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Abstract

Objectives: The aim of the study was autotransplantation of cryopreserved ovarian tissue to a patient suffering
from premature ovarian failure caused by aggressive oncological therapy.

Material and methods: A 28-year-old woman, Gll Pl, was diagnosed with invasive adenocarcinoma of the cervix
at 18 weeks of gestation. At 31 weeks of gestation, a cesarean section was performed, resulting in the delivery
of a healthy male newborn, followed by simultaneous, radical hysterectomy with bilateral salpingo-oophorectomy
and lymphadenectomy. Half of each ovary was cryopreserved. The patient was scheduled for radiochemotherapy,
supplemented with brachytherapy. After the intervention, the patient experienced menopausal symptoms. The
basal hormonal levels were: estradiol — 2 pg/ml, FSH — 96.52 1U/ml, LH — 37.55 1U/ml, AMH — 0.03 ng/ml. Thirteen
months after surgery, the peritoneal pocket was formed on the anterior abdominal wall during laparoscopy and
heterotrophic autotransplantation of the frozen-thawed ovarian tissue was performed, replacing 59% of the tissue.

Results: Nine weeks after transplantation, symptom resolution, an increase in estradiol (53 pg/ml), and a decrease
in FSH (64.89 1U/ml) and LH (33.39 I1U/ml) levels were noted. Twenty-four weeks after transplantation, high estradiol
levels (269 pg/ml), normal level of FSH (5.92 1U/ml) and LH (4.09 1U/ml), and an increase in AMH (0.37 ng/ml) were
observed. Follicular development in the transplanted ovarian tissue was confirmed.

Conclusions: Cryopreservation and transplantation of ovarian tissue allowed to restore the ovarian function.
It could offer an alternative physiological solution to treating premature ovarian failure caused by oncological therapy.
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Streszczenie

Cel pracy: Celem pracy byt autologiczny przeszczep tkanki jajnikowej poddanej kriokonserwacji u pacjentki
Z przedwczesnym wygashieciem czynnosci jajnikdw po agresywnej terapii onkologiczney.

Materiat i metody: W 18 tygodniu cigzy u 28 letnigj ciezarnej (C2P1) rozpoznano inwazyjng postac gruczotowego
raka szyjki macicy. W 31 tygodniu przeprowadzono elektywne ciecie cesarskie, podczas, ktorego urodzit sie
noworodek ptci meskiej (1780g Apgar 8/10). Nastepnie wykonano radykalne wyciecie macicy technika ,nerve-
sparing” z przydatkami, weztami chtonnymi biodrowymi i okoto aortalnymi dolnymi. Jajniki poddano kriokonserwacji
technikg powolnego zamrazania. Pacjentka przeszta cykl radiochemioterapii z nastepczg brachyterapig.
Przedwczesne wygasniecie czynnosci jajnikow potwierdzono pomiarem hormonow  piciowych: estradiol
-2 pg/ml, FSH - 96,52 IU/ml, LH — 37,565 IU/ml, AMH - 0,03 ng/ml. Trzynascie miesiecy po zabiegu chirurgicznym
w powtokach brzusznych laparoskopowo wytworzono zachytek otrzewnowy, w ktorym umieszczono rozmrozong
tkanke jajnikowg

Wyniki: Dziewie¢ tygodni po transplantacji uzyskano remisje objawow wypadowych, wzrost steZzenia estradiolu
(53 pg/ml), spadek FSH (64,89 IU/ml) i LH (33,39 IU/ml). Dwadziescia cztery tygodnie po zabiegu zaobserwowano
wysokie stezenia estradiolu (269 pg/mi), fizjologiczne steZzenia FSH (5,92 IU/ml), LH (4,09 IU/ml) oraz wzrost
stezenia AMH (0,37 ng/ml). Podczas badania ultrasonograficznego w przeszczepionej tkance jajnika uwidoczniono
pecherzyk dominujgcy

Whioski: Przeszczep tkanki jajnikowej spowodowat powrot czynnosc hormonalnej jajnika. Transplantacja tkanki
Jajnikowej moze postuzyc, jako alternatywne leczenie przedwczesnej menopauzy spowodowanej agresywnym
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leczeniem onkologicznym.

Stowa kluczowe: przeszczep tkanki jajnikowej / zachowanie plodnosci / mrozenie
tkanki jajnikowej / przedwczesne wygasniecie czynnoSci jajnikow

menopauza

Introduction

Aggressive treatment is often the only way to ensure the
survival of oncology patients. One of the complications following
therapy is a complete loss of ovarian function in women of
reproductive age. Women undergoing surgical treatment,
chemotherapy, and radiotherapy are very likely to experience
premature ovarian failure (POF), even though they are still
in the reproductive age and some of them are nulliparous [1].
Nowadays, effective treatment has greatly increased the chances
of survival. An oncological procedure is considered successful
if the quality of patient life has been preserved, including
reproductive or at least hormonal function of the ovaries [2].
Cryopreservation and autotransplantation of the ovarian tissue
could be a potentially beneficial strategy to preserve reproductive
function and hormonal activity in these cases [3]. We present
the first case of successful heterotophic autotransplantation of
cryopreserved ovarian tissue carried out at the Gameta Hospital.

Material and methods

Patient

A 28-year-old woman, GII PI, was diagnosed with
invasive villoglandular papillary adenocarcinoma of the cervix
at 18 weeks of gestation. At 21 weeks of gestation, when the
patient was for the first time hospitalized at the Department of
Gynecology & Oncological Gynecology, Polish Mother’s Health
Center Research Institute, magnetic resonance imaging (MRI)
showed an exophytic cervical lesion protruding from the anterior
cervical labia into the vagina. The dimensions of the lesion were
54x42x29 mm, consistent with FIGO stage IB2. However, the
majority of the tumor mass was located outside the cervix, with
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only 1 cm stromal involvement, so radical hysterectomy was not
excluded as the management option. Moreover, the parametria
were not involved and no distant metastases to the liver or the
lungs were observed, either. MRI showed enlarged pelvic lymph
nodes, suggestive of metastases. The patient wished to maintain
her pregnancy. At 31 weeks of gestation classic elective cesarean
section was performed. A healthy male newborn (weight 1780g,
Apgar score 8 points) was delivered. Next, both ovaries were
removed. Each ovary was cut into two halves and rinsed in
G-MOPS Plus (Vitrolife, Sweden). The two halves (50% of each
ovary) were put into a 50 ml sterile transport tube containing
an IVF medium (G-MOPS Plus, Vitrolife, Sweden) and
transported on ice to the IVF laboratory at the Gameta Hospital
for cryopreservation. Simultaneous radical ‘nerve-sparing’ Piver
IT hysterectomy and salpingectomy followed. Bilateral iliac and
obturator lymphadenectomy was performed. Due to the presence
of nodal metastases, confirmed pathologically during surgery,
lower para-aortic lymphadenectomy was additionally performed.

The final pathological examination revealed pT1BNI1
mucinous adenocarcinoma, without parametrial or vaginal
involvement. However, the presence of tumor metastases was
confirmed in one pelvic lymph node from each side. Para-aortic
nodes were free of cancer. Four weeks after surgery, the patient
was scheduled for intensity-modulated radiation therapy (IMRT)
(22 fractions 2Gy each), combined with weekly cisplatin of 40
mg/m?. Teleradiotherapy was supplemented on afterloading high-
dose rate (HDR) brachytherapy. There were no complications of
radiotherapy, however, lymphocele was detected on the right-
side.
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Freezing procedures of the ovarian tissue

The cortex was dissected and cut into 18 square pieces —5 mm
-5 mm, 1-2 mm of thickness (Photo 1). One sample was removed
for an additional histology examination prior to cryopreservation
in order to exclude the presence of cancer micro-metastases. The
tissue was transferred to 30 ml of 0.1 mol/l sucrose and 1.5 mol/l
ethylene glycol in phosphate-buffered saline supplemented with
10 mg/ml HSA, and equilibrated for 30 min. at 1°C on a tilting
table. The fragments of the cortex were stored in 1.8 ml cryovials
(Nunc, USA), each containing 1 ml of the cryoprotectant, and
cryopreserved using a controlled-rate freezing system (Freez
Control; Cryologic, Australia) [4]. The following program was
used: 2°C/min. to -9°C, 5 min. of soaking, then manual seeding
for the induction of ice crystal nucleation, 0.3°C/min to -40°C,
and a ‘free fall’ of the temperature to -140°C. Next, the samples
were plunged into liquid nitrogen at -196°C [5].

Protocol validation and safety — xenotransplantation
of the patient’s frozen-thawed ovarian tissue into an
immunodeficient mouse

Two frozen—thawed ovarian cortical pieces were transported
to the Laboratory of Reproductive Biology, Juliane Marie Center
for Children, Women and Reproduction, University Hospital of
Copenhagen, Denmark. An immunodeficient mouse (strain: Bom
NMRI-nu, M&B A/S, Denmark) was ovariectomized. One week
after ovariectomy, two frozen—thawed ovarian cortical pieces
isolated from our patient were grafted. Two small pockets were
created on each side of the back of the mouse using a pair of
scissors. Without further manipulation, the tissue was left in the
mouse for a period of 6 weeks, after which time the mouse was
killed and the human tissue was recovered. Each tissue fragment
was fixed in Bouin’s solution and prepared for histology. Sections
containing the ovarian tissue were reviewed to evaluate the
number of the follicles present. The transplanted pieces of the
ovarian tissue contained viable primordial follicles after a culture
period of 6 weeks (Photo 2-4).

Laparoscopic autotransplantation of the ovarian tissue

Thirteen months after surgery, the patient was free of
recurrence and prepared for ovarian autotransplantation. During
that period, the patient reported menopausal symptoms and
requested transplantation. Local Ethics Committee authorized
the study (RNN/638/KD). An interdisciplinary team, consisting
of a reproductive endocrinologist, gynecologist and oncological
gynecologist, approved of the treatment. Due to the presence of
a 6-7cm lymphocele, the patient was scheduled for laparoscopic
removal of the lymphatic cyst, with simultaneous transplantation
of'the ovarian tissue subperitoneally, inside the anterior abdominal
wall in Gameta Hospital
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Figure 1. Dynamics of FSH and LH concentrations after transplantation of the
cryopreserved ovarian tissue.

The peritoneal pocket was formed on the right side of the
anterior abdominal wall. Ten strips (59% of the frozen tissue)
were removed from liquid nitrogen (LN2) and thawed rapidly
in a 37°C water bath. Subsequently, the pieces were transferred
to 10ml of 0.75 mol/ml ethylene glycol and 0.25 mol/l sucrose
in PBS (10 min) and then to 10 ml of 0.25 mol/l sucrose in PBS
(10 min). All thawed tissues were immediately transferred into
into the peritoneal pocket within 10 minutes (Photo 6). The
peritoneal pocket containing the ovarian tissue was closed using
laparoscopic clips.

Results

Follow up post transplantation

On the day of the transplantation (July 8, 2015), the ovarian
function was monitored by hormonal assay. The hormone levels
were: estradiol — 2 pg/ml, FSH — 96.52 TU/ml, LH — 37.55 TU/ml,
AMH - 0.03 ng/ml. The first signs of restoration of the ovarian
function, namely resolution of the menopausal symptoms, an
increase of estradiol (53 pg/ml), and a decrease of FSH (64.89
IU/ml) and LH (33.39 IU/ml) levels were observed 9 weeks after
transplantation. Finally, 24 weeks after intervention, we noticed
high estradiol levels (269 pg/ml) and normal FSH (5.92 TU/ml)
and LH (4.09 IU/ml) levels (Table I; Figure 1). At the same time,
ultrasound test revealed follicular development at the site of graft
transplantation (Photo 7). The AMH level was 0.37 ng/ml.

Discussion

Our paper presents the results obtained after heterotopic
human ovarian autotransplantation. The procedure continues to
be regarded as experimental. The rest of our patients is still under
oncological treatment or surveillance.

Table I. Changes of FSH, LH, estradiol and AMH profiles following the ovarian transplantation procedure.

TS aao" | 06.08.2015 | 08.09.2015 | 14.10.2015 | 26.10.2015 | 20.12.2015
FSH [IU/mi] 96.52 93.95 64.89 59.41 52.83 5.9
LH [IU/ml] 37.55 29.6 33.39 32.13 27.86 4.03
Estradiol [pg/ml] 2 0 53 54 40 269
AMH [ng/mi] 0.03 0.05 0.11 0.11 0.1 0.37
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Photo 3. Pieces of frozen-thawed human ovarian cortex transplanted under the skin
of the oophorectomized mouse. Macroscopically visible vascularization was observed
after 6 weeks.

Photo 2 a, b. Two small pockets created on each side of the back of the mouse. The
tissues were transplanted and left in the mouse for a period of 6 weeks.

Photo 4 a, b. Pieces of the frozen-thawed human ovarian cortex transplanted under
the skin of an oophorectomized mouse after 6 weeks histology showed healthy
primordial follicles.

After radical panhysterectomy, the menopausal effects
can be treated with hormonal replacement therapy (HRT). The
available evidence for cervical cancer demonstrates no excessive
risk of recurrence [4]. HRT is known to have a beneficial effect
on menopause-related complications. Andersen et al., described
cases of patients who benefited from long-term function of
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grafted tissue. In their most recent paper, they postulate that this
procedure may expand a woman’s hormonal lifespan [5]. In 2012,
Poirot et al., was the first to use frozen-thawed ovarian tissue for
pubertal induction in a patient after bone marrow transplant [6].
In such cases, the frozen tissue should rather be used in the future
to preserve fertility in these patients [7].
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Cryopreservation of the ovarian tissue requires validation of
the procedures, special skills and equipment, as well as trained
staff. In order to ensure safety and efficiency of our program,
we decided to validate the procedure using mouse models.
Xenotransplantation of human ovarian tissue has been proposed
as the ‘gold standard’ to control the quality of the procedure [8,
9]. After 6 weeks in the mouse, revascularization of the grafts,
with ‘healthy’ primordial follicles and no signs of malignant
disease, was observed.

There are two primary significant mechanisms which
provoke follicle loss in the ovaries during the procedure,
namely ischemia and the cryopreservation procedure [10].
Hence, it must be stressed that transport should occur as fast
as possible [6]. In this case, the transport procedure from the
operating theatre to the laboratory took less than one hour.
Photo 5. Frozen-thawed ovarian cortex of the patient stained with Neutral Red Andersen et al., recommend to start cryopreservation within 5
representing viable human follicles within the cortical tissue. hours after the procedure. However, in some cases this period
could be prolonged even to 24 hours [11]. In such case, the patient
can have the ovary removed in the local hospital, far away from
a reproductive laboratory.

Ovarian tissue can be grafted subcutaneously, into the
remaining ovary or inside the peritoneal pocket [12, 13]. In
this case, the patient was scheduled for laparoscopy due to an
iatrogenic lymphocele. At the same time, we could use ovarian
tissue re-implantation. Aggressive surgery and radiochemotherapy
completely changed the anatomical and functional conditions in
the pelvis. The only rational solution was to create a peritoneal
pocket, corresponding to the anterior abdominal wall. It was
crucial not to use bi-or monopolar energy during the dissection.

In this case study, the ovarian function was restored within
seven months after the procedure. FSH levels remained meno-
pausal for a period of 24 weeks after transplantation until high
levels of estradiol started to decline FSH to physiological levels.
Photo 6. Laparoscopic autotransplantation of the ovarian tissue into the peritoneal In other studies, the period between 16-42 weeks was required
pocket on the ight side of the anterior abdominal wall. for the development of the pre-ovulatory follicle, with no strict
correlation between age, quantity of the transferred or the number
of follicles in the graft [8, 14] Duration of the ovarian function
varies from 7 months to more than 10 years [12]. Duration of the
graft function depends on many factors, especially the number
of immature oocytes which survived ischemia, freezing-thawing
procedure, and the revascularization process [7, 10].

Safety and indications for the procedure remain the critical
issues of ovarian autotransplantation. The risk of metastases
continues to exist, especially in hematological diseases. Hence,
more studies developing reliable, fast tests or improving the
safety of ovarian tissue autotransplantation are needed [15, 16].

In the last decade, significant advances have been made in
ovarian tissue cryopreservation, autotransplantation, and fertility
preservation. This is an exciting new treatment, which could
become an alternative physiological solution to prevent premature
ovarian failure. However, extensive research is required before
it can become a standard procedure in women with iatrogenic
menopause.

Conclusions

The analysis of the first ovarian tissue transplantation showed
that this procedure allowed restoration of the ovarian function,

Photo 7. The leading follicle and antral follicles developed from the transplanted .
frozen-thawed ovaria% tissue. P P demonstrated by lack of menopausal symptoms, normalization of

hormonal serum levels and follicle development.
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Frozen-thawed ovarian tissue transplantation could be
an alternative physiological solution for treating iatrogenic
menopause.
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