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[#HE 4 TFertility preservation in young women exposed to chemotherapy. The Role of GnRH-a

and Sphingosine-1-Phosphate in addition to Cryopreservation of Embrya,Oocytes,or Ovaries ]

Zeev Blumenfeld, M.D.,
OB/GYN, Rambam Health Care campus, Israel

Decreased secretion of the pituitary gonadotropins, by decreasing gonadal function, may
possibly protect against the sterilizing effects of chemotherapy. Although previous suggestions
have been made claiming that primordial germ cells fare better than germ cells that are part of
an active cell cycle, this hypothesis has not been seriously tested clinically, until recently. The
only prospective randomized study performed by now, have found that GnRH-a protected the
ovary against cyclophosphamide-induced damage in Rhesus monkeys by significantly decreasing
the number of follicles lost during the chemotherapeutic insult. A long-term follow-up of 240
children, 15 years of age or younger, treated for Hodgkin lymphoma [HL] showed azoospermia in
83% of the boys, whereas only 13% of the girls suffered POF. Since ovarian function was
preserved in most long-term survivors who were treated prepubertally for lymphoma, but only in
about half of similarly treated adult patients, it was clinically logical and therefore tempting to
create a temporary prepubertal milieu in women in the reproductive age before and during the
chemotherapeutic insult. We have administered a monthly depot IM injection of GnRH-agonistic
analogue to more than 160 young patients exposed to gonadotoxic chemotherapy for malignant
or non-malignant diseases, after informed consent, starting before chemotherapy for up to six
months, in parallel and until the end of chemotherapeutic treatment . Less than 7% developed
irreversible hypergonadotropic amenorrhea. The remaining patients (>93%) resumed cyclic
ovarian function, and 35 patients spontaneously conceived 49 times. These patients were
compared to a control group of over 125 patients of comparable age (15-40), who were similarly
treated with chemotherapy but without the GnRH-a adjuvant. Neither the age, nor the
diagnoses, ratio between HD or non-Hodgkin lymphoma differed between the two groups.
Similar doses of radiotherapy exposure and ratios of patients treated by radiotherapy in addition
to chemotherapy were experienced by the two groups. Moreover, the cumulative doses of each
chemotherapeutic agent and the mean or median radiotherapy exposure did not differ between
the groups. Our and others’ results support the effectiveness of GnRH-a administration also to
patients receiving cyclophosphamide pulses for SLE and other autoimmune diseases. Recently
we have experienced the first worldwide reported case of spontaneous successful delivery of a
healthy neonate after TWO repeated BMT's, concurrently treated with GnRH-a during the
gonadotoxic chemotherapy. How can we possibly explain the beneficial effect of the GnRH-a for
minimizing the gonadotoxic effect of chemotherapy, in particular that of alkylating agents?
Several explanations may be put forward:

I The hypogonadotropic state generated by the GnRH-a simulates the prepubertal hormonal
11



milieu. One can conceivably hypothesize that the alkylating agents may bring about an increased rate
of destruction/apoptosis of the non-resting follicles, and subsequently a decrease in the secretion of
sex steroids and inhibins produced by these follicles, at different stages of maturation and
differentiation. The resultant decrease in sex-steroids (estrogen, progesterone, and androgens) and
inhibing’ secretion will decrease their plasma concentrations and subsequently the negative feedback
on the hypothalamus and pituitary, resulting in an increase in FSH secretion. The increased FSH
secretion may bring about an increased recruitment of preantral follicles to enter the differentiational
one way of maturation, being furthermore exposed to the gonadotoxic effect of the alkylating agents,
ending in an increased, exponential rate of follicular apoptosis and degeneration. This vicious cycle
may be interrupted by the GnRH-a administration through its ability to prevent the increase in FSH
concentrations.

II. Another possible explanatory mechanism to the beneficial effect of GnRH-a on decreasing the
chemotherapy-associated gonadotoxicity is the decrease in the utero-ovarian perfusion due to the
hypoestrogenic state, generated by the pituitary- gonadal desensitization . High estrogen
concentrations significantly increased ovarian perfusion and the vessel endothelial area, in a rat
model of ovarian hyperstimulation, and this effect was significantly and dose-dependently inhibited
by administration of GnRH-a. The decreased utero-ovarian perfusion induced by the GnRH-a, may
result in a decreased total cumulative exposure of the ovaries to the chemotherapeutic agents as
compared to a “control’patient, in a normoestrogenic milieu, thus resulting in decreased
gonadotoxicity.

III. It has been shown that not only rodents but also primate and human gonads contain
GnRH-receptors. In an ovarian carcinoma cell line, GhnRH-I and —II receptors’ activation may
result in decreased apoptosis. Whether the GnRH-a effect is direct on the oocyte cumulus
complex, or on the granulosa cell, or possibly on another ovarian compartment in addition to its
possible hypogonadotropic effect, is an open question of significant scientific interest. Most
recently, a proof of a direct effect of GnRH-a, independent of the hypogonadotropic milieu, has
been provided by Imai et al, who have shown a direct, in-vitro protection from the doxorubicin
induced granulosa cell damage, by a GnRH-a.

IV.  Another possibility is that the GnRH-a may up regulate an intragonadal anti-apoptotic
molecule such as sphingosine-1-phosphate (S-1-P). S1P has been shown to prevent chemotherapy
induced gonadotoxicity both in-vivo and in-vitro. Whether the GnRH-a adjuvant cotreatment
positive effect is direct or possibly associated with an intraovarian increase in S-1-P is a question
of tremendous scientific interest and clinical impact. It obviously awaits further investigation.

V. Most recently revolutionary data were presented, whereby mouse ovaries or even bone marrow
may possess mitotically active germ cells that continuously replenish the pool of immature follicles.
These Germline Stem Cells (GSC) may exist in the mouse ovary and/or bone marrow and regenerate
the primordial follicle pool. These observations contradict the basic doctrine of reproductive biology
whereby most mammalian females lose the capacity for germ-cell renewal during fetal life, such that
a fixed reserve of germ cells (oocytes) enclosed within follicles is endowed at birth. One may speculate
that the GnRH-a protective effect may possibly be through protection of the undifferentiated GSC,
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who ultimately generates de-novo primordial follicles. Indeed, the observation of temporary, high,
reversible FSH concentrations in a third of our patients, several months after the chemotherapy and
GnRH-a co-treatment, even in those who spontaneously conceived later on, may point towards
reversible gonadotoxicity. The possible de-novo formation of follicles by the surviving germline
stem-cells brings about a decrease in FSH concentration and return of regular cycles, ovulation, and
even gestations. Multicenter, prospective, randomized studies are awaited to substantiate the in-vivo

effect of GnRH-a as an unequivocal means for minimizing follicular apoptosis.
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#E 4 [Reduction of twinning with remained pregnancy rate |

Pia Saldeen, M.D., Ph.D.
IVF kliniken CURA, Malmo, Sweden

The most frequent complication to IVF is multiple pregnancy. Sweden undertook legislative
measures for the introduction of single embryo transfer (SET) policy in 2003. SET by legislation
was regarded necessary since no voluntary agreement had been reached.

In an article in Human Reproduction, 2005, we presented a retrospective study on the
effects of the SET legislation. The study comprised three periods, depending on which transfer
policy was in force. The study showed that it was possible to implement SET in 73% of all cycles,
with a maintained viable pregnancy rate of 34 % and a reduction of twinning from 23% to 6%.

The key factors in proceeding to eSET are embryo selection and patient selection.

Selecting the best embryo is of crucial importance when moving to eSET. In an
article presented in 2005 (Saldeen and Sundstrém, Fertil Steril, 2005) we
demonstrated that the pregnancy rate was significantly higher after SET with a
day-2 preembryo with 4 cells and with all blastomeres being mononucleated (MNB)
compared with SET with a preembryo having 4 cells but with only 0-3 visible
MNBs..

The ovarian reserve has been suggested to influence the results. "Poor response” to
controlled ovarian hyperstimulation is undefined. When defined as < 5 follicles at ovum pick up,
the prevalence of poor responders in our clinic is 17%. We have reported on the astonishing poor
results in poor responders > 37 years (Saldeen et al, Acta Obstet Gynecol, 2007) and significantly
lower pregnancy rate/OPU in young poor responders compared to young normo-responders (14%
and 34.5% respectively, P < 0.005). Poor responders might not be the target group for SET.

Although eSET is an effective method in women < 36 years, the effectiveness of eSET in
older women is not as well elucidated. In an oral presentation at ASRM, New Orleans, 2006, a
study comparing the pregnancy rate after eSET in women 36-39 years with women of the same
age treated when a DET policy was presented. The study showed that after implementation of
eSET in approximately 50% of women aged 36-39 years, the pregnancy rate was not significantly
reduced in comparison with previous routines with DET in the same age group. The overall
twinning rate was reduced to 6% within this age group.

Despite an increasing number of publications on SET, very few reports exist on the
cumulative delivery rate after SET. Lack of studies on cumulative delivery rates after SET in
primarily unselected patients might be one of the reasons for the skepticism some researchers
express about SET. In an article submitted (2008) we present an observational study, based on

an unselected cohort of public health patients, with results on the cumulative delivery rate for a

17



series of three fresh, primarily SET cycles for patients referred to our clinic for IVF. In summary,
we identified a 66% cumulative delivery rate among 370 public health patients within three
fresh ET cycles and a SET rate of 90%.

The only solution to reduce the number of twins is by a substantial increase in SETs. In
Sweden, the implementation of the SET policy turned out to be easier than expected. National
data from 2004 and onwards indicate an overall increase in SET to 70% of all fresh IVF cycles,

and a reduction in the multiple birth rate to 6%.
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7 v F a & I 7 — : [Modified natural cycle, Indications and results |

René Frydman, M.D.1.23. Claire Basille, M.D.1.2, Abdelwahab El Aly, M.D.1.2,
Nelly Achour-Frydman, Pharm.D.234, Laetitia Hesters, Pharm.D.2.34,
Rénato Fanchin, M.D., Ph.D.,1.2:3

IAP-HP, Service de Gynécologie-Obstétrique et Médecine de la Reproduction, Hopital Antoine
Béclére, Clamart, F-92141

2Univ Paris-Sud, Clamart, F-92140

3INSERM, U782, Clamart, F-92140

4AP-HP, Service d’Histologie-Embryologie Cytogénétique, Hopital Antoine Béclére, Clamart,
F-92141

In-vitro fertilization without stimulation, in natural or modified natural cycles IVF
(“FIV-NAT”) offers an interesting alternative to controlled ovarian hyperstimulation (COH) for
some patients.

This protocol may be proposed to patients suffering from altered ovarian status (AOS) with
encouraging results. A second indication might be patients presenting with repeated
implantation failure (IMF). FIV-NAT allows avoiding possible adverse effects of COH on the
endometrium. Results are respectively 15.4% and 16.6% clinical pregnancy rate per oocyte
retrieval for AOS and IMF. FIV-NAT can also be particularly interesting when COH is
contra-indicated because of cancerologic reasons, as a history of hormono-dependant cancer or
cryopreservation program before surgery for ovarian tumor.

Newer indications of modified natural cycles could emerge in the future.
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