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Abstract
Purpose Only a few case reports have described heterotopic ovarian tissue transplantation (OTT) with the only objective 
of restoring ovarian function.
Methods Case report and review of the literature for reporting cases of heterotopic OTT with the only aim of restoring ovar-
ian endocrine function. In a cancer survivor woman with a history of hysterectomy and bilateral oophorectomy for cervical 
cancer and because she poorly tolerated hormone replacement therapy (HRT), we performed a heterotopic OTT in a pelvic 
subcutaneous “pocket” after an OT cryostorage of 17 years.
Results A cyclic ovarian endocrine function started 3 months after OTT with an immediate patient self-described 
improvement of her quality of life. A second OTT was performed 19 months after, due to hot flushes recurrence and 
FSH increase. Despite a cyclic endocrine function, progesterone levels have always been low, resulting in a relative 
hyperoestrogenism state.
Conclusion In the future, the indications of heterotopic OTT could be spread in alternative to HRT. However, our data sug-
gest that the heterotopic graft environment is less favorable to corpus luteum development, and further studies are needed 
to assay the best site of heterotopic graft, the optimal number of ovarian cortex fragments to graft, and the potential risk of 
relapse in case of malignant residual disease.

Keywords Cancer · Ovarian cryopreservation · Heterotopic transplantation · Endocrine function

Introduction

Ovarian tissue cryopreservation belongs to the recommended 
strategy for preserving fertility before any treatment that could 
significantly impair fertility in age reproductive women [1]. 
Orthotopic transplantation of cryopreserved-thawed ovarian 
tissue is a promising technique for restoring both fertility and 
ovarian endocrine function in women who experienced prema-
ture ovarian insufficiency after undergoing gonadotoxic treat-
ment. The first live birth after ovarian tissue transplantation 
(OTT) was reported in 2004 [2], and since then, following the 
births of several hundred children, OTT can be considered as 
a therapeutic technique for fertility restoration [3]. However, to 
date, only few case reports have described heterotopic OTT in 
the only objective to restore ovarian function [4–7]. We report 
an informative case of restoration of ovarian endocrine func-
tion after heterotopic OTT in a woman treated with radical 
hysterectomy and bilateral oophorectomy for a cervical cancer.
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Case report

In 2003, a 24-year-old woman was diagnosed a cervical 
adenocarcinoma T1B1 with N + . Despite a medical indi-
cation of radical hysterectomy with bilateral oophorectomy 
followed by a pelvic (40 Gy) and lombo-aortic irradiation 
(50 Gy), she asked for ovarian tissue cryopreservation with 
the argument hoping research advances in reproductive 
medicine in the future. A total of 36 ovarian fragments 
were cryopreserved with a slow freezing protocol. The 
PET scan at the time of ovarian tissue freezing showed no 
ovarian metastatic diseases. Anatomopathological assay 
of the entire ovarian medulla and of a fragment of ovarian 
cortex per ovary did not observe malignant residual dis-
ease (MRD) nor vascular embol. The primordial follicle 
density was 65 per 10 champs (X 400).

In 2021, at 41 years, her quality of life was deeply 
impaired because no one hormone replacement ther-
apy (HRT) was tolerated. All formulations and dosages 
of 17-B-estradiol were attempted, and each time, she 
developed melasma. Because the patient stopped HRT, 
she presented permanent asthenia, disabling hot flushes 

and osteopenia. After a storage of 17 years, the patient 
asked for returning the cryopreserved ovarian tissue. The 
intervention indication was discussed and approved by 
an oncologist board. The patient has been informed that 
we could not exclude totally the possibility of MRD with 
risk of local relapse. Pre-autograft hormonal blood test 
showed the following: FSH = 194 UI/L, LH = 77 UI/L, 
estradiol = 18 pg/mL, AMH = 0.03 µg/mL.

Heterotopic ovarian autograft was performed in June 
2021: 10 ovarian tissue fragments about 0.5  cm2 were 
thawed and ovarian tissue fragments were threaded onto 
a 3/0 PDS and were fixed through a small incision above 
pubis in a pocket between rectus sheath and the rectus mus-
cle (Fig. 1a, b). Patient underwent blood sampling for serum 
FSH, LH, estradiol, and progesterone assays every month 
until restoration ovarian function.

FSH level decreased below 25 UI/L 3 months after the 
graft and in December 2021 (i.e., 6 months after OTT), 
FSH was 5 UI/L, LH = 5.8 UI/L, E2 = 204  pg/mL, and 
AMH = 0.43 µg/mL.

Patient was followed weekly by hormonal tests and 
monthly by abdominal sonography. During an ovulation 

Fig. 1  Heterotopic transplantation of pieces of ovarian cortex (A) 
through a small incision above pubis in a pocket between rectus 
sheath and the rectus muscle (B). MRI showing a pre-ovulatory fol-

licle (C) and blood tests showing restoration of a cyclic ovarian endo-
crine function three months after graft (D)
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period, MRI scan was performed to control the localization 
of graft and showed a dominant follicle (Fig. 1c). The patient 
was able to recognize ovulation by a subcutaneous “arch”. 
Figure 1 shows her hormonal profile with a cyclic FSH and 
LH surge about every 30 days with a mean estrogen level of 
131.5 + / − 89.6 pg/mL. Despite an apparent preserved fol-
licular phase with recruitment of a dominant follicle, luteal 
phase was impaired with a Pg level always < 0.5 ng/mL and a 
maximum post-ovulatory Pg level at 1.98 ng/mL. This patient 
felt that her quality of life significantly improved with disap-
pearance of hot flushes and a better physical and emotional 
bell-being. She also noticed an increase of her breast volume 
with a cyclical breast tension. Two bone density scans were 
conducted at the same department in July 2020 and in October 
2022, which were performed respectively 15 months before 
and 12 months after the restoration of endocrine function. 
The T-scores were respectively − 1.5 SD for lumbar spine 
and − 1.8 SD for the femoral neck before the graft, and they 
respectively changed to − 1.1 SD and − 1.5 SD post-graft.

In 2023 May, at 19 months after OTT, due to recurrence 
of hot flushes and an impairment of ovarian endocrine func-
tion with a FSH increase, we decided to perform a second 
heterotopic graft of eight pieces near the first site. FSH 
returned at 8.3 UI/L UI/l after 3 months with two mature 
follicles of 19 mm and 15 mm.

The patient gave a written consent to publication and for 
the retrospective analysis of their medical data. In France, 
the law authorizes ovarian autograft to restore endocrine 
function up to the age of 50.

Discussion

We report an interesting case of a physiologic endocrine 
ovarian function returning with restauration of quality of life 
thanks to a heterotopic OTT performed only in this objec-
tive. Table 1 resumes the only four reported heterotopic 
transplantation case reports of frozen-thawed ovarian tissue 
performed with the only aim to restore endocrine ovarian 
function. In 2001, Callejo et al. described a case of het-
erotopic OTT of cryopreserved OT in a woman volunteer 
for research [4]. Her ovarian tissue was cryopreserved at 47 
that does not provide the best model to assay restoration of 
an ovarian endocrine function. In 2004, Kim et al. was the 
first to report in woman treated by hysterectomy for cervical 
cancer the restoration of ovarian function after heterotopic 
OTT in two sites: between the rectus sheath and the rectus 
muscle, and between breast tissue and the superficial fascia 
of the pectoralis muscle [5]. Ovarian function was restored 
only at the abdominal site, as evidenced by the visualiza-
tion of a growing follicle. However, the ovarian tissue had 
been frozen at 37 years, and the return of ovarian function 
was defined by a decrease in FSH and disappearance of hot 

flushes. The lowest FSH was 39 IU/L, which cannot be con-
sidered as a “normal” ovarian function.

Twenty years later after Kim et al., at our knowledge, we 
describe only the second case of heterotopic OTT after can-
cer as an alternative to hormone replacement therapy. In our 
case, FSH returned to a low and “normal” level (5 IU/L) 
with a cyclic ovarian function. In 2012, Poirot et al. reported 
a puberty induction in a 13 year-old girl who presented a 
premature ovarian insufficiency (POI) after hematopoietic 
stem cell transplantation for sickle cell disease PMID [6]. 
After ovarian heterotopic OTT, she presented a “normal” 
pubertal development with regular menstruations for 2 years.

The indications for heterotopic OTT could be extended 
in the future to avoid the need for HRT. Recently, Oktay and 
Marin performed an emergency fresh heterotopic OTT to the 
forearm solely for endocrine function restoration immediately 
after an incidental oophorectomy of an single ovary [7]. In our 
experience, a single heterototopic OTT could restore a physio-
logical ovarian hormonal function for 19 months. In the meta-
analysis of Khattak et al., the median duration of the graft 
function after orthotopic transplantation of frozen-thawed 
ovarian tissue was 2.5 years with a range of 0.7–5 years [8]. 
In the experience of Oktay et al., ovarian function after het-
erotopic OTC was restored more than 40 months [9].

Kim et al. reported also a patient with a long-term endo-
crine function during 7 years after two consecutive hetero-
topic OTT performed at 1-year intervals [10].

Our present case provides several lessons about hetero-
topic OTT. First, ovarian tissue remained perfectly func-
tional after 17 years of cryostorage. In 2002, when the ovar-
ian tissue was frozen for this woman, the outcome after 
thawing was completely unknown; live-birth after autograft 
was described only in animals [11]. Freezing ovarian tissue 
was a kind of gamble on the future. The first lesson is that 
even in case of a medical indication of hysterectomy, even 
in case for whom fertility outcome is uncertain, oncolo-
gist should refer women for OTC. Indications for bilateral 
oophorectomy are rare, but we believe that indications for 
heterotopic OTT for restoring endocrine function are sus-
ceptible to grow in the future. So, in 2003, when we froze 
this woman’s ovarian tissue, we were convinced it was only 
for psychological purposes for her and that we would never 
be able to reuse it. The subsequent events, nearly 20 years 
later, showed us we were wrong. On the other hand, if 
women who have undergone OTC no longer have any plans 
for parenthood, grafting can be discussed as an alternative 
to HRT. In our department, requests for grafting for this 
indication are starting to increase among women who want 
“natural” hormones, and the surgical heterotopic graft is 
much simpler than a laparoscopy. Female fertility preserva-
tion is a recent discipline, and the possibility of restoring 
endocrine function through heterotopic OTT could lead to 
new demands.
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We have no data on the ideal number of fragments to graft 
in the heterotopic site to optimize their usage relative to graft 
longevity. With 10 fragments, the graft lasted 19 months, 
but only one mature follicle was recruited per month. Thus, 
we hypothesize a paracrine regulation between the ovarian 
fragments, which could explain why there were no mul-
tiple recruited follicles. Therefore, for the second graft in 
May 2023, we only grafted eight fragments (with endocrine 
function still active in May 2024), but perhaps grafting even 
fewer could be sufficient for a 2-year endocrine function. 
In Poirot et al.’s experience, grafting three fragments also 
allowed for a 2-year endocrine function.

Then, we hypothesize that HRT does not provide the 
same hormonal impregnation nor the same biological effect 
than endogenous ovarian estrogens. Indeed, the study of 
Ablove et al. conducted on sheep observed different effects 
of endogenous ovarian estrogen Vs exogenous estrogen 
replacement on the β estrogen receptors [12]. Despite that 
the improvement of quality of life described by our patient 
was subjective, we noticed an improvement of her well-being 
without side-effects after a lack of tolerance and observance 
of numerous HRT tried for 15 years. There is likely a psy-
chological effect of well-being induced by this graft com-
pared to the poor tolerance of the different HRT she tried. 
It may also be worth considering that women prefer being 
grafted with “their own ovarian tissue” rather than admin-
istering HRT daily. However, the disappearance of climac-
teric syndrome 3 months after OTT was in accordance with 
the increase of estradiol levels. Moreover, and surprisingly, 
she did not develop melasma in post-graft. Despite she still 
presents with osteopenia, and even a slight improvement in 
T-score, heterotopic grafting performs as well, if not better, 
for bone mass compared to HRT.

There are no data on the quality of the luteal phase after 
heterotopic OTT. Our data suggest that the heterotopic graft 
environment is less favorable to corpus luteum development. 
Progesterone levels remained always low, resulting in a rela-
tive hyperoestrogenism state. As this patient had no uterus, 
low progesterone levels, probably due to poor corpus luteum 
quality in the heterotopic position, had no clinical transla-
tion. In the case of heterotopic OTC for endocrine replace-
ment purposes, adding progesterone would be probably nec-
essary if the patient still has a uterus.

The risk of relapse after the transplantation of ovarian 
tissue potentially contaminated with microscopic undiag-
nosed malignant residual disease (MRD) must always be 
discussed. This risk must be seriously considered in cer-
tain pathologies such as acute leukemia [13]. In our case 
of cervical cancer, the oncologists considered the risk of 
MRD to be low [14], and even more so as the heterotopic 
site circumscribed the ovarian tissue in an easily accessible 
and surgically resectable area. However, the number of het-
erotopic OTT cases after cancer and the follow-up period 

are too short to be able to guarantee the absence of risk of 
relapse after heterotopic OTT.

Conclusions

In case of medical indication of radical hysterectomy with 
bilateral oophorectomy, gynecological surgeons should be 
aware about the possibility of cryopreserving OT, because 
heterotopic OTT can be performed for only restoring ovarian 
endocrine function. However, further studies are needed to 
assay the best site of heterotopic graft (forearm, subcutane-
ous abdominal localization, other site?), the optimal number 
of ovarian cortex fragments to graft, and the potential risk 
of MRD. In the future, the indications of heterotopic OTT 
could be widespread as an alternative to HRT.
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