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Abstract With the improvement of long-term cancer survival
rates, growing numbers of female survivors are suffering from
treatment-related premature ovarian insufficiency (POI).
Although pre-treatment embryo and oocyte storage are effec-
tive fertility preservation strategies, they are not possible for
pre-pubertal girls or women who cannot delay treatment. In
these cases, the only available treatment option is ovarian
cortex cryopreservation and subsequent re-implantation. A
32-year-oldwoman had ovarian cortex cryopreserved 10 years
previously before commencing high-dose chemotherapy and
undergoing a haematopoietic stem cell transplant for recurrent
adult Wilms tumour, which resulted in POI. She underwent
laparoscopic orthotopic transplantation of cryopreserved ovar-
ian cortex to the original site of biopsy on the left ovary. She
ovulated at 15 and 29 weeks post-re-implantation with AMH
detectable, then rising, from 21 weeks, and conceived

naturally following the second ovulation. The pregnancy
was uncomplicated and a healthy male infant was born by
elective Caesarean section at 36+4 weeks gestation. This is
the first report of ovarian cortex re-implantation in the UK.
Despite the patient receiving low-risk chemotherapy prior to
cryopreservation and the prolonged tissue storage duration,
the re-implantation resulted in rapid restoration of ovarian
function and natural conception with successful pregnancy.

Keywords Ovarian cortex re-implantation . Fertility
preservation . Premature ovarian insufficiency . AMH

Introduction

The developments in cancer treatments over the last few de-
cades have resulted in greatly increasing numbers of survivors.
However, this has come at a cost, with many patients suffering
long-term adverse effects of their life-saving treatment. The ova-
ries are particularly susceptible to damage by chemotherapy and
radiotherapy with the type and dose of therapy and age of the
patient influencing the extent of the injury [1, 2]. Loss of fertility
is a major concern for young women facing potentially
sterilising treatment [3]; one study found that almost three quar-
ters of female cancer survivors of reproductive age have con-
cerns regarding infertility and that survivors with irregular men-
ses reported a lower quality of life than those with regular men-
strual cycles [4]. Recent years have consequently seen signifi-
cant developments in approaches to preserve fertility in those
women and girls who are at risk of undergoing treatment-related
premature ovarian insufficiency (POI) [5].

Embryo and oocyte cryopreservation are now established
fertility preservation strategies [2, 5]; however, these are not
appropriate in pre-pubertal girls, and in adult women the
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necessary ovarian stimulationmay delay the start of cancer treat-
ment. Ovarian tissue cryopreservation remains the only option
in these situations. This approach was first validated in a large
animal model [6] and has been offered to selected patients since
1993 [7]. The first human live birth as a result of ovarian cortex
re-implantation was reported over a decade ago [8], and since
then, there have been at least 60 live births described globally
[9]. Yet, it is still regarded as an experimental technique with an
uncertain success rate. We here describe the first human ovarian
cortex re-implantation in the UK and report resumption of ovar-
ian function resulting in a natural conception and pregnancy.

Methods

The patient was first referred to the Fertility Preservation ser-
vice in Edinburgh, UK, at 22 years of age for discussion of
ovarian cortex cryopreservation. She was a nulliparous, non-
smoker with a normal body mass index and a past medical
history of juvenile rheumatoid arthritis. She had presented
with a right-sided abdominal mass at 21 years old and diag-
nosed with a stage 1 adult Wilms tumour of the right kidney.
Following a right nephrectomy and adrenalectomy, she re-
ceived adjuvant chemotherapy in the form of 5 cycles of vin-
cristine and actinomycin D, following which her menstrual
cycles continued. However, 3 months later, she had a recur-
rence of the tumour in the right renal bed, and a CT scan
detected multiple pulmonary metastases. As the proposed
treatment was deemed to be gonadotoxic, she was counselled
regarding fertility preservation options. She elected for ovari-
an cortex cryopreservation, and 5 months following initial
chemotherapy, she underwent laparoscopic removal of 18 bi-
opsies of ovarian cortex from the left ovary with subsequent
slow freezing [6] and long-term storage in the vapour phase of
liquid nitrogen, with informed consent and ethical committee
approval of the protocol. A piece of ovarian cortex sent for
histopathological analysis showed the presence of a single

primordial follicle, a corpus albicans, normal ovarian stroma
and no evidence of malignant contamination (Fig. 1).

Subsequently, she received curative treatment consisting of
chemotherapy comprising carboplatin (area under the curve
(AUC) 10; 3 doses), etoposide (200 mg/m2; 9 doses), cyclo-
phosphamide (500 mg/m2; 12 doses) and doxorubicin (30 mg/
m2; 6 doses), resection of the recurrent tumour including partial
hepatectomy, an autologous peripheral blood stem cell trans-
plant (PBSCT) with pre-conditioning using high-dose melpha-
lan (200 mg/m2; 1 dose) and radiotherapy. She received radio-
therapy to the whole of both lungs (with a boost to the residual
tumour sites) and to the right flank. The lower (inferior) border
of the flank radiotherapy was the inferior edge of L2, and it
extended from midline to the right lateral abdominal wall. The
total dose to this region was 3000 cGy with the estimated dose
to the right ovary being 100 cGy. The uterus was not in the
field of radiation. This was followed by bilateral lower lobe
resection of both lungs, with pathology showing no residual
disease. These treatments induced POI, which was diagnosed
by the presence of amenorrhoea, elevated gonadotrophins (fol-
licle stimulating hormone (FSH) >100 IU/L and LH 53.1 IU/L)
and low estradiol (E2; <70 pmol/L). Similar hormonemeasure-
ments were obtained on repeat sampling, and hormone re-
placement therapy was commenced in the form of a combined
oral contraceptive pill (COCP).

At 32 years of age, the patient was disease-free and in a
stable relationship, and requested re-implantation of her stored
ovarian cortex with the aim of achieving a pregnancy. She had
continued on COCP for hormone replacement in the interim.
Given her medical history, she was reviewed in the pre-
conceptual obstetric clinic and underwent cardio-respiratory
assessment with an exercise tolerance test to assess her ability
to carry a pregnancy. Pelvic ultrasound showed a normal uter-
us. Laparoscopic orthotopic transplantation of thawed ovarian
cortex was performed in May 2015 (Fig. 2). The site of previ-
ous resection of ovarian cortex was clearly visible on the left
ovary (Fig. 2a), with both ovaries atrophic but the pelvis oth-
erwise normal with no adhesions. The tissue was thawed using
a previously reported and validated protocol [6, 10]. A longi-
tudinal incision along the left ovary was carried out and eight
pieces of cortex (each approximately 1 cm × 1 cm × 0.5 cm)
were then introduced onto the resultant cut ovarian surface,
which was vascular but did not bleed actively. The tissue pieces
were adhered to the ovary using fibrin sealant without suturing.
The patient stopped her COCP at the time of the operation.

Results

The patient was followed up post-operatively with regular
transvaginal ultrasound scans and serial measurement of se-
rum gonadotrophins, E2 and anti-Mϋllerian hormone (AMH)
(Fig. 3). SerumAMHwas measured using an automated assay

Fig. 1 Biopsy of ovarian cortex removed at the time of ovarian cortex
cryopreservation demonstrating a single primordial follicle with two
nucleoli surrounded by normal ovarian stroma. The patient had already
received non-sterilising chemotherapy prior to this biopsy
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(Roche Elecsys, sensitivity 0.07 pmol/L). Due to problematic
climacteric symptoms, low-dose hormone replacement thera-
py was recommenced 5 weeks postoperatively, with 1 mg oral
E2 daily. Her gonadotrophins fell, and a follicle of mean di-
ameter 14 mm on the left ovary was observed 15 weeks post-
operatively, at which time FSH was 11.2 IU/L, LH 13.4 IU/L
and E2 891 pmol/L. She subsequently ovulated spontaneously
with a confirmatory serum progesterone of 27.9 nmol/L 7 days

later and menses a further week later. Hormone replacement
therapy (HRT) was discontinued, but her menopausal symp-
toms returned; therefore, it was restarted 6 weeks later. She
had a further spontaneous ovulation at 29 weeks postopera-
tively (peak E2 891 pmol/L followed by progesterone
34.9 nmol/L) (Fig. 4a and b). Natural conception occurred,
and a single, viable intrauterine pregnancy was confirmed on
transvaginal ultrasound scanning at 7 weeks gestation

Fig. 3 Serum hormones were
measured following re-
implantation, with day 0 being the
day of re-implantation. a Serum
gonadotrophin (follicle
stimulating hormone (FSH),
luteinising hormone (LH) and
estradiol (E2) levels. The grey
boxes illustrate time periods on
hormone replacement therapy
(HRT). Corresponding
progesterone rises occurred
following the two E2 peaks
denoted by black arrows,
confirming ovulation. b Serum
anti-Mϋllerian hormone (AMH)
levels rose steadily from 21weeks
post-re-implantation

Fig. 2 Laparoscopic orthotopic ovarian cortex re-implantation. a The
atrophic native left ovary with scarring from previous ovarian cortical
biopsy clearly visible. b A longitudinal incision was made along the left

ovary resulting in a vascular surface. cEight pieces of ovarian cortex were
placed inside the native left ovary and adhered with fibrin sealant
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(Fig. 4c), with a corpus luteum visible on the left ovary. AMH
became detectable at 21 weeks post-re-implantation and rose
progressively thereafter, although remaining low.

The pregnancy proceeded routinely, with normal ultra-
sound scans at 12, 20 and 28 weeks gestation. An elective
Caesarean section was performed for maternal reasons (large-
ly related to shortness of breath) at 36+4 weeks gestation with
the delivery of a healthy male infant weighing 3.01 kg. Apgar
scores were 9 at 1 min and 9 at 5 min, and cord blood gases
were normal.

Discussion

In this case report, we describe the first incidence of ovarian
cortex re-implantation with natural conception and successful
pregnancy in the UK. The ovarian tissue had been exposed to
non-sterilising chemotherapy, had been cryopreserved for
10 years and demonstrated an apparent reduced ovarian re-
serve on pathology. Yet, ovulation was detected within
15 weeks of the re-implantation, and a viable pregnancy was
achieved after the second ovulation. That the pregnancy has
occurred from a follicle within the grafted tissue appears high-
ly likely due to the patient suffering POI, diagnosed clinically
and biochemically, for 9 years prior to re-implantation, the
presence of a dominant follicle at the site of re-implantation
and a corresponding corpus luteum following ovulation.

Although the patient reported initial improvement of men-
opausal symptoms in the weeks following replacement, HRT
was later required for symptom relief, and it is notable that
both ovulations occurred whilst taking oestrogen-only HRT.
Oestrogen replacement increased the ovulation rate (and pos-
sibly pregnancy rate) in a randomised placebo-controlled trial
in womenwith POI [11], with the effect confined to those with
lower FSH concentrations during oestrogen treatment, proba-
bly reflecting less complete cessation of ovarian activity.
Further RCTs are required to investigate the efficacy of this

approach. Serum AMH remained undetectable following re-
implantation for 20 weeks using a highly sensitive assay with
limit of detection 0.07 pmol/L (0.01 ng/mL), then rose steadi-
ly over the next months until pregnancy. Thus, AMH
remained undetectable until after the first ovulation but was
thereafter consistently detectable, albeit at very low levels
with a concentration of 1.8 pmol/L (0.25 ng/mL) at the time
of conception. Using older assays, AMH has previously been
reported to be generally undetectable post-re-implantation and
therefore has not been considered valuable in monitoring
ovarian function [12–14]. The present result therefore indi-
cates that AMH may be of value in assessing the duration of
function of ovarian transplants but requires the use of new,
sensitive assays, although it must be recognised that AMH is
not predictive of fecundability in young women [15].

Our findings are in keeping with those of the other main
centres where ovarian cortex cryopreservation is performed
[9, 14, 16]. A study of 60 cases of re-implantation worldwide
reported the restoration of ovarian function in 93 % of pa-
tients, with a correlation seen between resumption of menses
and number of follicles in the re-implanted tissue [14], whilst a
case series of 95 re-implantations performed by the
FertiPROTEKT network reported ovarian activity at 1 year
after replacement in 63 % of recipients with POI [16]. A pe-
riod of 3.5 to 6.5 months is generally observed before FSH
falls and E2 rises [14]. Conception rates of 29–33% have been
reported, with 75–82.5 % of these pregnancies resulting in a
live birth [9, 16]. Furthermore, natural conception has oc-
curred in more than half of the cases, as here, highlighting that
assisted reproductive techniques are not necessary for most
women [14]. An alternative approach is repeated cycles of
ovarian stimulation and embryo cryopreservation [17] al-
though this is very invasive and costly and therefore of limited
application. The great majority of these pregnancies have
occurred following slow freezing of the ovarian cortical
pieces [9]; however, a recent study indicated that vitri-
fication may have advantages [18] and, indeed, two

Fig. 4 Transvaginal ultrasound scan images post-re-implantation. a Two
antral follicles on the left ovary seen at 29 weeks postoperatively. The
larger follicle had a mean diameter of 15 mm and ovulation was
confirmed by a progesterone rise 1 week later. b Longitudinal view of
the uterus at 29 weeks post-re-implantation demonstrating an endometrial

thickness of 7.9 mm. c Single viable intrauterine pregnancy at 7+3 weeks
gestation by crown-rump length (CRL) measurement (white arrow). The
yolk sac is denoted by the black arrow. A corpus luteum was seen on the
left ovary
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pregnancies following re-implantation of vitrified ovari-
an cortex have been reported [19].

This case illustrates that cryopreserved ovarian tissue can
be stored for long periods of time with maintenance of follicle
growth potential and oocyte viability. The longest reported
duration of storage resulting in pregnancy is 11 years, in a
young woman with sickle cell anaemia whose ovarian tissue
was cryopreserved aged 14 [20]. In the present case, she had
previously received chemotherapy with vincristine and acti-
nomycin D which have very low gonadotoxicity [21], but it is
striking that pathological analysis of a biopsy of ovarian cor-
tex showed the presence of only one primordial follicle de-
spite her young age at that time. Assessment of ovarian re-
serve by ultrasound or serum AMH was not possible at that
time. Furthermore, re-implantation of ovarian tissue results in
loss of the majority of follicles within the tissue [22].
However, it is well recognised that the distribution of follicles
within the ovary in not even [23–25].

Preceding chemotherapy may affect graft function. The
time to first ovulation in this case was more rapid than is
generally observed in patients who had received chemothera-
py prior to cryopreservation (less than 4 months in this case
vs. 5.5–6.5 months [14]). This may not be related to her pre-
vious treatment; the rate of follicle activation increases with
age and falling primordial follicle pool. The effect of cytotoxic
treatments on ovarian reserve is variable and often difficult to
predict, particularly as chemotherapy regimens frequently
comprise a combination of drug classes. The alkylating agents
used in her subsequent treatment, such as cyclophosphamide
and melphalan (which are likely to have contributed to our
patient’s POI, following her treatment for recurrence), are
among the most toxic classes of chemotherapeutic agents
[1]. However, a recent detailed analysis of childhood cancer
survivors treated with chemotherapy without any possible ef-
fect of radiotherapy on gonadal function showed a risk of loss
of fertility only with the highest doses of alkylating agent in
females [26]. Furthermore, women who undergo a bone mar-
row transplant, as in this patient, are at extremely high risk of
POI due to the requirement for highly toxic pre-conditioning
regimens [27]. Previous chemotherapy is therefore important
to consider when planning any form of fertility preservation
procedure, with recent therapy potentially resulting in reduced
viability of oocytes and in the longer term resulting in loss of
ovarian reserve. However, this case highlights the likely im-
portance of the patient’s young age (22 years old at tissue
storage) and thus oocyte quality over low ovarian reserve in
predicting successful conception. Indeed, the FertiPROTEKT
case series demonstrated that re-implantation surgery was
more successful in those patients who had their tissue cryo-
preserved at younger ages [16].

With regard to the surgical approach to re-implantation,
several orthotopic strategies have been used (reviewed in
[14]). In this case, we performed a similar procedure to that

described by Sanchez-Serrano et al. [28] whereby the cortical
pieces were inserted into a remaining ovary next to the me-
dulla and sealed in place with a fibrin sealant. The pieces can
also be sutured to the medulla, or placed in a subcortical area,
although this was not performed here due to very high tissue
friability and the availability of highly effective fibrin sealant.
Another technique, required if the patient has no remaining
ovaries, is the placing of ovarian pieces into a peritoneal win-
dow, preferably a vascular area, with the use of a sealant to
keep the pieces adhered to the pelvic wall. Heterotopic re-
implantations have also been performed. This method of
transplantation has some advantages over orthotopic trans-
plantation, including easier access for monitoring of graft
function (reviewed in [14]); however, only one pregnancy
has been reported as a result of the use of a heterotopic site
(where the anterior abdominal wall was used) [29].

The average lifespan of ovarian tissue grafts appears to be
4–5 years [14] with much longer duration being reported in
some women [13]. Five women have delivered at least twice
from one re-implantation procedure to date [9]. Long-term
ovarian function, comprising both fertility and hormone pro-
duction can therefore be achieved; the latter is increasingly
recognised to be of importance in the light of long-term ad-
verse health effects of POI [30]. In this patient, ovarian func-
tion will be monitored post-pregnancy to assess the duration
of the grafts, and half the stored tissue remains cryopreserved
allowing the possibility of one or more further replacements.
This case therefore adds to the growing evidence that ovarian
tissue cryopreservation and later re-implantation are an impor-
tant component of the fertility preservation repertoire, with the
potential for restoration of fertility without the need for IVF
and expensive medical interventions, and with the additional
possibility of provision of long-term hormone production.

Acknowledgments The authors are grateful to our Research Nurses,
Joan Creiger and Anne Saunderson, for their help with the Fertility
Preservation Programme, to the Laboratory team at Tissue and Cells
Services, Scottish National Blood Transfusion Service for cryopreserva-
tion and storage of the tissue, to Prof. Alastair Williams for providing
Fig. 1 and to Dr. Alastair Campbell for antenatal care of the patient.

Compliance with ethical standards

Funding This work was supported in part by Medical Research
Council UK grant G1100357 to RAA.

Conflict of interest The authors declare that they have no conflict of
interest.

Ethical approval All procedures performed were in accordance with
the ethical standards of the local research committee and with the 1964
Helsinki declaration and its later amendments or comparable ethical
standards.

Informed consent Informed consent was obtained from the participant
in the case report.

J Assist Reprod Genet



Open Access This article is distributed under the terms of the Creative
Commons At t r ibut ion 4 .0 In te rna t ional License (h t tp : / /
creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided you give appro-
priate credit to the original author(s) and the source, provide a link to the
Creative Commons license, and indicate if changes were made.

References

1. Morgan S, Anderson RA, Gourley C,WallaceWH, Spears N. How
do chemotherapeutic agents damage the ovary? Hum Reprod
Update. 2012;18(5):525–35.

2. Loren AW, Mangu PB, Beck LN, Brennan L, Magdalinski AJ,
Partridge AH, et al. Fertility preservation for patients with cancer:
American Society of Clinical Oncology clinical practice guideline
update. J Clin Oncol. 2013;31(19):2500–10.

3. Peate M, Meiser B, Hickey M, Friedlander M. The fertility-related
concerns, needs and preferences of younger women with breast
cancer: a systematic review. Breast Cancer Res Treat.
2009;116(2):215–23.

4. Kondapalli LA, Dillon KE, Sammel MD, Ray A, Prewitt M,
Ginsberg JP, et al. Quality of life in female cancer survivors: is it
related to ovarian reserve? Qual Life Res. 2014;23(2):585–92.

5. Anderson RA, Mitchell RT, Kelsey TW, Spears N, Telfer EE,
Wallace WH. Cancer treatment and gonadal function: experimental
and established strategies for fertility preservation in children and
young adults. Lancet Diabetes Endocrinol. 2015;3(7):556–67.

6. Gosden RG, Baird DT,Wade JC,Webb R. Restoration of fertility to
oophorectomized sheep by ovarian autografts stored at -196 de-
grees C. Hum Reprod. 1994;9(4):597–603.

7. Anderson RA, Wallace WH, Baird DT. Ovarian cryopreservation
for fertility preservation: indications and outcomes. Reproduction.
2008;136(6):681–9.

8. Donnez J, Dolmans MM, Demylle D, Jadoul P, Pirard C, Squifflet
J, et al. Livebirth after orthotopic transplantation of cryopreserved
ovarian tissue. Lancet. 2004;364(9443):1405–10.

9. Donnez J, Dolmans MM, Diaz C, Pellicer A. Ovarian cortex trans-
plantation: time to move on from experimental studies to open
clinical application. Fertil Steril. 2015;104(5):1097–8.

10. Anderson RA, McLaughlin M, Wallace WH, Albertini DF, Telfer
EE. The immature human ovary shows loss of abnormal follicles
and increasing follicle developmental competence through child-
hood and adolescence. Hum Reprod. 2014;29(1):97–106.

11. Tartagni M, Cicinelli E, De Pergola G, De Salvia MA, Lavopa C,
Loverro G. Effects of pretreatment with estrogens on ovarian stim-
ulation with gonadotropins in women with premature ovarian fail-
ure: a randomized, placebo-controlled trial. Fertil Steril.
2007;87(4):858–61.

12. Janse F, Donnez J, Anckaert E, de Jong FH, Fauser BC, Dolmans
MM. Limited value of ovarian function markers following
orthotopic transplantation of ovarian tissue after gonadotoxic treat-
ment. J Clin Endocrinol Metab. 2011;96(4):1136–44.

13. Andersen CY, Silber SJ, Bergholdt SH, Jorgensen JS, Ernst E.
Long-term duration of function of ovarian tissue transplants: case
reports. Reprod Biomed Online. 2012;25(2):128–32.

14. Donnez J, Dolmans MM, Pellicer A, Diaz-Garcia C, Sanchez
Serrano M, Schmidt KT, et al. Restoration of ovarian activity and
pregnancy after transplantation of cryopreserved ovarian tissue: a
review of 60 cases of reimplantation. Fertil Steril. 2013;99(6):
1503–13.

15. Hagen CP, Vestergaard S, Juul A, Skakkebaek NE,
Andersson AM, Main KM, et al. Low concentration of

circulating antimullerian hormone is not predictive of re-
duced fecundability in young healthy women: a prospective
cohort study. Fertil Steril. 2012;98(6):1602–8. e2.

16. Van der Ven H, Liebenthron J, Beckmann M, Toth B, Korell M,
Krussel J et al. Ninety-five orthotopic transplantations in 74 women
of ovarian tissue after cytotoxic treatment in a fertility preservation
network: tissue activity, pregnancy and delivery rates. HumReprod.
2016. doi:10.1093/humrep/dew165.

17. Oktay K, Bedoschi G, Pacheco F, Turan V, Emirdar V. First preg-
nancies, live birth, and in vitro fertilization outcomes after trans-
plantation of frozen-banked ovarian tissue with a human extracel-
lular matrix scaffold using robot-assisted minimally invasive sur-
gery. Am J Obstet Gynecol. 2016;214(1):94 e1–9.

18. Herraiz S, Novella-Maestre E, Rodriguez B, Diaz C, Sanchez-
Serrano M, Mirabet Vet al. Improving ovarian tissue cryopreserva-
tion for oncologic patients: slow freezing versus vitrification, effect
of different procedures and devices. Fertil Steril. 2014;101(3):775–
84.

19. Suzuki N, Yoshioka N, Takae S, Sugishita Y, Tamura M,
Hashimoto S et al. Successful fertility preservation following ovar-
ian tissue vitrification in patients with primary ovarian insufficien-
cy. Hum Reprod. 2015;30(3):608–15.

20. Demeestere I, Simon P, Dedeken L, Moffa F, Tsepelidis S, Brachet
C et al. Live birth after autograft of ovarian tissue cryopreserved
during childhood. Hum Reprod. 2015;30(9):2107–9.

21. Wallace WH, Anderson RA, Irvine DS. Fertility preservation for
young patients with cancer: who is at risk and what can be offered?
Lancet Oncol. 2005;6(4):209–18.

22. Baird DT, Webb R, Campbell BK, Harkness LM, Gosden RG.
Long-term ovarian function in sheep after ovariectomy and trans-
plantation of autografts stored at -196 C. Endocrinology.
1999;140(1):462–71.

23. Qu J, Godin PA, Nisolle M, Donnez J. Distribution and epidermal
growth factor receptor expression of primordial follicles in human
ovarian tissue before and after cryopreservation. Hum Reprod.
2000;15(2):302–10.

24. Schmidt KL, Byskov AG, Nyboe Andersen A, Muller J, Yding
Andersen C. Density and distribution of primordial follicles in sin-
gle pieces of cortex from 21 patients and in individual pieces of
cortex from three entire human ovaries. Hum Reprod. 2003;18(6):
1158–64.

25. Gaytan F, Morales C, Leon S, Garcia-Galiano D, Roa J, Tena-
Sempere M. Crowding and follicular fate: spatial determinants of
follicular reserve and activation of follicular growth in the mamma-
lian ovary. PLoS One. 2015;10(12):e0144099.

26. Chow EJ, Stratton KL, Leisenring WM, Oeffinger KC, Sklar CA,
Donaldson SS et al. Pregnancy after chemotherapy in male and
female survivors of childhood cancer treated between 1970 and
1999: a report from the Childhood Cancer Survivor Study cohort.
Lancet Oncol. 2016. doi:10.1016/S1470-2045(16)00086-3.

27. Meirow D, Nugent D. The effects of radiotherapy and chemother-
apy on female reproduction. Hum Reprod Update. 2001;7(6):535–
43.

28. Sanchez-Serrano M, Crespo J, Mirabet V, Cobo AC, Escriba MJ,
Simon C et al. Twins born after transplantation of ovarian cortical
tissue and oocyte vitrification. Fertil Steril. 2010;93(1):268 e11–3.

29. Stern CJ, Gook D, Hale LG, Agresta F, Oldham J, Rozen G et al.
First reported clinical pregnancy following heterotopic grafting of
cryopreserved ovarian tissue in a woman after a bilateral oophorec-
tomy. Hum Reprod. 2013;28(11):2996–9.

30. ESHRE,Webber L, DaviesM, Anderson R, Bartlett J, Braat D et al.
ESHRE Guideline: management of women with premature ovarian
insufficiency. Hum Reprod. 2016. doi:10.1093/humrep/dew027.

J Assist Reprod Genet

http://dx.doi.org/10.1093/humrep/dew165
http://dx.doi.org/10.1016/S1470-2045(16)00086-3
http://dx.doi.org/10.1093/humrep/dew027

	Re-implantation...
	Abstract
	Introduction
	Methods
	Results
	Discussion
	References


