations of the author’s
interpretation.

Present rich, compelling and useful results that go beyond a summary of the
primary studies (e.g. new interpretation, models of evidence, conceptual
models, analytical framework, development of a new theory or construct).
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143,
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4
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Chapter
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4
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Chapter
4
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Chapter
4
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Chapter
4
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Appendix 11. Search strategy for systematic review and thematic synthesis (Chapter 4).

Student ID:

Database: Ovid MEDLINE(R) and Epub Ahead of Print, In-Process & Gther Non-Indexed Citations, Daily and
Versions(R) <1946 to May 14, 2020>

Search Strategy:

1 exp Women/ (36213)

2 Female.mp. [mp=title, abstract, original title, name of substance word, subject heading word, floating sub-
heading word, keyword heading word, organism supplementary concept word, protocol supplementary concept
word, rare disease supplementary concept word, unique identifier, synonyms) (8774352)

3 (female* or women or waman or girl*).mp. [mp=title, abstract, original title. name of substance word, subject
heading word, floating sub-heading word, keyword heading ward, arganism supplementary concept word,
protocol supplementary concept word, rare disease supplementary concept word, unique identifier, synonyms]
(9000195)

4 1or2or3(9000195)

5 exp Cryopreservation/ (36818)

6 (cryopreservation or freezing).mp. [mp=title, abstract, original title, name of substance word, subject heading
word, floating sub-heading word, keyword heading word, organism supplementary concept word, protocol
supplementary concept word, rare disease supplementary concept word, unique identifier, synonyms] (71392)
7 Sor6(82918)

& exp Ovary/ (90740}

9 exp Ovarian Follicle/ {27551)

10 8 or9(90740)

11 (ovarian tissue or ovaries or ovarian tissue or ovarian graft or ovarian autograft or ovary graft).mp. [mp=title,
abstract, original title, name of substance word, subject heading word, floating sub-heading word, keyword
heading word, organism supplementary concept word, protocal supplementary concept word, rare disease
supplementary concept ward, unique identifier, synonyms] (37877)

12 10o0r 11 (107730)

13  4and 7 and 12 (2384)

14 exp Patient Satisfaction/ or exp Patient-Centered Care/ {106431)

16  exp Patient Satisfaction/ or patient experience.mp. or exp "Surveys and Questionnaires"/ {1084274)

16 14 or 15 (1099785)

17 patient invalvement.mp. or exp Patient Participation/ {27030)

18  decision making.mp. or exp Decision Making/ (311005)

19  (decision® or decide or decision research).mp. [mp=title, abstract. original title, name of substance word,
subject heading word, floating sub-heading word, keyword heading word, organism supplementary concept word,
pratocol supplementary concept word, rare disease supplementary concept word, unique identifier, synonyms]
{459344)

20 exp Health Knowledge, Attitudes, Practice/ or exp Health Services Research/ (267488}

21 qualitative research.mp. or exp Qualitative Research/ (66855)

22 ethnography.mp. or exp Anthropalogy, Culturalf (162058)

23 exp Nursing Methodology Research/ or grounded theory.mp. or exp Grounded Theory! or exp Attitude to
Health! or exp Adaptation, Psychological/ (539962)

24 exp Qualitative Research/ ar phenomenology.mp. (62519}

25 case studies.mp. or exp Case Reports/ (2128245}

26 16o0r 17 or 18 or 19 or 20 or 21 or 22 or 23 or 24 or 25 (4135148}

27 13 and 26 (237)
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Appendix 12. Assessment of quality of included studies using the Critical Appraisal Skills

Programme (CASP) tool.

Author(s)

Bach et al.
2020
Hershberg
eretal.
2013

Mitchel et
al. 2020

Tennyson
2017
(unpublish
ed thesis)
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Aims

Yes

Yes

Yes

Yes

Method
appropriat
e

Yes

Yes

Yes

Yes
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Design
appropriat

Yes

Yes

Yes

Yes

Recruitm
ent
appropri
Yes

Yes

Yes

Yes

Data
collection
appropriat
e

Yes

Yes

Yes

Yes

Prior
experience/
relationship
Unc ear

Unc ear

Unc ear

Unc ear

Ethical
approval

No

Yes

Yes

Yes

Data
Analys

Yes

Yes

Yes

Yes

Clear
statement
of findings
Yes

Yes

Yes

Yes
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Appendix 13. Ethical approval for qualitative study (Chapter 5)

From: Susan Cottam (Research Support Services) -
Sent: 14 Septmber 2020 12:565
To: Arri Coomarasamy (Metabolism and Systems R esearch)

Cc: Anne Topping (Nursing) <
SystemFT Lab A300) «
Subject Application for E hical Review ERN_19-1578

; Hajra Khattak {PhD Metab +

D ear Professar Coomarasamy

Re: “To explore the views, motives and expectations of patients considering
undergoing ovarian lissue cryopreservation”
Application for Ethical R eview ERN_19-1578

Thank you for your application far ethical review for the above project which was
reviewed by the Science, Technology, Engineering and Matematcs E tical Review
Committee.

On behalf of the Committeg, | confirm tat his study now has full etical approval.

| would like to remind you hatany substantive changes to the natre of the study as
described in the Applicaton for E thical Review, and/ar any adverse events ocourring
during te study should be prompiy broughtto e Commitiee's attenion by the

Principal Investigator and may necessitate furter etical review.

Please also ensure that the relevantrequirements within the University's Code of
Pracice for Research and the informaton and guidance provided on te University's
ethics webpages (available athtps: /infranetbirmingham ac.uk/financefaccountng/
Research-SupportGroup/Research-E hicsAinks-and-Resources.aspx ) are adhered 10
andreferred to in any fuiure applicatons for etical review. 11is now a requirementon
the revised application form {htps:/intanet birmingham. ac. uk/finance/accouning/
Research-SupportGroup/Research-E hics/E thical-R eview-F orms. aspx ) 1o confirm that
tis guidance has been consulted and is understood, and thatit has been taken into
accountwhen completng your application for ethical review.
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Please he aware that whilst Health and Safety (H&S) issues may be considered during
the ethical review process, you are still required to follow the University’s guidance on
H&S and to ensure that H& S risk assessments have been carried out as appropriate.
For further information about this, please contact your School H&S representative or the
University's H& S Unit at healthandsafety(@ contacts.bham.ac.uk.

Kind regards

Susan Cottam

Research Ethics Manager

Research Support Group

C Block Dome

Aston Webb Building

University of Birmingham

Edghaston B15 2TT

Tel: 0121 414 8825

Email: s.l.cottam@bham.ac.uk

Web: https:/intranet.birmingham.ac.ukfinance/R SS/Research-Support-G roup/integrity-
ethics-governance/Research-Ethics/index.aspx

Please remember to submit a new Self-Assessment F orm for each new project.

Click Research G overnance for further details regarding the University's Research
G overnance and Clinical Trials Insurance processes, or email
researchgovernance(@contacts.bham.ac.uk with any queries relating to research
governance.
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19401720 21, ¥:02

Application for amendment ERN_19-1578A

Susan Collam
Tue 19/01,/2027 13123
To:

Cc

Dear Protessor Coomarasamy and Professor lopping

Re: “A qualitative study exploring why women consider ovarian 1ssue
cryopreservation”
Application for amendmentERN_19-1578A

Thank you for the above application for amendment, which was reviewed by the Science,
Technology, Engineering and Mathematics E thical Review Committee.

n behalf of the Committee, | can confrm that this amendmentnow has full ethical approval.

1'would like 1o remind you thatany substantive changes to the nature of the sudy as now
amended, and/or any adverse events occurring during the swudy should be prompty brought to
the Committee’s attention by the Principal Investigator and may necessitate further ethical
review. A revised amendmentapplication form is now available at

httpa:/infrane Ebirmingham.ac.uk/fnan ce/s ccounting/R esearch-Support-Group/R esearch
EthicsA thical R eview Formnz.aspx . Please ensure this formis submitted for any further
amendments,

Pleage also ensure that the relevantrequirements within the Universgity's Code of Practice for
Research and the information and guidance provided on the University’s ethics webpages
(available athips:4intranet birmingham.ac.uk/finance/accounting R esearch-Support-
GroupResearch-Lthics/Links-and-R esources. aspx ) are adhered to and referred to in any
future applications for ethical review. 1tis now a requirement on the revised application form

AN | e/a0 G
E thics/E thical-R evie w-Forma.agpx ) © confrm that this guidance has been consulted and is
understood, and thatithag been taken into account when completing your application for ethical
review.

Please be aware that whilstHealth and Safety (H&S) issues may be considered during the
ethical review process, you are stll required to follow the University’s guidance on H&S and to
ensure that HRS risk azsessments have been carned outas appropnate. For further
information about this, please contact your School H&S representative or the University's H&S
Unit at healthandsafety@ contacts.bham.ac.uk.

If you require a hard copy of this correspondence, please let me know.
Kind regards

Susan Cottam

Research E thics Manager

Research Support G roup
C Block Dome

http zfouti ook office. commal/nb ce /IdAAQRAG ZANZEONG ViL.. GHRO ST WQ2LW Ia Nz h kMW ERN mE2ZWMwAQA N KEU BrOEZ GgJt 1U1qjd e 2D Poga1ef 2
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leaflet for qualitative study (Chapter 5).

e [ —
l}.\IVF.R_h‘IT\'UA IMSR .
FRERRENERL INSTITJTE OF METABOUSN

AND SYET3MS RESEARCH

A qualitative study exploring why
women consider ovarian tissue
cryopreservation

INFORMATION FOR PARTICIPANTS

Lead researcher

Dr Hajra Khattak Contact: hajra khattak@nhs.net

{Clinical Research Fellow)

Principal Investigator
Professor Arri Coomarasamy
Co-investigator

Professor Annie Topping

ERN_19-1578 06.12.2020 v2.0
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he use of ovarian tissue cryopreservation for fertility and hormonal purposes is a newj
nnovative procedure. Ve do not have enough information about why women access services

hat provide ovarian tissue cryopreservation and their expectations and experiences
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Appendix 16.{Rterview consent form.

mioneray  IMSR *
, .

A qualitative study exploring why women consider ovarian tissue cryopreservation

INTERVIEW CONSENT FORM
L .. .. Pl initials
Please initial ALL boxes for ‘Participant’ Participant
- o (for remote
| confirm that: initials
consent)
| have read and understood the information sheet version dated for the

research project named above. | have had enough time to consider the information and
to ask questions. | am happy with any answers | have been given.

| understand that my participation in the interview is voluntary and that | am free to
withdraw my participation at any time, without giving any reasons. | know this will not
affect my legal rights.

| agree to the researcher audio-recording and video-recording the session.
OR
| agree to the researcher only audio-recording the session.
{Delete as appropriate)

| understand that data collected during the study will be looked at by the research team
and that all information will remain confidential, and that no personal information will be
used which may identify me in the final report or scientific publications.

| understand that all data collected will be stored in a locked filing cabinet at the
University of Birmingham and on password-protected university computers or drives in
line with the Data Protection Act.

| understand that data collected during the study may be looked at by individuals from
regulatory authorities and representatives of the sponsor who have a duty to monitor
the quality of the research, and | give permission for this.

| understand that if any disclosures are made during the sessions that suggest
malpractice, misconduct, or that someone is in danger of harm, this information will be
shared with the appropriate personnel.

| give permission for my anonymised data to be used in future studies and secondary
analysis.

| agree to take part in this research study.

Name of Participant Date Signature
Name of person taking consent  Date Signature
Consent taken and confirmed in:  Person Remately by PI

One apy of consent form {electronic or print) given tothe participants, one keptinthesite file, one added to patient notes.

ERN_19-1572+2.011.09.2020
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Appendix 17. Interview guide

Research questions

Views, motivations and expectations of women considering ovarian tissue cryopreservation (OTC)

Why women seek ovarian tissue cryopreservation?
Why women choose after consultation to proceed, or not with, ovarian tissue cryopreservation?

What is the impact of a diagnosis of sub-optimal fertility on women who seek ovarian tissue
cryopreservation?

What motivates women to seek ovarian tissue cryopreservation
What women understand about ovarian tissue cryopreservation

The decision-making process once they have undergone initial assessment and aware of their
fertility and eligibility for OTC

The impact of their decision-making and meaning of fertility and/or hormonal preservation.
Topics covered

e \Women’s understanding of ovarian tissue freezing.

e How did they find out about it.

e What made them want to explore whether this procedure is for them.

e Depending on the results from blood tests and scan the following would be explored:
-Intention to proceed with the procedure
-What they hope to gain from OTC. If this is fertility related, it would be explored further.
Any issues arising as result will be discussed. If it is related to hormonal purpose, concerns related
to menopause will be explored.

e [f the women are not eligible for the procedure, it will be explored how that has made them

feel.

Women with marginal results

Furthermore, any women with marginal results to be explored separately. Their intention to
proceed with the procedure despite marginal results for ovarian tissue cryopreservation will be
explored. The following topics will be covered:
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e What do they hope to gain from undergoing OTC (fertility preservation or hormonal
preservation or both).

If opting for fertility preservation, what are their reasons for delaying motherhood.
If hormonal, what is it about menopause that worries them.

Do you think you may still wish to go ahead despite knowing that you may not have the
desired results given your test results?

[t [OTC] gves womenmore options for the future
at's really importent

Appendix 18. Example of data coding and theme development.

296
Student ID:
PhD Met+Sys Re T Lab A300



Why are women considering ovarian
tissue cryopreservation to preserve
reproductive and hormonal ovarian
function? A qualitative study protocol
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Hajra Khattak

ABSTRACT

Intreduction Current fertility preservation options
availahle to women are oncyte cryapreservation (egg
freezing) or emhryn cryopreservation. & newer procedure,
ovarian tissug cryopreservation [0TC), has become
available in some cenlres, which ollers anolher nplion

for wonen and girls considering lerlilily preservation.
These procedures are cormmunly vifered ki women aboul
to undergo treatments for canuer. OTC involves removing
sections of ovarian tissue and cryoprescrying it for future
reimplantation, often soveral years later, OTC offers girls
and women who may become infertile with optionality
and the possibility of pregnancy. OTC has potential for
other applications, including restoring ovarian endacrine
function beyond biolpgical menopause. This is not without
cantroversy but has led to some svamen considering
undergoing the procedure for purposes of avarian
hormanal preservation (conservation of ovarian endocrine
function). OTC is invasive, invalves twa surgical procedures
with concomitant risks and can be costly. Understanding
why wamen may £onsider and ultimately underga 0TC is
timely. so that evidence-based and wornen-centred care
can he provided.

Methods A pragmatic narrative qualitative design will be
used. A purposive sample of women aged 1845 whao are

") Check for updates
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permitted under CC BY-NC. No
curnmercidl re-use. See <ghts
and permigsions. Publishec by
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Medical and Crental ¢ encas.
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“Inslitute of Clinical Sciences,
Srhacl of Nursing, University
Huspilals Bivm ngharm FHS
Foundation Trust, University of
Birming vam, Birmingham, UK

Correspondence to
Nr lgjra Khattak;
hajra khattaki?nhz.net

10, or have sought. OTC will be recruited over 1-
year period, Potential participants will be approached via
vlinic that vffers OTC on & privade basis vr via social media.
Analysis Participant intervicws will be audio and, if
consented, video recorded. These will be conducted face-
to-face or virtually. The recordings will be transcribed
verbatim and analysed using a thematic analysis approach
supparted by NViva software.

Ethics and dissemination Ethical approval has been
granted by the Institutional Ethical Review ERN_19-1578A.
We expect to disseminate the findings of this study
thraugh journal articles, conference presentations and
multimedia ta public.

INTRODUCGTION

A consequence ol advances in anticancer
therapies is that the number of voung women
surviving cancer has increased: howevern
the reanment may leave some sublerile
or inlertile. Fertility preservation is an
approach oflen offered 10 voung women

." loannis Gallos,' Arri Coomarasamy, AE Topping

2

Strengths and limitations of this study

» This study seeks te provide an in-depth understand-
ing of the decision-making process in wamen in re-
Iation to tertility ar hormonal preservatian.

» A rigorous study design has been developed to ex-
plore any cancerns '‘wamen express seeking individ-
ual contral cver temporal aspects of lass of fertility
and menapause.

» Use af purposive sampling will include recruitment

of women fram different backgraunds facilitating a

diverse and hroad sample.

Sample may not be representative given recruitiment

[rom only one clinic.

» Social media recruitment excludes Lhe views of
sumen who do nul use such plallorms.

¥

before commencement of cmeer wearmaent
to [unre prool [ertility post-ireatment ancd
improve the qualite of life for these women.
Advances in [ertdity preservation techniques
lave incveased the potential for women
to seek these techniques [or reasons other
than cancer, what could be termed as social
reasons. The average age of women having
thair finst ¢child has increased in the recent
decades. * Various ceasons have

ncluding lack of parmer, incres

K8 T
education, cmplovment wul cuweeer progues-
sion, access to contraception and financial
considerations, which have provided women
with greater choice and control over their
fertiliy.” ™ Oocyte and embeyo hreezing are
established lernlity preservation methods.”
several contres worldwide ace offering
newer procedure thatinvolves aryopreserving
ovavian tissue. T The wvailabilily of cryo-
preservation of ovarian tssue has increased
since it inlroducion wwo decdes ago, T
access remains limited.'” " For women who
are planmed o nodergo cmeer therapy, the
processes involved in cocvte lreezing can
be lengthy involving o period of controlled

BM)

Khastak H, ef af. M. Oper 2022:12:051288. doi:1 0.1 136:hmjopen-2021-051287 1

Appendix 19. Published protocol for qualitative study (Chapter 5).
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Open access

ovarian stivnulaton thae ean cause delays o planaed
Dcarment. {havian tissue ayopicservation {QTC) is an
aliernative approach that has been uied by many women
sorldwide ? "' The availabilite of this procedwe is
loitssd v the TR swith only a landtul of centres oflering
this se1vice on the national health seivice (NHS) '™
To e TR, the OTE procedure is nenmally only otlersd
o Women with a cancer diagnosis priol to commencing
Leridlity  ablating  reunene. Globally, some cenures
are now oflering OTC not vnly fur the preservaton of
torility lmﬁw‘l\ Lo women with 2ancer bt alsa for social
reasons.H Thus nterestfox socsal reasons 15 inked with
U evidenes that reimplanted previnusly frozen ovarian
ussue can produce a renun of hormonal luncton, hence
could he vsed tor proserving hormonal tunsdeon for
long:r_“ M QOTC and transplantaton procedures have
alzey been used wilh women whao are al1isk of developing
prémanure ovartan wsulliciency POD. mcluding non-
cancel imsdications sucloas wophorsciomy, beoign ovarian
wmsurs. Turner syndrame and hergn haemawnlageal
conditions “ This 1rchmigque thevetore, ofters patienis
with 1 ssade varewy ol dlneses, 2 chanee w have hislog-
ical childien and experisnse mothorhood, inoaddition
1 precerving thehr hormonal lancdon. Trior to wider
adoprion: howevey, it is ayucial thar alongside the clinical
evidenee ol henefit, we undersiand padsne expervience
asaociared with this procedure This will inforin the proyi-
sion of best care to these patienis.

OTC has largely Leon used as a fortiliog proservation
method in women weated tor cancer. The consequences
of gunadotoxic therapies feg. chemotherapeutic agenits)
ot only allecl repradustive outcennes ba also cauase
ianrogenic menopause. Ferdlity preservation methods
e also otlered o handly women who mayv wishe (o
deIAy pregoancy. Agerelated vuove preseIvaton is now
gatning gronler arcaplidi o comurnlling
uming of pregnancy Lo social reasons. T The technique
does nol preserve avarian linmonal funes on in women
with normal ovaran hormonal uncuon but oflers the
potendial for axtendad praservation, benee, the veed o
explore the reasorung underpinning the deciston w seek
IO for lenmsial pompases. B is importand Lo nots Ul
aven the expenmental nature of tdus procedurs. OTC
tor social 10azons it not widely available o ever allowssd
LR <M CAUNIIes.

Wonen are now living longer and abuaost ot Lalt ihen
Life m a mennpausal scate.™ Thus can uapact on the phys-
ical health of women inconing inneased cavdiovasculba
risk and oxeopoaroas. and for some wapact an aental
well-heing B Alrhe sugh pharmarological intervenrions
are nailable, OTC l’lj.i the potential v provide plissi
logieal hormeonal produs tion and delay menspase
(e axplanadon for aacialinterast in QTG is the nation
of futwie nooting, as it otrers the potendal of hormonal
Jusurance . Menopause is inersasingly portraved as a
negadve life event in both the medical litmaun s and
popular medin =" Soroe evidencs mggesis that how 2
woman experiences menopanse is largely Lased on ha

as A shrls

44

49

socioruluaral background andyor eir leale JTaily
members’ experience with menopauge.” Furthermaore.
postmengpausal women 1 cportedle hield more positive
pereeptions of menopause conypensd with those ivea peri-
racnapausal or premenopasal Rlﬂg‘\"" This rav provide
some explanauon ol why some young auls and women
mav wish o presorve Ussue that could oxend their
ovarian hononal funcion Womesn way be pre-empling
U bingvaplical disruption thatvesulis hom the (ll.u-g\\
ey pereeive they will experience during menopause.
Whart 13 unknown 5 whether antcpatory concern g
Lagd on personal evperienss and ‘or infirmation they
have gathiersd from the media, nese o ealthears ppoles-
sinnals or indeed a eombinaton.

Biagraphical disruption in relation ta menapause
Biograplical disuption, a term Ul was tirst coined in
1182 hy Mirhael Dary, 1o deseribe how events or orow-
rences such as dlness cawse a prolound change that
arfeots how  the individual undoistands  themselves.
Neommally applicd inovelalion 1o long-tam illness wheve

U individwd vy Ceel ot e illness Tus cvedad 2 major
drrupunn tn ther selldenuty, cauang diem v rede-
fine then “brography '™ This concept could be apphed
1 Women exparicnring negative efteciz of wenopanse,
or Lo women who will wimately becoms nutnupau.\'nl,
by Iraming nenopause as a <tate, which woraen may Leel
challenged w redeline then denuee. A qualtanye stady
conducred T de Salis o of soamined the axperienses of
menopase inwomet and dentitied theee main cxplana-
wry narratives. Menopanse was delinad cither as anormal
process where no uansiuon ocawrs 1 the women or
her societal interactions; as a stuggle associated with
logs of iWent ity and distress and ‘or menopause as velease
lrana the messy business of wensirnaion ad, thevelore,
a lberaung expertence.” In the Lieramre, menopause
has been associated with ageing and 1elared 1isks such as
agleaporogiz and cardiovasculn diseaze vnless hormone
replacsient thorapy {ITRT) is pr;-.\'crihczd."“ TIRT is not
an unproblematic <olwion and izaas< with IIRT are
well known.*’ This presents some women with decisions
Lalancing acceptability and risks of life-lomg hotmone

replacsment,

Anticipation sl the hisgraphical disuption engendered
by menopause, therelore, mayworr ¥ some women in theu
ot the sanproms of menopause

X

FOUNGEL FOE AWalene
has gained greater profile in recen arz possibly fuclled
by media interesy, and whethar this influences women
o seek out and, (n some cases. apt Lor 2 procedure that
can potentalle delay or CVem 1oveTss menupauss remaing
unknown Women wlo &eck Lo preserve then fatility
or Tinmonal tune on may Lave nuany reasons, and this
study auns in explore these phennmena. Theough dus
study, we mend o explore how menopause 18 seen by
s women and scaning it anhnpah(m of 4 lﬁl\;ouph

l(/l| dl\l'llplluh pl \“(‘l‘l'l]I(\ women (o ok l|u T ovarian
ussue Lor future use.
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The philozaphy of Tragmatisw  alongside  dacision-
making theory, as desa ibed Ly Kalmeman’s Sysrein 1 and
2 thinking. will be usad 1 hrarne this stud)-.’“

Pragmatist theary

Dragioadisone can be sdelined w0 link hetseeen Tnanan
Frowing” and ‘human action™ and how beliers are held
ansl sharsd. Pragnedisin recoguises that adthongl two
individuals mav experignce the same sittation, their worl-
dvices of e sittation 1oay not b e siome. The extend
w which the expernience is similar depends on the degree
A i indi-

ol shimed

. This plunonenon provid
vidual, az well a3 a shared. view of the cxpeucnce.'g
Tlrouglointviewing a wids vangs ol wonun {age range
15-45), we Dbeliave we will eallate a untque aceount of e
views ansd experions s of woren wlhe considar or choose
Lerulicy and hormonal preservaton using OTC Rurther-
maore as per e pragmatist position, meaning of asudons
and beliefs 1« [nund i enncequence<™ In the enntexi ol
this siudy, Thig velales to 1 decisions panticipanis make
alier they have had an miual consultauon where they are
lieing aszesasd for sligibilig tor e VUG procedure For
participani< reeruited via social media, these (hearatical
assimptions will belp illumwivate 1he hinking awploysd
by swomen when dariding swheadier or nat 1o apt 1or this
pmocedme based on theiv cmvent knowledge  Their
responses will he analysad alongside their demagraphies
swh as age, occupation, relatdonship statas, whetheo
they already have children or it they have an inerest
in begoming a parent later in life and smployment. As
actions are Thaidly” linksd w s onsequenees such dad they
are upen to thange it the siuation perttaiming w action
chuanges, so would the consequen: & of e el
though the activn remains unchanged ™ ™ Rased on this
aamnption. we Al o undsrstand wlat wonem dedisde
when and il their circumstances change fsuch as being
incligible for OT aller the indtiad cotsliion).

A pragmaust approach w o qualitauve tnquuy volves
wsing wualtipls: yesowees as well as multiple wethods of
data collecuon. Dara analyss can involve using vanous
qualitative approas Lies? Reomitment ot o clinie Ut
ofiers this procedure in addinon o worldwide reenue
ment from sosial media will el us undorstone the: visws,
mauvausns and expectausnc nf wamen 1egardg OTC
ocesdine i wwide vaniels of seltings.

Thunking [ait and dow {m relaumn s decrunn-makmg)

In lehaviomal sy gy, Iwo systems of Thinking
are deseribed; “svatem 1 and “wwiem 2 diac ulumacely
inthienes The decisions we make “Systemn 17 48 fasi | inflo-

enced hy emotionc and inwiive. This astem anables
In

DI, IO

Bwans

» Jiffe eniiate between danger and safeey
coraparicon, ‘ostant 27 ik slower and lunstions through
reasoning, Tuis used as & Lackup and orien diffizull
1 oarmawe. While “gsiem L aperawes aatomatically,
naormally ‘system 27 vemaing in the Lackgroumd. Often
these Lwn syslems interast with earl ather rader than
operats independsntly, Systemn 2 overriding swstem 1 it

iLis inemiuendy overruled). The crusial point it when
svstem 1 does not allow for system 2 to take over.> This
concepl of Tagl and <low thinking poendally could be
applied  how women may make decisions when consid-
cving OTC w preserve their Gertlics or Tortonal fane-
don. The poposition is that although women may wse
svstent 1 when secking informaton md alending an
ninal consulaton about the procedw e, whereas system
2 vy come into play swhen 2 more considered decision
iz required when linally deciding whether o undergo the
mroceduve. Teis stevisaged that understanding somen’s
dectiion-making will muluence the qualioy ol wlormauon
and care providsd o these women and hetler manage
expectanons.

AIMS AND OB.JECTIVES

Aim

To explore il pariisipanig’ peorceplions, conceims,
expectationg and reaconing hehind considering <TG

Objectives

The olyecuves of this study are 0 nerview women

who have considersd U0 as 2 methiod of fortility and

hormonal pre<ervaton and gam an msight muo:

T Wlaat molivales womnsn Lo seck €6

2. What women undercand about OTL?

5 Gain oan indepth undersianding of e decizion
making proca<s in wormnean who have considered having
LT and may v mag nal Tavs undergomnss inilial as-
sessment aboud eligihilivy or DT

4. The impact of their decigionanaking and meaning of
Tertiliyy or hormonal prasemvation.

METHODS AND ANALYSIS
Study design
Tragmauc qualitauve de<eripuye deagn.

Data collection

Thes smdy will wge qualitauve  enquey o explore
decisionnualing (noress assorided with secking QT
Lor preserving leruliey and hormonal funcuon. The daa
will be: collieted using somishur e intorvisws, A Lopic
awde wdl be wied w0 frame the interviews buc wdl not
line supplemental file,. as these

dive e eneuiry
woll take the form of “a comversauon with a purpose’.
Tl intervicws will be condusied Ly the lead researcher,
[llowmg conlumaunn ol consent and will be audio and /
ov video comferencing recorded  Paticipanis will be
aiven the oplion v be inerviewed in person daubject to
COVIN-1Yresniciong) or vsing 1ol
as telephone or video eleconierencing. The interviews
will Lo supplemented with clinical and demogiaplic
imarmation provided a< part ol their clinical care and will
Le extracted hrom thei cdinizalveconds. This will incdude
age and invesigations such ag blaad wests and ulrassund
sean performed to ascortain suitalility for OTC.

LI A DT S0 ll
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Data analysis

All interviews bvespestive of wodde, o participant will he
andioa s ded downloaded and saved a8 sounsd files to
1 3ecure server prior Lo transeripisn. Transorviption will
be undertaken by a vusted supplicr bound by a scowre
dala ransler agreement through 1 password-proecied
server. Following transcription anomanization will seek w
remove any Blentifiable infornation sl caclo ransevipt
will be allucated a unmgue idenuner.

All ranseribed interview data will he anedesed using
themate a.nalym;_-'d Themes generated lront the incerview
dat will bee divided oo g
seasonmg for consdening OTC {medical or suaial). Tran-
A into NWVivo soltware 1o (il
wate dara management. ' ASer lanubasauon, weading
and revewding cacle tanzevipt and clesking against
sound file. coding will be undertaken. Secuons of texowill
Lie namned, and these will ubiimadels forma sevies of rodes.
These codes will be organssed 1nto tentauve groupings
ithemes). and through an Lieralive process of soriing,
resorting and reallocadon lorm a tencative thematic map.
This thematic seliema wav unds1go nomerons stages
of relinement ulimalely surfacing an analwic of the
WoMen's acs ounis nespestive of wherher they ullimancly
undlerwent he procedure or not. This stady is designed
ansd will be veportad in line with thie Consolidared Critervia
Lor Reporting ualitative Studies. ™

1ps hesed on paticipants

seripts will Girst be fogport

Study setting

Tl study will 1ake place in aclivie that carvently oftors
this technique on a prvate healtheale basis {(in a non-
NTIS seuing). Study infirmadion will also be sloared on
social media platdooms. Lue to resvictions as a result of
COVID-19 pemdentic, participants will be interviewsd
wver the phone and for video elecommunicaton i not
possible o be interviewed i person.

Sample and recruitment

Allwomen who hook 3 conguliaion 1o dizouss QT wil lin
e study penind will be appraached by a2 mermber ni die
clinical tesan Fon recrminnend from e inlerne! pantici-
pants wil contact ie study eosrdmainr therselves

In¢lusion criteria

» Women.

P Ability w povide informed consent.
> Aged 1B-45 years,

> Considering OTC.

Exclusion ctiteria

Women who have already made a decston to opt for
ather metlids of teriihivy preservation sueloas ¢
embevo [reezing wall be excluded.

3 vle ansd

Sampling

The sampling will be purposive in nawre hated on the

folluwing categorics fanoss full age vange of 183-15):

L. Wornen who have hisard of OTC and have eonsiderad
itas a tortility or hormonal preservation method.

2. Wornen seeking QT who are desmed eligible by the
clinician basad on ulvasound scan and Wlood weses and
decide 1o proceed with the procedure.

3. Women who ae deemed eligible for OTC by the clind-

ciar bt decisde o not go for OTC.

. Women who we deemed ineligible for OTC Lased on
e ests but are sl keen to preserve their reprodue-
uve and endociione neton.

- Women sulTering ront < ameer; secking OTC as o wean
ol ferulity preservation ox having alieady had the con-
sultation or proesdure.

2

wt

Regcruitment

Rased on comperabile stadies, it s anticipasd thal o
sample aze 2l 12-24wommen who are eonsdermg OT
will b adequals 1o atsver the study questions, covering
the age range and categaries peadied. Recruument and
sampling  however, will contivas ontil dara satination
poinis reached, estimatad 10 24 participant™

Prospective recruitment

Women who we interested 10 ovaran ussue Deening
combac L central olfice. Ones anappainbuent is booked
Lor conswWlauon, they are normally sent written nlorma-
ton regading e procedirs Alongside 1hiz inderma-
uon. they will be senc a parucipant inisematon sheet
{PISY fon 1his siudy feitler wia evail o1 inoposly L clinis
stal. Furthermore. women conung for consultauon
will also b provided with a PIS by 1he clinis saft if nol
receved prse. Far prospecuve aecrwiment. wamen will
Lie approached by the consuling ¢lindsian or oiler clin-
1eal stafl they meet Lor thear miual appomiment 1o diseuss
ovAian tisue flm*'/ing_ to ascertain it they ave interested
in participating in (the study Should the wornan exprass
a willingness to participare ansd agrees to e intervies
Isllowing tiair OT ronsuliation, the Tead researchar will
spezak to the parient This will provide parficipants with an
opporiumily to ask questions. I the woman agrees 1o ke
part the Tead rescar char will provide informed consent,
Furthermore, any hiealiheare protessional involved in the
cale of the participant, named on the delegation log and
weaited i lioe witlt Gond 1 Tinieal Prasti: = ATy will also
Lie able t cake consentand regiuit women to the st
Participants agreeing to ke part on e day will b given
the opton ol conductng a lace-toface intervisw 1 they
Tn‘;‘l}*u ey can also hie interviewed remolel vsing wordio
and; or telecommunication at a later date. For online
reeruitimend, siusdy detadls and invitation Lo ke prart will
be posted on sucial media pladorms and forums. The
participants who are interested will be: encouraged o
apmoach the reseancher va emal. who will then shae
the 2iudy dosments {pavicipant intoraion kealler and
rongent foam).

Retraspective recruittment

Women who have peviousle attended the <linic and
have already had (heir consuliadion 1o discuss and ‘or
undergy OTC will be contacted by a member of idinic
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stall vix telephone, ewail or pasyproviding them with
ivrormation about the study, This infoymaton will alsg
provide an invitaion 19 partieipate in the stady; A TTS and
consent o1 that will include contast derails of the lead
researcher Patients can then contaat the lead vesearclior
vig email it interested it participating, o ask questions
vl A ey wish o proceed and organise an intarview.
Tartcipants can opt Lol 2 vl inteview wsing audio
ansd o video telesowmoimication o bs indenviewsd in
persun {depending on resuiction related to COVIL-LY
patlemnic ). Participooas will ke given (he option of
completng the electome consent lorm using an elec-
w
vurmal meerviews. and not having renuned a completed
consent fonu prion, the cotsent process will be undar-
taken ac the beginnng ol the mnerviess, audisrecorded
atisl sig'ne:l b e 1esencher ».'nn(hl(.ling the it view,

signaturs or relrning it vix post. For those wilh

Sampla idantification

The parucipanis will e idenufied by the lead recencher
ocialed cliniclang, hiealthen & protessionals nained in
I' and re<e arel nur<es. Thicwill be done when patenis
enguits abiont the sy ian faus i cazing s vics fiom the
cenwral ollice fvia email, by telephane or pacy. Pocers
explaining rhe smidy will b displaved, and infonnation
leallets, will alto be available in elinies. For onling rémuil-
ment, the lead 1esencher will post on varions social
wedia plattarms surh as Facehook, Twider and Inca-
gram, Participants incevested in the study will appnvach
reher independeny. Tartizipanis will then be
cording to the inchusion @iteria.

Gansent

Tuloruesd comsend will be ohained by the Tead veseardwey
w healtheare stall involved in the care of the woman
who ave SO tainesl pior o participamis veerited or
being interviewed. Participants will be provided with
willen infomation such as Leadlols ol consent Lot
that explan: the study wsually a lew weeks before theu
consultuion with care provider The
will be sent along warh all other chingeal inlormanon.
Participomis will idea s b gawen 24 Tiowrs Do riviewing
study inlormausn belore they can parncipace. For those
wha have not ressived this information batine thei
concultannn widl be given the pauent misomannn sheet
anid onsend form on the day of el conmltaion. Paie-
pants €an agree 1y ke part m the study doecdy alter
et comsuliation s less than 24 howm <) 3F 1 means 1 s
lew burden on them in s ol ume communent. The<e
women will also be given the clanee (o go away and think
ahout the intervisws it thay raquired dme, in which cace
inisviews will be Lield remolely For paticns who have
already had (heir consuliation will he <ent dedails ahoud
Uiz study. The clinical cae provider will advise the paticnt
1 contact the researcher i they are interesied. It these
WONCN agrac tu participate, the consent form will Le
send Lo them via email or post. The consent fova can he
retned via email nsing an electronic signate Lt via

sl information

post Tarticipani will alss he given the aplisn of heing
alle to complere the consent fom privt w thaeir into-
view (L will he audio-reearded and ronsent o <igned
Ly the l2ad 1eseancher). For panticipants 1eaaited via the
mternel, shady doomoenis will be sendover cinadl or social
media messaging. All parients will Lie assessed for capacity
and ouly hose deomsd capable il he reouited w the
study, Participants will be encowaged  ask questions.
Participimis will be intirnted e they can withdras al
any tume up to 11 days mollowing the intervies, without
giving iy veason. Tlowovey, thes should withdvoe wore
than 14 days alter the nrerwew, the data collected about
them will he vetainesd. Tlis will be explaines it PTS
and consenc form. Parucipancsrecruted via the cline will
also be assurad the 1hds will vt affecr iheiy medical care
1N ANY Wav

Research governanse

Assessment and management of tisk
Women accewing this cliue are narmally xelireferrals
ansd only a minority vy bave bean reterred by anotlia
clinietan. Preserving leruliy and hormonal suflicieney
can beoan cmotive subjert, and rhiz m

i compounided

i 2 wonan i< alrsady experiancing a condition such as

cancer, or wav Lelisye they bave o1 will discover tloougls
the asiessment process to idently eligibiliy 1o QT
sighs of sarly menopanse The ethical implications of
mtervieving women whosa Jertiliy may be in doubt or
challinged ue to cancar ncannent o othar condi-
tongg have been discussed during the develapinent
of this studs. The well-being of women aceessing this
procesduce, ansd agrecing o partisipats, is paranounl
and takes precedence over any knowledge to Le gained.
wuld 4 woman becoms cmotionadly disocssed during
an interviewand does notwish o contnue, the inte sy
will by teminated. As ths inlavicswey is ¢ Rudsian, with
advanced communication skills and a ained interviewer,
any nunsdiate distress will be wanaged. The participant
will be signposted w relevant supportservicss such as the
Thaisy Network who provide support Jor womsn with POT
o1 back o the care o1 then General Itacutoney (G I
during e process of heing investigatsd Gor e prose-
dure, pancipancs unexpectedly found thac they were
expericncing carly menopause dagnosed thvougl clin-
1eal hirtnrvy and mveruganans, they will be reterred v the
relevant healilare professionals and support groupss.”?
I1 these wornen wich tn eanunue tn ke partin e wuds.
they will be given the option of inerview al a luer dule
when thev leel comioriable and ready.

Regulatary review and Gomplianee

This study il 1ake plase o« clinis of non-NHS healih-
care provider Balora any ressarcl activities commence,
ticrescarch Leam will gbtain the app oval of Ui relevant
resench and ethics eommiitess, Jorangamants will be
put it place with the study site o ovidar vrganisation fo
issning permission 1o conduct the sindy: For any amend-
ments to the stady, an application funn will be completed
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and subraitied 1o the University of Birtoingham Rescarch
Furzs. Amendments will only e implemented once
approved.

Protocal compliance

Serivus deviadons nom  the study rotocol will Le
reported without delay by thie doctoral resewocler ko the
chigr invesugatur and sponsor and onwards as appio-
piate. The < hiel avestigator will chswve ol suel devia-
Uons are investigated and appropriate actions aken. The
vexponsible vescarsloand otlides commitles will be noti-
lied a2 soon as pusshle ol any senous neach thar could
mekimnine public conbidence o the s
dures fox recording and reporung serous adverse events
will b 2 learle documernisd in the site (le.

ssearcli. Proce-

Data protection and patient conficlentiality
All parucipants will be allocated an idenafier, and this
will e linked 1o all daia. All idendifiable study informa-
unn will be held <ecurels an an encrvpled and pasavnrd-
polesiad compuiers al the Univeziy of Rinningham
and <eparately from data Daia les will only be aceesuble
L membiers of e research ez and aegulalony hodics
The Jace-torlace and telzphone intgview< will he under-
laken using a paseword-proleaed ecorder and tese
wsing v viden confevencing il he recorded using the
record progranmme funclion vsing a pasaword-protectsd
e Al tound liles will be downlaaded 1o a cadvsperilic
scawe saver at the University of Rinmningham and
recording deleted (rora the deviee and pragrarmme. Fach
sound fil= fwith identifien) will be vansfened s=awely
W an agreesd vansaiption sovice wilh comtidendally
4glements in pl:u‘e_ P’o“ow'ing vansciption svery eftoit
will b mizde to romovs any recognisable inlomudion (o
ananymise the transcipts. Tartcipants will be informed
Ut anonvnsus varbodin quotiions way he ingludsd in
any manuscripts generated from audiorecordings and/
o anseripts Lo repoyt stuedy findlings.

All study researchers. cineian: and nuses will uphold

Ui principles sad comply with the vequiremenis of

the EU General Dara Proteccon Regulauon 2015/4574
and Daw Proteeion Act 2008 in the: collestion stovage,
procesang and duscloswee of personal miormauon. All
study 1eseoehers clinfolans, nnses e midwaves will
alss mamun up o date GUI wanming. The daa peotee-
Uon measwies of tds amdy will adhere o orelvant poli-
cies and pracedures al the Univeruiy of Bummgham. All
study daa colleciad on paper will be held seanvely in a
locked room or locked cabimer au the uneveraly dhat i
acs sssible only to e vegearel tean and aelevant v egu-
lacory awthorities. All siady daa collecied or otherwice
aencraled n elerironis foro will be beld sscurely on
enerypled and pateword proeciad im univerdivownad
computars or University of Rinmingham's 1oscach dala
stores and drives, which will also provide daa hackup.
Anv audio 1ccordings w Le extarnally tansaribed will
he released only 19 4 specialist ranssyiption supplier
and subject to a Confidentiality Agreement to prevent

disclasure ol any perconally identifiable infoymation o
third partics. The audiorvecordings will e nansferred via
asecure server with nseridentificrs and pazawords, Suhse-
guenty, any personallvidentfiable dat within nanscripes
will be remuned by e vesearel team and substitated by
ananymised unigue identficaton refevences. All study
daa will be held secmrely in die custody of the chielinves-
ugator lor 1d years alter Lust publication of the results, in
acsordance with the Thaversity of Birminglon Rescarel
Diata Management Police.

ETHIGS AND DISSEMINATION

Stwudy lindimgs will he swned by die Uraverayy nof
RBinminghaun and disseminaied in ordsr 1o conimibuie
v undertianding ol e expenence oL and mouves and
expertarions of women secking ovaian tasue fiesring
Study lindings may be usad o infora (he dsveloprasul
of turre tunding proposals, facilitare the continuous
professional develapment ol healthears praciiisnss and
development of 1ofenal pathwass and guidelines.

The participanis will he informed ol the oulcoracs
and provided with a lag summary on request Studs find-
tngs will be reported in e orm of @ docteoral vescarels
thesis and academic manusenipt/s, ™ be supplemented
by praventdion s and relevant conleyences and reporl
w interested charites and appopriate wollen's suppolt
netseorks. The momuseniptyss will he also masde spenls
avalable via o dedicared online repository hosted by e
Tniversits of Bhmingham Gor tlas purpose.

Patient and puhlic involvement

T not passibls: L invalve: patients or e piblic i the
design, or conduct. o1 reporung or dissemmanosn plans
of om research.

Limitations of the study

Recanse reeruiimentis 1o Gk plass fromoonly one clinie,
e <amaple may not he represeniaive. Furthermore,
participanisinay beaesiicted inaccess 1o the clinds doe to
resirictions hecause o1 the pandemic aned this mav aflect
recruitment Finally, social media reauitment exeludes
tha views ol women who do notuse such pladons.

Contributors HK iz 4 dactaral student. 4 2o training in Ohatafrics 2nd G accalagy
A4d is cuparvised by 4 feam that iz Ogaerienced it darducting qualitative research.
40 is her lead supervigor, with AT and 15 being co-supervisors. The lead
regearchor (HK: has received training to canduct the intervicas. AC is the pring pal
investiqator. &l the authers worg invelyed in designing this study. 11K and ArT
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manyecript. 21 3uthars apprawd tha tinal vargion.
Funding This racazreh reecivd na epacifie grant tram amy tunding agoney in
the pusic, sommergizl o ot tor profit secters. HK's Pl ingludes an enfrs level
holarghip from Wellbeing of Women :Roqictered Charity Nurbe - 239251).
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REFLECTIONS

What are my options? Fertility
preservation methods for young
girls and women

In the last few decades, Temale derdlity preservatinon has
advanced dramatically. Embryvo eryopreservation was once
the sole option, and it came with the drawback of requiring
a male parther or someone willing to donate sperm. Queyte
cryopreservalion his solved this dilemma o cerlain exient.
Howeyer, Lhis strategy is nol applicable in prepubertal girls,
Ovarian tissue cryopreservation. which invoelves retrieving
strips of ovarian tissue and cryopreserving them in liguid or
vapor nitrogen, followed by transplaration, is an allemative
1echnigue thal has addressed this protlem, hul it is also nol
withoul risks, Ol lhe 3 opuinoms available (o lemales, ovarian
tissue cryopreservation is still considered experimental in
most of the world [1).

Although most fenility cenners offer embryo and oocyte
rryopresenvalion, nvatian lissue cryopresenvalion is nol
widely availuble, In younyg girls and women, where emhryo
and ococyte cryopreservation are not an option, the lack of
availability of ovarian tssue cryopreservation results in a
missed apponunity for fenilivy prescrvation in this cohorl.
There is evidenee o suggest, Lthal, live hirths rom ovarian s
sue cryopreservation are now promising (28%). However,
setting up an ovarian tssue cryopreservation service is
time-consutning and requires expertise, local and national
approvals, and access 1o a storage bank. Furthermore, ovarian
lissue  eryopresernatinn and  tmnsplantilion s invasive,
requiring 2 surgenies and surgical experlise, und expensive,
Therefore, the lack of funding is another issue and may result
it depriving women a chance at motherhood.

Women invest cmotionally, Daancially, and physically in
feniility preservation In inerease Their chances of baving a
Mologic child later in life, As a result, the fertility preservation
strategy most suited to women must also be financially viable,
To daie, there has been no economic evaluation of the avail-
able lechnigues: in Caet, there has been no cornparisen. In a
recent study, Dhannabdin ol al, (2) compared, in detail, the
reproductive outcomes of the 3 available female tertility pres-
ervation techniques and provided a thorough sunmary. The
study also investigiaed the atilization cale of cryopreserved
reprrocluctive tissae and queled 010 be bebween 5% and
104 (2], Tn wddition Lo such a Tow return rale, there is much
more work 1 be done in this area because the current avail-
able studies are lacking in breadth and quality, which makes
i1 even more cumbersame 1o make comparisons. An inter-
esling nbservation was the number of parlicipanis whoe un-
derwenl ovarian Ussue Lransplantation. Ol the 3 available
methods, ovarian tissue cryopreservation and transplantation
had the highest number of participants despite being consid-
ered experimental. No significant difTerence was observed in
the live birth enes when the 3 Temale Tertiliy preservation
Lechnigues were compared. Furthermore, avarian lissue eryo
preservation was shown to have significantly less miscarriage

rates compared with the more established embryo eryopreser-
vation method. The Dndiags of this study ate limely and rele-
yvant and pave the way lor remoying the experimental label
from ovarian tissue cryopreservation and transplamtarion
for young girls and women who ave at risk of losing their
fertilivy owing 10 gonadotoxic cancer thera pies.

Females have o limited reproductive lilespan, This s
reduced even lurlher when youny girls or women undergo
inevirable gonadotoxic femility ablaring anticancer treat-
ments. Tn 2020, nearly 0.3 million instances of new malig-
mincies were reporad globally in females aged 0-39 years
[rrude and standardized incidenee rate per 100000 (3).
With the limiled availability of lertilivy preservalion oplions,
many young girls and women remain deprived. Indeed, where
applicable, females should be offered all 3 methods and given
achoice, However, it is nol always possible 1o duo so because of
the lack of availabiliny o the procedure or hinancial con-
struinls, Although che swudy by Dhonnabiin el al, {2) has lim
jtations, it is a staming point that provides a comparison
berween the varlous available ferility preservation tech-
niues. Centers that o not provide this weehnigue could
perhaps collaborate with biobanks and comers thal do oiler
all 3 techniques. There iy reassuring evidence [rom some ol
the largest cohoits of ovarian transplantation in Curope
thal 1ransponing ovarian tissue 10 a ceniraliced bank is
[easible (4).

Furthermore, the suryival ol individuals with cancer has
brought into focus the improvement in the quality of lite atter
cancer. [Taving biologic children forms parr of the quality of
life after sutvivali thus, there is a need fo make young women
aware of the gonadoluxic anticancer therapies that can resilt
i premature ovarian insuflcicney. There s now increasing
evidence lhat lansplaniing ovarian dssue alse resulls in lhe
retwm of ovarian endocrine funcrion (1), In addition, when
comparing various ferilily preservation lechniques, young
girls and wormen need 1o be explivitly informed abowl the re-
tura ol a harmonal lunclion [albeil imegulan) [1), In addidon
to ferility preservation, young girls and women wndergoing
ovarian tissue cryopreservation who wish to preserve their
hormunal Tunclion wsing this approach should be allowed
1o du so s lomg as they Tully understimed the risks.

Adoleseent girls and women wilh cancer make lerdilivy
preservation decisions on the basis of physician expertise
and knowledge (5). As a resulr, it is vital that the healthcare
profussionals who work with these women keep abreast off
the latest esenrch and Terility presenvalion sitategios. 11 s
alse imperative that these protessionals are equipped with
the most up-to-dare evidence when it comes to the success
rares of these procedures. With already difficalr decision mak-
ing during cancer dingnosis, seleering the best ferility preser-
yation oplicn becomes eyven more challeanging, There is hope
that with the starl ol swadics thal have begun to compare Lhe
available female fertility preservation techniques, young girls
and wonen in the near future will he able to choose from all 3
technigues and decide ona method best suited 10 their indi-
vidual needs,
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