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Abstract
Purpose To report the first live birth after frozen-thawed ovarian transplantation in Turkey and the second case for an acute
lymphoblastic leukemia (ALL) survivor in the world.
Methods A 19-year-old patient underwent ovarian tissue cryopreservation (OTC) before cord blood transplantation in 2010. She was
diagnosed as ALL with a bone marrow biopsy revealing 90% blast ALL-L2 type, and karyotype analyses indicated reciprocal
translocation at t(9;22)(q34;q11). The patient received the Berlin-Frankfurt-Munster (BFM) protocol, and complete remission was
achieved before fertility preservation. SerumAMH levelwasmeasured as 1.5 ng/ml, and 12 antral follicleswere counted on ultrasound.
She was informed about fertility preservation options and decided to proceed with OTC, with her signed consent before cord blood
transplantation in April 2011. Ovarian tissue transplantation (OTT) was performed in 2017 when the patient was menopausal with
serum FSH levels > 100 IU/ml and estradiol < 20 pg/ml and hematologically in molecular remission. Detailed molecular analysis,
standard histology, and immunohistochemistry demonstrated that the thawed tissue is free of malignant cells.
Results Six months following OTT, she had spontaneous menstruation with serum FSH 11 IU/ml and estradiol 53 pg/ml. Two
consecutive IVF cycles yielded three top-quality embryos. Following three embryo transfer cycles, one fresh and two frozen, a
healthy term live birth was achieved. Frozen-thawed-transplanted tissues were extracted during caesarean delivery upon the
patient’s request after a total period of 25 months in vivo, and histopathological evaluation revealed that the tissue was free of
leukemic infiltration.
Conclusion The authors report the first pregnancy and live birth in Turkey and the second live birth in the world following
transplantation of frozen-thawed ovarian tissue in a leukemia survivor. As the transplanted tissues were removed during caesar-
ean delivery, histological findings prove the functionality and the malignant-free status of the transplanted tissue during the
grafted period.
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Introduction

Despite increasing cancer incidence, cancer-related death rates
have decreased thanks to the development of early diagnosis
and effective treatment modalities [1]. Therefore, issues re-
garding the quality of life of cancer survivors have become a
fundamental part of contemporary multidisciplinary cancer
treatment. Infertility, a major long-term side effect of cytotox-
ic treatments, which occurs due to ovarian damage or damage
to the endocrine organs or uterus, is manifested most com-
monly by premature ovarian failure (POF) and early meno-
pause. Especially, alkylating chemotherapeutic agents such as
cyclophosphamide and busulfan and pelvic radiotherapy can
cause permanent loss of fertility. In addition, surgery for
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endometriosis or other benign ovarian tumors and treat-
ment protocols including cytotoxic agents for some he-
matological or immune diseases are also associated with
loss of fertility [2].

Fertility preservation is an indispensable form of preven-
tive treatment in order to maintain future fertility before de-
structive treatments. Therefore, ovarian tissue cryopreserva-
tion (OTC) and re-transplantation is no longer accepted as
an experimental procedure [3] and is an established routine
fertility preservation technique in many countries such as
Belgium, Denmark, Australia, Portugal, France, Germany,
Spain, Sweden, Israel, the UK, and the USA [4, 5].
Induction of puberty following ovarian tissue transplantation
has also been demonstrated in a patient previously treated for
Ewing sarcoma [6].

With increasing live births and advancement in technology,
the label of “experimental status” has been debated heavily
and recently been removed [7–9]. Indeed, some studies have
argued that ovarian cryopreservation and autologous re-
transplantation may be an alternative to postmenopausal hor-
mone replacement therapy (HRT) and could be used for fur-
ther possible indications other than fertility preservation [10,
11]. According to recent reports, after autologous transplanta-
tion of frozen-thawed ovarian tissue, long-term endocrine
functions were restored in 67 to 93% of patients, indicating
that the hormone-producing units were preserved well [9, 12,
13]. Unlike oocyte freezing, OTC theoretically allows the
preservation of hundreds of primordial follicles at once, with-
out the need for controlled ovarian stimulation. In fact, ovarian
stimulation and oocyte cryopreservation can be performed in
prepubertal girls, but oocyte pick up may technically be diffi-
cult, and OTC still seems to be the gold standard procedure in
this age group [14].

Since the exact number of cases that underwent OTC or
OTC plus re-transplantation is unknown, the effectiveness of
the procedure cannot be calculated definitely [13]. However,
many clinical programs contribute to the development of the
technique by creating their own networks and opening their
data for national and international access [15]. Although more
than 130 live births have been reported with this method in
literature [2], the technique still needs to be validated in terms
of avoiding reintroduction of malignant cells into the patient
during ovarian tissue re-transplantation [16]. Theoretically, it is
not possible to detect exactly the presence of malignant cells in
tissues that have been scheduled for transplantation; however,
harvested ovarian tissue pieces can be evaluated before freezing
or after thawing in order to detect residual malignant cells in-
directly by using molecular techniques and prior fixation. To
date, not a single case has been reported in humans, indicating a
malignant relapse after OTC and re-transplantation due to ma-
lignant cell residue in the tissue [17]. Nevertheless, as concern
regarding reintroduction of malignancy after transplantation
continues, many papers have been published to describe ways

to detect and eliminate malignant cells. [16–24]. The best alter-
native for tissue re-transplantation is discovering efficient and
robust techniques for in vitro maturation (IVM) or artificial
ovary applications [25, 26]. Although OTC is indicated before
the treatment of leukemia, some authors do not recommend
auto-transplantation because of the potential risk for disease
recurrence [27]. This paper reports a healthy live birth after
OTC and re-transplantation in a patient, who is a survival of
acute lymphocytic leukemia (ALL). Pregnancy and live birth
were established after extensive tissue assessment for malig-
nant contamination and successful transplantation, and
transplanted tissues were removed during caesarian section
due to the aforementioned theoretical concerns and according
to the patient’s demand. The current case is the first live birth
reported from Turkey following OTC and the second in terms
of ALL survivors in the world [21].

Case report

Material and methods

Ethical approval was received from the Ankara University
Ethics Committee (approval no: 3083) for leukemic patients
undergoing ovarian tissue cryopreservation and transplanta-
tion, and all the undergone procedures received written and
signed consent from the patient.

A 19-year-old patient was referred to our clinic in April
2010 for fertility preservation. A year before, she was diag-
nosed with ALL after bone marrow biopsy, as she had pre-
sented with symptoms of bleeding, fever, and frequent infec-
tions. Her bone marrow biopsy revealed 90% blast ALL-L2
type, and karyotype analyses indicated reciprocal transloca-
tion at t(9;22)(q34;q11). Initially, the patient received the
Berlin-Frankfurt-Munster (BFM) induction and consolidation
protocol: vincristine, daunorubicin, L-asparaginase, and meth-
otrexate, and complete remission was achieved. Then, the
patient was referred to our fertility preservation unit before
she was scheduled to receive myeloablative conditioning che-
motherapy for cord blood transplantation, which included
FluCy-TBI in April 2011 (Flu—fludarabine, Cy—cyclophos-
phamide, TBI—total body irradiation). At the referral, serum
AMH level was measured as 1.5 ng/ml, and 12 antral follicles
were counted on ultrasound. She was informed about fertility
preservation options and gave her signed consent to proceed
with OTC, as there was not enough time for controlled ovarian
stimulation prior to scheduled chemotherapy and she did not
approve transvaginal oocyte collection, as she was not
married.

Cryopreservation procedure Unilateral ovarian tissue resec-
tion was performed by laparoscopic surgery, and three quar-
ters of the left ovary were removed. The tissue was transferred
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to the embryology laboratory, where the medullar layer was
removed in a 3-(N-morpholino)propanesulfonic acid (MOPS)
buffered gamete handling solution (G-MOPS, Vitrolife AB,
Gothenburg, Sweden) immediately and the cortex layer was
cut into 20 fragments of 0.5 × 1 cm-sized, 1 mm-thick pieces.
Each cortical fragment was loaded into a cryovial (CBS™
High Security Tube, Cryo Bio System, L’Aigle, France) con-
taining 1 mL of cryopreservation medium with cryoprotectant
agents (CPA), consisting of 1.5 M dimethylsulfoxide
(DMSO) (D2650; Sigma-Aldrich, St. Louis, MO), 0.2 M su-
crose (S9378; Sigma-Aldrich) dissolved in gamete handling
solution supplemented with 10% human serum albumin.
Tissue fragments were equilibrated in ice on a rocking stage
for 15 min and placed into a computer-controlled slow rate
freezer machine (Kryo 360-1.7, Planer Limited, Middlesex,
UK). The slow freezing procedure started at 4 °C, and with
a rate of 2 °C/min, the temperature was decreased to – 9 °C.
After 10 min of soaking, manual seeding was performed, and
further cooling at a rate of 0.3 °C/min down to − 40 °C was
achieved. In the final step, the samples reached − 140 °C at a
rate of 10 °C/min and then were transferred into liquid
nitrogen.

Thawing procedure After cord blood transplantation, the pa-
tient developed ovarian failure with amenorrhea and her se-
rum FSH rose to 179 mIU/mL and AMH levels were below
0.1 ng/ml. Upon marriage, 7 years after the initial diagnosis,
she applied to our center with the request of re-transplantation
of her ovarian tissues to conceive. Upon decision to re-
transplant the frozen ovarian tissues, one of the cortical strips
was thawed in advance, to uncover any residual malignant
cells, using histopathological techniques and polymerase
chain reaction (PCR). For thawing, the vial containing the
cortical tissue was removed from the nitrogen tank, allowed
to stand at room temperature for about 1 min, and then trans-
ferred into a 37 °C water bath. After full thawing was
achieved, the vial content was unloaded onto a culture dish
and the sample tissue was passed through media, containing
CPA in gradually decreasing concentrations. The contents of
the vial were initially put into medium containing 1.0 M
DMSO, 0.2 M sucrose, and subsequently, media containing
0.5 M DMSO, 0.2 M sucrose; only 0.2 M sucrose and 0.1 M
sucrose, respectively, were then transferred into CPA-free
gamete manipulation medium. All media was prepared in
gamete manipulation medium containing 10% human serum
albumin and in each, the tissue was incubated with gentle
agitation for 5 min at room temperature. In order to detect
minimal residual disease (MRD), the entire thawed sample
tissue was evaluated by means of immunohistochemistry
and PCR. CD3 (marker for T lymphocyte), CD20 (marker
for B lymphocyte), CD34 (marker for hematopoietic stem
cells and blood vessels), PAX5 (marker for subtypes of B-
progenitor ALL), TDT (marker expressed on the surface of

leukemic cells), and inhibin (for detection of functional folli-
cles) expressions were analyzed by immunohistochemistry on
paraffin embedded slides taken from the whole tissue.
Additionally, hematoxylin-eosin staining was performed on
two paraffin sections, in order to overview the tissue histolo-
gy. Another piece from the thawed ovarian fragment was an-
alyzed using molecular qPCR analysis for the detection of the
presence of the BCR/ABL p190 fusion genewith a suitable kit
(ipsogen® BCR-ABL1 Mbcr IS-MMR, Qiagen GmbH,
Hilden, Germany) by using fusion gene cDNA specific prim-
er, m-bcr:BCR-ABL p190 (e1a2) (Düzen Laboratories,
Ankara, Turkey).

Follicle survival and methods to detect malignant cells The
cortical strips thawed prior to re-transplantation underwent
detailed evaluation in order to examine follicular and stromal
appearance and to detect residual lymphoblastic infiltration. In
hematoxylin-eosin staining, follicular and stromal structures
of the ovarian cortex were assessed as intact. There were an
abundant number of primordial follicles, most of which
contained an undamaged oocyte surrounded by a single layer
of squamous follicle cells. Some primordial follicles were
displayed as shrunken or with vacuolated cytoplasm with ir-
regular oolemma, despite an intact follicular structure. A small
number of healthy primary follicles were observed in their
early stage of development with a single layer of cuboidal
follicle cells surround the growing oocytes (Fig. 1a, b).
Immunohistochemical analyses were performed by labeling
the paraffin sectioned ovarian cortex tissue with the aforemen-
tioned markers together with positive control tissues.
Accordingly, TDT and PAX5 labeling revealed a negative
staining pattern (Fig. 2a, b). With CD34, there was positive
staining on the vascular structures in the ovarian stroma, but
there was no appearance suggesting blastic cell infiltration
(Fig. 3a). CD3 showed a small number of lymphocytes in
one area without a specific appearance of infiltration (Fig.
3b). CD20 staining was negative (Fig. 4a). A rare positivity
in inhibin expression was found in the follicle epithelial cells
and stroma (Fig. 4b). No BCR/ABL p190 fusion gene was
detected in the qPCR evaluation.

Ovarian transplantation One week before ovarian tissue re-
transplantation surgery, a pouch opening was performed by
laparoscopy between the peritoneal leaves, just below the
right fallopian tube in the mesoovarium (Fig. 5a) in order to
prepare a transplant niche (Fig. 5b) and to induce angiogene-
sis. In December 2017, ovarian transplantation was performed
laparoscopically. Briefly, the patient was prepared for the
transplantation in the operating room, and simultaneously, 9
additional ovarian tissue fragments were thawed as described
above. The total number of thawed cortical fragments was 10,
so half of the frozen tissues were thawed for this current trans-
plantation procedure. Thawed fragments were transported to
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the operating room in a MOPS-buffered gamete-handling me-
dium immediately, and with the help of spoon forceps, the
ovarian cortex fragments were inserted into the pre-prepared
cavity in the right side mesoovarium (Fig. 5c). The pouch lips
were closed using 5/0 vicryl suture after the ovarian cortex
fragments were aligned so that both sides of the tissues would
be in contact with the mesoovarium wall.

Results

Follow-up, controlled ovarian stimulation Endocrine follow-
ups while the patient was on HRT showed gradually decreas-
ing serum FSH and LH and increasing estradiol levels: In
January 2018, FSH = 92 IU/ml, LH = 28 IU/ml, E2 < 10 pg/
ml; in February 2018; FSH = 107 IU/ml, E2 < 10 pg/ml; in
March 2018, FSH = 76 IU/ml, LH = 41 IU/ml; E2 = 29 pg/
ml; in April 2018, FSH = 18 IU/ml, LH = 9.4 IU/ml, E2 =
78 ng/ml (Fig. 11)

Transvaginal ultrasonography performed in March 2018
revealed an atrophic left ovary and a 5-mm follicle in the right
ovarian region. In June 2018, the patient had spontaneous
menstruation without medication for the first time, and her
endocrine values were as follows: FSH = 18 IU/ml, LH =
9.4 IU/ml, E2 = 78 pg/ml. The first IVF attempt was in
June 2018. On her second day of menstruation, FSH level
was 11 IU/ml, LH was 2.79 IU/ml, estradiol was 53 pg/mL,
and serum AMH was 0.4 ng/ml. Two consecutive controlled
ovarian hyperstimulation cycles with GnRH antagonist proto-
col (Cetrotide, Merck, Darmstadt, Germany) were performed,
using a combination of highly purified hMG 75 IU/day
(Menopur, Ferring, Saint-Prex, Switzerland) and recombinant
FSH 150 IU/day (Gonal F, Merck), and a transvaginal oocyte
pick up was performed 35 h after dual trigger using 250 mg of
recombinant hCG (Ovitrelle250, Merck) and 1 mg of
leuprolide acetate (Lucrin, Abbott, Chicago, IL) [28].
Follicle aspiration was performed from the grafted tissues, as
the ovaries of the patient were already atrophic and invisible
by ultrasound. A total of 10 oocytes were collected, 7 were

Fig. 1 Hematoxylin-eosin stained sections of the frozen-thawed ovarian
cortex display an abundant number of primordial follicles, most of which
contain an intact primary oocyte (a). A small number of healthy primary

follicles was observed (b). Scale bars indicate 100 μm in Fig. 1a, 50 μm
in Fig. 1b

Fig. 2 Immunohistochemical labeling of cortical tissue with TDT (a) and PAX5 (b) reveal negative staining. Inlets show positive control staining (a:
bone marrow, b: lymph node). Scale bars indicate 100 μm
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mature, and intracytoplasmic sperm injection was performed
using normozoospermic ejaculate of the patient’s husband, yield-
ing 3 grade 1 embryos [29]. While the first fresh (Fig. 6a) and
frozen embryo transfers (Fig. 6b) were unsuccessful, a second
frozen embryo transfer, with a top qualityDay 3 embryo (Fig. 6c,
Day 2 pictures are displayed), performed in April 2019 resulted
in pregnancy. An HRT cycle was chosen to prepare the endo-
metrium since the patient experienced some irregular cycles fol-
lowing the oocyte retrieval procedures. For this purpose, increas-
ing doses of estradiol hemihydrate tablets (Estrofem, Novo
Nordisk A/S, Bagsværd, Denmark) were used, starting from
Day 2 of the menstrual cycle. The initial dose was 2 mg/day
and was increased up to 6 mg/day until the endometrial lining
was trilaminar in appearance and reached 8 mm in thickness.
Then, 80 mg of 8% micronized progesterone was started twice
a day (Crinone gel 8%,Merck), and continued up to the 9thweek
of pregnancy.

A healthy 2980-g newbornwithApgar scores of 8 and 10was
delivered by caesarean section on the 38th week of pregnancy, in
January 2020. The mother and newborn were discharged as
healthy on Day 1 postoperative. During caesarean delivery, all

the transplanted ovarian fragments were removed, upon the pa-
tient’s request, and sent for histopathological analysis for any
possible blastic infiltration. Hematoxylin-eosin staining revealed
healthy primordial (Fig. 7) and growing follicles (Fig. 8), as well
as corpora albicans and luteum with hemosiderin-laden macro-
phage groups (Fig. 9). Notably, immunohistochemical staining
against CD3, CD20, CD34, PAX5, and TDT antigens revealed
no blastic infiltration in the removed ovarian tissues (Fig. 10).

Discussion

OTC is no longer labeled as experimental [3], and it is widely
used as the gold standard fertility preservation technique in
many countries worldwide [4, 13]. Despite some groups
reporting the safety and efficacy of ovarian stimulation in
peri-pubertal children at risk of ovarian failure due to cancer
treatment [30], oocyte pick up procedures may be technically
compelling in these young girls, and there is no alternative
way to protect future fertility other than OTC in many coun-
tries. Additionally, it is reported that puberty can be induced

Fig. 3 Immunohistochemical labeling of cortical tissuewith CD34 (a) and CD3 (b). Inlets show positive control staining (a: colon, b: lymph node). Scale
bars indicate 100 μm

Fig. 4 Immunohistochemical labeling of cortical tissue with CD20 (a) and inhibin (b). Inlets show positive control staining (a: lymph node, b: testis).
Scale bars indicate 100 μm
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following OTC and re-implantation [6, 31] and that live birth
is possible, even when the ovarian tissue is cryopreserved
before puberty [32]. With more than 130 live births [2], close
to 93% endocrine recovery and 30% pregnancy rates pub-
lished in some reports [9, 33], there is still the theoretical risk
of malignant cell transplantation and efficiency data of the
entire procedure is insufficient [2]. According to the question-
naire results of a large number of patient series from Belgium,
it was revealed that there was a 33% live birth rate among 21
patients (3.9% of the total) who underwent auto-
transplantation [34]. An interesting report comparing the oo-
cyte versus ovarian cryopreservation by Diaz-Garcia et al. in-
dicated that the usage rate of cryopreserved material was 4.8%
in oocyte and 6.2% in ovarian cryopreservation, and their
pregnancy and live birth rates were comparable [35].

Here, the authors report the first live birth after OTC and re-
transplantation nationally, as OTC was legalized in the last
decade in Turkey. Ovarian tissue cryopreservation started at
the Ankara University School of Medicine in 2004 with a
grant from the “State Planning Organization of Turkey.”
Ethical approval was provided for patients undergoing ovarian
tissue cryopreservation and transplantation. Approximately
300 cryopreservation procedures for both malignant and non-
malignant diseases and 6 cases of ovarian transplantation have
been performed thus far in the same institution.

Before ovarian re-transplantation, the patient was in com-
plete menopause, assessed by extremely high FSH and low

estradiol values and atrophic ovaries because of ovarian fail-
ure. The FSH values increased dramatically and returned to
normal reference ranges, after a fluctuation period following
re-transplantation. It was demonstrated that transplanted grafts
might function similarly to poor responder ovaries. Since fol-
licular growth dynamics may be different in patients with
decreased ovarian reserve who also had irregular menstrual
cycles, it may not be infrequent to see fluctuations of hormone
levels in such a group of patients with increased FSH or de-
creased estradiol levels [36] (Fig. 11).

This case is also important in terms of being the second
published healthy live birth following ovarian transplantation
in a patient with ALL [21]. Another interesting fact of this
report is that the authors were obliged to remove the
transplanted tissues during caesarean section and therefore
were able to examine them after 25months of in vivo grafting.
By histologic assessment, it was proven that the grafted tissue
maintained primordial follicles and sustained folliculogenesis.
Notably, no blastic infiltration was found in the removed tis-
sues. Since leukemia is a malignancy originating from bone
marrow, it has the potential to infiltrate all tissues with circu-
lation, and the risk of distant metastasis is very high. In this
respect, it has been argued by some groups that ovarian re-
transplantation is unsafe for the purpose of fertility preserva-
tion in leukemia patients [27]. On the other hand, there are
contradictory reports presenting lack of malignant leukemia
cells in the cryopreserved ovarian tissue if the patient is in

Fig. 6 Three grade-1 embryos
resulted in pregnancy and live
birth cumulatively from oocytes
derived from transplanted ovarian
cortical tissue. Micrographs were
obtained on day 2 of embryo
development. Scale bars indicate
30 μm.

Fig. 5 Images taken during laparoscopic ovarian tissue re-transplantation
surgery. One week before transplantation, the right mesovarium was ex-
plored (a, black arrow) and a transplant niche was prepared in the form of

a pouch (b, white arrow). A week later, upon thawing, nine cortical strips
(asterisk) were transferred laparoscopically (c).
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complete remission at that time [18]. Disease transfer was
demonstrated after transplantation of leukemia-infected tis-
sues into immune-deficient mice [27]. Although this xeno-
transplantation model does not accurately reflect the condition
of patients with leukemia, it emphasizes the need for more
reliable laboratory tests in order to detect MRD before the
transplantation of these tissues [16–19, 22]. However, it is
debated to what extent these tissue fragments will represent
the whole cohort of transplanted tissues [21]. Since immuno-
histochemical tests can show tissue integrity and lymphoblas-
tic infiltration to a certain point, further molecular tests such as
PCR, next generation sequencing, or flow cytometry are man-
datory, as leukemic cells expressing specific markers of the
disease will improve screening for MRD [17]. In the present
case, leukemic cells contained the Philadelphia chromosome

as a reference in PCR analysis and no leukemic cells were
found in the thawed-sample tissue.

Data is limited on the timing of the ovarian biopsy and
especially information on the hematologic malignancies re-
garding the risk of metastasis. A paper from Dolmans et al.
[27] reported that an induction or consolidation therapy prior
to OTC has no or minimal effect on the MRD present in the
vessels or the stroma of the grafted ovary in leukemia patients.
They concluded that a single cycle of chemotherapy is not
enough to eliminate the leukemic cells from the biopsied ova-
ry. On the other hand, the corner stone report by Greve et al.
revealed that ovarian tissues lack malignant contamination
when patients of leukemia are in complete remission [18].
Even though there is lack of evidence, it seems better to cryo-
preserve ovarian tissue in leukemia patients after

Fig. 7 Hematoxylin-eosin
staining of ovarian tissue that was
frozen-thawed, re-transplanted,
and finally removed during the
caesarian section. Dashed
rectangles show healthy
primordial follicles and inlets
demonstrate magnified images.
Scale bars indicate 50 μm.

Fig. 8 Hematoxylin-eosin stained ovarian section demonstrates a
growing pre-antral follicle with a healthy primary oocyte and its zona
pellucida. Scale bar indicates 50 μm.

Fig. 9 Hematoxylin-eosin stained ovarian section demonstrates corpus
albicans (CA) and corpus luteum (CL) with hemosiderin-laden macro-
phages (asterisk). Scale bar indicates 50 μm.
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consolidation therapy, prior to stem cell transplantation, in
order to minimize the leukemic cells inside the tissue.
Furthermore, even though some reports demonstrated no sig-
nificant decrease in follicular density following induction che-
motherapy [18], it should be noted that the ovarian reserve and
effectiveness of assisted reproductive technologies may di-
minish with each round of chemotherapy administered [37].
In theory, it may be advantageous to perform ovarian tissue
harvesting after the first round of chemotherapy in order to
clear any neoplastic cells residing in the ovary. In the current
case, since the patient had already underwent previous con-
solidation chemotherapy, it might have influenced the pres-
ence of leukemic cells in the ovarian cortex.

It was reported that when “immune-deficient mice” were
used, only some of the PCR-positive tissues were able to in-
duce leukemia [27]. Therefore, a positive result obtained with
PCR does not necessarily translate into disease recurrence

[21]. Indeed, the new immune system that is constituted fol-
lowing hematopoietic stem cell transplantation, unlike from
an innate immune system, would have competent immune
responses against any possible circulating tumor cells.
Experimental studies are running to transplant these tissues
in fibrin carriers [23] and artificial ovaries or to isolate primor-
dial follicles for IVM [26]. However, isolation of primordial
follicles and effective IVM techniques are not performed rou-
tinely, and none of these treatments is sufficient to be offered
as an alternative method to auto-transplantation [21].

In this case, a peritoneal pouch was prepared laparoscopically
in themesoovarium aweek before the re-transplantation. Despite
not being standard and unproven, we believe that this process
reduced the time of the re-transplantation surgery and provided a
vascularized niche for the re-transplanted ovarian cortical tissues.
The re-transplanted tissues were removed during caesarean de-
livery upon request of the patient, due to the patient’s concerns

Fig. 10 Immunohistochemical
staining against CD3 (a), CD20
(b), CD34 (c), PAX5 (d), and
TDT (e) antigens reveal no blastic
infiltration in removed ovarian
tissues. Scale bars indicate 50μm.
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about the recurrence of leukemia. Thus, the frozen-thawed ovar-
ian tissues remained in the patient for 25 months. According to
the immunohistochemical examinations, there was no leukemic
activity in the tissues removed, and no pathological findingswere
observed in the patient’s hematological follow-ups during this
period. In addition, histological examination of the removed tis-
sues showed that, despite a decrease in primordial follicle densi-
ty, the transplanted tissues were functional with well-preserved
stromal integrity and continued folliculogenesis and hormone-
releasing units such as corpus luteum. We think that removal
of tissues is an ethically challenging decision because the remov-
al of them,with the concern of leukemic activation, will bring the
patient back to menopause. The decision was made upon the
patient’s personal demands and the presence of the ten remaining
cryopreserved ovarian tissues remain for further use.

Conclusion

Here we report the first case of a live birth after ovarian cryo-
preservation and re-transplantation in Turkey. We have been
carrying out ovarian tissue cryopreservation procedure since
2005 and accepting tissue biopsies from other institutions all
over the country as a pilot center at the Ankara University
Medical Faculty, Center for Assisted Reproduction and
Infertility. There have been almost 300 patients from whom
ovarian tissues were cryopreserved for both malignant and
nonmalignant diseases in the fertility preservation program.

The presented case is the second re-transplantation procedure,
and the clinic has achieved restoration of endocrine function
in all of the six patients who underwent ovarian re-transplan-
tation. All the patients’ follow-ups are still in progress [38].

Although this case report is remarkable, one should be
cautious about the risks of ovarian tissue transplantation
as the procedure is case-dependent and cannot be extrap-
olated to all leukemia patients. This case report implies
significant importance because it is the first national preg-
nancy and live birth following auto-transplantation and
the second published case among leukemia survivors
worldwide. Despite highly debated, depending on the
prognosis and the patient’s request, removing transplanted
tissues after conception may be an alternative strategy that
increases safety.
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