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STUDY QUESTION: Do the benefits of ovarian tissue cryopreservation outweigh the risks for patients seeking to preserve fertility before
gonadotoxic treatment in various indications?

SUMMARY ANSWER: In >90% of the patients undergoing cryopreservation of ovarian tissue, oncological treatment was associated with a
reduced ovarian reserve and in 30% of patients, premature ovarian failure (POF) occurred within 5 years.

WHAT IS KNOWN ALREADY: Ovarian tissue cryopreservation is an effective fertility preservation option, especially for pre-pubertal
patients and patients who have a short time between diagnosis of a disease and gonadotoxic treatment.

STUDY DESIGN, SETTING, DURATION: This study retrospectively analysed ovarian function and fertility recovery rates, as well as
ovarian tissue characteristics, of patients who underwent ovarian tissue cryopreservation at Erasme Hospital between 1999 and 201 |.

PARTICIPANTS/MATERIALS, SETTINGS, METHODS: A total of 225 patients referred from |5 Belgian oncological units underwent
cryopreservation of ovarian tissue before gonadotoxic therapy for malignant or benign diseases. There were 28 patients (12.4%) who died during
follow-up due to recurrence of disease. One severe adverse event occurred during anaesthesia for ovarian tissue collection, leading to the death of
the patient. Ovarian function and fertility outcomes were available for | 14 patients including |13 girls who were pre-pubertal at the time of the
procedure. Eight patients had undergone ovarian tissue transplantation in order to restore their fertility after remission of the disease.

MAIN RESULTS AND THE ROLE OF CHANCE: Breast cancerand haematological disease were the most frequentindications for ovarian
tissue cryopreservation. Overall, 90% of post-pubertal patients were diagnosed with poor ovarian reserve (AMH < 0.5 ng/ml) after a mean of
50 months of follow-up (I | =125 months), including 30% with POF (FSH > 40 [U/ml). Breast cancer patients had a lower rate of POF than did
post-pubertal patients with haematological diseases (I | versus 34.5%, respectively), despite the older age (mean 31 versus 23.5 years old, re-
spectively) of the breast cancer patients. Ovarian function returned in 7| post-pubertal patients without the need for grafts of cryopreserved
tissue. Spontaneous pregnancies were reported for 33 of them, leading to 34 live births. Among the |3 pre-pubertal patients who reached
pubertal age during the follow-up, 10 had POF. Eight patients received cryopreserved ovarian grafts to reverse POF and three of them have
already become pregnant.

LIMITATIONS, REASONS FOR CAUTION: This study is a retrospective analysis. The cohort was not compared with a control group of
patients who did not undergo the procedure.

© The Author 2014. Published by Oxford University Press on behalf of the European Society of Human Reproduction and Embryology. All rights reserved.
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WIDER IMPLICATIONS OF THE FINDINGS: After careful evaluation of the surgical risks, ovarian tissue cryopreservation can be pro-
posed as an efficient option to preserve the fertility of children and young adults facing gonadotoxic therapies. However, alternative procedures
such as oocyte or embryo cryopreservation should be considered as first options especially for older patients or if there is high risk of neoplastic

cells within the ovaries.

STUDY FUNDING/COMPETING INTEREST: This study was supported by the Télévie, FNRS-FRSM and Fondation Belge contre le

cancer. There are no competing interests to report.

Key words: ovarian tissue / cryopreservation / cancer / fertility preservation / in vitro maturation

Introduction

More than 10% of all cancers are diagnosed in young patients, often
before they have completed their families (http://www.kankerregister
.org). Malignancies occurring at a young age in females mainly include
breast cancer, haematological diseases, colorectal carcinoma, thyroid
carcinoma, carcinoma of the cervix and melanoma (Coccia et dl.,
2012). As the incidence of cancer is on the rise throughout the young
population, so is the long-term survival rate (Steliarova-Foucher et dl.,
2004; Verdecchia et al.,, 2007). In Belgium, >80% of cancer patients
aged between |5 and 49 at diagnosis now survive after 5 years of follow-
up (http://www.kankerregister.org). Thus, offering an optimal quality of
life to these young cancer survivors, including the preservation of their
future fertility, has become a major goal for oncological facilities (Lee
et al., 2006). Some 70% of young female cancer patients stated they
were concerned about fertility at the time of diagnosis and 50%
wanted to have children after treatment (Letourneau et al., 2012).
However, chemotherapy agents and radiotherapy often have gonado-
toxic effects that rendera patientinfertile (Levine etal., 201 0). Premature
ovarian failure (POF) occurs at a varying risk from low (<20%) to high
(>80%) according to the treatment regimen and doses and the patient’s
age (Leeetal., 2006). Guidelines have been published by oncological and
reproductive societies advocating that young patients treated with gona-
dotoxic regimens should be systematically informed about this infertility
risk and about options to preserve their fertility (Lee et al., 2006; Com-
mittee et al., 2012; Loren et al., 2013).

One of those options receiving much attention is cryopreservation of
ovarian tissue. Ovarian tissue harvesting can be performed without
delaying oncological therapy and it is even feasible after chemotherapy
has begun (Demeestere etal., 2003). Itis the only option for pre-pubertal
patients, and can be associated with in vitro maturation of immature
oocytes. The procedure has been available as an experimental protocol
for > 15 years and the first pregnancies after orthotopic transplantation
of cryopreserved ovarian tissue were reported in the 2000s. At least 26
babies have now been born after the grafting of cryopreserved ovarian
tissue at the orthotopic site (Donnez et al., 2004; Meirow et al., 2005;
Demeestere et al., 2006, 2007). The overall pregnancy rate after trans-
plantation of ovarian tissue has been estimated at between || and
30% (Demeestere et al., 2009; Donnez et al., 2013). The first clinical
pregnancy after ovarian tissue transplantation at the heterotopic site
was recently reported (Stern et al., 2013).

While the success of ovarian tissue transplantation in restoring ovarian
function and fertility is established, several issues are still under investiga-
tion. One of the main concerns is that grafting ovarian tissue that may
harbour neoplastic cells could cause a recurrence of the disease
(Meirow et al., 2008; Bockstaele et al., 2012; Bastings et al., 2013;

Dolmans et al., 2013a,b). Furthermore, the factors influencing how
long ovaries will continue to function after grafting remain uncertain (An-
dersonetal., 2008; Demeestere et al., 2009). Analysis of the clinical out-
comes of such patients as well as the characteristics and viability of
cryopreserved ovarian tissue are essential to identify optimal patients
and improve the procedure and its efficacy.

The objective of this study is to retrospectively evaluate the risk and
benefits ratio of ovarian tissue cryopreservation by analysing ovarian
function and fertility outcomes in a cohort of patients who underwent
the procedure. The characteristics of the ovarian tissue analysed at the
time of the procedure are also described in order to evaluate safety
and efficacy issues.

Materials and Methods

Study population

Approval was obtained from Erasme Hospital’s ethical committee for both
cryopreservation and transplantation of ovarian tissue procedures. Patients
under 36 years of age, with no evidence of ovarian insufficiency, negative
serological tests and high or moderate risk of POF were eligible for ovarian
tissue cryopreservation procedure (Demeestere et al., 2003, 2006, 2007).
All patients and/or parents or legal guardians signed aninformed consentform.

FromMarch 1999 through June 201 1, 225 patients underwent cryopreser-
vation of ovarian tissue for fertility preservation. Ovarian function and fertility
outcomes were available for | |4 female patients including |3 pre-pubertal
girls who were followed up for their endocrine status by the oncologist or
the endocrinologist.

Cryopreservation of ovarian tissue

The ovarian tissue biopsies or unilateral ovariectomies were carried out at
Erasme Hospital orin one of the |5 collaborating Belgian centres. Unilateral
ovariectomy was usually proposed only for pre-pubertal patients, women
having a major risk of POF orin the case of ovariectomy for other surgical indi-
cations. Tissues were transported to the IVF laboratory in Leibovitz L-15
medium (Life Technologies, Merelbeke, Belgium) at 4°C within 2 h of collec-
tion and immediately processed. The medulla was gently removed, the
cortex was cut into small fragments (=5 x 5 x | =2 mm) and incubated
for 30 min in a cryoprotectant solution containing Leibovitz medium supple-
mented with 1.5 M dimethy! sulfoxide (DMSQO), 0.1 M sucrose (both from
Sigma Aldrich, Diegem, Belgium) and 10% patient’s serum or % human
serum albumin at 4°C on a roller (serum was replaced by HAS 20% in
2004, Croix Rouge, Belgium) (Demeestere et al., 2007). Each fragment
was then placed in a 2 ml cryovial containing the cryoprotectant medium
and processed using the slow freezing protocol (Kryo 360, Planer, UK)
with the following programme: start at 4°C, —2°C/min to —7°C (manual
seeding), —0.3°C/min to —40°C, —10°C/min to —140°C and then
plunged into liquid nitrogen (Demeestere et al., 2003).
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Since 2004, one fragment of fresh ovarian tissue was always fixed for
further histological analysis. Follicular density per mm? was evaluated as
well as the presence of neoplastic cells using specific immunomarkers.

Thawing and ovarian tissue transplantation
procedure

At least one fragment of ovarian tissue from all cancer patients was thawed
before the transplantation procedure to confirm the absence of malignant
cells. Fragments of ovarian tissue were thawed using a rapid protocol
(2 min at room temperature then immersed 2 min in water at ~25°C) and
washed for 5 min in four different Leibovitz L-15 medium solutions supple-
mented with reduced concentrations of cryoprotectants (DMSO |, 0.5
and two with 0 M) (Demeestere etal., 2006, 2007). The transplantation pro-
cedure was performed in two steps (|-week interval laparoscopy). During
the first laparoscopy, peritoneal and ovarian sites were prepared in order
to induce neovascularization before grafting as previously described
(Demeestere et al., 2009). During the second laparoscopy, the ovarian
tissue was grafted preferentially at the orthotopic site. Additional ovarian
tissue fragments were transplanted to other peritoneal (ovarian bursa)
and/or subcutaneous (using abdominal trocar incision) sites.

Ovarian function and fertility follow-up

Patient follow-up was carried out by the gynaecologist of Erasme Hospital’s
oncofertility unit or by the patient’s referring physician. Data regarding the
hormonal profile (AMH, FSH, E2), the presence of menstruation and the fer-
tility outcome of patients were collected. Serum levels of FSH and E2 were
analysed by the hospital’s departments of clinical biochemistry.

Serum AMH level was analysed by enzyme immunoassay using commer-
cially available kits (AMH Genll Elisa; Beckman, Coulter, Brea, CA, USA) at
the Chemistry Laboratory of Erasme. POF was defined as FSH >40 |U/I
and amenorrhoea. Ovarian function was considered restored when patients

reported spontaneous menstruation and/or spontaneous pregnancy and/or
FSH <40 1U/1.

Statistics

Statistical analyses were performed using SPSS 22 (IBM). Means were tested
forhomogeneity of variance and compared using one-way ANOVA followed
by the Tukey honest significant difference test if equal variance between
groups was assumed. Chi-square tests were used to compare the frequen-
cies. The significance level was defined as P < 0.05

Results

Population and procedure

There were 300 patients counselled for ovarian tissue cryopreservation
from March 1999 through June 201 |. Of these, 75 patients did not
undergo the procedure for various reasons. For these patients who
were not eligible for ovarian tissue cryopreservation after counselling,
the main reason was that the patient or her parents refused (34%),
while 7 (9%) had surgical contraindications (Fig. I).

Among the 225 patients who underwent ovarian tissue cryopreserva-
tion, 45 (20%) were minors aged between 0.8 and 17, including 27 who
were pre-pubertal. Breast cancer was the most frequent diagnosis in the
post-pubertal population, while haematological disease requiring haem-
atopoietic stem cell transplantation (HSCT) was the primary diagnosis in
the pre-pubertal patients (Fig. 2).

Beginningin 2004, fresh ovarian tissue sample was examined to assess
their follicular count and the presence of neoplastic cells. A total of 8|
fresh ovarian tissue samples were analysed (Table ). Follicular density
was extremely variable from one biopsy to the next but was correlated

Refusal (patients or parents) [

Low risk treatment or modified therapeutic regimen [

Surgical contraindications [
pce [N

Positive serologies (HIV, hepatitis B or C) [IT

Previous gonadotoxic treatment [T

Advanced diseases |

Macroscopic ovarian tumor .

Others [N

5 10 15 20 25 30 35 40
%

Figure | Proportions of patients who refused the cryopreservation of ovarian tissue procedure or who were not eligible after counselling.
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with age (P < 0.001), being lowest among the older patients (breast
cancer patients) (Table I). No difference in the follicular density was
observed whether patients had received chemotherapy or not
(Table I). For |5 patients, no follicles were found in fresh biopsies even
though 7 of these patients subsequently reported spontaneous restor-
ation of their menstruation cycles.

The mean number of cryopreserved fragments differed according to
diagnosis; patients with borderline ovarian tumour had the fewest frag-
ments, while patients with leukaemia had the most (Table I). More frag-
ments were obtained after ovariectomy (25.4 + 10.1) than after ovarian
biopsies (17.9 + 7.1) (P = 0.005). Tumour cells were found in biopsies
from two patients with borderline ovarian tumours (Table I).

Adverse events

Twenty-five post-pubertal and three pre-pubertal patients died during
follow-up due to disease recurrence (Fig. 3A and B). In addition, one
26-year-old patient died after ovarian tissue collection. She had systemic
lupus erythematosus and had been admitted to emergency for acute
glomerulonephritis, hypertension and anaemia. One month later, after
recovering from this, she underwent laparoscopy to retrieve ovarian
tissue for cryopreservation and was then scheduled forimmunosuppressive

A Immunological disease

5%
Pelvic tumor

8% O\

Solid tumor
7%

Ovarian Borderline tumor
8%

Leukaemia

Haematological benign
disease; 58%

treatment including alkylating agents. Immediately after extubation in the
operating room, buccal and nasal haemorrhage occurred. The patient
was then intubated, transfused and transferred to the intensive care unit,
diagnosed with acute respiratory distress syndrome (ARDS). She died 7
days later from sepsis.

Ovarian function and fertility outcomes

Of the 225 patients who underwent the procedure, data on the ovarian
function and/or fertility outcomes were available for | |4 patients who
completed at least | year of follow-up (Fig. 3).

In the post-pubertal population, ovarian function analyses were col-
lected in 101 patients (Fig. 3A). Before ovarian cryopreservation, all
patients had an FSH levels <40 IU/I. AMH values were available in 37
patients before the cryopreservation procedure. Four patients (10.8%)
had an AMH level <0.5 ng/ml. Two of these four patients had received
chemotherapy. After oncological treatment, mean FSH levels significant-
ly increased over time compared with initial levels (P < 0.001), while
mean AMH levels significantly decreased (P < 0.001) (Fig. 4). Of the
|01 patients, 7| experienced restored ovarian function, while 30 patients
had POF (30.7%). The mean age was not significantly different between
the ‘restored ovarian function’ and ‘POF’ groups (27.0 + 6 versus

Haematological benign
disease
1%

Breast cancer
43%

Lymphoma; 4%

‘Leukaemia ; 27%

Solid tumor; 7%

Immunological disease; 4%

Figure 2 Indications for cryopreservation of ovarian tissue in post-pubertal (A) and pre-pubertal (B) populations.
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Table I Characteristic of the ovarian tissue according to the diseases.

All Malignant
Breast
cancer
Clinical characteristics
Number of patients 181 75
Mean age + SD (range) 24.6 + 84 30.5 +3.57
(0-37) (20-37)
Number of ovariectomy (%) 29/18l1 0/75 (0)
(16.02)

Number of patients treated by
chemotherapy before
cryopreservation procedure (%)

27/181 (14.9) 4/75 (5.3)

Ovarian tissue characteristics

Mean fragments + SEM (range) 19.1 + 0.6 18.3 +0.88°
(5-59) (5-59)

Follicle density per mm? (without prior chemotherapy)

n 154 71

Mean (SEM) 583 +043 406+ 0.39

Range 0-30 0-14
Follicle density per mm? (with prior chemotherapy)

n 27 4

Mean (SEM) 570+0.78 5.13+ 1.71

Range 0-14 2.5-10
Presence of neoplastic cells

No (%) 179 (98.9) 75 (100)

Yes (%) 2(1.1)

36

23.1 +£5.7°°
(1'1-34)

3/36 (8.33)

5/36 (13.9)

19.6 + 1.32
(6-39)

31
6.55 +0.80
0-18.5

5
5.1 £2.05

0-12.5

36 (100)

16

15.6 + 7.4%0¢¢
(4-35)
10/16 (62.5)

11/16 (68.8)

26 + 2.26%09e
(12-41)

5
7.4 4 3.4l
3-21

Il
70+ 1.5

0-14

16 (100)

Borderline
ovarian tumour

28.2 + 5.7
(19-36)
3/9 (33.3)

0/9 (0)

13.2 + 1.62°¢
(7-21)

55+ 1.6
0-10

6 (75)
2(25)

19.6 + 8*9
(3-30)
2/11(182)

1/119.1)

18+ 1.76
(8-32)

10

10.1 +2.38
2.5-28

11 (100)

Pelvic
tumour

12

258 +5.1°
(16-32)
0/12 (0)

1/12(8.3)

15.9 + 1.94°
7-32)

10

585+29
0-30

11 (100)

Autoimmune
diseases

12
20.3 + 8.47<4
(0-34)

1/12 (8.3)

5/12 (41.7)

17 4+ 1.75% (10-31)

7
7.86 +2.33
1.5-20

12 (100)

Haematologic
benign

10
8 £ 3.3%0%¢ (4-14)

10/10 (100)

0/10 (0)

24 + 3.16° (8-40)

10
9.9 +2.19
0-19

10 (100)

Different letters within the same row showed significant different results (P < 0.05).
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A Postpubertal B Prepubertal
N=198 N=27
Died N =26 Died N=3
L Lostof FUN=61 Lostof FUN=3
hormonal therapy N =10 Still prepubertal N =8
Follow-up Follow-up
N=101 N=13
1 |
[ 1 [ 1
Qvarian function POF Spontaneous POF
recovery N=30 menstruation N=10
N=71 N=3

1

| r—l—\ [ |
Spontaneous dUUCxiE Ovarian tiss.ue Spontaneous Ovarian tiss_ue
pregnancies 038_11113" transﬂaﬁt:tlon pregn_ancy transpia_ntallon
N=33* = = N=1 N=1
] | Failure N=2 [
Not yet evaluable N = 2 ; |
34 live births 1 ive birth ye | 1 ectopic pregnancy l 1 spontaneous pregnancy

4 miscarriages Spontaneous
1 ectopic pregnancy pregnancies
4 induced aborptions N=2*

6 ongoing pregnacies |

2 live births
1 miscarriage
1 ongoing pregnancy

* 33 patients became pregnant 49 times (12 patients had more than 1 pregnancy)
** 1 patient became pregnant 3 times after 2 transplantations
N = number of patients; POF = premature ovarian failure; FU = follow-up

Figure 3 Flowchart of the ovarian function and fertility outcomes of post-pubertal (A) and pre-pubertal (B) patients who underwent ovarian tissue cryo-

preservation procedures.

26.8 + 6 years, respectively, P = 0.807). One-third of patients had uni-
lateral ovariectomy in the POF group compared with only 1% in the
restored ovarian function group. However, unilateral ovariectomy was
usually performed when high gonadotoxic treatments were pro-
grammed. Nine patients in the POF group had bilateral ovariectomy
for borderline tumour or breast cancer. Despite the older mean age of
breast cancer patients, those who had not been bilaterally ovariecto-
mized had a higher ovarian function recovery rate than patients with
haematological diseases (89 versus 65.5%, respectively). However, the
majority of patients with restored ovarian function had poor ovarian
reserve: 85% had an AMH level <0.5 ng/ml after 2 years of follow-up
and an FSH > 20 |U/I was reported in 8 of these 60 patients. A total
of 49 spontaneous pregnancies in 33 patients were reported after a
mean follow-up of 50.3 months (18—148 months) in the restored
ovarian function group, leading to 34 live births (Fig. 3A). Two pregnan-
cies were obtained after ovulation induction.

Datafrom |3 pre-pubertal patients at the time of the cryopreservation
procedure were available for the ovarian function analysis (Fig. 3B). For
|0 of them (76.9%), nowaged | | =27, POF was confirmed during follow-
up (nine by hormonal tests and one by a physician’s report). One patient
treated prior to puberty was diagnosed with POF but regained irregular
menstrual cycles at 25 years of age and experienced an ectopic preg-
nancy. Three patients, aged between 15 and |9, matured normally and
progressed through menarche.

Ovarian tissue transplantation

Eight patients underwent ovarian tissue transplantation for fertility res-
toration after diagnosis of POF; one of these had been pre-pubertal at

the time of the cryopreservation procedure. Two of these patients
had <5 months of follow-up and were excluded from the follow-up ana-
lysis, leaving six patients. Five experienced restored menstrual function at
an average of 5 months after transplantation (Table II). All five patients
had FSH levels return to premenopausal values, while AMH levels
remained low. Five spontaneous pregnancies occurred. One patient
became pregnant three times and delivered twice after two transplant
procedures (Table II, Patient |) (Demeestere et al., 2006, 2007, 2010).
This patient continued to menstruate 7 years after the first graft.
Another patient became pregnant, 9 months after transplantation
(Tablell, Patient5). One patient was | 3 years old at the time of cryopreser-
vation and faced POF after HSCT. Ten years after ovarian tissue cryo-
preservation, she underwent ovarian tissue transplantation and regained
normal ovarian function. She became pregnant 34 months after grafting
(Table Il, Patient 4). To our knowledge, this is the first case of fertility res-
toration in a girl that froze tissue before the onset of menarche. One
patient failed to conceive before experiencing ovarian failure again |
year later (Table I, Patient 2) and one never regained ovarian function
(Table II, Patient 3). One patient recently regained ovarian function after
transplantation and experienced her first menstrual cycle (Table I,
Patient 6). None of these patients have seen their diseases return.

Discussion

Within 5 years after oncological treatment, >90% of women in our study
had a low AMH level (<0.5 ng/ml), and around 30% experienced POF
(FSH > 40 1U/1). Similarly, Dillon et al. (2013a,b) found that only 9% of
reproductive-age cancer survivors had AMH levels that returned to
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4 N=31
50.00 2.00 - °
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C
100 uFSH =401 U/L
90 AMH < 0.5 ng/ml
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70 —
60 —
2 50 L
40 —
30 —
20 —
10 —
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T0 T12-24 months T25-60 months T >60 months

Figure 4 Hormonal profiles at the time of ovarian tissue cryopreservation (TO) and after 12—24 months (T |2—24 months), 25—60 months (T25-60
months) and >60 months (T > 60 months) of follow-up in the cohort of post-pubertal patients. (A) and (B) represent the median FSH and AMH median
values, respectively, with upper/lower quartile. (C) The percentage of patients with FSH > 40 1U/l and AMH < 0.5 ng/ml at different follow-up times.

pretreatment baseline levels. In a large population-based study from the
Finnish Cancer registry, the probability of parenthood following early
onset cancer was reduced by ~50% in patients compared with their sib-
lings (Madanat et al., 2008). In our cohort, both POF and infertility rates
will probably increase over time. Although 34 patients had spontaneous
pregnancies during the follow-up, we can extrapolate that about half of
the patients may achieve later pregnancies as a benefit of the fertility pres-
ervation procedure. In pre-pubertal patients, only those with gonado-
toxic regimens known to induce a high risk of POF were considered
for ovarian tissue cryopreservation (Brougham and Wallace, 2005).
More than 80% of our pre-pubertal patients received a regimen for
HSCT, which explains the high rate of ovarian insufficiency observed
after treatment. Previous studies showed that among childhood cancer
survivors with regular menstruation and normal basal FSH, antral follicu-
lar count and ovarian volume were significantly lower than for the age-

matched control (Dillon et al.,, 2013a,b; Larsen et al., 2003). In our
cohort, three of the pre-pubertal patients spontaneously progressed
into puberty, but may become infertile due to poor ovarian reserve.
Therefore, the infertility rate could climb higher when the younger
members of our cohort attempt to start their families.

Ovarian tissue cryopreservation is a common option to preserve fer-
tility, especially for premenarcheal patients and patients who have only a
short delay before starting chemotherapy. The inclusion criteria vary
from one centre to the another, especially in the age limit. Some guide-
lines provide for cryopreservation of ovarian tissue in females younger
than 30 years old with a high risk of ovarian failure after gonadotoxic
treatment as well as for those who had already received chemotherapy
(Abir et al., 2008; Anderson et al., 2008). Others extend the option to
women up to 39 years of age with a greater range of indications
(Oktay and Oktem, 2009; Dolmans et al., 2013a,b). We adopted an
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Table Il Ovarian function and fertility outcomes after cryopreserved ovarian tissue transplantation.

Number
of live

Number of

Duration Time to

Menstrual
cycle

Transplantation Time to
sites

Age at

Age at ovarian

Type of the
tissue

diseases

Patients

pregnancies

pregnancy
(months)

of ovarian
function
(years)

restoration of
menstrual
cycle

transplantation

(years)

births

length
(days)

cryopreservation

(years)

(months)

O, P, SC

1.5

17-25
24-28

29
30
39
36

24

Hodgkin

4and 33
Failure

O, sC
O, sC
O, sC

lymphoma®

Irregular

35
31

Breast cancer

Failure

Not restored

Colorectal
cancer

Ongoing

34

Ongoing

21-30

22 O, sC

13

Sickle cell

disease

Ongoing

Ongoing

28-30

O,P

26

23

Non-Hodgkin
lymphoma
Hodgkin

Ongoing

29 O,P

26

lymphoma

O, ovarian site; SC, subcutaneous site; P, peritoneal site.

*The patient who underwent two transplantation procedures.

upper age limit of 35 years old in compliance with many centres and in
consideration of the relatively low probability of pregnancy after
ovarian tissue transplantation in older patients. In our cohort, the two
patients who failed to regain fertility after transplantation were 35 and
31 years old at the time of ovarian tissue cryopreservation. In contrast,
the four patients who completely recovered ovarian function were
<30 years old at the time of the procedure, and three of them have
already became pregnant (Demeestere et al., 2006, 2007). In the litera-
ture, the large majority of pregnancies reported after ovarian tissue graft
have also been obtained in women younger than 30 years old at the time
of the cryopreservation procedure (Donnez et al., 201 I, 2013).

Based on the encouraging results obtained after transplantation in
high-risk patients, the findings have indicated that ovarian tissue cryo-
preservation should be extended to patients whose treatments have a
medium risk of ovarian insufficiency. That population would include
women diagnosed with breast cancer. However, the breast cancer
patients in our study had a higher mean age at diagnosis compared
with others in the cohort. They also had lower follicular density in the
cortex. As a consequence, the expected success rate of ovarian tissue
transplantation is likely to be lower than for patients with other disease
and treatment indicators. Despite the fact that no malignant cells were
found in the ovarian tissue of breast cancer patients at the time of cryo-
preservation, the risk of reintroducing neoplastic cells during ovarian
tissue transplantation must be investigated further (Bockstaele et al.,
2012; Oktay, 2001). For breast cancer patients, protocols using gonado-
trophin and letrozole have recently been developed in order to collect
and vitrify mature oocytes without increasing estradiol levels (Azim
et al., 2008). At present, we have adopted this protocol as the first
option to assist breast cancer patients in preserving their fertility by cryo-
preserving oocytes or embryos before chemotherapy.

Immature oocytes can also be collected from antral follicles in ovarian
tissue at the time of the cryopreservation procedure, matured in vitro and
then cryopreserved (Revel etal., 2009; Fasanoetal., 201 1). For half of the
patients who underwent ovarian tissue cryopreservation, this combined
procedure offers an additional chance to become pregnant. The first live
birth resulting from a cryopreserved embryo obtained from in vitro-
matured oocytes collected after oophorectomy was recently reported
(Prasathetal.,2014). Although furtheranalyses should evaluate the com-
petence of these oocytes, these results are encouraging. A systematic
search for these immature oocytes during ovarian tissue cryopreserva-
tion, even in pre-pubertal girls, is warranted.

In our cohort, one death occurred following laparoscopy due to a
severe anaesthesia complication. To our knowledge, this is the first
report of death in a patient undergoing ovarian tissue cryopreservation
procedure. Dolmans et al. (2013a) evaluated the safety of cryopreserva-
tion of ovarian tissue in a large cohort of 476 patients and did not report
any severe adverse events during laparoscopy. In another cohort of 92
patients who completed a questionnaire > |8 months after removal of
an entire ovary for cryopreservation, 27% reported complications
from the operation. Three of them underwent additional surgeries for
cutaneous infections or bladder lesions, and for one, laparoscopy was
converted to laparotomy (Rosendahl et al., 2008). Other complications
were considered minor (discomfort, pain, bleeding from cicatrices).
These data highlight the need to carefully consider the health of patients
before recommending the invasive procedure. In the case of acute pro-
gression of connective autoimmune diseases or malignancies severely
affecting health status, the laparoscopy could be cancelled or postponed.
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In conclusion, cryopreservation of ovarian tissue is an efficient option
to preserve fertility in young patients facing or undergoing gonadotoxic
therapies. Although this technique is usually well tolerated, it is invasive
and severe adverse events have been reported. Therefore, it should be
proposed only after careful evaluation of the surgical risks. As age is an
important factor in success after transplantation, the efficiency of the pro-
cedure is optimal for children and young adults. Other options, such as
vitrification of oocytes or embryos, may be a better choice for older
patients or in patients with a high risk of neoplastic cells within the ovaries.
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