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CLINICAL STUDY

Protection of ovarian tissue from radiotherapy
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Abstract: Advances researches in the diagnosis and treatment of childhood, adolescent and adult cancer have
greatly increased the life expectancy of premenopausal women with cancer. However, one of the serious side
effects of these treatments is the risk of damage to fertility. The ovaries are very sensitive to cytotoxic and
radiotherapeutic treatment. The only established method of fertility preservation is embryo cryopreservation
according to the Ethics Committee of the American Society for Reproductive Medicine (2005), but this option
requires the patient to be of pubertal age, have a partner or use donor sperm, and be able to undergo a cycle
of ovarian stimulation, which is not possible when the radiotherapy has to be initiated immediately or when
stimulation is contraindicated according to the type of cancer. For patients who need immediate radiotherapy,
cryopreservation of ovarian tissue is the only possible alternative. This manuscript reports the different techniques of cryopreservation and the results of transplantation of cryopreserved ovarian tissue. The current
techniques allow cryopreservation of human ovarian fragments for a long time with good follicular survival rate
after thawing. Numerous studies ultimately in this field have demonstrated to improve the survival rate of the
oocytes and cryopreserved follicles. Moreover this manuscript includes a case of a 17-year-old girl who had
to undergo pelvic irradiation for non-Hodgkin’s lymphoma and the laparoscopic treatment to preserve the fertility (Fig. 2, Ref. 47). Full Text in free PDF www.bmj.sk.
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The first cryopreservation experiments on ovarian tissue were
performed in the 1950s60s, when fragments of ovarian walls
were frozen at a temperature of -79 °C in a solution containing
glycerol (1, 2, 3).
The first pregnancy using cryopreserved and subsequently
thawed ovarian tissue was obtained in mice as early as 1960 (4).
However, the last fifteen years gave raise to the creation of innovative protocols of freezing and thawing which have helped
achieve encouraging results in animals, thus opening the door to
experimentation on human subjects.
Today, cryopreservation of ovarian tissue represents one of
the most ambitious strategies in the attempt to preserve fertility
of women with pathologies, mostly malignant neoplasms which
can compromise the ovarian follicle reservoir and reproductive
potential.
Cryopreservation of ovarian fragments is applicable even to
patients in pediatric cohort. It does not assume any hormonal
stimulation to the ovary. Ovarian biopsy allows to obtain hundreds of primordial follicles containing immature oocytes, which
are very resistant to the processes of freezing and thawing (5).
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Indications to cryopreservation of human ovarian fragments
Benefits of ovarian fragments cryopreservation may be found
in the following situations:
 Patients affected by neoplasms: in recent years, anti-tumor
strategies have brought a progressive increase in the survival
rate of girls and young women affected by neoplasms like lymphomas, leukemia, breast tumors and sarcomas, directing attention to the long-term effects of counter cancer therapies and the
quality of life of the patients afterwards. It has been estimated
that at the beginning of the 21st century, 1 adult in every 1000
who had had a tumor during the pediatric phase of their life, will
survive until the third decade of their life.
In tissues with rapid cellular proliferation, such as bone marrow and intestines, the cytotoxic damage inflicted by chemotherapy and radiotherapy is almost fully reversible. At the ovarian level, where the number of germinal cells is limited and
pre-determined at birth, the damage is usually progressive and
irreversible. In case of a substantial percentage of patients, chemoand radio-therapeutic treatments are capable of causing temporary or persistent oligo/amenorrhea, and in the long-term they
may lead to premature menopause. Such therapies, moreover,
are capable of damaging, in an unpredictable way, the genetic
integrity of the oocytes. There are numerous causes of the damage to the reproductive potential and they depend on the age of
the patient, type of treatments assigned by oncologists and the
initial size of the ovarian follicle reservoir (615).
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On a psychological level, the prospective loss of the reproductive potential increases the stress of the patients, who are already concerned with the risk of a possibly long-term deterioration of the quality of their life. Presenting the possibility of losing
fertility and emphasizing the fact that there are possible solutions
to the problem, at the time of communicating the oncological diagnosis, offers an increased hope of a cancer-free future, in which
life should return to normal as much as possible (16).
 Risk of bilateral oophorectomy as a treatment for benign ovarian cysts, for example in recurring endometriosis or in case of
benign bilateral teratomas.
 Family history of premature ovarian failure in patients whose
mothers reached menopause before 42 years of age and who
thus carry an increased risk of premature loss of ovarian function, which can also occur at a young age (even before 30).
Cryopreservation of ovarian tissue
Research in the field of cryopreservation of ovarian tissue
has gained momentum only in the recent years, when Gosden
resumed his study in this area, while also adopting more modern
freezing techniques (17, 18).
Protocols of slow freezing/rapid thawing of ovarian fragments, as well as of the ovary as a whole, have been applied in
mice, rats and sheep, utilizing dimethyl sulfoxide (DMSO) or
propane-1,2-diol as cryoprotectants. With these techniques, survival rate of primordial follicles to thawing, which in the past
was very low, has reached approximately 7080 %. It allowed to
restore and maintain ovarian function in animals after autologous transplantation of thawed fragments for a number of months.
Although there is evident damage of ischemia, related to the impossibility of reanastamosing vascular supply, histological analysis performed on transplanted fragments showed evidence of a
good follicular survival ratio, even after a period of some weeks
(19, 20, 21). Spontaneous pregnancies have been obtained after
autologous transplantation of cryopreserved ovarian fragments
in rats (22), in sheep (23, 24) and recently even in women (45).
In 1996, Hovatta et al (25) carried out the first freezing experiment on human ovarian tissue, demonstrating that human ovary
is resistant to the cryopreservation procedures. Successive studies
have confirmed that in human ovarian tissue, the primordial follicles are the most resistant ones and are able to resist the damage/
s induced by freezing/thawing procedures. These damages are related, above all, to ischemia during the first post-transplantation
hours, preceding spontaneous revascularization of the tissue (26,
27). Recently, the presence of vital primordial follicles, found in
human ovarian tissue and transplanted in immunodeficient mice
(SCID mice), has been demonstrated, together with the possibility of inducing ovulation of the xenotransplant using exogenous
follicle-stimulating hormone (FSH) (2830).
Techniques of obtaining ovarian fragments
Ovarian tissue destined for cryopreservation is normally withdrawn during the course of a laparoscopic procedure, unless the
444

patient has to undergo a laparotomy due to other indications.
The laparoscopic procedure presents notable advantages:
 the possibility of it being carried out with minimal previous
warning, thus avoiding postponement of any type of oncological therapy;
 very low percentage of operative and post-operative complications;
 brief duration of the procedure (1520 minutes);
 absence of protocols to follow after the completion of the procedure.
Considering that 35 primordial follicles can be counted per
square millimeter of ovarian cortex in a woman of about 30 years
of age, five cube-shaped cortical fragments of 5mm sides are
sufficient to obtain more than 4,000 primordial follicles.
The fragments can be withdrawn by superficial cutting of
the ovarian cortex with laparoscopic scissors or a specific metal
instrument devised for biopsies in order to obtain fragments of 5
mm in diameter and 23 mm of thickness (31).
In the event when ovariectomy has to be performed, it is
often possible to find and cryopreserve healthy fragments of
ovarian parenchyma at the borders of the part to be excised.
Withdrawal of the biopsied fragments of the ovarian cortex is
applicable also to pediatric patients and contextually even for other
surgical procedures (e.g. aspiration of bone marrow). It represents
a justified approach even in patients in whom there is a probability of spontaneous recovery of ovarian function post-radio/chemotherapy. In this case, it offers these patients a sort of double
possibility of preserving part of their reproductive potential.
More radical procedures, like monolateral ovariectomy, can
be taken into consideration in patients who will undergo sterilizing treatments (e.g. total body radiotherapy) by cryopreserving
the whole ovarian cortex.
If a patient is treated exclusively with pelvic radiotherapy
(e.g. for cancer of the uterine cervix), it is also possible to temporarily autotransplant the whole ovary into another location (e.g.
into a pocket between the muscles of the arm), following a vascular microanastomosis. On completion of the radiotherapeutic
treatment, the ovary could be placed back in its original position, anastamosing the ovarian blood vessels. One should be wary
that ovarian metastasis have been reported in patients with cervical cancer, however, ovarian cancer rate following radiotherapy
is slim (46).
Technique of freezing and thawing human ovarian tissue
The major part of the currently used protocols require slow
freezing and rapid thawing. Ovarian fragments, placed in a freezing solution in the cryotubes, are gradually frozen in a programmable freezer and subsequently immersed in liquid nitrogen,
where they can be preserved for an indeterminate amount of
time (26).
Furthermore, techniques of rapid freezing in the presence of
elevated concentrations of cryopreservants (vitrification) are
being studied, and have already been applied successfully to the
cryopreservation of human ovarian tissue (32).
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At thawing survival rate of primordial follicles in the human
ovary varies, depending on cryopreservants: 84 % for ethane1,2-diol, 74 % and 44 % for dimethyl sulfoxide and propane1,2-diol respectively, with only 10% for glycerol (26). Other nonpermeating cryopreservants, such as saccharose and mannitol,
are usually added to the solution in association with proteinaceous substances derived from serum or synthetic, and which
play a protective role for the plasma membrane of the oocyte in
the final phase of thawing.
Autotransplantation of ovarian tissue after thawing
The most complex problem to deal with is the survival of
only primordial follicles to thawing, which contain immature,
diploid oocytes and which are completely inept for fertilization.
The maturation of these follicles (and oocytes contained within)
is an essential requisite to achieve pregnancy.
There are different ways of achieving this. Currently the most
promising one seems to be autotransplantation. Cryopreserved
ovarian fragments are positioned in their original location (ovarian fossa) by means of autotransplantation via laparoscopy.
Oktay et al. have demonstrated the possibility of rooting transplanted fragments and inducing ovulation using gonadotropin in
a period from 15 weeks up to 6 months from the autotransplant
(33, 34). This technique, devised to resume ovulation from the
original position of the ovary, theoretically offers the possibility
of obtaining spontaneous conception without having to use in
vitro fertilization techniques. However, since the ovarian fossa
is not highly vascularized, it does not constitute an optimal location for transplantation.
Recently, the Belgian research team of Jacques Donnez has
achieved the first pregnancy in a young female who permitted
cryopreservation of ovarian tissue and autotransplantation after
thawing. The ovarian fragments, cryopreserved before the patient was exposed to chemotherapy for stage IV Hodgkins lymphoma, were autotransplanted on the stump of residual ovaries
conserved from the time of the intervention. After 5 months from
the transplant, the attachment of the transplanted fragments allowed the recovery of ovarian function and 11 months after the
transplant the patient spontaneously conceived (44). Although
the documentation regarding the fecundated ovum revealed that
it had originated from the portion of the ovary which was
autotransplanted, there exist some perplexities on the fact that in
theory there should have been an ovulation also from the ovarian fragment left in place of the time of the initial procedure.
The fact is that what Donnez describes is very similar to the first
pregnancy case occurring spontaneously after autotransplantation in its orthotopic position after cryopreservation of ovarian
fragments.
Meirow et al. have moreover described, in 2005, the first
pregnancy reaching full term after in vitro fertilization in a patient of 28 years old affected by a non-Hodgkins lymphoma,
and she had consented to cryopreservation of her ovarian tissue
before having been administered high doses of chemotherapy
(45). The patient, who had amenorrhea for 24 months after these

chemotherapy treatments, underwent an orthotopic reimplantation on the residual ovary and 8 months later she had resumed
ovarian function and cyclical menstruation. After ovarian stimulation, withdrawal of oocytes and subsequent in vitro fertilization, the transfer in utero of the embryo gave rise to pregnancy
resulting in a birth of a healthy baby. In the case described, the
possibility for the oocyte obtained to be withdrawn from the residual ovary is very low, given the very high doses of chemotherapy the patient was exposed to and the history of amenorrhea
with high levels of gonadotropin at the time of reimplantation.
Experiments involving a heterotopic transplant, in a site different from the natural one (for example in the arm deep to the
brachioradialis muscle) (37, 38), have shown encouraging results, with recovery of endocrine function of the ovarian tissue
and the menstrual cycle. However, experiments involving in vitro
fertilization of the herein obtained oocytes have never given rise
to pregnancy. However, this procedure is somewhat complicated
in nature. Other surgical techniques which can be considered are
laparoscopic lateral ovarian transposition or transposing the ovaries behind the uterus and shielding them with a lead block. The
latter technique is not only less effective, but it also carries additional risks because the lead block may protect the affected nodes
from treatment. Laparoscopic lateral ovarian transposition involves transecting the ovarian ligament and transposing the ovary
whilst leaving the fallopian tubes intact. There are reported cases
in which the menstrual cycle was never interrupted. In these cases,
the ovaries were transposed above the pelvic brim and sutured
to the peritoneum (47). Even if this approach is taken, we still
recommend that a biopsy of the ovary is taken and cryopreserved
to have a double possibility just in case.
In case of autotransplants, both orthotopic and heterotopic,
it is important to consider the risk of autotransplanting neoplastic cells extracted during the ovarian biopsy; notwithstanding
the increased sensitivity of molecular biology techniques available to identify any tumor cells contained within (e.g. Polymerase
Chain Reaction or hybridization in situ), in the case of some
neoplasms (e.g. leukemias) the presence of tumor cells in the
ovarian fragments cannot be excluded (35).
In order to minimize the risk of autotransplanting neoplastic
cells, alternative strategies for cryopreserved ovarian biopsies
have been studied. The following techniques are highly experimental and some, at this stage, remain purely theoretical:
Xenotransplantation is the transplantation of cryopreserved
human ovarian fragments in animals of other species lacking
immunologic rejection (e.g. SCID mice) (2830). Naturally, it is
necessary even in this case to resort to in vitro fertilization of the
obtained oocytes.
In vitro follicular growth and ovulation (IVM). The ovarian fragments or the single primordial follicles obtained through
mechanical dissection of the frozen ovarian fragments can theoretically be cultivated in vitro until the attainment of mature,
fecundable oocytes (39, 40, 41).
Nuclear transfer techniques. The state of the art in this field
consists of nuclear transfer techniques, that is the transfer of an
immature oocyte nucleus contained within a frozen primordial
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Fig. 1. Endoscopic picture of pelvis before surgery.

Fig. 2. Left ovary sutured to the uterus.

follicle to the cytoplasm of a fresh oocyte of a donor (42, 43).
This futuristic technique offers the possibility to bypass in vitro
maturation.

The current techniques allow cryopreservation of human
ovarian fragments for a long time with good follicular survival
rate after thawing. Numerous studies currently being carried out
in this field will ultimately improve the survival rate of the oocytes and cryopreserved follicles.
Problems which remain unresolved at present are the choice
of the best strategy to embed ovarian fragments after thawing and
the way of achieving pregnancy from the same fragments, without risking the reintroduction of the tumoural.
Pregnancies after transplantation of cryopreserved tissue,
which have been recently obtained, albeit isolated cases, demonstrate the practicality of preserving female fertility using these
methods and instill hope in hundreds of thousands of patients.
Currently, however, no conclusive data exists on the efficacy and
the absolute guarantee of the procedure, which can vary from
case to case in an unpredictable manner.
The following phrase can recapitulate the state of affairs in
this field of research: Now it is time to freeze, time to thaw is
coming.

Case report
We report a case of a 17-year-old girl who had to undergo
pelvic irradiation for non-Hodgkins lymphoma. To protect the
ovaries and preserve fertility, we performed a laparoscopic procedure. We transposed the ovaries behind the uterus (Fig. 1).
Using the ovarian ligament as a guy rope, we pierced the ovarian tissue using a needle and passed it through the uterine tissue
(Fig. 2). Finally, we sutured the two together. This procedure
was performed for both ovaries. Three weeks after the operation, the patient underwent pelvic radiotherapy. The follow-up
lasted five months. We performed numerous endocrinological
exams: the results were normal and the menstrual cycle was regular. Until now the patient has not conceived spontaneously but it
is justified by her age. Nonetheless, we have scheduled regular
follow-ups with the patient to see if she will eventually be able
to conceive and maintain pregnancy.
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