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Objective: To review the clinical modalities that are available to women receiving potentially sterilizing
cancer therapy.

Design: The MEDLINE database was reviewed for all publications on medication, surgery, or assisted
reproductive technology that could potentially preserve fertility in women who are receiving cancer therapy.

Conclusion(s): There are many options available to a patient undergoing a treatment that will negatively

impact her fertility. Many procedures and medical interventions have been proven successful both in terms of
ovarian function and pregnancy rates. Other techniques have great potential but do not have long-term clinical
data. It is important that the patient’s primary care physician understand the methods available to preserve
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fertility in cancer patients and communicate this information to the patient. (Fertil S88d4;81:243-57. ©
2004 by American Society for Reproductive Medicine.)
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Survival rates for cancers that occur in of cytotoxic drugs appears reversible in sites
women of reproductive age have improved dra-that contain rapidly dividing cells such as the
matically. Preservation of fertility in these gastrointestinal tract or bone marrow, it ap-
women has become a more relevant issuepears to be irreversible in the ovary. Histolog-
Many treatments that are administered forical sections of the ovary after exposure to
childhood and adolescent cancers carry a subeytotoxic drugs show a spectrum of changes
stantial risk for future infertility. This risk var- ranging from decreased numbers of follicles to
ies according to the presenting pathology andabsent follicles to fibrosis (4). As survival rates
requires preventive treatment. It was estimatedcontinue to improve for young cancer patients,
that in 2000, one in 1,000 adults was a survivorthe reproductive consequence of exposure to
of childhood cancer (1). This review will focus chemotherapeutic agents becomes a significant
on the clinical modalities that are available to concern.
women receiving potentially sterilizing cancer
therapy. The potential role of new techniques
will also be assessed.

The exact incidence of POF after chemo-
therapy is difficult to establish because many
factors contribute to ovarian failure. Bines and
colleagues (5) reviewed the effects of adjuvant

IMPACT OF CHEMOTHERAPY chemotherapy in premenopausal women with
breast cancer. They reported the rates of am-

ON OVARIAN FUNCTION
enorrhea associated with different chemother-

Premature ovarian failure (POF) is a well- apeutic regimens and analyzed the variables
known consequence of exposing female go-that may have contributed to amenorrhea. De-
nads to chemotherapeutic drugs (2, 3). Patientpending on the type of chemotherapy regimen
are exposed to these agents during treatment afised, the incidence of chemotherapy-related
malignancies such as Hodgkin's disease, whileamenorrhea ranged from 0 to 100%. Rates of
undergoing adjuvant therapy for breast canceramenorrhea varied from 21%-71% in the
or during treatment for autoimmune diseasesyounger age group to 49%-100% in the older
such as rheumatoid arthritis and systemic lupusage group. The risk of gonadal damage in-
erythematosus. Unfortunately, while the effect creases with the age of the female, most likely
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because older women have fewer oocytes than youngenent and route of administration on gonadal toxicity is not
women. yet clear.

The drug regimen (type, duration, and dose) also deter- The population of women who may potentially require
mines the likelihood of POF. Alkylating agents such asgonadal protection against alkylating agents is quite large.
cyclophosphamide, L-phenyalanine mustard, and chlorantfwenty-five percent of breast cancer is diagnosed in women
bucil permanently damage gonadal tissue by interactingvho are under the age of 50. With the typical regimen of
chemically with DNA. These agents cause inaccurate basgMF (cyclophosphamide 11-15 grams, methotrexate, 5-flu-
pairing and produce single- and double-stranded breakgrouracil), two-thirds of women will become amenorrheic.
Thus, DNA, RNA, and protein synthesis is inhibited. Agents\ith the AC (doxorubicin, cyclophosphamide) protocol,
that do not induce permanent ovarian failure include 5-3404 will be amenorrheic at 3 years. This percentage in-

fluorouracil, methotrexate, etoposide, and doxorubicin. Increases if taxanes (such as docetaxel) are also used with this
one study of seven women with osteosarcoma who Wer?egimen.

treated with methotrexate, there was no evidence of POF or

gonadal dysfunction (6). Also, gonadal dysfunction has not Prepubertal girls seem less susceptible than young women
been demonstrated in women who were treated with metho cytotoxic drugs (14). Treatment with up to 50,000 mg of
otrexate for choriocarcinoma. cyclophosphamide failed to induce ovarian failure in a pop-

. . . ulation of girls (15). In this study, the mean time from

The close structural and functional relationship betwee ompletiongof céclo)phosphamide );o the time of the study
granulosa cells and the oocyte makes it difficult to establisQNas approximatelv 15 vears. The mean ade at the time of
the exact target of cytotoxic drugs. Destroying either one P Y y ' g

leads to the demise of the other. These drugs may impafrreatmem was 10.7 years. Nicosia et al. (16) showed that

. : : . . while the number of growing follicles demonstrated by go-
follicular maturation and/or deplete primordial follicles (4, dal histol t aut duced i fent o
7). Temporary amenorrhea will result when maturing folli- nadal histology at autopsy was reduced in patients receving

cles are destroyed by cytotoxic drugs. Permanent amenoF—Ombination _chemotherapy regirnens,_ there_ was no signifi-
rhea or POF will result when all primordial follicles are cant change in the number of primordial follicles. This may

destroyed. There are conflicting data regarding the sensiti£xPlain why the prepubertal ovary is less susceptible to the
ity of the primordial follicle to cytotoxic drugs. The primor- €ffects of cytotoxic drugs.

dial follicles of the mouse are sensitive to cyclophospha- Cyclophosphamide ovarian toxicity may be progressive
mide, but those of the rat are not (8, 9). Because alkylatingn nature (4). The true incidence of POF in this population is
agents are not cell cycle specific, they may be able to act ofinclear because long-term follow-up studies are rare (14,
both the oocyte and pregranulosa cells of the primordiah7_0) Most of these studies have documented subsequent
follicles (10, 11). menarche and ovulatory cycles in these patients (17). When
The cumulative dose of the cytotoxic drug being admin-the outcome of subsequent pregnancies in these patients was
istered is a key factor that affects permanent ovarian failureleviewed, the frequency of congenital anomalies in the chil-
Goldhirsch and colleagues (12) demonstrated a steadily irdren born to them was not increased (21, 22).
creasing rate of POF ranging from 10% to 61% as the
cumulative dose of cyclophosphamide increased. Younger
women require higher cumulative doses of cytotoxic drugs PHARMACOLOGIC PROTECTION
than older women before amenorrhea is induced. In one
study, the average dose of single-agent cyclophosphamid®ral Contraceptive Pills
before the onset of amenorrhea was 5,200 mg in 40-year-old Based on the premise that cytotoxic drugs primarily dam-
women, 9,300 mg in 30-year-old women, and 20,400 mg irage maturing follicles, oral contraceptive pills (OCPs) were
20 year-old women (13). These investigators also demorpne of the first agents used to protect gonadal function. In a
strated that the “cumulative dose appears to be more impokmall number of patients, Chapman and Sutcliffe (23) dem-
tant than the dose rate since administration of low dailygnstrated that women on OCPs and cytotoxic drugs had a
doses of cyclophosphamide given over several months wagrger number of follicles present per histological section
only slightly less effective at inducing permanent ovarianihan women not on concomitant OCPs. However, later stud-
failure than a high dose in 4 days” (13). ies were unable to demonstrate a protective effect on the
Finally, older women have a shorter duration to onset ofovary. Whitehead and colleagues (24) reported nine patients
amenorrhea after exposure to cytotoxic drugs. Bines et al.’'who were taking OCPs while undergoing chemotherapy.
(5) review showed that women younger that 40 years of agémenorrhea developed in four of these patients, and three
experienced amenorrhea 6—-16 months after initiation of chedeveloped oligomenorrhea. Thus, perhaps because they sup-
motherapy, whereas women older than 40 experienced anpress the gonads incompletely, OCPs do not appear to be
enorrhea within 2—4 months. The effect of duration of treat-protective.
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Gonadotropin-Releasing Hormone Agonists mordial follicles of humans exposed to cytotoxic drugs and
(GnRH-a) medroxyprogesterone acetate (MPA). The number of folli-

After noting that premenarchal female gonads appear teles noted in the chemotherapy plus MPA group was smaller
be least sensitive to cytotoxic drugs (14, 22), investigatorghan that of the control plus MPA group (19.373.41/mm
attempted to mimic this state by using GnRH-a. Evidencevs. 28.55* 6.59/mm).

frqm murine and rat models suggests that adjuvant treatment Using electron microscopy, they found an increased fre-
with GnRH-a protects the gonads (25-27). quency of cellular features that are typically seen during

Although there is some controversy regarding the exisearly atresia in both the oocytes and the accompanying
tence of GnRH-a receptors on the human ovary, GnRH-#ollicle cells (35). These changes were seen 4-5 months after
receptors have clearly been detected in the rat ovary. Thushemotherapy was completed. They concluded that chemo-
the response may not be similar across species. The proteiferapy not only acutely damaged the ovary by reducing the
tive effect of GnRH-a on primate ovaries has been investinumber of follicles, but also chronically damaged the quality
gated. Ataya et al. (28) found that GnRH-a protected thef the follicles. These ultrastructural changes seem to indi-
Rhesus monkey ovary from cyclophosphamide-inducedate that factors produced by gonadal cells are modified by
damage. Six monkeys received cyclophosphamide injecchemotherapeutic drugs, leading to a subsequent increase in
tions. They were divided into two groups and received eithefate of atresia. MPA was unable to protect the ovary from
leuprolide acetate or placebo injections. Sixty-four percengarly follicular atresia.
of the total primordial follicles were lost in the cyclophos- Apoptotic Inhibitors

phamide-only group versus 29% in the lupron group. The role of apoptosis in the process of normal germ cell

Multiple studies have failed to show a protective effect ofdepletion both prenatally and postnatally is well documented
GnRH-a on human male gonads exposed to cytotoxic drug&6, 37). The existence of a genetic predetermined pathway
(29, 30). Waxman et al. (29) performed one of the firstthat initiates and regulates germ cell apoptosis has raised the
clinical studies in which GnRH-a was used to down-regulatepossibility that this pathway could be activated aberrantly by
the ovaries of eight women who were undergoing chemoehemotherapeutic drugs (38). When mice oocytes were ex-
therapy. At follow-up, four of eight women who had re- posed to doxorubicin in vitro, they underwent a series of
ceived the agonist were amenorrheic versus six of ninehanges leading to the formation of apoptotic bodies (39).
controls. Thus, it appeared that buserelin was not effective iBecause a series of specific signaling events are activated in
preserving fertility in this population of humans. However, it the cell that is bound for apoptosis, inhibiting these signaling
is possible that complete pituitary ovarian suppression waevents could potentially stop the apoptotic process and pro-
not achieved, which may be a necessary condition for thestct the patient from POF.

drugs to work. Sphingosine-1-phosphate may be an example of an apo-

Blumenfeld and colleagues (31-33) have reported on thetotic inhibitor. Ceramide is a sphingolipid molecule that is
largest group of females exposed to both cytotoxic drugs angelieved to be an early messenger that signals apoptosis in
GnRH-a thus far. Sixty patients with lymphoma were startedesponse to stress. The oocytes of mice that lacked the
on GnRH-a 7-10 days before their chemotherapy regimerenzyme to generate ceramide, acid sphingomyelinase, and
The control group consisted of 60 historical patients ofwild-type mice oocytes that had been treated with sphin-
similar age range who were treated with chemotherapy bugosine-1-phosphate therapy resisted apoptosis that was in-
not GnRH-a. The rate of POF was 5% in the GnRH-a/duced by doxorubicin (40). With the eventual identification
chemotherapy group versus 55% in the chemotherapy-alorsf the molecular and genetic framework of chemotherapy-
group. Recently, another preliminary report has been reinduced germ cell death, apoptotic inhibitors may some day
leased regarding the use of GnRH-a for protection of theplay a role in preventing oocyte loss.
adolescent ovary during cancer treatment. All GnRH-a—
treated adolescents resumed cyclic ovarian function, whereas

all chemotherapy-only patients experienced hypergonado- SURGICAL TRANSPOSITION

tropic hypogonadism (17). The ovarian follicles are remarkably vulnerable to DNA
damage from ionizing radiation. Irradiation results in ovarian
Progesterone (P,) atrophy and reduced follicle stores (41). On the cellular

Using a rat model, Montz (34) found a protective effect oflevel, oocytes show rapid onset of pyknosis, chromosome
P, on the female gonad. Female rats were exposed to P dondensation, disruption of the nuclear envelope, and cyto-
week before the start of cyclophosphamide and during thelasmic vacuolization. Serum levels of FSH and LH rise
treatment. The fertility and fecundity rates of P-exposed ratprogressively and serum estradioLBevels decline within
were similar to those of the control animals that had not beed —8 weeks after radiation exposure (42). The degree and
exposed to cyclophosphamide. A few years later, Familiarpersistence of ovarian damage and suppression of ovarian
et al. (35) evaluated the ultrastructural changes in the prifunction is related to the patient's age and the dose of
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that were transposed medially received 534 cGy and those
TABLE 1 transposed laterally received 319 cGy.

Effect of radiation dose and age on ovarian function. Hadar et al. (51) performed computed tomography fol-
low-up of seven patients with cervical cancer who under-

i Resul ) - . ) ;
Ovarian dose (cGy) esults went lateral ovarian transposition and nine patients with
60 No deleterious effect Hodgkin’'s disease with medial transposition before radiation
150 No deleterious effect in young women; some risk  therapy. Six of the seven patients with lateral transposition
250500 |nf(:/:/ :;?é”r:zzésg i’;v‘;%mgg;'?)eerr:::eﬁgy cteriizog. N2 OVaries outside the field, and all retained ovarian func-

—! —40, (! g inti
remainder may suffer temporary amenorrhea. In tion. In that group,_the ra_dlatlon QOse _raqged frqm 100 tq 300
women older than 40, 100% permanently cGy. The one patient with ovaries within the field received
sterilized 450 cGy and developed ovarian failure. Only three of the 13
500-800 In women aged 15-40, 60%—70% permanently

identified ovaries after medial transposition were outside the

sterilized; remainder may experience temporary - o1y anq those three ovaries received approximately 300

amenorrhea. No data available for women over

40 cGy (51). A compilation of 10 case reports and small series
>800 100% permanently sterilized comparing medial and lateral transposition noted ovarian
Note: From Damewood and Grochow (42). failure in 50% and 14% of patients, respectively (52).

Falcone. Ovarian function preservation. Fertil Seril 2004. . . . .
Lateral ovarian transposition is typically performed by

laparotomy at the time of radical hysterectomy for cervical

radiation delivered to the ovaries (1, 42, 43) (Table 1). Two aneer or'stagmg Iapa.lrotgr'ny for Hodgkin's d!sease: -The

e AR utero-ovarian ligament is divided, and the ovary is mobilized
studies indicated that the cutoff for radiation-induced ovar- . . .

. . X . ith the ovarian vessels to the paracolic gutters. Ideally, the

lan failure is around 300 cGy. Only 11%-13% experience ascular pedicles are kept retroperitoneal to avoid tension

ovarian failure below 300 cGy versus 60%—63% above thal. P P P '

threshold value (44). Adding chemotherapy increases th orsion, or trauma and bowel herniation while the ovaries
risk of POF (45, 46) ' remain intraperitoneal to reduce cyst formation (47, 53).

S | that afflict | Van Beurden et al. (54) reported that with a tumor dose of
everal cancers that aftlict young premenopausal Womep cGy for cervical cancer, the ovaries receive 280 cGy at

can be cured with radiation therapy. These include cervical3’cm and 200 cGy at 4 cm from the radiation field edge

v_ag,una_l, and anorectal carcinomas, dysgerminoma, HOdg(S(T-:-cause of scatter. Bidzinski et al. (55) confirmed that ovar-
kin's disease, and central nervous system tumors. Because Q

. . . : ian function was preserved if they were transposed at least 3
early detection, approximately half of the patients with cer- :

. . cm from the upper border of the field. In another study,
vical cancer are premenopausal and about one-third ar1?000/ of patients whose transposed ovaries were above the
younger than 40 years of age (47). An even higher propor.—l. 0 f intained . pf i 0 of th
tion of women with the other aforementioned cancers ard oc ¢fést maintaine bolvarlam unc |;)n5\éersous 0 f _lose
premenopausal (43). The radiation doses used with standawpose O\Ila.:('eﬁ were Lelow e cres d(f ) vaLlan alfurr]e
pelvic radiation therapy will uniformly induce ovarian fail- may resu t_' the ovaries are not moved far enougr outo t e
ure. radiation field or if they migrate back to their original posi-

tion. Ovarian failure after transposition may also be due to

To improve quality of life and preserve fertility in these compromised ovarian vessels from the surgical technique or
young women, ovarian function has been maintained fokadiation injury to the vascular pedicle (57).

over three decades by transposing the ovaries out of the field _ » . o _

of irradiation. The ovarian dose after transposition is reduced Ovarian transposition without radiation therapy may in-
to approximately 5%-10% of that in the untransposed ovat'€ase the risk for ovarian failure, as may hysterectomy.
ries (48-50). The dose to each transposed ovary is 126 cGlable 2 summarizes the rates of POF and mean age of
for intracavitary radiation, 135-190 cGy for external radia-menopause for several studies after radical hysterectomy for
tion therapy (4,500 cGy), and 230—310 cGy with the addi-cervical cancer alone and with the addition of ovarian trans-
tion of para-aortic node irradiation (4,500 cGy) (50). position with and without radiation therapy. Devasculariza-
. . . . . tion injury to the ovary may also occur during a hysterec-
Initially, ovarian ~transposition for patients With (o tor penign disease resulting in ovarian failure

Hodgkin's disease yvho were re_ceiving n(_)dal irradiation W"’1§)ccurring approximately 5 years earlier than in the general
performed by suturing the ovaries posterior to the uterus an opulation (45.4 vs. 49.5 years) (58)

shielding them during treatment. Later, the ovaries Weré8
mobilized laterally out of the pelvic field. Gaetini et al. (45)  Ovarian transposition is of limited value in patients who
reported that of the 3,600 cGy delivered to central axis withare older than 40 because they have an intrinsically reduced
total nodal irradiation for Hodgkin's disease, the ovaries in afertilization potential as well as a much higher risk for
normal position were exposed to 3,524 cGy, whereas thosevarian failure despite transposition (59).
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TABLE 2

Rates of premature ovarian failure and age of menopause.

Ovarian transposition

Source Radical hysterectomy Ovarian transposition and radiation theragy
Buekers (84) 0%; menopause, 50.6 y 2%; menopause, 45.8 y 59%; menopause, 36.3 y
Anderson (47 13.6%; menopause, 38 y 37%; menopause, 40 y 83.3%; menopause, 33y
Chambers (60) 4.1% 4.3% 29%

Feeney (57) 0% 50%

Morice (59) 0% 40%

2n addition to radical hysterectomy.
b performed unilateral transposition in 78% of cases.

Falcone. Ovarian function preservation. Fertil Seril 2004.

Another concern with ovarian transposition is the devel-required. An important advantage of laparoscopic ovarian
opment of symptomatic ovarian cysts. The mechanism thatansposition is that radiation therapy can be initiated imme-
causes the cysts is unknown (60). The transposed ovaries cdiately after surgery, thereby avoiding ovarian migration and
be followed with computed tomography and ultrasound (61failure (46, 64, 65). When vaginal or cervical cancers are
62). Symptomatic ovarian cysts requiring reoperation detreated with brachytherapy, laparoscopic ovarian transposi-
velop in 1%-5.2% of patients after hysterectomy for benigntion can be performed under the same anesthetic (43).
disease and in 4.9%-7.6% of patients after radical hysterec- .

Staging laparotomy and splenectomy are no longer re-

tomy only (57, 60). ] ; . 2

y only ( ) ) _quired for stage 1 and 2 Hodgkin's disease (46). This elim-

Chambers et al. (56, 60) reported symptomatic cysts ifinates the need for laparotomy because ovarian transposition
7.4% of patients with radical hysterectomy, in 24% of pa-can pe performed laparoscopically as an outpatient proce-
tients who also underwent ovarian transposition, and in 7%,,re which is associated with a more rapid recovery, less
of patients who also received radiation. The lower rate aftefiscomfort. better cosmesis. and lower cost. Nearly all
radiation therapy was likely due to the fact that 29% of thos€,, o men with stage 1 and 2 Hodgkin's disease who are treated
patients had ovarian failure versus 4% of those with radical i, radiation alone or with minimal chemotherapy after
hysterectomy with or without ovarian transposition (56).15par0scopic ovarian transposition retain their ovarian func-

Similarly, Morice et al. (59) reported symptomatic Cysts injon and fertility (46). Morice et al. (66) reported that ovarian
31.4% of patients after radical hysterectomy and ovarian

ition b . X ho al ved %Jnction was preserved in 79% of patients after laparoscopic
tran;posm_on_ ut none in patients who also receive exter_n varian transposition and radiation therapy for various indi-
pelvic radiation. Functional cysts in the transposed ovarie

. . ations.
can be suppressed with oral contraceptives or GnRH-a (63).

Ovarian preservation did not increase the risk of occult

Performing ovarian transposition routinely during radical ! (aStasis | fents with st 1B ical .
hysterectomy for cervical cancer may further compromiseovarlan metastasis in patients with stage cervical carci-

ovarian function due to vascular injury and lead to symp—noma without gr'os.s. extraqervical d.isease (67). Anqther
tomatic cyst formation. Radiation therapy is indicated inStudy found no significant difference in the 5-year survival

only 15%-37% of patients with stage 1-2 disease witHates in cervical cancer patients with and without retained

positive margins, stromal invasion, parametrial extension®vVaries (68).

vascular and/or lymphatic space invasion, or positive lymph However, patients with tumors that are more than 3 cm in
nodes (54, 56, 57). Radiation therapy is usually administeregiameter are at a high risk for metastasis to the ovaries and
several months after ovarian transposition by laparotomy t@yre not candidates for ovarian transposition (59). The rate of
allow the incision to heal. However, during that time, the gyarian metastases was not correlated with histological type
ovaries can migrate back to their original position, account{g7, 59). Ovarian metastases occurred in 0.5% of patients
ing for many cases of ovarian failure (46). Treissman et alyith stage 1B squamous cell cervical carcinoma and in 1.7%
(64) estimated that 39% of transposed ovaries may revert tg patients with adenosquamous carcinoma (67). For com-
their original position in the radi:?\tion field, but it was not parison, the risk of ovarian cancer after hysterectomy for
stated how they calculated that figure. benign disease is 0.2% (69). In addition to the very low rate
For the above reasons, ovarian transposition should bef ovarian metastasis with early-stage cervical carcinoma,
performed laparoscopically just before the start of radiatiorthere is a concern of inducing ovarian cancer by radiation
therapy. This will eliminate unnecessary transposition inexposure. No excess cases of ovarian cancer were observed
most cervical cancer cases where radiation therapy is nah 2,068 women who received 500—1,000 cGy to the ovaries

FERTILITY & STERILITY® 247



for treatment of menorrhagia and who were followed up forterectomy. Transabdominal ultrasound—guided needle aspi-
a mean of 19 years (70). ration after superovulation with gonadotropins yielded five

The transposed ovaries producgdhd F, at pretreatment roytes. The resultmg embryos were transferre_d to a gesta-
.tional carrier who delivered normal live-born twins.

levels (71). The endometrium has been shown to function in
some cases after brachytherapy and external radiation, al- It was noted that oocyte retrieval was possibly due to the
though the effect of radiation on the endometrium was nosuperficial location and lack of mobility of the ovary (80). To
clearly defined (72, 73). Critchley et al. (74) studied 10facilitate oocyte retrieval as well as the diagnosis and treat-
patients with ovarian failure after whole abdominal radia-ment of ovarian cysts, the ovaries have been transposed
tion. The uterine length was significantly reduced; most hagubcutaneously. This has the disadvantages of requiring a
no uterine blood flow detectable by Doppler ultrasound, andaparotomy and an additional abdominal incision and may
30% showed no endometrial response to hormone therap@lso be associated with a higher rate of cyst formation.
The radiation effect on the uterus was unpredictable, bufransient ovulatory pain was reported by 81.5% of the
higher doses were more likely to be associated with vasculgpatients, and 15.4% required needle aspiration (81). IVF
and uterine damage. with donor oocytes has also been reported in six women with
ovarian failure after treatment for Hodgkin’s disease. Preg-

Term pregnancies have been reported after intrac:avitarxancy and implantation rates per cycle were 37% and 17%,
radiation for cervical cancer (50). Morice et al. (75) noted arespectively 82)

15% pregnancy rate after brachytherapy with or without
external radiation for vaginal clear cell carcinoma versus Lastly, it should be mentioned that medical treatment to

80% for those treated with external radiation only for dys-Maintain ovarian function before irradiation has also been
germinomas and pelvic sarcomas. The much lower rates seéiempted. Ataya et al. (83) found no protective effect of the

with vaginal clear cell carcinoma were attributed to diethyl- GhRH-a leuprolide acetate against radiation-induced ovarian
stilbestrol-associated genital malformations and possibly téury in Rhesus monkeys. Morita et al. (40) demonstrated
the effects of brachytherapy on the endometrium. Interestthat the sphingomyelin pathway regulates oocyte apoptosis.
ingly, 89% of the pregnancies were spontaneous, with 750&urther, in vivo treatment with sphingosine-1-phosphate
occurring without ovary repositioning. The ovaries werecompletely prevented radiation-induced oocyte loss and pre-
only repositioned in cases of infertility, and 11% of those served fertility in mice. Although the mechanism remains to

patients conceived with IVFE (66) be EIUCidatEd, this new approach is promising.

Tulandi and Al-Took (76) reported a case of laparoscopic
lateral ovarian transposition in a patient with rectal adeno- CRYOPRESERVATION OF OOCYTES,
carcinoma whereby the utero-ovarian ligaments were di- EMBRYOS, AND OVARIAN TISSUE

vided but the ovaries remained attached to the distal fallo- The effect of very low temperatures on survival of go-

pian tubes, which potentially improved the chances for ovumhadal cells and tissues is an area of extensive research in
pickup. The patient achieved a spontaneous pregnancy (7%sproductive biology. The ability to preserve oocytes and

Several papers address the concerns regarding pregnarf%‘ﬁrian tissues in.a healthy state for a variable duration giyes
outcomes after pelvic irradiation. No excess cases of still{he patient who will undergo cancer treatment another option
borns, major congenital malformations, chromosomal abnorl® Preserve her fertility.
malities, or mutations were observed in 31,150 atomic bomb Cryopreservation of spermatozoa and preimplantation
survivors. In addition, there was no increase in fetal wastagembryos is currently an integral part of patient care in
or birth defects in women treated for Hodgkin’s disease (50)clinical practice. Cryopreservation of oocytes and gonadal
Swerdlow et al. (78) confirmed that there were no excessissues (i.e., ovarian and testicular tissue) is a rapidly evolv-
cases of stillbirths, low birth weight, congenital malforma- ing area in reproductive medicine. Successful fertilization
tions, abnormal karyotypes, or cancer in the offspring ofand embryonic cleavage have been reported after injection of
women treated for Hodgkin’s disease. However, Fenig et aleryopreserved thawed oocytes (85—88). However, the preg-
(79) cited an increase in low birth weight and spontaneougiancy rate is not high enough to justify its routine use in
abortions, especially if conception occurred less than a yeatlinical practice (86, 89-91). All successful pregnancies and
after radiation exposure. They advised delaying pregnanciive births resulted from cryopreservation of mature oocytes.
for a year after completing radiation therapy. However, a few centers have succeeded in achieving preg-

The literature contains only one case report of superovu[]anc'es from cryopreserved-thawed immature (germinal

lation and oocyte retrieval for IVF with transposed ovariesves'de) oocytes (92).

that were not repositioned. In that case, a patient with cer- Ovarian tissue cryopreservation and transplantation tech-
vical cancer underwent laparoscopic lymph node dissectiomiques have a great potential for use in safeguarding the
unilateral ovarian transposition, and chemotherapy followedeproductive potential of endangered species and in genome
by brachytherapy and external radiation before radical hysbanking of genetically important laboratory animal strains
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(93). Moreover, ovarian tissue banking in humans is alsaoutine use of intracytoplasmic sperm injection (ICSI) to
being considered in the hope of restoring fertility to patientsachieve fertilization with cryopreserved oocytes has contrib-
who lose ovarian function because of chemo- or radiotheruted significantly to the increased success reported in her
apy during cancer treatment (94—96). However, no pregnarstudies.

cies have been reported in humans from the use of cryopre- Eappri and associates (106) evaluated the use of sucrose

served ovarian tissue. as a cryoprotectant for human oocytes. Sucrose acts as a
) non—-membrane-permeating cryoprotectant. They evaluated
Oocyte Cryopreservation the effect of the presence or absence of the cumulus oopho-

The main factor that may influence the outcome in 0ocytg s the sucrose concentration in the freezing solution, and
cryopreservation is its structural complexity. Oocyte subcelype exposure time to cryoprotectants on human oocyte sur-
lular organelles are far more complex and perhaps morgjya| after thawing. The oocytes were cryopreserved in 1,2-
sensitive to thermal injury than preimplantation embryospropanediol with sucrose added, using a slow-freezing/rapid-
(97, 98). An ideal oocyte cryopreservation protocol shoultihawing protocol. The post-thaw cryosurvival rate of oocytes
appreciate the essential role of cytoskeletal elements as WQﬂyopreserved with their cumuli partially removed mechan-
as plasma membrane functions in subsequent developmejghly was 56%, compared with 53% for those cryopreserved
(99). Several factors have been determined to be importaifith their cumuli totally removed enzymatically. The sur-
for developing optimal cryopreservation protocols for 00-yjval rate was 60% when a sucrose concentration of 0.2

cytes. mol/L was used versus 82% when a sucrose concentration of
_ _ 0.3 mol/L was used. Furthermore, lengthening the exposure
Factors Affecting the Cryosurvival of Oocytes time (from 10.5 to 15 minutes) to the cryoprotectants before

lowering the temperature significantly increased the oocyte

Cryoprotective Agents. Different osmotic pressures be- esurvival rate (106).

tween the intracellular and extracellular solutions during th
cryopreservation procedure lead to volume changes in the Sow Freezing Versus Vitrification. To date, slow freez-
oocytes (100) with subsequent damage to the plasma mering and rapid thawing is the protocol of choice for human
brane and subcellular organelles (101). Cryoprotectants a@ocytes. Vitrification was described in the late 1990s. Vitri-
introduced to minimize this damage. Despite the protectivdication is based on using high concentrations of cryopro-
effects of cryoprotective agents (CPAs) during freezing, theytectants to solidify the cell in a glass state without ice
may lead to concentration-, time-, and temperature-deperformation (107). Using vitrification, oocytes treated with 5.5
dent toxicity (102). Consequently, investigating the choicemethyl glycol and 1 M sucrose resulted in a single pregnancy
of CPA, exposure time, and temperature before freezing i§108). However, higher concentrations of cryoprotectants
necessary to optimize a cryopreservation procedure. Dimay be associated with high levels of toxicity to the oocytes
methyl sulphoxide (DMSO) was the first cryoprotectant usecend developing embryos.
tp cryopreserve oocytes. Chen (103) reported the_ first human Sage of Development. Despite the resounding success of
live birth from a cryopreserved-thawed oocyte using DMSOpa¢re mouse oocyte cryopreservation (109), these results
as a cryoprotectant. could not be duplicated in the human scenarios with the
Chen’s results (103) were reproduced by a few otheisame success profile. One alternative to nullify the damaging
centers including the report of two pregnancies that failed taeffects of the freezing trauma on metaphase Il (Mll) oocytes
survive to term (85). The same group shifted to the use ofs to cryopreserve earlier stages before resumption of full
1,2-proprandiol (PrOH) as a cryoprotectant for human oo+maturation. The relatively inactive metabolism, absence of
cytes (85). The main biophysical barrier jeopardizing thezona pellucida, and lack of meiotic spindle make the cryo-
cryosurvival of oocytes is intracellular ice formation with preservation insult the lowest at the primordial follicle levels
subsequent rupture of the cell membrane leading to cell lysi110). On the other hand, antral follicles contain oocytes
PrOH exerts its cryoprotective effect by acting as a mem-ither in the prophase | or Mll stage, and their oocytes are
brane-permeating cryoprotectant. When comparing the regnuch more susceptible to cryodamage (111). Both prophase
sults of using DMSO and PrOH as cryoprotectants, bettet and Mll stages have zona pellucida, but MIl oocytes have

survival was reported with PrOH (104). a larger cell size, which makes cryoinjury more pronounced
Using the same technique, Porcu (105) reported 16 predfp ':A” Oicxltﬁs' M(:reoyer,fthe t.meI'Ot'.C splr:dle, a unique

nancies that resulted in 11 live births from cryopreservation.ea ure o 00cyles, IS of particu’ar Importance as varia-

of 1,796 oocytes. These results showed that despite ear lpns in the temperature may lead to its permanent damage

disappointing results regarding survival and fertilization and( 7).

cleavage rates, the recent introduction of a technical modi- Few pregnancies have been achieved using frozen-thawed

fication may improve the clinical efficacy of this technology. germinal vesicles oocytes (112—-114). In a study to evaluate

It has been suggested by Porcu (105) and others that thihe cryopreservation of immature human oocytes obtained
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Cryopreservation of the Preimplantation
Human Embryo for Ovarian Function

Mechanisms of cryodamage. Protection ) ) o
Embryo cryopreservation was introduced to maximize the

1. Meiotic spindle damage and chromosomal aberrations conception chances from a single cycle. The Society of

;- gyg’s"ec'jem”: tr)”'c“’“éb“'es ﬁ”ld f‘_"crl‘)f'l'tamf_”ts e cortical Jssisted Reproductive Technology has reported delivery

. Reaucea number and morphological alterations o € cortical granules .

4. Zona hardening resulting in failed fertilization and hatching fates per embryo tranSf,er (ET) using cryopreserved embryos

5. Organelle damage (118) to be 1.8.6%. This option may not be_ acceptable to

6. Osmotic damage of the plasma membrane prepubertal girls, adolescents, and women without a partner.

However, acceptable, long-term data are available about the
outcome of children born from these procedures. Typically,
a standard IVF protocol is used. Because of time constraints,

from unstimulated ovarian tissue, immature prophase | ooEhls is usually a short-flare protocol (119).

cytes were obtained from unstimulated follicles and were However, there is some concern that in patients with
either cryopreserved or cultured as controls. Rates of crydsreast cancer, the high estrogen levels obtained in a standard
survival and maturation to MIl were compared betweenlVF cycle may negatively affect long-term survival. For this
control oocytes and cryopreserved oocytes with two differreason, some centers have offered natural-cycle IVF-oocyte
ent methods. Cryosurvival and maturation rates were lowe@spiration in an unstimulated cycle. However, cancellation
in the cryopreserved-thawed immature oocytes than in théates are high and the pregnancy rates are very low (7.2% per

Falcone. Ovarian function preservation. Fertil Seril 2004.

control oocytes (115). cycle and 15.8% per ET) (120).

] . Recently, the use of tamoxifen—a nonsteroidal anti-es-
Deleterious Effects of Cryopreservation on Oocyte trogen—has been investigated for ovarian stimulation for
Structure IVF (121). Tamoxifen (40—60 mg) was started on day 2 or

The fair success of cryopreservation is partially attributed3 Of the cycle and given daily for 5-12 days. If a GnRH-
to the cryoinjury. A wide spectrum of subcellular damages2ntagonist was required, a low-dose gonadotropin was also
may occur as a consequence of the freeze-thaw trauyfgven until follicular maturity. Embryos were frozen at the

(Table 3). These include meiotic spindle damage that mapronuclear stage. The tamoxifen group had a mean of 1.6
lead to chromosomal instability. Other injuries include de-€MPryos versus 0.6 embryos for the natural cycle group. The

struction of the microtubules, which are an essential comP€aK B concentration in the tamoxifen group was higher

ponent for polar body extrusion, pronuclear migration, anothan the natural-cycle group. Some researchers are investi-

cytokinesis. Furthermore, aneuploid embryos have been olflating the use of aromatase inhibitors for use in these pa-

tained from oocytes exposed to 1.5 M DMSO without cool—lt'entlS ' t‘:']htese |nrt1)|b|to_rts_ alref assotuated with _?_mc? lower E
ing, which suggests CPA-induced DNA damage (116).eves at may be critical for estrogen sensitive tumors.
Other reported abnormalities from cryopreservation of oo-

cytes incIuQe hardgning of zona pe!lucidg by aIteration.of itSOVARIAN TISSUE CRYOPRESERVATION
egcoprqtems, pgrt|cularly.ZP2, which might lead to faI|L-JI:e AND TRANSPLANTATION

of hatching and implantation (104, 117), and abnormalities

in cortical granules causing a premature cortical reaction. Ovarian cryopreservation and transplantation is an exper-
Better choice of CPA, efficient instrumentation, and refine-mental procedure that was introduced to preserve fertility in
ment of the available cryopreservation protocol could min-Women with threatened reproductive potential (96). Studies

imize or even prevent cryoinjury. investigating the effects of cryopreservation insult on ovar-
ian tissues have been limited compared with those studying
Potential Use of Oocyte Cryopreservation for Ovarian the same effects on oocytes (122). Unlike a suspended single

cell, tissue cryopreservation presents serious physical con-
straints related to heat and mass transfer. Furthermore, be-
An increasing number of pregnancies and life births havesause it is a multicellular structure for which cell-to-cell
been reported after oocyte cryopreservation and subsequeteractions are known to exist, the dynamics of cryopro-
intracytoplasmic sperm injection (ICSI) (86, 103). Oocytetectant permeation into and out of the tissue during cryo-
cryopreservation is currently used electively in patients withpreservation are of utmost importance for subsequent tissue
ovarian hyperstimulation syndrome to avoid the ethical im-survival. Under the effect of the hypertonic cryoprotectants,
plications of embryonic cryopreservation. Given the im-water will be osmotically drawn from the individual cells to
proved cryosurvival, fertilization, pregnancy, and birth rates the extracellular spaces and blood vessels. It is this water that
oocyte cryopreservation can be used in cancer patients asisiresponsible for the formation of ice crystals, which is
fertility preservation procedure. responsible for the freeze-thaw injury (123). Consequently,

Function Protection
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better survival is expected from primordial follicles becausemaining in the ovary grafts frozen in DMSO and PG repre-
of their smaller size and lack of follicular fluid. sented 42%—46% of follicles present in nongrafted ovaries,
sWhich was not significantly different from grafts of fresh

As in other reproductive technologies, animal model .
govaries (63%).

have provided useful information in transferring methods t
treat human infertility. With the sheep ovary providing a To achieve optimal cryoprotection, it is essential that
reliable tool, Gosden and associates pioneered the sheégezing protocols allow uniform penetration of CPAs
ovarian transplantation model. Using cryopreserved-thawethroughout the ovarian tissue. Candy et al. (127) concluded
ovarian cortical strips, they showed follicular survival andthat the rate of CPA permeation is an important limiting
endocrine function as well as restoration of fertility after factor in developing better cryopreservation protocols for
transplantation of cryopreserved-thawed ovarian corticabvarian tissues.

strips (.124’ 125). The success za_ch|eyed In orthotopic trans- Looking into the effect of the diffusion temperature,
plantation of cryopreserved ovarian tissue from both mousg,

; : . wton et al. (128) have investigated the DMSO, PG, EG,
and sheep resulted in the subsequent use of this technique in e L R
; .y and glycerol diffusion into human ovarian tissue at both 4°C
human reproductive medicine.

. ~and 37°C. They found that at 4°C, PG and glycerol penetrate
There are several potential uses of cryopreserved ovariahe tissue significantly more slowly than either EG or

tissue. The tissue can be transplanted back into the patiemyMSO. At the higher temperature (37°C), however, all four
The potential for reintroduction of a cancer nidus may limit CPAs penetrated at a faster rate.

this use in malignancies that are known to have a predilec- Tissue penetration of crvoprotectant in whole oraan svs-
tion for the ovaries. Using present techniques, ischemi?e P yop g Yy

- . . : ms is even more challenging. The transplant literature,
injury to the transplanted tissue results in the loss of thuallysuch as with kidneys reportg sgveral protocgls that strive to

protect the tissue before transplantation. These protocols try
to perfuse the whole organ with a “protecting” agent. The
potential for cryopreserving the entire ovary has the same
Alternatively, the primordial follicles in the ovarian tissue meth0d0|ogica| limitations. The Cryoprotectant can be per-
can be matured in vitro or in an immune-deficient animalfysed through the ovarian vessels using a special pump to
host. The former cannot be accomplished with present techychieve the appropriate tissue penetration. Using this cryo-
nology, and the latter is unlikely to be acceptable to patientspreservation model, pregnancies in rats (129) and partial

Factors Affecting the Outcome of Ovarian restoration of hormonal function in sheep were recently
Tissue Cryopreservation and Transplantation ~ reported (130).

CPAs Effect of |schemia

the entire growing follicle population and a significant num-
ber of primordial follicles. This could limit its long-term
viability.

L . Cryopreservation of small (1-2 mm) ovarian cortical
Looking into follicular loss after exposure of human __ . o :
. . . strips has been used for efficient cryoprotection because the
ovarian tissue to different cryoprotectants, Newton et al. ;
) . rate of CPA/cellular water exchange is affected by the
demonstrated that human ovarian tissue lost 90% of the ) . X
. . . . . amount of tissue through which the CPA must diffuse.
primordial follicle population when using glycerol as a CPA During the cooling stage of cryopreservation, the relative
compared with 25%, 15%, and 55% using DMSO, ethylene "9 ng stage of cryop ' :
) distance of cells in the interior of the ovary from the exterior
glycol (EG), and propylene glycol (PG), respectively, after . i
L : . U ffects the rate at which these cells undergo cooling.
transplantation in severe combined immunodeficient (SCID)Sl
mice. This was the first xenografting study in which 1- to  These tissue strips are placed back into the body without
2-mm ovarian cortical strips were grafted in SCID mice a vascular supply. Consequently, the ability of cells in the
(126). Glycerol had such a hazardous effect because of igraft to obtain nutrients from their surroundings before per-
low permeability coefficient compared with DMSO and EG manent revascularization depends on the diffusion of those
or PG. nutrients through the surrounding tissue. However, studies

ith fresh transplants suggest that 50% of the follicular
W p a9

Candy et al. (127), who compared the effects of four di1‘fer-p0pulaﬂor_| is damaged _after fransplantation in mice (131)
ent CPAs on the survival of mouse ovaries after exposure tgnd 26% in human studies (126).

1.5 M DMSO, PG, EG, or glycerol for 5-60 minutes atroom In the latter study, ovarian cortical strips donated by
temperature before freezing. More primordial follicles sur-healthy patients were cryopreserved for 2 months in DMSO,
vived when the ovaries were frozen in DMSO, PG, and EGEG, glycerol, and propylene glycol. Their viability was
(81%—94%) than in glycerol (4%—-28%). Furthermore, it wasassessed by counting follicles in histological sections 18
found that prolonged exposure to EG decreased the survivalays after grafting under the kidney capsules of SCID mice,
rate, whereas increasing the exposure to glycerol increasethd the results were expressed as percentages of the numbers
the survival rate. Overall, the total number of follicles re- in comparable pieces of ungrafted tissue. Only 10% of the

The same observation was confirmed by a later work o
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total number of follicles were found in the glycerol group
compared with the controls, whereas significantly highe
0 N0 : 7
percentages (44%-849%) survived cryopreservation in thg\utotransplanatation of intact ovary with its vascular pedicle

other media. These results confirm that substantial numbeks the deep inferior epigastric artery.
of follicles are lost during graft establishment.

Ischemia is a critical factor in follicular loss and can
potentially occur at different steps: during the stages of
preparation of tissue for cryopreservation, during the stage
of preparation for transplantation, and during the revascular-
ization process after transplantation. We conducted a stud)
in which the harvested ovaries of a porcine animal model
were divided into five segments and subjected to assignet
time intervals in warm ischemia (1, 5, 10, 20, and 30 min-
utes) before cryopreservation (132). The ovarian strips were
prepared for cryopreservation using two different sizes: 1-2
mm (C-s) and 5 mm (C-l). The cryopreserved tissue was ther
thawed and compared with the noncryopreserved tissue cor
trols (F). We found that the number of primordial follicles
per high magnification field was significantly reduced in the
cryopreserved group (C: 48 5.3 vs. F: 7.2+ 5.4;P=.03).
However, stratifying the cryopreserved group according to
size showed a significantly higher follicle count for larger
tissue sections (C-: 9.2 6.5 vs. C-s: 2.1+ 2.4; P=.002).
The number of primordial follicles was not significantly
changed when comparing cryopreserved tissue segment
measuring 5 mm to noncryopreserved sections (C-1:9.3
6.5 vs. F: 7.2+ 5.4; NS). The processing time of up to 30
minutes before cryopreservation did not appear to have
significant impact on primordial follicle survival (132).

Vascularized Versus Nonvascularized Grafts

Revascularization ischemia is a major limiting factor that
has been shown to affect primordial follicle survival in the Falcone. Ovarian function preservation. Fertil Steril 2004.
transplanted graft. In an attempt to minimize follicular loss
and maintain the function of the ovarian grafts, tranSplamaTnferior epigastric vessels was performed (Fig. 1). The trans-

tion of intact ovary with microvascular anastomosis has been
. . . plant was removed and evaluated aftet-71 days. Blood
attempted in an animal model. If successful, this would

. . S A flow was observed for at least 20 minutes in all transplants.
guarantee immediate vascularization and minimize post; ; .
L o At follow-up, three transplants were viable, without any
transplantation ischemia time. . . . .
signs of necrosis, with patency of the vascular anastomosis
Although whole ovaries from mice and rats survive freez-confirmed. In two cases, the vessels occluded completely. In
ing because of their smaller sizes, successful cryopreservane case, a venous thrombosis led to major tissue injury.

tion of whole ovaries from other mammalian species such as

post-transplantation limitations. Typically, the human ovary,acsel group (99 vs. 158 pg/mL). Serum FSH in the patent

Is 4 X2 0.8 cm in size and weighs between 20 and 35 o gqq group did not change significantly from pre- to post-

grams, whereas the sheep ovary is2.5.5x 0.5cminsize . opiantation (70.6 37.2 vs. 95.1= 17.7 ng/mLP=.22),
and weighs between 3 and 8 grams. whereas a steep rise in FSH was observed in the nonpatent
We conducted a study in which we transplanted an entir&essel group (52.3 vs. 522 ng/mL). There were significantly
ovary and anastomosed the ovarian vascular pedicle to thmore follicles present in the patent than in the nonpatent
deep inferior epigastric artery. Laparoscopic bilateral oophovessel group after transplantation£61 vs. 1+ 1; P=.004),
rectomy was performed in five adult, nonpregnant ewes. Sixvhich correlated well with the histological examination of
ovaries were autotransplanted into the abdominal wall angreserved tissue in the patent vessel group. Transplants in the
microsurgical vascular anastomosis of the ovarian to the@onpatent vessel group, however, showed severe necrosis
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with focal viable tissue. This experiment proved the feasi-logical examination showed that significant numbers of the
bility of using vascularized fresh ovarian grafts (133). follicles had initiated growth (135). Weissman and associ-
. - ates (136) attempted to evaluate the development of follicles
In another experiment, we tested the feasibility of trans- ; .

. . . : in human ovarian cortex grafted under the skin of nonobese
planting intact frozen-thawed ovary with microvascular

diabetic SCID mice. Exogenous gonadotropin administration

anastomosis of the ovarian vascular pedicle to the dee : . . .
N . ) ; . . 2 weeks after transplantation resulted in follicle growth in
inferior epigastric vessels using the same technique. Bilater

1% of the grafts.

laparoscopic oophorectomy was performed in 17 adult, syn=

chronized merino ewes. In one group of animals (group 1, Mutografting of Human Ovarian Tissue

= 11), both ovaries were cryopreserved intact with their K d hi , developed gi
vascular pedicle. In another group of animals (group 2, n OKtay and his associates (137, 139) developed two dif-

6), ovarian cortical strips were prepared from each ovary an&er_ent surgicgl t_echnique; of ovarian cortical strip transplan-
cryopreserved. After thawing, follicular viability and apo- _tatlon. In th|e|r f_|rst ?)xpenmhen:]al surlg(_ary, thgy placed ?Vir'
ptosis rates were assessed using one ovary. The other ovd%}f‘ f:ort:(ca stlrlps enea}t ”t e_”f’ evic pentonelu?m of t (T q
was transplanted to the abdominal wall with microvascula®Va'an fossa laparoscopically. The patient was 17 years o
hen right salpingo-oophorectomy was performed for der-

anastomosis to the deep inferior epigastric vessels (group 1). " q 28 Id when left saloi h
In group 2, the ovarian cortical strips were placed in the oid cyst and was 28 years old when left salpingo-oopho-
anterior abdominal wall. Ovaries were harvested after 1§€¢©0MY with subsequent cryopreservation of the cortex was

days in situ and subjected to histological evaluation. performed as a t.reatment for intractable menometrorrhagia.
The transplantation was performed at the age of 29, when
Our outcome measures were blood flow, apoptotic sigpartial viability of the cortical strips was proven by in vitro
nals, follicular viability, serum E FSH, and histology. studies. The cortical strips were threaded and anchored to an
There were no significant differences in the mean values o&bsorbable cellulose membrane followed by transplantation
apoptosis and follicular viability in both groups. In group 1, to the selected site. The graft established its blood supply as
immediate and long-term patencies were documented iBarly as 3 weeks postoperatively as evidenced by Doppler
100% (11/11) and 27% (3/11) of the grafts, respectively.ultrasound scanning. After 24 days of gonadotropin stimu-
Postoperative FSH levels were similar to preoperative valuegtion, they were able to document ovulation based on hor-
in animals with patent vessels. In group 2, postoperativénonal and ultrasound features followed by menstruation 16
FSH levels were significantly higher than the preoperativejays after the first hCG injection (137). Long-term follow-up
levels P=.03). From this study, we concluded that trans-of this case has not been published.
plantation of intact frozen-thawed ovary is technically fea- . . .
Another case of orthotopic transplantation of ovarian

sible. Using this approach, it would be possible to immedi- tical stri ed i 32 Id ith
ately restore the vascular supply and ovarian hormonaf©rtica! Stfps was reported in a ss-year-oid woman wi

function (130). Research is now required to demonstrate itgtagelgg HSO dgkin's Iymphc;;natafter Tlgftl—cti_ose ct?emtc))t th_er- q
application in humans. apy (138). Seven months after transplantation, she obtaine

menopausal symptomatic relief, and her&vel rose to 100
pamL with a 2-cm follicle at the transplantation site. The

Tissue: Xenografting of Human Ovarian graft completely ceased functioning 9 months after trans-
Tissue plantation. The fact that the patient received many chemo-

Transplantation studies performed in SCID mice havelN€rapy cycles before cryopreservation may in part be re-

provided extremely important information that is useful in SPOnsible for the early failure of the gratt.

understanding many technical and laboratory aspects of In their second experimental surgery, Oktay and his group
ovarian tissue banking. An important finding was the dem<{139) used the forearm as the transplant recipient site in two
onstration of improved follicle growth upon administration patients. The first patient was a 35-year-old woman with
of exogenous FSH to the recipient mice. Oktay et al. (134stage 3B squamous cell carcinoma. Fresh ovarian cortical
xenografted human ovarian tissue under the kidney capsulesrips were grafted over the fascia of the brachioradialis
of hypogonadal SCID mice to study the early stages oimuscle. A 15-mm follicle was detected by ultrasound 10
ovarian follicular growth in vivo. In the absence of FSH, weeks after the procedure. Several oocytes were retrieved
after 17 weeks of grafting, the most advanced follicles conpercutaneously after gonadotropin stimulation. ICSI was
tained two layers of granulosa cells. Follicular growth up totried in a single oocyte, but fertilization did not occur. The
the antral stage was significantly improved by employing aFSH level was normal at 18-month follow-up.

daily injection of 1 IU of FSH.

Potential Utility of Cryopreserved Ovarian

The second patient was a 37-year-old woman who under-
In another study, the same group grafted human ovariawent oophorectomy for recurrent ovarian cysts. Heterotopic
cortical strips under the kidney capsule of eugonadal SCiDransplantation with fresh ovarian cortical strips was per-
mice without subsequent administration of FSH. Twenty-formed in a fashion that was similar to that performed in the
two weeks later, the grafts were recovered and histopathdirst patient. The patient resumed her regular menses and

FERTILITY & STERILITY® 253



Potential recipient sites for vascularized and nonvascularized

ovarian grafts.

Carotid, jugular vessels

Mammary

Antecubital v /

1 |

Inferior epigastic v

External iliac

Femoral v

Falcone. Ovarian function preservation. Fertil Seril 2004.

to the recipient site is important for graft establishment,
survival, and long-term function. Subsequent manipulations
of the grafted ovary as in follicle aspiration should be made
simple. For all these reasons collectively, we are providing a
hypothetical model for the potential recipient sites (Fig. 2A
and 2B).

CONCLUSION

There are many options that are available to a patient
undergoing a treatment that will negatively impact her fer-
tility. This review has focused on the potential success and
limitations of these techniques. Many procedures and med-
ical interventions have proven success rates both in terms of
ovarian function and pregnancy rates. Other techniques have
great potential but do not have long-term clinical data. It is
important that the patient’s primary care physician under-
stand the available methods to preserve fertility in cancer
patients and communicate this information to the patient.

References

1. Meirow D, Nugent D. The effects of radiotherapy and chemotherapy
on female reproduction. Hum Reprod Update 2001;7:535-43.

2. Chapman RM. Effect of cytotoxic therapy on sexuality and gonadal
function. Semin Oncol 1982;9:84-94.

3. Rivkees SA, Crawford JD. The relationship of gonadal activity and
chemotherapy-induced gonadal damage. JAMA 1988;259:2123-5.

4. Warne GL, Fairley KF, Hobbs JB, Martin Fl. Cyclophosphamide-
induced ovarian failure. N Engl J Med 1973;289:1159-62.

5. Bines J, Oleske DM, Cobleigh MA. Ovarian function in premeno-
pausal women treated with adjuvant chemotherapy for breast cancer.
J Clin Oncol 1996;14:1718-29.

6. Shamberger RC, Rosenberg SA, Seipp CA, Sherins RJ. Effects of
high-dose methotrexate and vincristine on ovarian and testicular func-
tions in patients undergoing postoperative adjuvant treatment of os-
teosarcoma. Cancer Treat Rep 1981;65:739-46.

7. Gradishar WJ, Schilsky RL. Ovarian function following radiation and
chemotherapy for cancer. Semin Oncol 1989;16:425-36.

8. Plowchalk DR, Mattison DR. Phosphoramide mustard is responsible
for the ovarian toxicity of cyclophosphamide. Toxicol Appl Pharma-
col 1991;107:472-81.

9. Jarrell J, Lai EV, Barr R, McMahon A, Belbeck L, O’Connell G.
Ovarian toxicity of cyclophosphamide alone and in combination with
ovarian irradiation in the rat. Cancer Res 1987;47:2340-3.

10. Sobrinho LG, Levine RA, DeConti RC. Amenorrhea in patients with
Hodgkin’s disease treated with antineoplastic agents. Am J Obstet

ovulated 3 months later. Her graft was still functioning 10 Gynecol 1971:109-135-9,

months after the transplant (139).

11. Blumenfeld Z, Avivi I, Ritter M, Rowe JM. Preservation of fertility
and ovarian function and minimizing chemotherapy-induced gonado-

In a final study by Callejo et al. (140), these authors toxicity in young women. J Soc Gynecol Investig 1999;6:229-39.

Goldhirsch A, Gelber RD, Castiglione M. The magnitude of endocrine

i} ; _12.
e_‘valuated the Iong term function ,Of both fr_eSh (three pa. effects of adjuvant chemotherapy for premenopausal breast cancer
tients) and cryopreserved (one patient) ovarian autografts in  patients. The International Breast Cancer Study Group. Ann Oncol

1990;1:183-8.

four premenOp‘_”‘usal Pa“ems age 46__49 years who un.deris. Koyama H, Wada T, Nishizawa Y, lwanaga T, Aoki Y. Cyclophos-
went heterotopic ovarian transplantation. Although ovarian ~ phamide-induced ovarian failure and its therapeutic significance in

patients with breast cancer. Cancer 1977;39:1403-9.

funct|on vyas reestablished in three patients, a .2_ to _7'f0|d 14. Chiarelli AM, Marrett LD, Darlington G. Early menopause and infer-
increase in FSH levels was reported. One patient did not tility in females after treatment for childhood cancer diagnosed in

1964-1988 in Ontario, Canada. Am J Epidemiol 1999;150:245-54.

recover ovarian function. This StUdy s main limitation was 15. Watson AR, Taylor J, Rance CP, Bain J. Gonadal function in women

the age of the women.

treated with cyclophosphamide for childhood nephrotic syndrome: a
long term follow-up study. Fertil Steril 1986;46:331—7.

It is critical for patients to understand that no pregnancies 16. Nicosia SV, Matus-Ridley M, Meadows AT. Gonadal effects of can-

cer therapy in girls. Cancer 1985;55:2364—72.

have been reported in hurlna,ms with these tephnlques. Rei7. Pereyra Pacheco B, Mendez Ribas JM, Milone G, Fernandez |, Kvi-
search should focus on refining cryopreservation protocols, cala R, Mila T, et al. Use of GnRH analogs for functional protection

of the ovary and preservation of fertility during cancer treatment in

_CryOpro_teCtantS’ and tranSplantation teChnique,S that deqease adolescents: a preliminary report. Gynecol Oncol 2001;81:391-7.
ischemia. When selecting a transplantation site, physiciansls. Ortin TT, Shostak CA, Donaldson SS. Gonadal status and reproduc-

tive function following treatment for Hodgkin’s disease in childhood:

Sh_O.UId COUSIder_ whether it can be accessed using simple and the Stanford experience. Int J Radiat Oncol Biol Phys 1990;19:873—
minimally invasive surgery. Moreover, ample blood supply 80.

254  Falcone et al. Ovarian function preservation

Vol. 81, No. 2, February 2004



19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.
35.

36.
37.

38.
39.
40.

41.

42.
43.

44,

45,

Bakchine H, Brauner R, Thibaud E, Rappaport R, Flamant F, Griscelli 46.

C, et al. Chemotherapy and ovarian function. Retrospective analysis in
17 girls treated for malignant tumor or hematologic disease. Arch Fr
Pediatr 1986;43:611-6.

Wallace WH, Shalet SM, Tetlow LJ, Morris-Jones PH. Ovarian func-

tion following the treatment of childhood acute lymphoblastic leukae- 48.

mia. Med Pediatr Oncol 1993;21:333-9.
Green DM, Zevon MA, Lowrie G, Seigelstein N, Hall B. Congenital

anomalies in children of patients who received chemotherapy for 49.

cancer in childhood and adolescence. N Engl J Med 1991,;325:141-6.

Tangir J, Zelterman D, Ma W, Schwartz PE. Reproductive function 50,

after conservative surgery and chemotherapy for malignant germ cell
tumors of the ovary. Obstet Gynecol 2003;101:251~7.

Chapman RM, Sutcliffe SB. Protection of ovarian function by oral 51,

contraceptives in women receiving chemotherapy for Hodgkin’s dis-
ease. Blood 1981,58:849-51.

Whitehead E, Shalet SM, Blackledge G, Todd I, Crowther D, Beard- 52,

well CG. The effect of combination chemotherapy on ovarian function
in women treated for Hodgkin's disease. Cancer 1983;52:988-93.

Glode LM, Robinson J, Gould SF. Protection from cyclophospha- 53

mide-induced testicular damage with an analogue of gonadotropin-
releasing hormone. Lancet 1981;1:1132-4.

Ataya KM, McKanna JA, Weintraub AM, Clark MR, LeMaire WJ. A
luteinizing hormone—-releasing hormone agonist for the prevention of

chemotherapy-induced ovarian follicular loss in rats. Cancer Res g5

1985;45:3651-6.
Bokser L, Szende B, Schally AV. Protective effects of D-Trp6-
luteinising hormone-releasing hormone microcapsules against cyclo-

phosphamide-induced gonadotoxicity in female rats. Br J Cancer gg

1990;61:861-5.

Ataya K, Rao LV, Lawrence E, Kimmel R. Luteinizing hormone—
releasing hormone agonist inhibits cyclophosphamide-induced ovar- g7
ian follicular depletion in rhesus monkeys. Biol Reprod 1995;52:365—
72.

Waxman JH, Ahmed R, Smith D, Wrigley PF, Gregory W, Shalet S, 58
et al. Failure to preserve fertility in patients with Hodgkin's disease.
Cancer Chemother Pharmacol 1987;19:159-62.

Krause W, Pfluger KH. Treatment with the gonadotropin-releasing

hormone agonist buserelin to protect spermatogenesis against cytorg

toxic treatment in young men. Andrologia 1989;21:265-70.
Blumenfeld Z, Avivi |, Linn S, Epelbaum R, Ben-Shahar M, Haim N.
Prevention of irreversible chemotherapy-induced ovarian damage in
young women with lymphoma by a gonadotrophin-releasing hormone
agonist in parallel to chemotherapy. Hum Reprod 1996;11:1620-6.
Blumenfeld Z, Haim N. Prevention of gonadal damage during cyto-
toxic therapy. Ann Med 1997;29:199-206.

Blumenfeld Z, Dann E, Avivi |, Epelbaum R, Rowe JM. Fertility after
treatment for Hodgkin's disease. Ann Oncol 2002;13:138-47.

Montz FJ, Wolff AJ, Gambone JC. Gonadal protection and fecundity
rates in cyclophosphamide-treated rats. Cancer Res 1991;51:2124—6:
Familiari G, Caggiati A, Nottola SA, Ermini M, Di Benedetto MR,
Motta PM. Ultrastructure of human ovarian primordial follicles after
combination chemotherapy for Hodgkin's disease. Hum Reprod 1993;
8:2080-7.

Tilly JL. Apoptosis and ovarian function. Rev Reprod 1996;1:162—72. 65.

Tilly JL. The molecular basis of ovarian cell death during germ cell
attrition, follicular atresia, and luteolysis. Front Biosci 1996;1:d1-d11.
Morita Y, Tilly JL. Oocyte apoptosis: like sand through an hourglass.
Dev Biol 1999;213:1-17.

Tilly JL. Molecular and genetic basis of normal and toxicant-induced
apoptosis in female germ cells. Toxicol Lett 1998;102-3:497-501.
Morita Y, Perez Gl, Paris F, Miranda SR, Ehleiter D, Haimovitz-
Friedman A, et al. Oocyte apoptosis is suppressed by disruption of the
acid sphingomyelinase gene or by sphingosine-1-phosphate therapy.
Nat Med 2000;6:1109-14.

Meirow D, Schenker JG, Rosler A. Ovarian hyperstimulation syn- 68.

drome with low oestradiol in non-classical 17 alpha-hydroxylase,
17,20-lyase deficiency: what is the role of oestrogens? Hum Reprod

1996;11:2119-21. 69.

Damewood MD, Grochow LB. Prospects for fertility after chemother-
apy or radiation for neoplastic disease. Fertil Steril 1986;45:443-59.

Clough KB, Goffinet F, Labib A, Renolleau C, Campana F, de la 70.

Rochefordiere A, et al. Laparoscopic unilateral ovarian transposition

prior to irradiation: prospective study of 20 cases. Cancer 1996;77: 71.

2638-45.
Husseinzadeh N, Nahhas WA, Velkley DE, Whitney CW, Mortel R.

The preservation of ovarian function in young women undergoing 72.

pelvic radiation therapy. Gynecol Oncol 1984;18:373-9.
Gaetini A, De Simone M, Urgesi A, Levis A, Resegotti A, Ragona R,

et al. Lateral high abdominal ovariopexy: an original surgical tech- 73.

nique for protection of the ovaries during curative radiotherapy for
Hodgkin's disease. J Surg Oncol 1988;39:22-8.

FERTILITY & STERILITY®

47.

54.

61.
62.
63.

64.

Williams RS, Littell RD, Mendenhall NP. Laparoscopic oophoropexy
and ovarian function in the treatment of Hodgkin disease. Cancer
1999;86:2138-42.

Anderson B, LaPolla J, Turner D, Chapman G, Buller R. Ovarian
transposition in cervical cancer. Gynecol Oncol 1993;49:206—-14.
Howell SJ, Shalet SM. Fertility preservation and management of
gonadal failure associated with lymphoma therapy. Curr Oncol Rep
2002;4:443-52.

Howell S, Shalet S. Gonadal damage from chemotherapy and radio-
therapy. Endocrinol Metab Clin N Am 1998;27:927—-43.

Covens AL, van der Putten HW, Fyles AW, Leung PM, O'Brien PF,
Murphy KJ, et al. Laparoscopic ovarian transposition. Eur J Gynaecol
Oncol 1996;17:177-82.

Hadar H, Loven D, Herskovitz P, Bairey O, Yagoda A, Levavi H. An
evaluation of lateral and medial transposition of the ovaries out of
radiation fields. Cancer 1994;74:774-9.

Howard FM. Laparoscopic lateral ovarian transposition before radia-
tion treatment of Hodgkin disease. J Am Assoc Gynecol Laparosc
1997;4:601-4.

Belinson JL, Doherty M, McDay JB. A new technique for ovarian
transposition. Surg Gynecol Obstet 1984;159:157-60.

van Beurden M, Schuster-Uitterhoeve AL, Lammes FB. Feasibility of
transposition of the ovaries in the surgical and radiotherapeutical
treatment of cervical cancer. Eur J Surg Oncol 1990;16:141-6.
Bidzinski M, Lemieszczuk B, Zielinski J. Evaluation of the hormonal
function and features of the ultrasound picture of transposed ovary in
cervical cancer patients after surgery and pelvic irradiation. Eur J
Gynaecol Oncol 1993;14:77-80.

Chambers SK, Chambers JT, Kier R, Peschel RE. Sequelae of lateral
ovarian transposition in irradiated cervical cancer patients. Int J Radiat
Oncol Biol Phys 1991;20:1305-8.

. Feeney DD, Moore DH, Look KY, Stehman FB, Sutton GP. The fate

of the ovaries after radical hysterectomy and ovarian transposition.
Gynecol Oncol 1995;56:3-7.

. Siddle N, Sarrel P, Whitehead M. The effect of hysterectomy on the

age at ovarian failure: identification of a subgroup of women with
premature loss of ovarian function and literature review. Fertil Steril
1987;47:94-100.

Morice P, Juncker L, Rey A, El-Hassan J, Haie-Meder C, Castaigne D.
Ovarian transposition for patients with cervical carcinoma treated by
radiosurgical combination. Fertil Steril 2000;74:743-8.

60. Chambers SK, Chambers JT, Holm C, Peschel RE, Schwartz PE.

Sequelae of lateral ovarian transposition in unirradiated cervical can-
cer patients. Gynecol Oncol 1990;39:155-9.

Bashist B, Friedman WN, Killackey MA. Surgical transposition of the
ovary: radiologic appearance. Radiology 1989;173:857—60.

Kier R, Chambers SK. Surgical transposition of the ovaries: imaging
findings in 14 patients. AJR Am J Roentgenol 1989;153:1003-6.
Jarrell MA, Brumsted JR. Successful treatment of a persistent cyst,
developing after ovarian transposition, with leuprolide acetate. Obstet
Gynecol 1990;76:927-8.

Treissman MJ, Miller D, McComb PF. Laparoscopic lateral ovarian
transposition. Fertil Steril 1996;65:1229-31.

Yarali H, Demirol A, Bukulmez O, Coskun F, Gurgan T. Laparo-
scopic high lateral transposition of both ovaries before pelvic irradi-
ation. J Am Assoc Gynecol Laparosc 2000;7:237-9.

66. Morice P, Castaigne D, Haie-Meder C, Pautier P, El Hassan J, Du-

villard P, et al. Laparoscopic ovarian transposition for pelvic malig-
nancies: indications and functional outcomes. Fertil Steril 1998;70:
956-60.

67. Sutton GP, Bundy BN, Delgado G, Sevin BU, Creasman WT, Major

FJ, et al. Ovarian metastases in stage IB carcinoma of the cervix: a
Gynecologic Oncology Group study. Am J Obstet Gynecol 1992;66:
50-3.

Webb GA. The role of ovarian conservation in the treatment of
carcinoma of the cervix with radical surgery. Am J Obstet Gynecol
1975;122:476-84.

Ranney B, Abu-Ghazaleh S. The future function and fortune of
ovarian tissue which is retained in vivo during hysterectomy. Am J
Obstet Gynecol 1977;128:626-34.

Smith PG, Doll R. Late effects of x irradiation in patients treated for
metropathia haemorrhagica. Br J Radiol 1976;49:224-32.

Bieler EU, Schnabel T, Knobel J. Persisting cyclic ovarian activity in
cervical cancer after surgical transposition of the ovaries and pelvic
irradiation. Br J Radiol 1976;49:875-9.

Larson JE, Whitney CW, Zaino R, Kaminski P, Podczaski E, Mortel
R. Endometrial response to endogenous hormones after pelvic irradi-
ation for genital malignancies. Gynecol Oncol 1990;36:106-9.
Barnhill D, Heller P, Dames J, Hoskins W, Gallup D, Park R. Persis-
tence of endometrial activity after radiation therapy for cervical car-
cinoma. Obstet Gynecol 1985;66:805-8.

255



74.

75.

76.
77.
78.

79.

80.

81.

82.

83.

84.

85.
86.
87.

88.

89.

90.

91.

92.

93.
94.

95.

96.
97.

98.

99.

100.
101.

256 Falcone et al.

Critchley HO, Jones RL, Lea RG, Drudy TA, Kelly RW, Williams 102
AR, et al. Role of inflammatory mediators in human endometrium
during progesterone withdrawal and early pregnancy. J Clin Endocri-
nol Metab 1999;84:240-8.

Morice P, Thiam-Ba R, Castaigne D, Haie-Meder C, Gerbaulet A,

Pautier P, et al. Fertility results after ovarian transposition for pelvic 104.

malignancies treated by external irradiation or brachytherapy. Hum
Reprod 1998;13:660-3.

Tulandi T, Al-Took S. Laparoscopic ovarian suspension before irra-
diation. Fertil Steril 1998;70:381-3.

Bisharah M, Tulandi T. Laparoscopic preservation of ovarian func-

tion: an underused procedure. Am J Obstet Gynecol 2003;188:367—7@.06.

Swerdlow AJ, Jacobs PA, Marks A, Maher EJ, Young T, Barber JC,
et al. Fertility, reproductive outcomes, and health of offspring, of

patients treated for Hodgkin’s disease: an investigation including107.

chromosome examinations. Br J Cancer 1996;74:291-6.
Fenig E, Mishaeli M, Kalish Y, Lishner M. Pregnancy and radiation.
Cancer Treat Rev 2001;27:1-7.

Giacalone PL, Laffargue F, Benos P, Dechaud H, Hedon B. Successful08.

in vitro fertilization—surrogate pregnancy in a patient with ovarian
transposition who had undergone chemotherapy and pelvic irradiation.
Fertil Steril 2001;76:388-9.

Fujiwara K, Mohri H, Yoshida T, Yamauchi H, Kohno I. Subcutane-
ous transposition of the ovary following hysterectomy. Int J Gynaecol
Obstet 1997;58:223-8.

Anselmo AP, Cavalieri E, Aragona C, Sbracia M, Funaro D, Maurizi
Enrici R. Successful pregnancies following an egg donation program

in women with previously treated Hodgkin's disease. Haematologicalll.

2001,86:624-8.

Ataya K, Pydyn E, Ramahi-Ataya A, Orton CG. Is radiation-induced 112.

ovarian failure in rhesus monkeys preventable by luteinizing hormo-
ne—releasing hormone agonists? Preliminary observations. J Clin En-
docrinol Metab 1995;80:790-5.

Buekers TE, Anderson B, Sorosky JI, Buller RE. Ovarian function113.

after surgical treatment for cervical cancer. Gynecol Oncol 2001;80:
85-8.
Al-Hasani S, Diedrich K, van der Ven H, Reinecke A, Hartje M, Krebs

D. Cryopreservation of human oocytes. Hum Reprod 1987;2:695-700114.

Chen C. Pregnancies after human oocyte cryopreservation. Ann NY
Acad Sci 1988;541:541-9.

Gook DA, Osborn SM, Johnston WI. Cryopreservation of mouse andL15.

human oocytes using 1,2-propanediol and the configuration of the
meiotic spindle. Hum Reprod 1993;8:1101-9.

Gook DA, Osborn SM, Bourne H, Johnston WI. Fertilization of 116.

human oocytes following cryopreservation: normal karyotypes and
absence of stray chromosomes. Hum Reprod 1994;9:684-91.
Tucker M, Wright G, Morton P, Shanguo L, Massey J, Kort H.
Preliminary experience with human oocyte cryopreservation using
1,2-propanediol and sucrose. Hum Reprod 1996;11:1513-5.

Porcu E, Dal Prato L, Seracchioli R, Petracchi S, Fabbri R, Flamigni
C. Births after transcervical gamete intrafallopian transfer with a
falloposcopic delivery system. Fertil Steril 1997;67:1175-7.

Young E, Kenny A, Puigdomenech E, Van Thillo G, Tiveron M, 119.

Piazza A. Triplet pregnancy after intracytoplasmic sperm injection of
cryopreserved oocytes: case report. Fertil Steril 1998;70:360-1.

Tucker MJ, Wright G, Morton PC, Massey JB. Birth after cryopreser- 120.

vation of immature oocytes with subsequent in vitro maturation. Fertil
Steril 1998;70:578-9.

Sztein JM, McGregor TE, Bedigian HJ, Mobraaten LE. Transgenic121.

mouse strain rescue by frozen ovaries. Lab Anim Sci 1999;49:99-100.
Oktay K. Ovarian tissue cryopreservation and transplantation: prelim-
inary findings and implications for cancer patients. Hum Reprod
Update 2001;7:526—-34.

Oktay K. Evidence for limiting ovarian tissue harvesting for the
purpose of transplantation to women younger than 40 years of age.
J Clin Endocrinol Metab 2002;87:1907-8.

Oktay K, Buyuk E. The potential of ovarian tissue transplant to
preserve fertility. Expert Opin Biol Ther 2002;2:361-70.

Magistrini M, Szollosi D. Effects of cold and of isopropyl-N-phenyl-

carbamate on the second meiotic spindle of mouse oocytes. Eur J Cell
Biol 1980;22:699—-707.
Stachecki JJ, Cohen J, Willadsen S. Detrimental effects of sodium
during mouse oocyte cryopreservation. Biol Reprod 1998;59:395—
400.

Albertini DF. Regulation of meiotic maturation in the mammalian
oocyte: interplay between exogenous cues and the microtubule cy-
toskeleton. Bioessays 1992;14:97-103.

Oda K, Gibbons WE, Leibo SP. Osmotic shock of fertilized mouse
ova. J Reprod Fertil 1992;95:737-47.

Hotamisligil S, Toner M, Powers RD. Changes in membrane integrity,128.

cytoskeletal structure, and developmental potential of murine oocytes
after vitrification in ethylene glycol. Biol Reprod 1996;55:161-8.

Ovarian function preservation

103.

105.

109.

110.

117.

118.

122.

123.
124.

125.

126.

127.

. Fahy GM, Lilley TH, Linsdell H, Douglas MS, Meryman HT. Cryo-
protectant toxicity and cryoprotectant toxicity reduction: in search of
molecular mechanisms. Cryobiology 1990;27:247-68.

Chen C. Pregnancy after human oocyte cryopreservation. Lancet
1986;1:884-6.

Todorow SJ, Siebzehnrubl ER, Spitzer M, Koch R, Wildt L, Lang N.
Comparative results on survival of human and animal eggs using
different cryoprotectants and freeze-thawing regimens. Il. Human.
Hum Reprod 1989;4:812-6.

Porcu E. Freezing of oocytes. Curr Opin Obstet Gynecol 1999;11:
297-300.

Fabbri R, Porcu E, Marsella T, Rocchetta G, Venturoli S, Flamigni C.
Human oocyte cryopreservation: new perspectives regarding oocyte
survival. Hum Reprod 2001;16:411-6.

Kuleshova LL, MacFarlane DR, Trounson AO, Shaw JM. Sugars
exert a major influence on the vitrification properties of ethylene
glycol-based solutions and have low toxicity to embryos and oocytes.
Cryobiology 1999;38:119-30.

Kuleshova L, Gianaroli L, Magli C, Ferraretti A, Trounson A. Birth
following vitrification of a small number of human oocytes: case
report. Hum Reprod 1999;14:3077-9.

Carroll J, Wood MJ, Whittingham DG. Normal fertilization and de-
velopment of frozen-thawed mouse oocytes: protective action of cer-
tain macromolecules. Biol Reprod 1993;48:606—-12.

Oktay K, Nugent D, Newton H, Salha O, Chatterjee P, Gosden RG.
Isolation and characterization of primordial follicles from fresh and
cryopreserved human ovarian tissue. Fertil Steril 1997;67:481-6.
Oktay K, Karlikaya GG, Aydin BA. Ovarian cryopreservation and
transplantation: basic aspects. Mol Cell Endocrinol 2000;169:105-8.
Cha KY, Koo JJ, Ko JJ, Choi DH, Han SY, Yoon TK. Pregnancy after
in vitro fertilization of human follicular oocytes collected from non-
stimulated cycles, their culture in vitro and their transfer in a donor
oocyte program. Fertil Steril 1991;55:109-13.

Gook DA, Schiewe MC, Osborn SM, Asch RH, Jansen RP, Johnston
WI. Intracytoplasmic sperm injection and embryo development of
human oocytes cryopreserved using 1,2-propanediol. Hum Reprod
1995;10:2637-41.

Trounson A, Wood C, Kausche A. In vitro maturation and the fertil-
ization and developmental competence of oocytes recovered from
untreated polycystic ovarian patients. Fertil Steril 1994;62:353—62.
Toth TL, Lanzendorf SE, Sandow BA, Veeck LL, Hassen WA,
Hansen K, et al. Cryopreservation of human prophase | oocytes
collected from unstimulated follicles. Fertil Steril 1994;61:1077-82.
Bouquet M, Selva J, Auroux M. Cryopreservation of mouse oocytes:
mutagenic effects in the embryo? Biol Reprod 1993;49:764-9.
Moller CC, Wassarman PM. Characterization of a proteinase that
cleaves zona pellucida glycoprotein ZP2 following activation of
mouse eggs. Dev Biol 1989;132:103-12.

Assisted reproductive technology in the United States: 1998 results
generated from the American Society for Reproductive Medicine/
Society for Assisted Reproductive Technology Registry. Fertil Steril
2002;77:18-31.

Meniru Gl, Craft I. In vitro fertilization and embryo cryopreservation
prior to hysterectomy for cervical cancer. Int J Gynaecol Obstet
1997;56:69-70.

Pelinck MJ, Hoek A, Simons AH, Heineman MJ. Efficacy of natural
cycle IVF: a review of the literature. Hum Reprod Update 2002;8:
129-39.

Oktay K, Buyuk E, Davis O, Yermakova |, Veeck L, Rosenwaks Z.
Fertility preservation in breast cancer patients: IVF and embryo cryo-
preservation after ovarian stimulation with tamoxifen. Hum Reprod
2003;18:90-5.

Paynter SJ, Cooper A, Fuller BJ, Shaw RW. Cryopreservation of
bovine ovarian tissue: structural normality of follicles after thawing
and culture in vitro. Cryobiology 1999;38:301-9.

Mazur P. The role of intracellular freezing in the death of cells cooled
at supraoptimal rates. Cryobiology 1977;14:251-72.

Gosden RG, Baird DT, Wade JC, Webb R. Restoration of fertility to
oophorectomized sheep by ovarian autografts storedl&6 degrees

C. Hum Reprod 1994;9:597-603.

Baird DT, Webb R, Campbell BK, Harkness LM, Gosden RG. Long-
term ovarian function in sheep after ovariectomy and transplantation
of autografts stored at 196 C. Endocrinology 1999;140:462—71.
Newton H, Aubard Y, Rutherford A, Sharma V, Gosden R. Low
temperature storage and grafting of human ovarian tissue. Hum Re-
prod 1996;11:1487-91.

Candy CJ, Wood MJ, Whittingham DG. Effect of cryoprotectants on
the survival of follicles in frozen mouse ovaries. J Reprod Fertil
1997;110:11-9.

Newton H, Fisher J, Arnold JR, Pegg DE, Faddy MJ, Gosden RG.
Permeation of human ovarian tissue with cryoprotective agents in
preparation for cryopreservation. Hum Reprod 1998;13:376—80.

Vol. 81, No. 2, February 2004



129.
130.

131.

132.

133.

134.

Wang X, Chen H, Yin H, Kim SS, Lin Tan S, Gosden RG. Fertility 135.

after intact ovary transplantation. Nature 2002;415:385.
Bedaiwy MA, Jeremias E, Gurunluoglu R, Hussein MR, Siemianow

M, Biscotti C, et al. Restoration of ovarian function after autotrans- 136.

plantation of intact frozen-thawed sheep ovaries with microvascular
anastomosis. Fertil Steril 2003;79:594-602.

Felicio LS, Nelson JF, Gosden RG, Finch CE. Restoration of ovula-
tory cycles by young ovarian grafts in aging mice: potentiation by

1983;80:6076-80.

Jeremias E, Bedaiwy MA, Nelson D, Biscotti CV, Falcone T. Assess-
ment of tissue injury in cryopreserved ovarian tissue. Fertil Steril
2003;79:651-3.

Jeremias E, Bedaiwy MA, Gurunluoglu R, Biscotti CV, Siemionow
M, Falcone T. Heterotopic autotransplantation of the ovary with
microvascular anastomosis: a novel surgical technique. Fertil Steril
2002;77:1278-82.

Oktay K, Newton H, Mullan J, Gosden RG. Development of human
primordial follicles to antral stages in SCID/hpg mice stimulated with
follicle stimulating hormone. Hum Reprod 1998;13:1133-8.

FERTILITY & STERILITY®

137.
long-term ovariectomy decreases with age. Proc Natl Acad Sci USA138

139.

140.

Oktay K, Newton H, Gosden RG. Transplantation of cryopreserved
human ovarian tissue results in follicle growth initiation in SCID mice.
Fertil Steril 2000;73:599-603.

Weissman A, Gotlieb L, Colgan T, Jurisicova A, Greenblatt EM,
Casper RF. Preliminary experience with subcutaneous human ovarian
cortex transplantation in the NOD-SCID mouse. Biol Reprod 1999;
60:1462-7.

Oktay K, Karlikaya G. Ovarian function after transplantation of fro-
zen, banked autologous ovarian tissue. N Engl J Med 2000;342:1919.
Radford JA, Lieberman BA, Brison DR, Smith AR, Critchlow JD,
Russell SA, et al. Orthotopic reimplantation of cryopreserved ovarian
cortical strips after high-dose chemotherapy for Hodgkin’s lymphoma.
Lancet 2001;357:1172-5.

Oktay K, Economos K, Kan M, Rucinski J, Veeck L, Rosenwaks Z.
Endocrine function and oocyte retrieval after autologous transplan-
tation of ovarian cortical strips to the foreardAMA 2001;286:
1490-3.

Callejo J, Salvador C, Miralles A, Vilaseca S, Lailla JM, Balasch J.
Long-term ovarian function evaluation after autografting by implan-
tation with fresh and frozen-thawed human ovarian tissue. J Clin
Endocrinol Metab 2001;86:4489-94.

257



