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Abstract

Purpose The purpose of the study is to review all peer-reviewed published reports of women receiving ovarian tissue transplan-

tation (OTT) with frozen/thawed tissue (OTC) with respect to age, diagnosis, transplantation site, fertility outcome, and potential

side effects, including data from all women in the Danish program.

Methods A systematic review of the literature was performed in PubMed combined with results from all patients who had

received OTT in Denmark up to December 2017.

Results OTT has been reported from 21 different countries comprising a total of 360 OTT procedures in 318 women. In nine

women, malignancy was diagnosed after OTT; none were considered to be directly caused by the OTT. Despite a potential under

reporting of cancer recurrence, there is currently no evidence to suggest that OTT causes reseeding of the original cancer.

Renewed ovarian endocrine function was reported in 95% of the women. Half of all children born following OTT resulted from

natural conception, and newborns were reported to be healthy except for one neonate with a chromosome anomaly with a family

disposition. Women who conceived after OTT were significantly younger than those who failed.

Conclusion This study found no indications of sufficient numbers of malignant cells present in the ovarian tissue to cause

recurrence of cancer after OTT. Further, it is unlikely that OTC affects the well-being of children born. OTC is now an established

method of fertility preservation in Denmark with public reimbursement. The current data encourage that women who require

gonadotoxic treatment should be offered an individual evaluation considering fertility preservation.
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Introduction

Ovarian tissue cryopreservation (OTC) and transplantation

(OTT) is a valid option to be considered by women, adolescents,

parents of children, and their doctors for fertility preservation,

supplementing the established technologies of oocyte and em-

bryo cryopreservation. Many countries worldwide have

embarked on developing clinical services to include OTC, and

more than 20 countries have published manuscripts describing

the birth of one or more children after OTT, although activity is

still relatively modest and only performed in specialized centers

[1, 2]. Furthermore, a recent report stated that in the relatively few

children on whom data were available, all were healthy and had

neonatal outcome similar to that of normal pregnancies [1].

One of the major concerns of more widespread use of OTT is

the potential risk of grafting malignant cells harbored in the

tissue at OTC, which could potentially result in reintroduction
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of the disease after transplantation. A large number of in vitro

studies have been conducted evaluating the safety of OTT.

Different studies have focused on different patient categories,

whomost frequently receive OTC andOTT including diagnoses

like breast cancer, lymphoma cancers, sarcoma, and leukemia

cancer [3–9]. The methods used to evaluate potential malignant

cell re-introduction usually involved histology including immu-

nohistochemistry, molecular biology techniques such as q-PCR,

and transplantation to immunodeficient mice to determine

whether a few, if any, surviving malignant cells are transplanted,

to become subsequently manifest. Most of these studies con-

cluded that in patients with non-disseminated (i.e., early stage

cancer) disease, OTT appeared safe except for leukemia, where

the ovarian tissue may harbor malignant cells unless patients are

in full remission at the time of OTC [7]. If the tissue proves to be

negative for potential molecular biomarkers, it is considered risk

free and has justified transplantation in few cases where the

patient previously suffered from leukemia [10, 11].

However, despite these reassuring observations, there are

still uncertainties about OTT in a clinical setting since some

questions remain unanswered, notably, how many malignant

cells are sufficient to cause a relapse, in the context of more

malignant cells being present with respect to a larger amount

of tissue grafted, leading to the possibility of a higher risk of

relapse. But if only a few cells can lead to relapse, it may be

impossible to confidently identify or exclude their presence

prior to grafting. Furthermore, in this respect, potential differ-

ences may exist between different types of cancer.

To assess the safety and efficacy of OTC and OTT, the aim

of this review was to examine all peer-reviewed reports of

OTT with respect to age, diagnosis, transplantation site and

amount of transplanted tissue, fertility outcome, and potential

side effects, combined with data from additional patients who

had OTT in the Danish program, as yet unpublished.

Material and methods

A systematic review of the literature was performed in PubMed

including all relevant peer-reviewed publications in the English

language up to December 2017. The search termswere Bovary,^

Bcryopreservation,^ Btransplantation,^ Bautotransplantation,^

and Bovarian tissue.^ Additionally, we manually searched the

reference lists of the identified articles for other references,

which were not identified in the PubMed search.

We included all publications mentioning information on

OTC and OTT in humans and excluded cases involving fresh

ovarian tissue transplantation. In addition, data from pregnan-

cies and live births from oocyte donations [12, 13] and pa-

tients in whom the date of conception was estimated to coin-

cide with the date of transplantation were also excluded [14].

It was also decided to exclude OTT in patients in whom pre-

mature ovarian insufficiency (POI) had been diagnosed at the

time of OTC [15–17]. A large proportion of these women did

not present with ovarian follicles at the time of OTC

explaining why ovarian function did not commence upon

transplantation. Thus, these women represent a different group

from those with known ovarian function at OTC.

Furthermore, we included 89 patients who had had OTT

prior to December 2017 in the Danish cohort. Data from 41 of

these women were previously published [1], but not from the

remaining 48 women. In the Danish cohort, 89 women had

currently undergone a total of 115 transplantation procedures,

leading to 33 clinical pregnancies in 23 women resulting in 16

live births and 17 children born (one twin pregnancy).

Results

Transplantation of frozen-thawed ovarian tissue has been re-

ported from 21 different countries comprising a total of 360

transplantation procedures in 318 women (Table 1). Thirty-

nine patients had a second OTT, while three patients had three

OTT procedures.

Table 1 Number of transplantations and number of transplanted

women as published in peer-reviewed papers and in the Danish cohort

Country No. of

transplantations

No. of

transplanted

women

Reference

Argentina 2 1 [18, 19]

Australia 23 21 [20–25]

Belgium 35 30 [26–45]

Denmark 113 89 [1, 13, 31,

46–56]

Finland 4 4 [57]

France 4 4 [31, 58–60]

Germany, Austria,

Switzerland

76 75 [12, 61–65]

Israel 25 22 [10, 14, 31,

45,

66–69]

Italy 4 4 [70, 71]

Norway 2 2 [1, 72]

Poland 1 1 [73]

Portugal 1 1 [74]

Russia 1 1 [75, 76]

South Korea 1 1 [77]

Spain 24 24 [26, 78–81]

Sweden 12 10 [57, 82–84]

Turkey 1 1 [85]

UK 2 2 [86, 87]

USA 29 25 [11, 31,

88–100]

Total 360 318
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Information concerning the average time from OTC to the

first, second, and third transplantation procedure was available

for 156, 38, and 3 patients, respectively (Table 2). The mean

age at OTC was 28.9 years (range 9–47 years), the first trans-

plantation being performed at a mean age of 33.5 years (range

13–47 years). At the time of the second OTT, the mean age

was 33.9 years, (range 25–42 years), and at the third 33.7 years

(range 26–39 years) (Table 2).

Safety

Recurrence of malignancy

In 318 women who had OTC, a diagnosis was available in

264, being malignant disease in 230 (87%) cases and non-

malignant disease in 34 (13%) (Fig. 1). From the cohort of

women with malignancy, nine experienced a recurrence after

OTT, four of whom are now deceased, some details of which

are summarized below.

Kim and colleagues [88] reported the recurrence of cervical

cancer. Ovarian function returned 5 months after transplanta-

tion; however, the patient died due to recurrence of cancer

soon thereafter. Local recurrence of disease in a breast cancer

survivor was also reported by Dittrich and colleagues in 2015

[12]. In neither of these women was the recurrence considered

to be related to the transplantation.

In 2014, Stern et al. [20] published a case report where a

woman diagnosed with a granulosa cell tumor received OTTat

a heterotopic graft site. She became pregnancy with twins. At

delivery during cesarean section, macroscopic evidence of tu-

mor was found involving the diaphragm and a peritoneal de-

posit located at the left pelvic brim. All the macroscopic tumor

tissue was removed, and a granulosa cell tumor was confirmed

by histology. When analyzing the previously grafted tissue, it

showed no evidence of malignancy. Subsequently, the patient

was treated and recovered from the tumor.

In the Danish cohort, six have experienced a relapse of

whom three are deceased. Two women formerly diagnosed

with breast cancer experienced local relapses. One of the two

was pregnant and had an abortion in the eighth week of preg-

nancy just prior to chemotherapy [47], and the other patient has

deceased [46]. A former Ewing’s sarcoma patient had her tissue

transplanted at the age of 13 to induce puberty being 9 years at

OTC. She experienced a relapse occurring in the hemithorax

4.5 years after transplantation and died subsequently [46, 48,

49]. The remaining frozen tissue was analyzed for the possible

presence of malignant cells, and was found negative.

Additionally, three unpublished local relapses have occurred:

one in a cervical cancer patient where a relapse occurred locally

next to where cancer tissue was originally removed, one in a

patient with former thymic cancer, and another in a patient with

brain cancer, who has deceased. All six relapses were consid-

ered to be unrelated to the transplantation of ovarian tissue.

In an article from 2016 [14], a patient formerly diagnosed

with Ewing’s sarcoma was diagnosed with breast cancer

shortly after transplantation, which was considered unrelated

to transplantation.

Fajau-Prevot et al. reported in 2017 [58] of a woman diag-

nosed with an Ewing sarcoma in the neck. After OTT, she be-

came spontaneously pregnant and delivered a health child by

cesarean section. During the delivery, a 5 × 3 cm benign mucin-

ous cystadenoma was removed from the grafted ovarian tissue.

Two cortical stripswere evaluated histologically prior toOTTand

found negative for Ewing sarcoma cells, both histologically and

using molecular markers [58]. When analyzing the tissue from

the cystectomy, no histologic evidence of malignancy was found.

Diagnosis for OTC

In 264 of the cases with OTT, the diagnosis at OTC was spec-

ified. Among the diagnosis, breast cancer and hematological

malignancies, including both Morbus Hodgkin and non-

Hodgkin, were the main reasons for fertility preservation

(Fig. 1) (Supplementary Table 1).

Transplantation site and amount of tissue
transplanted

Ovarian tissue may be grafted either orthotopically and/or

heterotopically. Here, we considered an orthotopic transplan-

tation as one where natural conception was possible and a

heterotopic transplantation as one that would require assisted

reproductive technology (ART) for conception. Therefore,

graft sites in the remaining ovary and/or in peritoneal pockets

in the pelvis were considered orthotopic, whereas graft sites in

the subperitoneal space of the abdomen and in the subcutane-

ous space of the forearm or abdomen were considered hetero-

topic. The location of the graft site was available in 242, 28,

Table 2 Mean age, time from

freezing to transplantation, and

total number of women with a

first, second, or third ovarian

tissue transplantation (OTT)

No. of patients Mean age (years) Range (years) Years from cryopreservation

to transplantation (range)

Cryopreservation 318 28.9 9–47

First OTT 318 33.5 13–47 4.4 (0.3–13.9)

Second OTT 39 33.9 25–42 6.1 (2.0–14.5)

Third OTT 3 33.7 26–39 10.2 (6.6—12.5)
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and 3 of the cases who had a first, second, and third OTT

performed, respectively (Tables 3 and 4).

Only considering women who had a live birth, the vast

majority were conceived in patients with an orthotopic or

combined heterotropic/orthotopic graft, and only a single

woman so far has managed to conceive through a heterotopic

graft [21] (Fig. 2).

Women who wished to avoid menopause but who did not

have a pregnancy wish comprised a total of 25 cases. Thirteen

women had tissue transplanted orthotopically, eight

heterotopically, and in four cases, the information was

unavailable.

The average amount of transplanted tissue at the first OTT

corresponded to 46% of the total amount of frozen tissue, with

an average area of 294 mm2. During the second OTT, an

average amount of 37% of the total amount of frozen tissue

was transplanted comprising an average area of 263 mm2,

while the third transplantation used an average amount of

38%, with an average area of 455 mm2 (Table 5).

Outcome after ovarian tissue transplantation

Endocrine function

Out of the 318 first OTT, the status of endocrine function was

available in 237 of the cases, reporting 12 (5%) cases of non-

restored function and 225 (95%) cases of restored function.

The presence of endocrine function was measured by either

follicular growth or the recurrence of menstruation. The peri-

od from the first OTT to follicular function was on average

9%

24%

3%

13%
6%

10%

35%

Diagnosis

Gynecological malignancies Breast cancer

Colorectal cancer Non-malignant diseases

Ewing & other Sarcoma Other malignancies

Hematologic malignancies

57%24%

6%

13%

Haematologic 

malignancies

Mb. Hodgkin

Non-Hodgekin

CML,AML,ALL, Myeloprolferativ

disorder, myelodysplasia
Unknown Haematologic malignancies

22%

61%

17%

Gynecological

malignancies

Ovarian cancer

Cervical cancer

Unknown gynecological malignancies

11%

54%

35%

Other 

malignancies

Brain tumor

Malignant pathology without hematologic

malignancy

Unknown malignancies

18%

41%

41%

Non-malignant

diseases

Non-malignant gynecological disease

Unkown non-malignant diseases

Non-malignant blood disorder

Fig. 1 The diagnosis at OTC

Table 3 The graft site of ovarian tissue transplantation (OTT) for the

patients who had a first, second, and third transplantation

Transplantation site

First OTT SecondOTT Third OTT

Heterotopic 17 (5%) 6 (15%) 0 (0%)

Orthotopic 213 (67%) 17 (44%) 3 (100%)

Both heterotopic and orthotopic 12 (4%) 5 (13%) 0 (0%)

Unavailable 76 (24%) 11 (28%) 0 (0%)

Total 318 (100%) 39 (100%) 3 (100%)

Table 4 Location of the graft at orthotopic transplantation

Orthotopic graft site

First OTT Second OTT Third OTT

Ovary 62 (28%) 11 (50%) 0 (0%)

Peritoneal pocket 59 (26%) 6 (27%) 2 (67%)

Both ovary and

peritoneal pocket

38 (17%) 5 (23%) 1 (33%)

Unavailable 66 (29%) 0 (0%) 0 (0%)

Total 225 (100%) 22 (100%) 3 (100%)
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4.0 months (SD 1.5 months, range 1–8, n = 83). In cases

reporting absence of endocrine restoration, so far only one

case has been reported to have additional transplantations

[82]. The second transplantation resulted in restored endocrine

function, and the third transplantation resulted in the birth of a

healthy girl, conceived by intracytoplasmic sperm injection

(ICSI) [82].

Of the 39 women who underwent a second OTT and 3

women who underwent a third transplantation, endocrine

function was reported in 29 cases, while information from

the remaining 10 cases was missing. The period from the

second OTT and third OTT to follicular function was on av-

erage 3.9 months (SD 1.4 months, range 2–6, n = 13) and

4.5 months (SD 2.1 months, range 3–6, n = 2), respectively.

Pregnancies and live births

In a total of 318 women, 170 cases wished to restore fertility—

7 were excluded, 25 specifically only wished for restoration of

the ovarian endocrine function, and in 123 patients, data was

unavailable. In total, 131 pregnancies were obtained in 95 pa-

tients, counting both biochemical and clinical pregnancies.

This resulted in 87 live births in 69 women, and a total of 93

children born (Fig. 2). Hereof, 81 singleton pregnancies and 6

twin pregnancies [14, 20, 26, 46, 78, 83] with 10 pregnancies

ongoing [10, 12, 14, 22, 26–28, 57] (Danish cohort) from

which 7 women will have their first child.

The age of patients who succeeded in having a live birth

(LB) or ongoing pregnancy (OGP) (26.4 years (SD 6.3), range

9–38 years) were significantly younger at OTC (P value =

0.0019) compared to patients who failed to conceive but had

a pregnancy wish (29.6 years (SD 5.4), range 14–39 years).

In total, three women managed to deliver three healthy

babies during three consecutive pregnancies; all were meno-

pausal before OTT. A woman in Belgium had her ovarian

tissue cryopreserved at the age of 17, due to a neuroectodermal

tumor, and has delivered three times after one orthotopic OTT

in the ovary [26]. In Israel, a patient with an OTC at age 24

conceived four times after an orthotopic transplantation; here-

of, two in vitro fertilization (IVF) pregnancies resulted in one

live birth and one early abortion, and two successful spontane-

ous pregnancies [14]. In Denmark, a woman had her tissue

frozen at the age of 27, due to an Ewing’s sarcoma. After

OTT, she has had three healthy children, delivering the third

baby almost 6 years after having six pieces of ovarian tissue

transplanted [50].

Three legal abortions following OTT have been published.

One occurred due to a genetic diagnosis showing that the

embryo carried the same BRCA1 mutation as the mother

[29]. A second abortion took place because the woman was

separating from her partner [51], and a third because the wom-

an experienced a relapse of her breast cancer [47]. Onewoman

who had radiation to the pelvis experienced miscarriage twice,

both times in gestational week 19, due to premature preterm

rupture of membranes (PPROM) [46].

Method of conception

Out of the 131 pregnancies and the 87 live births, 46% (Fig. 2a)

and 51%, respectively (Fig. 2b), were achieved spontaneously.

46%

40%

12%

1% 1%

Methods of achieving pregnancy 

Spontaneous IVF Unavailable Unspecific ART IUI

51%

33%

14%

1% 1%

Live birth: Method of conception

Spontaneous IVF Unavailable Unspecific ART IUI

Fig. 2 Frequency of methods

used to obtain a pregnancy (N =

131) and b live birth (N = 87)

Table 5 Average amount of tissue transplanted at the first, second, and

third ovarian tissue transplantation

No. of

cases

Average

amount

Range

First transplantation

Amount of tissue transplanted

per total amount of frozen stisue

161 46% 10–100%

Fraction of ovary transplanted

when one whole ovary was frozen

108 45% 12–100%

Area of transplanted ovary 110 294 mm2 24–896 mm2

Second transplantation

Amount of tissue transplanted

per total amount of frozen tissue

28 37% 10–56%

Part of ovary transplanted when

one whole ovary was frozen

25 37% 10–56%

Area of transplanted ovary 33 263 mm2 24–735 mm2

Third transplantation

Amount of tissue transplanted per

total amount of frozen tissue

2 38% 24–51%

Part ovary transplanted when one

whole ovary was frozen

2 38% 24–51%

Area of transplanted ovary 2 455 mm2 175–735 mm2
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The couples who have achieved spontaneous conceptions that

have led to live births, 84% of the women were menopausal

before OTT. The conceptions achieved by IVF, 75% of the

women were menopausal before OTT. Three of the total 87

live births were from patients who had previously undergone

bilateral oophorectomy. Two women conceived by IVF from

an orthotopic peritoneal pocket [30, 79], and one conceived by

IVF from a heterotopic abdominal pocket [23].

Children born

The health and perinatal outcome of children born from OTC

and OTT has recently been reported [1]. From the 40 children in

whom data were available showed similar birth weight and sim-

ilar gestational age as children born from normal pregnancies.

From the total 93 children born, only one has been reported with

a chromosome anomaly. In Meirow’s group [14], they reported

one patient who delivered a child with fetal arthrogryposis. The

patient had a family history of other limb malformations.

Discussion

The aim of this review was to account for the worldwide activ-

ity of OTC and OTT, as published in peer-reviewed papers in

combination with updated results from the Danish cohort. This

study identified a total of 360 transplantations performed in a

total of 318 patients. However, a high number of unreported

cases have also been performed, and the total transplantation

activity is obviously well above 360 cases. This was recently

highlighted in a review presenting a total of 130 children born

fromOTC andOTT taking also abstracts and congress proceed-

ings into account [2]. Nevertheless, data from peer-reviewed

publications offer more reliable data and as these procedures

are not yet considered established by many professional orga-

nizations and authorities, it is important to present the collective

experience with the best-quality data, especially in connection

with evaluating the safety of the procedure. The above notwith-

standing, the collective data presented in this review offer reas-

surance on the safety of the procedure. Transplantation to wom-

en with a known former malignant diagnosis has been per-

formed 230 times, and there have been no reports on recurrence

of the original cancer in connection with OTT (except for the

granulosa cell tumor that most likely developed as a new cancer

after grafting). Although reported relapses are likely to be

under-represented in published cases, it does not seem to be a

major problem with current policies employed for grafting and

the results from Denmark alone are encouraging. The

transplanted women represent a group of women where relapse

may occur, and in this context, it is interesting that the frequen-

cy of women who actually experience relapse in Denmark has

remained constant on 7% from our first account representing 41

women [46] until today where 89 women have been grafted.

This suggests that the relapse rate does not increase over time

within the Danish cohort representing women who have now

had tissue transplanted for less than a year and up to 13 years.

When appropriate safety tests have been applied to secure

transplantation as practically possible outside a clinical setting,

real cases of transplantation provide the ultimate answer to the

safety issue of OTT. Often cortical tissue from one third to half

of one entire ovary is transplanted, if not more, which obviously

makes it impossible to check all pieces on beforehand as the

tissue is not suitable for transplantation after the evaluation

process. Therefore, close long-term follow-up of these patients

is of utmost importance. With a total of 230 women having

tissue transplanted with a former malignant diagnosis without

reported relapses relating to the ovarian tissue, it appears appro-

priate to conclude that metastasis to the ovary rarely occur to an

extend that causes relapse and that currently the method is safe.

In this context, it is also noticeable that 31 women have had two

or three transplantations, some of whom have had all the re-

trieved tissue transplanted, without affecting the relapse rate.

Breast cancer is the most frequent diagnosis for.

OTT accounting for 24% (N = 65) and Morbus Hodgkins

disease 20% (N = 53) of all cases showing that these two diag-

noses have now been tested for safety in good numbers.

However, it is obviously of outmost importance that relapses

following OTT are reported in the literature, especially if the

ovarian tissue transplanted is suspected to be involved as a caus-

ative factor.

The different diagnosis used for OTT more or less reflects

the frequency by which most of the common cancers occur in

girls and young women. However, cancers prevalent in the

young years such as cancer to the brain, sarcomas, leukemia,

and genetic diseases are probably under represented since these

girls have not yet reached childbearing age, and OTTwill likely

increase in this category in the years to come. It is noticeable

that the vast majority of transplantations occur to the remaining

ovary or to an orthotopic site probably reflecting that most

women undergo OTT in order to become pregnant and only a

minority wishes only to avoid menopausal symptoms where a

heterothopic site will allow for follicular development and sex

steroid production. The use of the remaining ovary present in

the women as a site for transplantation is further supported by

the fact that half of all children conceived occur by natural

conception and indeed highlight the ovary as the preferred

transplantation site for regaining fertility. Furthermore, a few

studies have indicated that ovarian tissue transplanted outside

of the ovaries may support follicular development and produc-

tion of oocytes capable of supporting fertilization less frequent-

ly than when transplanted to the ovaries [101, 102].

Currently, it is difficult to predict the lifespan of grafted tissue.

It is dependent on a number of conditions including age of the

woman, the follicular density, the amount of tissue grafted, and

how fast revascularization occur to the transplanted tissue among

others. Indeed, this study demonstrated that women giving birth
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to child after OTC are significantly younger compared to those

who fail to conceive despite a pregnancy wish. This suggests

that the number of follicles transplanted affect the chances of

conceiving. However, the amount of tissue transplanted is not

a very precise term, since two women of the same age may have

very different-sized ovaries, e.g., 4 and 12 ml in volume. These

two women will most likely produce a different number of cor-

tical pieces for freezing, and assuming they have equal number

of follicles, the same number of pieces transplanted will repre-

sent different number of follicles, thereforemost likely providing

fertility with different efficacy. We have attempted to provide

figures on the amount of tissue transplanted as a fraction of

one ovary or as a measure of the surface area, when data were

available. Perhaps these figures will prove to improve prognosis

for the longevity of the transplanted tissue, but future studies will

need to prove that. It is also noticeable how variable the duration

of the grafts is and howwell they provide fertility. Some women

may only experience ovarian function for a limited period of

time around 1 year, while others have ovarian function for up

to 10 years [46] and may achieve three children from three

independent pregnancies. This most likely reflect differences in

the number of follicles available at transplantation, but probably

also reflects that the transplantation procedures have not yet been

optimized and may provide a variable number of follicles avail-

able for the woman.

In conclusion, based on OTT as published in peer-reviewed

publications combined with data from the Danish cohort, in

total more than 300 cases of OTT, this study has found no

evidence of reseeding malignant cells present in the frozen

ovarian tissue in sufficient numbers to cause recurrence of the

cancer. Neither does it seem likely that OTC and OTTaffect the

well-being of children born from this procedure. Together with

the reassuring results of 93 children born OTC and OTT is

considered an established method of fertility preservation in

Denmark. Worldwide, we support that if patient needs to un-

dergo gonadotoxic treatment, an individual evaluation consid-

ering fertility preservation should always be conducted.
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