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Abstract These three case reports describe the long-term duration of function of ovarian cortical tissue grafts among patients in a
university fertility preservation programme in Europe and in a private practice programme in the USA. One woman underwent ster-
ilizing cancer treatment and had frozen ovarian tissue transplanted, and two women underwent fresh ovarian tissue transplants. The
function of ovarian cortical strips has continued for more than 7 years in these three women, with the birth of eight healthy babies
following a single graft per patient. In addition to these three cases, transplantation (repeatedly in some cases) of cryopreserved
ovarian tissue has restored reproductive function to all other women in the study centres’ programmes for some years. The sus-
tained longevity of function of the transplanted tissue suggests that it may also be possible to postpone the normal time of meno-
pause or to alleviate its symptoms. @i
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Introduction 2009). Fertility preservation is of high priority to many of

these patients and planning for it may provide some emo-
In recent years, there has been an increased focus on qual- tional comfort and assurance while going through often
ity of life for the growing cohort of patients who survive a harsh chemo- and/or radiation therapy, knowing they may
malignant disease in the early years (Lamar and Decherney, regain menstrual cycles and create their own family once
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they have recovered from the disease. Not only will they be
able possibly to have children after otherwise sterilizing
treatment, but they may even be able to avoid hormone
replacement therapy and not go through premature meno-
pause (Donnez et al., 2011; von Wolff et al., 2009). The first
successful transplantation was achieved in 2004 (Donnez
et al., 2004) and up until now transplantation of fro-
zen—thawed ovarian tissue to menopausal women has
resulted in the birth of a total of 18 healthy children world-
wide (Andersen et al., 2008; Demeestere et al., 2007; Dit-
trich et al., 2012; Donnez et al., 2004, 2011; Ernst et al.,
2010; Meirow et al., 2005; Piver et al., 2009; Revel et al.,
2011; Roux et al., 2010; Sanchez-Serrano et al., 2010; Sil-
ber, 2012; Silber and Gosden, 2007; Silber et al., 2005,
2008a,b, 2010), and a total of 29 healthy children including
fresh tissue homografts (Silber, 2012). The procedure is
based on the fact that all of the primordial follicles of the
ovary are located in the outer 1 mm of the fibrous cortex,
and thus a simple skin graft like procedure can be employed
(Figure 1). But the procedure is still considered experimen-
tal by many and the efficacy and the long-range durability of
the transplants to sustain fertility have yet to be deter-
mined. The present paper describes long-term follow up
of three women who have now given birth to second and
third healthy children after having had frozen—thawed ovar-
ian tissue transplanted more than 6 or 7 years ago, an indi-
cation of the robustness of this fertility preservation as
originally reported in 2004 and 2005 (Andersen et al., 2008;
Demeestere et al., 2007; Donnez et al., 2004; Ernst et al.,
2010; Meirow et al., 2005; Silber et al., 2005).

Materials and methods
Patient one

Patient one was diagnosed with Ewing’s sarcoma at the age
of 27 years. She initially received six series of vincris-
tine/ifosfamide/doxorubicin/etoposide, after which the
remaining tumour was removed surgically together with
the two costae from which the tumour originated. Chemo-
therapy was continued with three series of vincristine/acti-
nomycin D/ifosfamide. Prior to the cancer treatment,
approximately one-third of the right ovary was excised
and transported on ice for 5h before cryopreservation as
already described (Schmidt et al., 2003). This was the

Figure 1 Histological section at x40 magnification showing all
primordial follicles located in outer cortex of ovary.

patient’s only ovary as the other one had been previously
removed due to a dermoid cyst. Following her cancer
treatment, the patient’s menstruation stopped and post-
menopausal concentrations of gonadotrophins and hot
flushes developed.

Half of the retrieved and frozen ovarian tissue (i.e. six
pieces of cortex approximately 5 x5 mm in size) was trans-
planted to the remaining portion of ovary in December
2005, i.e. 21 months after cryopreservation, as previously
described (Andersen et al., 2008; Ernst et al., 2010). After
transplantation, her gonadotrophins gradually returned to
premenopausal concentrations and her oestradiol concen-
trations increased. She conceived her first child following
mild ovarian stimulation and delivered at week 39 a healthy
girl weighing 3204 g by Caesarean section in February 2007.
She then had a second spontaneous and uneventful preg-
nancy and had a successful vaginal delivery at week 42 in
September 2008 of a healthy girl weighing 3828 g (Ernst
et al., 2010), almost 3 years after her original transplant.

After having stopped breastfeeding her second child, the
patient regained regular menstrual cycles once more, with
28-day intervals. In order to avoid further pregnancies,
she used an intrauterine device for contraception. Concen-
trations of AMH were measured on two occasions following
the second child and in both instances AMH concentrations
were below the detection limit. A little less than 5 years
after the initial transplantation, the intrauterine device
was removed. Shortly thereafter, the patient conceived
naturally again with no treatment and had a third unevent-
ful pregnancy with delivery at week 41 of a third healthy boy
weighing 4015 g in September 2011 almost 6 years after her
first transplant of a few pieces of ovarian tissue.

Patient two

A 38-year-old woman underwent complete menopause at
age 22, had an FSH concentration of 96.4 mIU/ml, an oest-
radiol of less than 15 pg/ml and no menstruation for the
previous 16 years. Her identical twin sister had two healthy
children and wished to have no more. One-half of one ovary
was transplanted to her menopausal sister, by the technique

Figure 2 Donor ovary cortical slice placed on raw, exposed
recipient medulla.
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Figure 3 Donor cortical slice sutured microsurgically to
recipient medulla.

Figure 4 Completed transplant of slice of donor ovarian
cortex.

already described (Silber and Gosden, 2007; Silber et al.,
2005, 2008a) in early 2005 (Figures 2—4).

The entire cortex of both menopausal ovaries was
removed and revealed no follicles, verifying that any return
of hormonal function or pregnancy would have to derive
from the transplanted ovarian tissue. She began to menstru-
ate 93 days after the ovarian tissue transplant and her day-3
FSH returned to normal 138 days after surgery. She became
spontaneously pregnant 8 months post operation with no
treatment and delivered a healthy baby girl vaginally at
term (3250¢g). She resumed menstruation even while
breastfeeding at 23 months post operation and resumed
normal regular menstrual periods until 41 months post oper-
ation and then once again became spontaneously pregnant
with no treatment, now at age 42 years. She delivered her
second healthy baby (a boy weighing 3280 g), again at term.
Menstruation resumed when she stopped breastfeeding at
60 months post operation and then she became spontane-
ously pregnant once more at age 45, 7 years post operation
and delivered a healthy baby boy in February 2012, weighing
3827 g and measuring 53.34 cm. All three children were con-
ceived from the same piece of ovary transplanted from her
38-year-old identical twin sister 7 years earlier.

Patient three

A 33-year-old woman became menopausal following a bone
marrow transplant with total body irradiation from her iden-
tical twin sister 4 years earlier for acute lymphoblastic leu-
kaemia, and was considered cured of her cancer by her
oncologist. Her FSH was 86.2mlU/ml, her LH was
67.1 mlU/ml and her oestradiol was not measurable. Her
ovarian cortex was removed on both sides in entirety and
revealed no primordial or developing follicles. Her identical
twin sister, who had donated bone marrow 4 years earlier,
now donated her ovary, transplanted with the method
already published in 2005 (Silber and Gosden, 2007; Silber
et al., 2005, 2008a).

She resumed menstruation on day 83 post operation and
her day-3 FSH dropped to 4.4 mlU/ml. She continued to have
normal monthly menses until she became pregnant 6 months
post operation, but miscarried at 8 weeks. She resumed nor-
mal menses again until she once more became pregnant at
17 months post operation, but again miscarried at 6 weeks.
She then resumed normal menses again until 33 months post
operation when she once more became spontaneously
pregnant (third pregnancy from same slice of transplanted
ovary) and delivered a healthy boy weighing 1825 g prema-
turely at 34 weeks, who is quite healthy and developing nor-
mally now at 2 years of age. She again resumed normal
menses several months later until she became spontane-
ously pregnant again (fourth pregnancy from same ovarian
slice) at 4.5 years post operation and delivered another
healthy baby boy 34 weeks later, at over 5 years post oper-
ation, who is developing normally now at 5 months of age.
Her ovary slice continues to function normally almost
6 years post operation and there is still a majority of the
donated ovarian slices frozen in liquid nitrogen.

Results

These cases show that just a small number of frozen—
thawed ovarian cortical strips (less than a third of an ovary)
are capable of sustaining follicular development and
produce viable oocytes competent for producing offspring
for at least 5—7 years and, of course, possibly longer as
these ovaries are still functioning at the time of writing.
All pregnancies except the first in patient one, which was
achieved through IVF, were spontaneous conceptions with
no treatment other than the tissue transplant. This is the
first report to demonstrate a series of cases where a woman
has given birth to two or three healthy singleton children
with three or more pregnancies as a result of a single
transplantation of a small piece of ovarian tissue, whether
fresh or frozen.

Discussion

Collectively, the present results show that fertility preserva-
tion based on cryopreservation of ovarian tissue can be an
effective method to maintain fertility for many years and
may provide a couple with the opportunity to create their
own family more robustly than had previously been sup-
posed. One might argue that multiple successive orthotopic
transplants might fail due to adhesions, but this has not been
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found to be the case in previous reports (Sanchez-Serrano
et al., 2010; Silber and Gosden, 2007; Silber et al., 2010).
This new technique may not only provide a realistic hope
for saving the fertility for young patients surviving cancer
treatment that would otherwise render them sterile and
menopausal, but also for expanding a woman’s reproductive
and hormonal lifespan long past its current limits. Again,
one might argue that there are negatives to delaying
menopause, but many women would disagree.

The longevity of frozen—thawed tissue is normally depen-
dent on the age of the woman at cryopreservation and the
amount of tissue replaced, and moderate duration of func-
tion has been reported when only a fraction of one ovary is
transplanted (Greve et al., 2012). If one entire ovary is
excised for freezing, this often allows women to have two
or three transplantations. If their ovary is removed in their
twenties with a relatively good ovarian reserve, a few women
have experienced menstrual cycles for more than 7 years
with the tissue still at work (Greve et al., 2012; Silber, 2012).
Up until now there has not been a single woman in whom the
tissue has not resumed activity as far as is known, but when
only a small amount of tissue is available the tissue may stop
working within 1 year (Greve et al., 2012).

Furthermore, a number of these women have many more
pieces of ovarian cortex still stored in liquid nitrogen. If the
already-grafted tissue remains active for over 6—7 years, as
seems to be the case, there are far greater implications
than allowing cancer patients to conceive. One patient is
now 34 years of age, one is 45 and one is 39. So with further
transplantation of frozen tissue, they may experience ovar-
ian function and menstrual cycles for as long as, or even
longer than, most normal women.

However, some women of similar age and circumstances
may experience a considerably shorter duration of the
transplanted ovarian tissue. The reason for the women
reported here having exceptionally long duration of the
graft is currently unknown, but these cases illustrate what
is possible to achieve and call for much more research to
define the circumstances by which the primordial follicles
survive freezing and transplantation. A focused effort to
define these appropriate conditions is obviously needed at
this point in time in order to make this a realistic option
available to more women in the future.

Indeed, these patients offer an insight into a perhaps
futuristic method of postponing menopause in order main-
tain fertility or to maintain circulating concentrations of
sex hormones that may reduce sequelae from a predisposi-
tion of osteoporosis or other menopausal problems. Up to
50% of newborn girls in many Western societies can expect
to live to 100 years of age (Christensen et al., 2009). Indeed,
if this is the case some of these women may experience
sequalae from being without circulating sex hormones for
so long and although this is still a theoretical consideration
some of these women may not wish to spend a full half of
their lives in menopause. Removing a single ovary from a
young woman will not reduce her fertility or hasten her
age of menopause if it could be frozen and slices trans-
planted back at age 50. Alternatively, the women may use
hormone replacement regimens that are well established
and have been in use for many years. There is a small
increased risk of breast cancer for women taking hormone
replacement therapy and a similar risk may be present for

women having ovarian tissue transplanted, but they will
experience natural variations in sex hormones that poten-
tially may protect them more efficiently from osteoporosis
and other menopausal symptoms, but that remains to be
determined.

So, although most women having ovarian tissue stored
today have suffered from a malignant disease, this method
may also become interesting for women without a malignant
disease. In this case, there will be no risk of transmitting the
original cancer back together with the ovarian disease,
which at this point in time cannot be totally excluded even
though the worldwide experience with transplanting fro-
zen—thawed ovarian tissue from women with a former malig-
nant diagnosis now approach 50 cases without any reports of
relapse. Further, there are a number of reassuring reports on
malignant diseases like breast cancer and Hodgkin’s disease
(Azem et al., 2010; Kim et al., 2001; Meirow et al., 2008;
Rosendahl et al., 2011; Sanchez-Serrano et al., 2009).

The majority of children derived from ovary tissue trans-
plantation have been born following natural conception.
This result strengthens the fact that transplantation to the
remaining post-menopausal ovary provides a suitable envi-
ronment to support follicular development and enable con-
ception without assistance. Further, there is currently no
sign of this procedure having any adverse effects on the
children. However, when transplantation is performed to
the remaining ovary it is impossible to know with certainty
whether residual resident follicles have caused the preg-
nancy, unless the atrophic cortex has been completely
removed, as was done in two of these three cases.

It is anticipated that these pregnancies had to be the
results of transplanted tissue, as indeed a recent announce-
ment from Spain has indicated, where a woman who had
both ovaries excised later became pregnant from replace-
ment with frozen—thawed ovarian tissue (Rada, 2012).

In conclusion, the present result supports cryopreserva-
tion of ovarian tissue as a valid method of fertility preserva-
tion and encourages further development of this technique
to be used in a clinical setting in girls and woman facing
gonadotoxic treatment and possibly to expand the repro-
ductive and endocrine lifespan of women.
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