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d in-vitro maturation (IVM) as a complementary strategy to improve the mature oocyte yield of breast
g ovarian stimulation for fertility preservation. Secondary analysis of prospectively collected data is per-

formed for 32 breast cancer patients undergoing oocyte or embryo cryopreservation before chemotherapy. Total number of oocytes
and/or embryos cryopreserved following IVM is compared with the total number cryopreserved before IVM. Overall, 464 oocytes
were retrieved, of which 274 were mature. Following IVM, the number of total mature oocytes increased to 399 (45% increase in
mature oocyte yield, P < 0.0001). Fertilization rate after IVM was statistically significantly higher than the fertilization of already
mature oocytes at retrieval (86% versus 73%, respectively, P < 0.05). The total number of oocytes and embryos frozen before IVM
was 207 (45% of all oocytes retrieved). This number increased to 320 (69% of all oocytes retrieved) following IVM (P < 0.0001). IVM is
a useful strategy to improve the mature oocyte yield of fertility preservation cycles. Immature oocytes retrieved during oocyte/

embryo cryopreservation cycles should not be discarded to improve the future potential of fertility. RBMOnline
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Introduction

Preservation of fertility has become a major concern for pa-
tients being treated with chemotherapy or pelvic radiother-
apy for cancer or other conditions because of the
detrimental effects of such treatments on gonadal function
(Oktay and Sonmezer, 2008). These patients are primarily of-
fered ovarian stimulation for oocyte or embryo cryopreserva-
tion if they have enough time before starting their
gonadotoxic treatment. If there is insufficient time for ovar-
ian stimulation, experimental protocols of ovarian tissue
cryopreservation and/or germinal vesical stage (GV) oocyte
retrieval without ovarian stimulation combined with in-vitro
maturation (IVM) are used (Chian et al., 2004; Oktay et al.,
2008). For patients undergoing ovarian stimulation,maximiz-
ing the number of oocytes or embryos cryopreserved is of ut-
most importance since these patients may not have a chance
for a second IVF cycle before initiating their treatment.

In IVF cycles, 12–20% of the retrieved oocytes are usually
immature (Cha and Chian, 1998; De Vos et al., 1999; Van
Steirteghem et al., 1993). While immature oocytes are gen-
erally discarded in standard IVF cycles, IVM may be impor-
tant to maximize the number of gametes cryopreserved
before sterilizing chemotherapy.

This study was conducted to determine if IVM can in-
crease the yield of mature oocytes and embryos during ovar-
ian stimulation/IVF cycles performed for fertility
preservation in breast cancer patients.

Materials and methods

Patients

This is a secondary analysis of prospectively collected data
from patients undergoing oocyte or embryo cryopreserva-
tion before chemotherapy. Adult patients who had a histo-
logically confirmed breast cancer diagnosis, had both
ovaries, regular menstrual cycles and normal basal (day 2
or 3) FSH, LH and oestradiol were included.

In-vitro fertilization protocol

Ovarian stimulation protocol with aromatase inhibitors were
approved by the institutional review board and a written in-
formed consent was obtained from each patient. Ovarian
stimulation protocols for breast cancer patients were as fol-
lows: letrozole 5 mg per day (Femara, Novartis, East Hano-
ver, USA) or anastrozole (Arimidex, AstraZeneca,
Wilmington, DE, USA) was administered starting on day 2
of the menstrual cycle. Aromatase inhibitors were continued
until the day of human chorionic gonadotrophin (hCG). In
anastrozole cycles, initially a dose of 2 mg/day was used.
The dose was increased subsequently up to 10 mg/day as
needed in an effort to keep oestradiol concentrations below
500 pg/ml. In patients receiving 6 mg/day or more anastroz-
ole, the dose was divided between morning and bedtime.
Aromatase inhibitor treatment was followed 2 days later (cy-
cle day 4) by the daily administration of recombinant FSH
150–300 IU (Gonal-F; Serono, Rockville; or Follistim; Orga-
non, West Orange, USA) based on age. A gonadotrophin-
releasing hormone antagonist (Ganirelix, 250 lg per day;
Organon) was administered when serum oestradiol concen-
tration exceeded 300 pg/ml or the lead follicle size ex-
ceeded 13 mm diameter. hCG was administered when the
two leading follicles reached 19–20 mm in diameter. Trans-
vaginal oocyte retrieval was performed 36 h later. The re-
trieved mature oocytes were fertilized by intracytoplasmic
sperm injection. To prevent a rebound increase in oestra-
diol, letrozole treatment was restarted after oocyte retrie-
val until concentrations fell below 50 pg/ml.

Hormone analysis and cycle monitoring

FSH and LH were measured using a solid-phase chemilumi-
nescent immunometric assay (Immulite 2000; Diagnostic
Products Corporation, Los Angeles, CA, USA). The FSH assay
has a sensitivity of 0.1 mIU/ml and the LH assay has a sensi-
tivity of 0.05 mIU/ml. Oestradiol was quantified using in-
house radioimmunoassay (Direct 125I; Pantex, Santa Monica,
CA, USA). The assay has a minimum sensitivity of 10 pg/ml,
an intra-assay coefficient of variation of 4.2–16% and inter-
assay coefficient of variation of 7.3–15.5%.

In-vitro maturation and cryopreservation

The cumulus was partially removed immediately after re-
trieval. Immature oocytes, at GV (PI) stage, were placed
in the IVM medium for 24 h. IVM medium was based on
sequential IVF medium, (G2; Vitrolife, Englewood, CO,
USA) supplemented with 75 mIU/ml FSH (Organon), 10 ng/
ml epidermal growth factor (Sigma–Aldrich, St. Louis, MO,
USA), and 0.5 mg/l insulin, transferrin, selenium (Sigma–Al-
drich). Intracytoplasmic sperm injection (ICSI) was per-
formed on all oocytes matured in vitro in embryo
cryopreservation cycles. All embryos were frozen at the
pronuclear stage. In oocyte cryopreservation cycles, a slow
freezing technique was used with propanediol as the cryo-
protectant (Fabbri et al., 2000).

Statistical analysis

Patients’ demographic characteristics, hormonal data and
IVF outcomes were presented as mean ± SEM. Spearman’s
rank correlation test was used for correlation between
groups; Pearson chi-squared test was used to compare pro-
portions; P < 0.05 was considered statistically significant.
STATA statistical program (STATA, USA) was used for statis-
tical analysis.

Results

Thirty-two breast cancer patients met the inclusion criteria.
All patients were in their first IVF cycle and each contrib-
uted one cycle to this study. No cycle cancellation oc-
curred. The clinical and cycle characteristics of this
cohort are presented in Table 1. The mean diameter of
the punctured follicles ranged from 11–25 mm. Antral folli-
cle counts (AFC) strongly correlated with the number of
immature oocytes retrieved (r = 0.73, P < 0.0001) (Fig-
ure 1). In 25 cycles, only embryos were frozen. Oocytes



Table 1 Baseline characteristics of the patients included in the study.

Parameter Value

Number of patients (cycles) 32
Age (years) 34.7 ± 0.7
Day-2 FSH (IU/l) 6.4 ± 0.6
Day-2 LH (IU/l) 4 ± 0.5
Day-2 oestradiol (pg/ml) 37.7 ± 3.2
Day-2 antral follicle count 15.9 ± 1.6
Length of stimulation (days) 10.2 ± 0.3 (range 7–15)
Total gonadotrophin dose (IU) 1987 ± 127.5
Oestradiol on hCG day (pg/ml) 502.8 ± 77.4

Values are mean ± SEM, unless otherwise stated.

Figure 1 Relationship between antral follicle count and total
number of immature oocytes at retrieval (Spearman’s
rho = 0.73, P < 0.0001).
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were frozen in seven cycles, in three of which embryos were
also frozen. The decision to freeze embryos, oocytes or
both was determined according to the patients’ social cir-
cumstances and the number of oocytes recovered.

Complete failure of IVM occurred in two cycles (6.3%).
The outcomes of IVM and IVF are presented in Figure 2.
Of the 464 oocytes that were retrieved, 274 were mature,
174 were at GV or M1 stage, and 16 were degenerate. Of
the 174 oocytes placed in IVM media, 125 extruded their
first polar bodies, increasing the total number of mature oo-
cytes to 399. This translated into a 45% increase in mature
oocyte yield per patient (from 8.6 to 12.5, P < 0.0001,
95% CI 3.1–6.0). Of the 274 oocytes that were mature at re-
trieval, 249 underwent ICSI and of these, 182 (73%) fertil-
ized. Of the 125 oocytes matured by IVM, 87 underwent
ICSI and of these, 75 (86%) fertilized. Interestingly, the
fertilization rate after IVM was statistically significantly
higher than fertilization of already mature oocytes at retrie-
val (P < 0.05, 95% CI 1.1–4.9). The total number of mature
oocytes and embryos frozen before IVM was 207 (45% of all
oocytes retrieved). This number increased to 320 (69%) fol-
lowing IVM and this translated into a 54% increase in total
number of oocytes/embryos cryopreserved per patient
(from 6.5 to 10, P < 0.0001, 95% CI 1.4–2.4).

Discussion

This study has demonstrated that IVM is a useful strategy to
improve the mature oocyte yield for cancer patients under-
going fertility preservation by embryo or oocyte cryopreser-
vation. The number of MII oocytes was increased by 45%
allowing a mean of four additional oocytes or embryos to
be frozen per cycle. Interestingly, IVM oocytes had higher
fertilization competency than oocytes matured in vivo. As
previously reported with unstimulated cycles (Tan et al.,
2002), AFC positively correlated with the number of imma-
ture oocytes retrieved.

The proportion of immature oocytes was higher than that
reported previously (Cha and Chian, 1998; De Vos et al.,
1999; Kim et al., 2000; Van Steirteghem et al., 1993). A pos-
sible explanation for this finding is overzealous puncture of
small follicles in cancer patients attempting fertility preser-
vation as well as the use of aromatase inhibitors in every pa-
tient. The use of letrozole in combination with
gonadotrophins is associated with a significantly higher
number of follicles >8 mm and >14 mm on day of hCG (Hea-
ley et al., 2003; Mitwally and Casper, 2002; Oktay et al.,
2006).

This study’s IVM rate of 72% was also higher than those
reported in prior publications with stimulated cycles that
ranged 26.7–45.1% (De Vos et al., 1999; Strassburger
et al., 2004; Vanhoutte et al., 2005). However, Kim and
co-workers achieved a maturation rate of 66.7% in 168 GV
oocytes retrieved after ovarian stimulation with long gonad-
otrophin-releasing hormone agonist protocol but normal
fertilization occurred in only 51.8% (86% in the present
study) (Kim et al., 2000). Moreover, Chian et al. (2000) ob-
tained an IVM rate of 84.3% after hCG priming in unstimu-
lated patients with polycystic ovary syndrome (PCOS).
High IVM and fertilization rates in the present study can also
be ascribed to the fact that the patients were not infertile
and had normal ovarian reserve as determined by FSH, oest-
radiol and AFC (Child et al., 2002a,b; Mikkelsen and Linden-
berg, 2001; Tan et al., 2002).

It has been shown that IVM is associated with qualitative
changes in the oocyte, including hardening of the zona pel-
lucida (Schroeder et al., 1990; Zhang et al., 1991). Hence,
high fertilization rates in the present study may also be
attributed to the fact that all patients underwent ICSI and
not standard insemination.

Evidence from experiments on mouse oocytes and em-
bryos indicate that aromatase inhibitors do not impair oo-
cyte maturation and embryo development. When mouse
pre-antral follicles are cultured in the presence of anastroz-
ole, GV breakdown and polar body formation in response to



Figure 2 Outcome of all oocytes retrieved. aP < 0.05, 95% CI: 1.1–4.9 (fertilization rate of mature oocytes at retrieval versus
fertilization rate of in-vitro matured oocytes); bP < 0.0001, 95% CI: 1.4–2.4 (total number of frozen cryopreserved oocytes and
embryos before in-vitro maturation versus total number of cryopreserved oocytes and embryos after in-vitro maturation).
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hCG are enhanced in a dose-dependent fashion. In that
model, maturation rates as high as 90% are encountered in
an extremely low oestrogenic environment together with lo-
cal androgen increase. In the same study, even though a
lower fraction of oocytes were fertilized in the presence
of anastrozole, a similar number of cleavage stage embryos
was obtained (Hu et al., 2002). In another study, in-vivo em-
bryo development was at a more advanced stage when stim-
ulated by anastrozole compared with FSH (Karaer et al.,
2005).

Because embryo cryopreservation was performed at the
pronuclear stage, embryo development and implantation
rates after IVM could not be investigated. Moreover, since
this cohort includes only breast cancer patients who are
on 5-year tamoxifen treatment following chemotherapy, it
will take years for these patients to be cleared for a preg-
nancy and have their embryos transferred. As a result, the
pregnancy outcomes cannot be reported yet. Nevertheless,
extrapolating from the current level of success with IVM of
oocytes from unstimulated cycles (Holzer et al., 2007) and
clinical pregnancy rates of 26–40% with IVM of oocytes from
PCOS patients (Child et al., 2002a,b; Zhao et al., 2009), the
increase in the number of frozen gametes as a result of IVM
of GV oocytes from cancer patients may translate into high-
er pregnancy rates in the future. It is concluded that imma-
ture oocytes obtained during cryopreservation cycles should
not be discarded, but should be subjected to IVM to poten-
tially improve the success of fertility preservation.
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