Live birth rate after ovarian tissue cryopreservation
followed by autotransplantation in cancer patients:
a systematic review

Mayra S. Nakano, Ricardo S. Simoes, Maria Candida P. Baracat, Alexandre Lobel, Marcos E. Shiroma,
Daniel Z. Igami, Paulo C. Serafini, José M. Soares Jr, Edmund C. Baracat

Disciplina de Ginecologia, Departamento de Obstetricia e Ginecologia, Hospital das Clinicas, Faculdade de Medicina da Universidade de Séo Paulo

ABSTRACT

Objective: Our aim was to review the literature on ovarian tissue cryopreservation in young female cancer patients who
had successful live-birth pregnancies.

Design: This was a systematic review conducted in accordance with the Preferred Reporting ltems for Systematic
Reviews and Meta-analyses (PRISMA) guidelines using the Medline and Cochrane databases. These databases were
searched for reports in English, Spanish and Portuguese published between 2004 and 2019. Intervention (Data collection
and analysis): The selection of relevant studies was conducted independently by the authors. Titles and abstracts were
examined to determine whether studies met the selection criteria. After that, original articles were read for a final decision.
Main outcome measure: Successful live-birth pregnancies after ovarian tissue cryopreservation followed by autotrans-
plantation in cancer patients.

Results: Of more than 100 pregnancies originating from this technique in patients treated for cancer identified in the
literature, 57 were successful, resulting in live births. It is important to stress that only published cases were taken into ac-
count; ongoing pregnancies at the time of the publication were excluded. The majority of pregnancies in cancer patients
were obtained utilizing the slow freezing procedure, except for one case in which vitrification was used. New targets in
this field are improvements in the vascular bed of the graft and in in vitro maturation of the follicles.

Conclusion: Literature data suggest that ovarian tissue cryopreservation is a major option for fertility preservation in

cancer patients. Further improvements are necessary to upgrade current techniques.
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Introduction

The incidence of cancer has been rising: one in nineteen
women will have a neoplasm by the age of 49 !l Survival rates
have increased dramatically in recent years due to improve-
ments in diagnosis and treatment. Death rates have fallen by
more than 1.6% per year over the past five years. Chemother-
apy and radiotherapy are common methods of cancer treatment
and usually have permanent consequences. Infertility due to
gonad damage is one of the worst consequences. Alkylating
agents and pelvic radiation are more likely to cause gonadal
dysfunction . A recent meta-analysis confirmed that radio-
therapy was a risk factor for reproductive health problems in
female childhood cancer survivors .

There are several techniques currently available to preserve
fertility in cancer patients, giving them the opportunity to be-
come mothers when they overcome the disease: cryopreserva-
tion of mature or immature oocytes followed by in vitro fer-
tilization, cryopreservation of embryos, ovarian transposition
and also cryopreservation of ovarian tissue. Combinations of
different techniques could eventually be used 31

Ovarian tissue cryopreservation is mainly indicated in cases
where ovarian stimulation is not warranted, such as in pre-pu-
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bertal girls or in oncological patients ®!. Research in ovarian
tissue cryopreservation started in the *50s and the first clinical
studies in 2000. The procedure is performed in two stages °!.
In the first stage ovarian tissue is surgically obtained either by
laparoscopy or by laparotomy. The ovarian cortex is evaluated,
frozen and cut into small pieces. Primordial follicles are locat-
ed peripherally, which facilitates tissue cryopreservation. The
cryopreservation can be performed by means of slow freezing
or the vitrification technique. The vitrification process consists
of ultra-rapid cooling at high concentrations of cryoprotectants,
which avoids the formation of ice crystals !". The tissue can
be stored and in the second stage it can be autotransplanted !'!l.
There is now enough evidence to support the technique and
allow us to stop considering it an experimental and investiga-
tional approach [,
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As fertility preservation has been attracting growing in-
terest among healthcare professionals, this study aims to re-
view the current literature on ovarian tissue cryopreservation
in cancer patients who went on to have successful live-birth
pregnancies. We aim to evaluate different techniques that have
been used by different research groups in oncological patients,
hoping to elucidate and improve knowledge in this field.

Material and Methods

A systematic review of the literature was conducted ac-
cording to the Preferred Reporting Items for Systematic Re-
views and Meta-analyses (PRISMA) guidelines. The Medline
and Cochrane databases were searched for reports published
in English, Spanish and Portuguese between January 2004
and December 2019. The following Medical Subject Head-
ings (MeSH) terms were used in different combinations: ova-
ry; ovarian tissue; cryopreservation; transplantation and neo-
plasms. The initial date was chosen because it coincides the
first publication on pregnancy after ovarian tissue cryopreser-
vation autograft, by Donnez et al. (2004) ¥, We complement-
ed the search with a manual search of relevant articles, aiming
to identify additional relevant studies not captured by our elec-
tronic search. Systematic reviews were consulted, but only data
from original articles were included.

Eligibility criteria

Articles that reported ovarian tissue cryopreservation and
clinical outcome of pregnancy with live births in oncological
patients were eligible for analysis. Studies were selected for

this review, using the following criteria:

Figure 1 Flowchart of the study selection procedure.

1) The study population comprised only women with cancer;

2) The study population included women who were submitted
to ovarian tissue cryopreservation and later autograft of this
tissue after treatment for cancer;

3) Final outcome of pregnancy with live-baby birth.

Two authors (J.M.S. and P.C.S.) independently conducted
the selection of relevant studies. First, titles and abstracts were
examined to determine whether the studies met the predefined
selection criteria. After this step, the selected original articles
were read for a final decision on whether or not to include them
in the review. Any disagreements over the study selection be-
tween the investigators were resolved by consensus decision or
by the decision of a third reviewer (D.Z.1.).

Results

In total, 594 articles were identified (Figure 1). Careful
reading of the titles and summaries and application of the in-
clusion criteria led to the exclusion of 573 manuscripts. Only
original studies were included.

Among reports of more than 100 pregnancies obtained
through the technique in all patients, we found 57 reports of
successful pregnancies in cancer patients who had undergone
autotransplantation of cryopreserved ovarian tissue. It is impor-
tant to stress that only published live births could be included in
this analysis. A review paper published in 2014 reports around
35 live births after cryopreservation of ovarian tissue in cancer
patients, however, this article was based on phone calls made
by Dr. Silver to his colleagues instead of published papers ['4.

The first pregnancy after cryopreserved ovarian tissue au-
tografting was published by Donnez et al. in 2004 %1 Table 1
shows the data of the successful pregnancies reported in the
literature 11315341,

MEDLINE (N=594)
COCHRANE (N=0)

COMPLETE TEXTS EVALUATED FOR ELIGIBILITY
(N=37)

A\ 4

STUDIES INCLUDED IN THIS SYSTEMATIC REVIEW
(N=21)

A\ 4

Did not include human population (n=54)

Did not include autotransplantation procedure (n=193)
Did not include cryopreservation of ovarian tissue (n=193)
Did not include live births (n=44)

Language (n=73)

Did not include live births (n=16)
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Table 1 Successful pregnancies with live births in oncological patients who underwent ovarian tissue preservation followed by autografting after cancer
treatment.

AGE OF
RESEARCH YEAR OF TYPE OF FREEZING LIVE IVF OR
GROUP Bl ik PUBLICATION | TRANSPLANT | TECHNIQUE | BIRTHS | SPONTANEOUS = L0
TRANSPLANT
Donnez et al. (13) Belgium 2004 orthotopic SF 1 S 25/30 Hodgkin’s lymphoma
Meirow et al. (15) Israel 2005 orthotopic SF 1 IVF 28/30 Non Hodgkins lymphoma
Oktay et al. (16) USA 2006 heterotopic SF 1 S 28/32 Hodgkin’s lymphoma
Oktay et al. (17) USA 2011 heterotopic SF 2 ) 28/32 Hodgkin’s lymphoma
Demeestere et al. Belgium 2007 orthotopic/ SF 1 S 24/29 Hodgkin’s lymphoma
(18) heterotopic
Sanchez — Serrano Spain 2010 orthotopic SF 2 IVF 36/38 Breast cancer
etal. (19)
Demeestere Belgium 2010 orthotopic/ SF 1 S 24/29/ Hodgkin’s lymphoma
et al(20) heterotopic
Andersen et al. (21) | Denmark 2010 orthotopic SF 2 S 27/30 Ewing’s sarcoma
Andersen et al. (22) | Denmark 2011 orthotopic SF 1 IVF 26/28 Hodgkin’s lymphoma
Donnez et al. (23) Belgium 2011 orthotopic SF 1 S 17/24 Neuroectodermic metastatic
tumor
Dittrich et al. (24) Germany 2012 orthotopic SF 1 S 27/32 Hodgkin’s lymphoma
Diitrich et al. (25) Germany 2012 NA NA 1 NA NA NA
Muller et al. (26) Germany 2012 orthotopic SF 1 ) 25/32 Hodgkin’s lymphoma
Dittrich et al. (27) Germany 2015 orthotopic SF 1 S 27/32 Hodgkin’s Lymphoma
orthotopic SF 1 S 35/37 Hodgkin’s lymphoma
orthotopic SF 1 S 28/31 Breast cancer
orthotopic SF 1 S 30/35 Ovarian cancer
Tanbo et al. (28) Norway 2015 orthotopic SF 1 S 24/29 T cell lymphoma
Norway NA orthotopic SF 1 IVF 22/25 Hodgkin’s lymphoma
Rodrigues-Wallberg | Sweden 2015 orthotopic SF 1 IVF 23/38 Ewing’s sarcoma
etal. (29)
Silber et al. (30) USA 2015 orthotopic SF 1 NA NA Hodgkin’s lymphoma
Biasin et al. (31) Italy 2015 orthotopic SF 1 S 11.1/13 Diamond-Blackfan
anemia, Ewing’s sarcoma,
immunodeficiency, AML, ALL,
CML, non-Hodgkin’s lymphoma,
myelodysplastic syndrome or
thalassemia
Jensen et al. (32) Denmark 2015 orthotopic SF 13 IVF 32.9/NA Breast cancer, Hodgkin’s
lymphoma non- Hodgkin,
cervical cancer, aplastic anemia,
Ewing’s sarcoma, paroxysmal
nocturnal, hemoglobinuria
sarcoma, hemolytic uremic
syndrome, ovarian cancer, colon
cancer, anal cancer and others
Meirow et al. (33) Israel 2016 orthotopic SF 10 IVF 22-45/NA CML, Hodgkin’s lymphoma,
breast cancer, non-Hodgkin’s
lymphoma, Ewing’s sarcoma
and AML
Beckmann et al. Germany 2017 orthotopic SF 9 S 27-44/NA hematologic neoplasia, breast
(34) carcinoma, borderline ovarian
cancer, anal cancer, premature
ovarian failure,ovarian cancer
and cervical cancer
Legend: SF: slow freezing; IVF: in vitro fertilization; S: spontaneous; NA: not available; CML: chronic myeloid leukemia; AML: acute myeloid leukemia; ALL: acute
lymphaoblastic leukemia
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Table 2 Ongoing pregnancies in oncological patients who underwent ovarian tissue preservation followed by autografting after cancer treatment.

ONGOING AGE OF
YEAR OF TYPE OF FREEZING | PREGNANCY IVF OR
HEEEGENEILLA ) 6L PUBLICATION | TRANSPLANT | TECHNIQUE AT SPONTANEOUS I:.:ix:ﬁ[‘:l;l{ R
PUBLICATION
Dittrich et al. (27) Germany 2015 orthotopic SF 1 S 27/32 Hodgkin’s lymphoma
orthotopic SF 1 S 28/31 Breast Cancer
orthotopic SF 1 S 35/37 Hodgkin’s Lymphoma
orthotopic SF 1 S 34/38 Breast Cancer
orthotopic SF 1 IVF 33/37 Hodgkin’s Lymphoma
Demeestere Belgium 2014 orthotopic SF 1 S 23/26 Non — Hodgkin's
et al. (35) Lymphoma
Legend: SF: slow freezing; IVF: in vitro fertilization; S: spontaneous; NA: not available; CML: chronic myeloid leukemia; AML: acute myeloid leukemia; ALL: acute
lymphoblastic leukemia

Table 2 shows data referring to some of the ongoing preg-
nancies published in the literature that were not taken into ac-
count 273,

The participants

Among all the women, 78% had hematological malignan-
cies, 15% had breast cancer, 13% Ewing’s sarcoma, 5% neuro-
ectodermal metastatic tumor, 5% brain cancer, and 6% ovarian
cancer as their primary diagnosis.

The mean age of the women at the time of ovarian tissue
cryopreservation was 28.2 years, ranging from 17 to 45 years;
at the time of reimplantation of the graft, their mean age was
31.2 years, ranging from 24 to 38 years.

The technique

In the majority of the cases (i.e. all except one), the har-
vest was performed laparoscopically. Also, in the majority of
live-birth cases the pregnancy was obtained through the slow
freezing technique, except for one case in the United States.

This review includes one report of heterotopic transplan-
tation. The woman had a remaining ovary that explains her
pregnancy, because no follicles were viewed in the follow up
of the graft tissue. There is one report in the literature that de-
scribes a clinical pregnancy following heterotopic grafting of
cryopreserved ovarian tissue in a woman with previous bilater-
al oophorectomy. This case is considered the first pregnacy by
a heteropic graft (36); however this report was not included in
our review because it was published as an ongoing pregnancy.
Finally, in 75% of the cases spontaneous pregnancy occurred
after autotransplantation and in 25% in vitro fertilization tech-
niques were used.

Discussion

The studies in the present review show that numerous
centers of human reproduction around the world are perform-
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ing ovarian tissue cryopreservation; however, few of them have
actually performed ovarian tissue reimplantation. Also, the
negative results of some centers may not be readily published
and may be difficult to find. This makes it difficult to calculate
the real success rate of the procedure. In a review published
by Donnez et al. ", a reimplantation success rate of 25% was
reported. The mean duration of ovarian function after trans-
plantation was 4-5 years.

The patients selected for autotransplantation were mostly
women who had lymphoma or breast cancer, in whom the tech-
nique has been shown to be safe and is in accordance with the
existing literature.

In our sample, laparoscopy was used in the majority of the
cases due to its benefits. It is indeed possible to affirm that the
laparoscopic technique for collecting ovarian tissue is the most
appropriate, because it is a less invasive procedure than lapa-
rotomy and is therefore more beneficial to the patient.

The majority of the reports used the slow freezing tech-
nique, but research using vitrification in animals and humans
has given good results. In fact, a study conducted in animals in
our service showed oocyte recovery and survival after warming
of a vitrified oocyte P7. A study published in 2015 reported
successful fertility preservation following ovarian tissue vitri-
fication in patients with primary ovarian insufficiency . The
vitrification process prevents the formation of ice crystals and
preserves a higher amount of ovarian stromal tissue ['”. Anoth-
er study published in 2015 studied vitrification and vascular
bed in monkeys and it was found that the vitrification technique
associated with a freshly decorticated bed is the best combina-
tion for obtaining functional autografted ovarian tissue .

In most cases an orthotopic transplantation technique was
used, even though positive outcomes have been reported with
the heterotopic technique. Oktay et al. stressed that the “oc-
currence of spontaneous pregnancies after heterotopic ovarian
transplantation highlights the need for caution when interpreting
the source of pregnancies in recipients with intact ovaries” 1'%,
Heterotopic transplantation is interesting because surgery is
less invasive and monitoring is easier, however, more studies
are necessary before this technique is adopted. To date there is
only one confirmed case of clinical pregnancy after heterotopic
reimplantation of cryopreserved ovarian tissue 1*%).
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Research is being performed to improve the cryopreser-
vation technique and to demonstrate the possibility of in vitro
maturation of ovarian follicles. This appears to be a promising
technological advance since it could eliminate the major con-
cern of the literature, which is the possible reimplantation of
malignant cells into the patient at a time when the disease is
already in remission.

Another target in the research field is to enhance the vascu-
lar bed before reimplantation to increase pregnancy rates. It is
known that more than 50% of primordial follicles are lost after
autografting, mainly due to tissue ischemia after transplanta-
tion while awaiting angiogenesis. Reoxygenation of ovarian
grafts occurs from day 5 onward, and this affects the longevity
of the graft ', If neoangiogenesis could be enhanced, the ef-
fectiveness of the technique would probably be greater 40411,

All the existing technology and the promising advances in
oncofertility show us that young cancer patients with chances
of survival should not be deprived of the chance to preserve
their fertility before gonadotoxic chemotherapy. The options
should be discussed individually to increase the chance of these
patients becoming mothers in the future.

Conclusions

Cryopreservation of ovarian tissue followed by autotrans-
plantation is a consolidated technique in fertility preservation
421, Female cancer patients of reproductive age benefit from
this approach, given that gonadotoxic chemotherapy treatment
for their disease often cannot be delayed. In the literature we
found 57 cases of women diagnosed with cancer who had suc-
cessful pregnancies with live births after they were considered
free of the disease. In the majority of women (i.e. except for
one), ovarian tissue was cryopreserved by a slow freezing tech-
nique, and all except for one had orthotopic transplantation
of their own ovarian tissue into the pelvic cavity. The success
rate of this technique is hard to calculate because many centers
worldwide do not report their negative results, however Don-
nez’s study group published a reimplantation success rate of
25%. There is concern over the possibility of reintroducing
malignancy with the technique, but it has been shown that this
procedure is considered low risk in cases of lymphoma, cervi-
cal cancer and early stages of breast cancer. In vitro maturation
of oocytes is a near future development that may enhance this
technique and research on improving the vascular bed of the
autograft is promising.

References

1. Society AC. Cancer Facts & Figures 2014. In. Atlanta: American
Cancer Society, 2014.

2. Gerber B, Dieterich M, Miiller H, Reimer T. Controversies in preser-
vation of ovary function and fertility in patients with breast cancer.
Breast Cancer Res Treat. 2008;108:1-7.

3. Gao W, Liang JX, Yan Q. Exposure to radiation therapy is associated
with female reproductive health among childhood cancer survivors:
a meta-analysis study. J Assist Reprod Genet. 2015;32:1179-86.

4. Demeestere I, Simon P, Emiliani S, Delbaere A, Englert Y. Options

Gynecological and Reproductive Endocrinology and Metabolism 2020; 1(2):89-94

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Live birth rate and cryopreservation

to preserve fertility before oncological treatment: cryopreserva-
tion of ovarian tissue and its clinical application. Acta Clin Belg.
2006;61:259-63.

Damous LL, Nakamuta JS, Carvalho AE, et al. Does adipose tis-
sue-derived stem cell therapy improve graft quality in freshly grafted
ovaries? Reprod Biol Endocrinol. 2015;13:108.

Donnez J, Dolmans MM. Ovarian cortex transplantation: 60 repor-
ted live births brings the success and worldwide expansion of the
technique towards routine clinical practice. J Assist Reprod Genet.
2015;32:1167-70.

Cobo A, Garcia-Velasco JA, Domingo J, Remohi J, Pellicer A. Is vi-
trification of oocytes useful for fertility preservation for age-related
fertility decline and in cancer patients? Fertil Steril. 2013;99:1485-95.
Jadoul P, Dolmans MM, Donnez J. Fertility preservation in girls du-
ring childhood: is it feasible, efficient and safe and to whom should
it be proposed? Hum Reprod Update. 2010;16:617-30.

Andersen CY, Byskov AG, Andersen AN. [Cryopreservation of hu-
man ovarian tissue. Method of freezing and therapeutic use]. Ugeskr
Laeger. 2001;163:5007-13.

Donnez J, Dolmans MM, Pellicer A, et al. Restoration of ovarian
activity and pregnancy after transplantation of cryopreserved ova-
rian tissue: a review of 60 cases of reimplantation. Fertil Steril.
2013;99:1503-13.

Donnez J, Dolmans MM. Cryopreservation of ovarian tissue: an
overview. Minerva Med. 2009;100:401-13.

Donnez J, Dolmans MM. Ovarian tissue freezing: current status.
Curr Opin Obstet Gynecol. 2015;27:222-30.

Donnez J, Dolmans MM, Demylle D, et al. Livebirth after ortho-
topic transplantation of cryopreserved ovarian tissue. Lancet. 2004;
364:1405-10.

Stoop D, Cobo A, Silber S. Fertility preservation for age-related fer-
tility decline. Lancet. 2014;384:1311-9.

Meirow D, Levron J, Eldar-Geva T, et al. Pregnancy after transplan-
tation of cryopreserved ovarian tissue in a patient with ovarian failu-
re after chemotherapy. N Engl J Med. 2005;353:318-21.

Oktay K. Spontaneous conceptions and live birth after heterotopic
ovarian transplantation: is there a germline stem cell connection?
Hum Reprod. 2006;21:1345-8.

Oktay K, Tiirk¢tioglu I, Rodriguez-Wallberg KA. Four spontaneous
pregnancies and three live births following subcutaneous transplan-
tation of frozen banked ovarian tissue: what is the explanation? Fertil
Steril. 2011;95:804.e7-10.

Demeestere I, Simon P, Emiliani S, Delbaere A, Englert Y. Fertili-
ty preservation: successful transplantation of cryopreserved ovarian
tissue in a young patient previously treated for Hodgkin's disease.
Oncologist. 2007;12:1437-42.

Sanchez-Serrano M, Crespo J, Mirabet V, et al. Twins born after tran-
splantation of ovarian cortical tissue and oocyte vitrification. Fertil
Steril. 2010;93:268.e11-3.

Demeestere I, Simon P, Moffa F, Delbaere A, Englert Y. Birth of a
second healthy girl more than 3 years after cryopreserved ovarian
graft. Hum Reprod. 2010;25:1590-1.

Ernst E, Bergholdt S, Jgrgensen JS, Andersen CY. The first woman to
give birth to two children following transplantation of frozen/thawed
ovarian tissue. Hum Reprod. 2010;25:1280-1.

Schmidt KT, Rosendahl M, Ernst E, et al. Autotransplantation of
cryopreserved ovarian tissue in 12 women with chemotherapy-indu-
ced premature ovarian failure: the Danish experience. Fertil Steril.
2011;95:695-701.

Donnez J, Squifflet J, Jadoul P, et al. Pregnancy and live birth after
autotransplantation of frozen-thawed ovarian tissue in a patient with
metastatic disease undergoing chemotherapy and hematopoietic
stem cell transplantation. Fertil Steril. 2011;95:1787.e1-4.

Dittrich R, Lotz L, Keck G, et al. Live birth after ovarian tissue au-
totransplantation following overnight transportation before cryopre-
servation. Fertil Steril. 2012;97:387-90.

Isachenko V, Isachenko E, Keck G, et al. First live birth in germany
after re-transplantation of cryopreserved ovarian tissue: original de-
vice for initiation of ice formation. Clin Lab. 2012;58:933-8.

93



Bounous V. et al.

26.

27.

28.

29.

30.

31.

32.

33.

34.

94

Muller A, Keller K, Wacker J, et al. Retransplantation of cryopreser-
ved ovarian tissue: the first live birth in Germany. Dtsch Arztebl Int.
2012;109:8-13.

Dittrich R, Hackl J, Lotz L, Hoffmann I, Beckmann MW. Pregnan-
cies and live births after 20 transplantations of cryopreserved ovarian
tissue in a single center. Fertil Steril. 2015;103:462-8.

Tanbo T, Greggains G, Storeng R, Busund B, Langebrekke A, Fe-
dorcsak P. Autotransplantation of cryopreserved ovarian tissue after
treatment for malignant disease - the first Norwegian results. Acta
Obstet Gynecol Scand. 2015;94:937-41.

Rodriguez-Wallberg KA, Karlstrom PO, et al. Full-term newborn
after repeated ovarian tissue transplants in a patient treated for Ewing
sarcoma by sterilizing pelvic irradiation and chemotherapy. Acta Ob-
stet Gynecol Scand. 2015;94:324-8.

Silber S, Pineda J, Lenahan K, DeRosa M, Melnick J. Fresh and
cryopreserved ovary transplantation and resting follicle recruitment.
Reprod Biomed Online. 2015;30:643-50.

Biasin E, Salvagno F, Berger M, et al. Ovarian tissue cryopreservation
in girls undergoing haematopoietic stem cell transplant: experience of
a single centre. Bone Marrow Transplant. 2015;50:1206-11.

Jensen AK, Kristensen SG, Macklon KT, et al. Outcomes of tran-
splantations of cryopreserved ovarian tissue to 41 women in Den-
mark. Hum Reprod. 2015;30:2838-45.

Meirow D, Ra'anani H, Shapira M, et al. Transplantations of fro-
zen-thawed ovarian tissue demonstrate high reproductive per-
formance and the need to revise restrictive criteria. Fertil Steril.
2016;106:467-74.

Beckmann MW, Dittrich R, Lotz L, et al. Operative techniques and

3s.

36.

37.

38.

39.

40.

41.

42.

complications of extraction and transplantation of ovarian tissue: the
Erlangen experience. Arch Gynecol Obstet. 2017;295:1033-9.
Imbert R, Moffa F, Tsepelidis S, et al. Safety and usefulness of cryo-
preservation of ovarian tissue to preserve fertility: a 12-year retro-
spective analysis. Hum Reprod. 2014;29:1931-40.

Stern CJ, Gook D, Hale LG, et al. First reported clinical pregnancy
following heterotopic grafting of cryopreserved ovarian tissue in a wo-
man after a bilateral oophorectomy. Hum Reprod. 2013;28:2996-9.
Gomes CM, Silva CA, Acevedo N, Baracat E, Serafini P, Smith
GD. Influence of vitrification on mouse metaphase II oocyte spindle
dynamics and chromatin alignment. Fertil Steril. 2008;90(4 Sup-
pl):1396-404.

Suzuki N, Yoshioka N, Takae S, et al. Successful fertility preserva-
tion following ovarian tissue vitrification in patients with primary
ovarian insufficiency. Hum Reprod. 2015;30:608-15.

Dolmans MM, Binda MM, Jacobs S, et al. Impact of the cryopreser-
vation technique and vascular bed on ovarian tissue transplantation
in cynomolgus monkeys. J Assist Reprod Genet. 2015;32:1251-62.
Damous LL, Nakamuta JS, Soares JM Ir, et al. Females transplanted
with ovaries subjected to hypoxic preconditioning show impair of
ovarian function. J Ovarian Res. 2014;7:34.

Damous LL, Nakamuta JS, de Carvalho AE, et al. Adipose tissue-de-
rived stem cell therapy in rat cryopreserved ovarian grafts. Stem Cell
Res Ther. 2015;6:57.

Dursun P, Dogan NU, Ayhan A. Oncofertility for gynecologic and
non-gynecologic cancers: fertility sparing in young women of repro-
ductive age. Crit Rev Oncol Hematol. 2014;92:258-67.

Disclosure: The authors do not have any conflict of interest with manuscript

Gynecological and Reproductive Endocrinology and Metabolism 2020; 1(2):89-94



