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Abstract
Purpose To investigate the developmental competence of ovarian tissue oocytes from patients with gynecological tumors using a
biphasic in vitro maturation system with capacitation (CAPA-IVM) in comparison with standard IVM.
Methods This sibling pilot study included 210 oocytes in 10 patients with gynecological malignancies. After ovariectomies,
ovaries were cut into even halves and immature cumulus-oocyte complexes (COCs) were retrieved from the ovarian tissue.
COCs were separately cultured in either a biphasic CAPA-IVM system for 53 h or in standard IVM for 48 h. After IVM, all
COCs were denuded and mature oocytes were either vitrified (N=5) or used for ICSI (N=5). Embryos were cultured for 5–6 days
and obtained blastocysts were vitrified.
Results Use of the CAPA-IVM system led to a higher meiotic maturation rate in ovarian tissue oocytes (OTO) compared to
standard IVM (56 vs 35%, p=0.0045) and had a tendency to result in lower degeneration after IVM. Only the CAPA-IVM
method supported blastocyst formation.
Conclusions The biphasic in vitro maturation system improved the competence of OTO in comparison to the standard IVM
method. The study suggests that fertility preservation programs could become more efficient using IVM after capacitation culture.
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Background

Ovarian tissue oocytes in vitro maturation (OTO IVM) is a
promising method of fertility preservation for oncological pa-
tients. It allows immature oocyte retrieval without any ovarian
stimulation, simultaneously with other surgical interventions,
and can be combined with ovarian tissue cryopreservation.
Most importantly, this method is safe for patients with ovarian

malignancies [1]. This group of patients in the course of on-
cological treatment has to go through radical ovariectomies
and irrevocably lose fertility. As part of the cryopreservation
of ovarian cortical tissue, immature oocytes can be isolated
from small (0.5–6 mm in diameter) and mid-sized follicles (7–
11 mm in diameter) from the ovaries after their removal.
These have a potential for in vitro maturation. Few live births
have already been reported using this technology [2–5].
However, the maturation rate of ovarian tissue oocytes re-
mains low [6] and usually does not surpass 40% [2, 5, 7, 8].
Taking into consideration the fact that this fertility preserva-
tion method is time-consuming [9] and that no culture system
is currently available for 0.5–6 mm follicles, OTO IVM is not
yet part of routine clinical practice.

Our hypothesis is that the decreased potential of OTO to
maturation and development could be in part associated with
the suboptimal in vitro culture conditions of cumulus-oocyte
complexes (COCs) from the dissected smaller unstimulated
follicles during the ovarian cortex preparation. When imma-
ture COCs are retrieved from small and mid-sized follicles,
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only part of the oocytes can resume meiosis [10]. Not all
COCs retrieved from the higher mentioned follicle classes
have yet acquired full developmental competence by structur-
al and functional modifications, i.e., “capacitation” [11]. Such
oocytes lack molecular and cellular machinery and might
therefore still lack the competence to maturation and embryo
development [10]. This problem of nuclear and cytoplasmic
asynchrony may be solved by the implementation of a biphas-
ic in vitro maturation system. The first step of the system
keeps all oocytes under a temporary meiosis arrest and en-
hances a prolonged interaction between oocyte and cumulus
cells [10, 12]. The capacitation of the oocyte depends on the
tight interaction with the cumulus cells [13]. During the sec-
ond step of IVM, the meiosis resumes and the COCs reach
final maturation.

It has been demonstrated for porcine [14], bovine [15],
murine [16, 17], and goat [18] animal models that modulation
of oocytes’ spontaneous maturation improves oocytes devel-
opmental competence. In the first step, inhibition of sponta-
neous meiotic maturation has been achieved by using phos-
phodiesterase inhibitors, for which—in human oocytes—a
specific phosphodiesterase 3-inhibitor (PDE3) was used for
the first time [19]. Instead of including synthetic PDE3 inhib-
itors, C-type natriuretic peptide (CNP), which is the natural
molecule inhibiting the PDE3 action in the oocyte, is effective
and turned out to better retain the cumulus oocyte communi-
cation [20, 21]. This pre-IVM step which was called “capac-
itation” or “CAPA” [22, 23] aims to mimic the process of
capacitation that occurs in vivo.

It was demonstrated that in vitro maturation with the ca-
pacitation (CAPA-IVM) system (using CNP as a temporary
meiosis inhibitor) improved embryo development over stan-
dard IVM systems for COCs from 2- to 10-mm follicles and
yielded good clinical pregnancy rates in minimally stimulated
women with polycystic ovarian syndrome (PCOS) [21].
However, the efficiency of the biphasic in vitro maturation
approach in ovarian tissue oocytes in oncological patients
who were unstimulated has never been studied before.

In this pilot study, we demonstrate that the biphasic in vitro
maturation system significantly improves the maturation po-
tential of ovarian tissue oocytes in oncological patients by
21%, has a tendency to result in a lower degeneration rate after
IVM, and demonstrated blastocyst formation capacity.

Methods

Patients

Ten patients were selected for this study fromOctober 2019 to
August 2020. They underwent ovariectomies for neoplasia of
the reproductive system organs. The inclusion criteria were as
follows: whole ovariectomy, gynecological cancer or

borderline ovarian tumor, age 16–37, normal ovarian cycle,
desire for fertility preservation. The exclusion criteria were as
follows: partial ovarian resection during the surgery, chemo-
or radiotherapy in the past, advanced reproductive age, irreg-
ular cycle. All women got consultations by a reproductive
physician and an oncologist. Four of them were diagnosed
with stage IIIa–VIb ovarian cancer (according to the FIGO
classification), three with cervical cancer Ib–IIb, two with
stage Ia endometrial cancer, and 1 with borderline ovarian
tumor stage 2c. The FIGO (International Federation of
Gynecology and Obstetrics) staging system is used most often
for cancers of the female reproductive organs [24]. It involves
information on the location of tumors, the cell type, size,
grade, and whether or not it has spread to nearby lymph nodes
or other parts of the body [25]. According to this classifica-
tion, the lower the number, the less cancer has spread [24].

None of the patients in our study had a smoking habit. In 9
pat ien ts , the AMH serum leve ls were analyzed
(Supplementary Table 1). One patient preferred not to have
a gynecological exam for personal reasons. BMI, the age of
menarche, cycle length, and menstrual duration were recorded
for all patients. Two patients (patient №2 and patient №5,
Supplementary Table 1) reported that they had previously
undergone an ovariectomy without fertility preservation
counseling or intervention. Six patients with ovarian cancer,
endometrial cancer, and cervical cancer had a hysterectomy in
the course of the surgeries. None of the patients had radiation
or chemotherapy before the surgery.

Surgical procedures and ovaries transportation

Nine women underwent surgeries at our medical center and
1 at the children's clinical hospital. As part of the study, 2
laparotomies in the lower midline access and 8 laparoscopies
were performed. Six patients had hysterectomies during the
surgery, 6 ovariectomies were unilateral, and 4 were bilateral.
Intact ovaries were transported on ice in a sterile container
filled with Flushing Medium with 10 IU/ml heparin (Origio,
CooperSurgical) within 15 min in our center and within 1 h
from the children’s hospital.

Ovarian tissue preparation

Each ovary was cut into two even halves (Fig. 1). One of the
halves was immediately placed in the Petri dish with Sydney
IVF Gamete Buffer (Cook, Australia) supplemented with 50
nM CNP (Tocris Bioscience; Abingdon, UK) and 20 nM
Estradiol (Sigma; Schnelldorf, Germany). All the COCs found
in this half of the ovary were attributed to the CAPA-IVM
group. The other half was placed in the Petri dish with
Flushing Medium with 10 IU/ml heparin (Origio,
CooperSurgical) for standard IVM (Fig. 1) and all the COCs
found in this half of the ovary were attributed to the standard
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IVM group. Two embryologists were simultaneously dissect-
ing each half of the ovary. The cortical layer was separated

from the medulla with scalpels. Then, ovarian tissue was
chopped into small pieces to allow follicles of all sizes to
rupture. Then, the Petri dishes were inspected for the presence
of COCs. The average searching time to collect the COCs
from the chopped ovarian tissue was 40 min (20–60 min
range).

In vitro maturation

For the standard IVM, identified COCs were first washed in
the Sydney IVF Gamete Buffer (Cook, Australia) and then
placed in the IVM medium (Sage, CooperSurgical) supple-
mented with 0.75 IU/ml HP-hMG (Menopur, Ferring) and
10% HSA (FUJIFILM Irvine Scientific). The in vitro matura-
tion time (48 h) was chosen on the basis of earlier studies done
in 1998 by Cha and Chian [26] and in 2000 by Smith and
coauthors [27]. These authors studied non-PCOS patients

Fig. 1 Two even halves of the ovary during ovarian tissue preparation.
Scale bar 1 cm

Fig. 2 Embryological
development of embryos in
standard (a, c, e) and CAPA (b, d,
f) IVM media. a, b Zygotes. c, d
Embryos on day 3 of
development. e Arrested embryo
in the standard IVM group on day
6 post-fertilization. f Blastocyst in
the CAPA IVM group on day 6
post-fertilization. Scale bar
100 μm
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which were not stimulated by gonadotropins (no FSH and no
HCG ovulatory stimulus); thus, conditions were comparable
to ours. In Cha and Chian [26], it was indicated that matura-
tion times were 36 to 48 h depending on the size and expan-
sion of the cumulus. In our case, none of the COCs showed
any expansion and were thus kept for 48 h before cumulus cell
denudation and insemination. In Smith et al., the COCs were
matured for 28 or 36 h, and the results showed no strikingly
different outcomes in fertilization and embryo formation [27].
We believe that 48 h was the best compromise for ending the
maturation for OTO in the standard protocol.

For the biphasic CAPA-IVM system, all components to be
added to the Sage media for the capacitation IVM procedure
were kindly donated by Follicle Biology Laboratory from the
Vrije Universiteit Brussel, to be integrated as published by
Sánchez et al. [20]. Briefly, COCs were first placed in the
medium, containing CNP peptide for 22 h, and then were
cultured for 30 h in the IVMmedium (the same basal medium
from Sage as used in the routine arm of this study). COCs
were cultured in groups of 5 per 500 μL well with the
350-μL oil overlay (OVOIL; Vitrolife, Gothenburg, Sweden).

Embryological procedures

All oocytes were denuded after IVM with SynVitro Hyadase
(Origio, CooperSurgical). Five patients decided to fertilize
their (fresh) oocytes with their husband’s sperm by ICSI and
five patients decided to have all their matured oocytes vitri-
fied. Embryos were cultured in GTL medium (Vitrolife,
Gothenburg, Sweden) for 5–6 days. Oocytes and blastocysts
were cryopreserved using the standard vitrification method
(Kitazato Corporation, Japan). In one patient, we performed
trophectoderm biopsy on day 6 with the OCTAX laser. The
development of this embryo is presented in Fig. 2 (b, d, f).
Preimplantation genetic testing for aneuploidies (PGT-A) was
performed as previously described [28].

Images were taken at the Olympus IX73 microscope. The
mean oocyte diameter (MOD) was determined using OCTAX
EyeWare 2.2.2.318 software (Vitrolife, Gothenburg, Sweden)
as described in Romao et al. [29] for all viable oocytes after
maturation.

Statistical analyses

For OTO IVM programs efficiency evaluation, oocytes from
using each IVM protocol were combined. Any covariates
were not included in the analysis since the group of patients
was homogeneous. IVM outcome rates were compared with
the two-tailed Fisher exact test using R software (R Core
Team, 2016). Statistical significance was defined as p <
0.05. Ninety-five percent Clopper-Pearson confidence inter-
vals were calculated for all IVM outcome rates with the
binom.test function in R. COCs with different types of

thicknesses of the cumulus layer (thick, thin, or denuded) were
compared by Mann-Whitney U test due to the non-normality
of the data. Mean diameters of oocytes were compared be-
tween standard and CAPA groups by Student’s t test. Since
in GV the data were not normal and the sample sizes were not
so high, we additionally performed Mann-Whitney U test.

Results

Patients’ characteristics

In our study, we included a homogeneous group of patients
with gynecological tumors. The patient’s characteristics are
presented in Table 1. The mean age of patients was 29.4 ±
1.76 years (mean, SE); the mean body mass index (BMI) was
26.8 ±2.45 kg/m2. All the patients had a normal menstrual
cycle with a mean length of 31.67 ± 1.59, a mean bleeding
duration of 5.5 ± 0.37, and had their menarche at 12.7 ± 0.36.

Table 1 Patient characteristics who underwent the OTO IVM

No of patients 10

Age (years)

Range 16–36

Mean ± SE 29.40 ± 1.76

BMI (kg/m2)

Range 18–44

Mean ± SE 26.80 ± 2.45

Diagnosis, n (%)

Ovarian cancer 4 (40%)

Cervical cancer 3 (30%)

Endometrial cancer 2 (20%)

Borderline ovarian tumor 1 (10%)

Menarche

Range 11–14

Mean ± SE 12.70 ± 0.36

Menstrual cycle

Range 27–37

Mean ± SE 31.67 ± 1.59

Bleeding duration

Range 4–8

Mean ± SE 5.50 ± 0.37

Pregnancies in the past 2 (20%)

Ovariectomy in the past 2 (20%)

Hysterectomy 6 (60%)

AMH serum level, (ng/mL)

Range 0.70–19.8

Mean ± SE 5.14 ± 1.91

BMI body mass index, AMH anti Müllerian hormone, OTO IVM ovarian
tissue oocyte in vitro maturation, SE standard error

1334 J Assist Reprod Genet (2021) 38:1331–1340



The AMH serum level ranged from 0.7 to 19.8 with the mean
5.14 ± 1.91.

OTO IVM programs efficiency

In this study, we used sibling oocytes in order to compare the
efficiency of the biphasic IVM system with the standard pro-
tocol. The main outcomes of the IVM programs are presented
in Table 2. Upon retrieval, none of the COCs had any sign of
degeneration. Thus, all two hundred and one COCs were in-
cluded in the study and the mean number of oocytes per pa-
tient did not differ between the groups (10.5±3.47 vs 9.65
±2.84, p= 0.8785). The obtained COCs had either a thick layer
of cumulus cells (Fig. 4a), a thin layer of cumulus cells (Fig.

4a), or were (partially) denuded (Fig. 4b). No statistical dif-
ference was found between the CAPA- and Standard IVM
groups for the mean number of COCs with different cumulus
types (Table 2). The mean MOD of MII, MI, or GV oocytes
also did not differ statistically between the groups and is pre-
sented in Table 3. Thus, it was rightful to compare the two
pools of COCs in CAPA- and standard IVM groups.

OTO IVMwith capacitation culture resulted in higher mat-
uration rate (56 vs 35%, p=0.0045) and had a tendency for
lower degeneration rate after IVM (2 vs 11%, p=0.2298),
higher fertilization rate (80 vs 68.4%, p=0.3454), and higher
blastocyst formation rate (16 vs 0%, p=0.2086). All the blas-
tocysts formed in this study were obtained using the biphasic
IVM protocol (Table 4). Thus, the CAPA-IVM program

Table 2 Outcomes of IVM programs, n=10

Main outcomes CAPA-
IVM

95% CI Standard IVM 95% CI P value

Total number of COCs 105 96

Mean number of COCs per patient (± SE) 10.5±3.47 9.65±2.84 0.8785

Total number of COCs with a thick layer of cumulus cells 71 61

Mean number of COCs with a thick layer of cumulus (± SE) 7.1±2.92 6.7±2.14 0.8421

Total number of COCs with a thin layer of cumulus cells 28 26

Mean number of COCs with a thin layer of cumulus cells (± SE) 2.8±0.71 2.89±0.82 0.9682

Total number of (partially) denuded oocytes 6 9

Mean number of (partially) denuded oocytes (± SE) 0.6±0.34 1±0.33 0.2775

Maturation (MII) rate, % (n) 56% (59) 46.2–56.9% 35% (34) 26.0–48.6% 0.0045

Degeneration rate after IVM, % (n) 2% (2) 0.2–6.7% 11% (11) 5.9–19.6% 0.2298

Spontaneous cleavage after IVM 0% (0) 0.0–3.5% 2% (2) 0.3–7.3% N/A

Number of vitrified MII oocytes 19 15

Number of vitrified MII oocytes used for ICSI 40 19 -

Fertilization rate per ICSI, % (n) 80% (32) 64.4–91.1% 68.4% (13) 43.5–87.4% 0.3453

Degeneration rate after ICSI, % (n) 10% (4) 2.8–23.7% 11% (2) 0.070328178 1.0

Blastocyst formation rate, % (n) 16% (5) 5.3–32.8% 0% (0) 0–24.8% 0.2086
Arrested embryos, % (n) 84% (27) 67.2–94.7% 100% (13) 75.2–100%

IVM in vitro maturation, CAPA capacitation prematuration, COC cumulus-oocyte complex, SE standard error,MII metaphase II, ICSI intracytoplasmic
sperm injection

Table 3 Comparison of mean
oocyte diameters in CAPA- and
standard IVM groups

CAPA-IVM Standard IVM P value (t test) P value
(M-W-test)

Total number of MII 59 34

Mean MOD of MII oocytes (± SE), μm 109.81±0.55 110.16±0.83 0.7149

Total number of MI 15 19

Mean MOD of MI oocytes (± SE), μm 109.34±0.89 106.99±1.09 0.1200

Total number of GV 29 30

Mean MOD of GV oocytes (± SE), μm 104.47±1.5 103.33±1.33 0.5732 0.3537

IVM in vitro maturation, CAPA capacitation prematuration,MOD mean oocyte diameter, SE standard error, MII
metaphase II, MI metaphase I, GV germinal vesicle, M-W Mann-Whitney
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resulted in the vitrification of 5 embryos for 3 patients. We
performed PGT-A for one patient with T4bNxM1b ovarian
cancer and the molecular karyotype of the embryo was normal
((seq(1-22)x2,(X,Y)x1)). This patient had only 2 embryos: 1
in the standard IVM group which arrested and 1 in the CAPA
IVM group which formed a good quality euploid blastocyst
(Fig. 2). Moreover, in standard IVM protocol, we observed 2
spontaneously cleaving parthenogenetic embryos after COC
denudation (Fig. 3). One of these patients was a young patient
of 16 years of age with a Sertoli-Leydig ovarian tumor cell and
another was a 29-year-old woman with a low-grade ovarian
cancer.

Discussion

OTO IVM is a valuable method pioneered here in a very
homogenous group of patients with gynecological malignan-
cies. These first data suggest that it is a reliable option for
fertility preservation for women with ovarian cancers and for
types of malignancies that metastasize into ovaries. These are
the most vulnerable patients since the routine methods of fer-
tility preservation such as COS or ovarian tissue cryopreser-
vation cannot be applied to them due to the high risk of ma-
lignant cell transmission. Moreover, patients with gynecolog-
ical cancers often have to go through radical ovariectomies or
panhysterectomies as part of their treatment [1]. The limited
number of antral follicles present on the day of the surgery is
the only source of immature COCs available for fertility pres-
ervation programs. Therefore, it is of high importance to op-
timize the OTO IVM protocol in order to grant patients the
best chances for fertility preservation and restoration after on-
cological treatment.

Several protocols for prematuration and maturation have
been attempted for the improvement of human IVM. In
2000, Ander iesz and coauthors showed tha t 6-
dimethylaminopurine (DMAP) reversibly inhibited oocyte
meiotic maturation, but fertilization and cleavage rates were
not improved using this system which had indicated that more
specific meiotic inhibitors were required [30]. Later, Nogueira
et al. (2006) demonstrated that IVM with a specific phospho-
diesterase type 3 (PDE3) inhibitor could lead to a higher mat-
uration rate for COCs. However, the cleavage rate was not
improved in the PDE3 inhibitor-treated group compared to
the control [19]. C-type natriuretic peptide (CNP) is the phys-
iological oocyte maturation inhibitor produced by mural gran-
ulosa cells and secreted into follicular fluid [18]. IVM systems
with capacitation (CAPA-IVM) using CNP turned out to im-
prove not only maturation but also the developmental poten-
tial of immature COCs in PCOS patients [20, 21].

We demonstrate here for the first time that the embryolog-
ical outcomes of OTO IVM can be improved by the imple-
mentation of CAPA-IVM. In our study, the maturationTa
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potential of ovarian tissue oocytes improved by 21% in the
biphasic system. Our data corroborate the data on the impli-
cation of CAPA-IVM for transvaginally aspirated COCs
which resulted in 21% (70 vs 49%) [20] and 14.6% (63.6 vs
49%) [31] increase in maturation rate. It had been demonstrat-
ed already in PCOS volunteers that IVM with capacitation
improved the good blastocyst formation rate [20].

Currently, there are no data available on the potential of
OTO for in vitro blastocyst formation in untreated
oncofertility patients: in all previously reported cases, the em-
bryos were only cultured up to the cleavage stage and vitrified
[3, 4, 32]. In order to predict the efficiency of OTO IVM
programs and to provide more profound information to onco-
logical patients as to their chance for live birth, the study of
blastocyst formation capacity is essential. OTO are derived
mostly from small to mid-sized unstimulated follicles and
therefore lack the competence to support early embryogenesis
[10, 33]. This sibling study shows that CAPA-IVM might
improve the developmental potential of OTO to blastocyst
formation. OTO matured using standard IVM protocol failed
to form blastocysts while in contrast, the protocol with capac-
itation resulted in vitrification of 5 blastocysts.

In our study, five patients did not have male partners for
fertilization and thus left with the only option of vitrifying
their matured oocytes. Though mature oocyte vitrification is
a routine and efficient method in clinical practice, matured
in vitro vitrified metaphase II oocytes have lower survival
rates compared to mature oocytes originated from large

follicles after conventional ovarian stimulation [34]. Further
studies are needed in order to determine the ovarian tissue
oocytes cryosurvival ability.

Interestingly, we observed here and in a previous study
[28] spontaneous oocyte parthenogenetic activation in the
standard IVM group (Fig. 3.). After denudation of the COCs
post-IVM, we observed a 2- and a 7-cell parthenogenetic em-
bryo with fragmentation. Parthenogenesis is the production of
an embryo by a female gamete without contribution from a
male gamete [35]. The pathological analyses of human ovaries
demonstrated in rare cases the presence of cleavage stage em-
bryos in unruptured follicles [36, 37]. Based on this finding,
Krafka suggested that an oocyte might continue to develop
inside a follicle up to the cleavage stage in case of failed
ovulation [36]. Though the certain mechanisms, underlying
spontaneous oocyte activation are not known; it was sug-
gested that the incidence of parthenogenetic oocyte activation
may increase with the age of the oocytes and might be due to
the disturbed oocyte maturation [38]. Such oocytes fail to
maintain the MII arrest and prematurely enter the interphase.
The analyses of oocytes in a patient with a history of sponta-
neous activation demonstrated that the patient’s oocytes had
cytoarchitectural characteristics similar to the fertilized egg
cells such as pronuclear chromatin and cytoplasmic microtu-
bules [39]. The in vitro studies of human oocytes after rescue
IVM showed that parthenogenetically activated oocytes fail to
maintain M-phase and completely lose phosphorylation in
histone-3 [40]. Most likely, that parthenogenetic activation

Fig. 4 a 1 COC with a thick layer of cumulus cells (left) and 2 COCs with thin layers of cumulus cells (right) upon retrieval. b Denuded oocyte. c 4
COCs merged together after IVM culture. Scale bar 100 μm

Fig. 3 Spontaneously cleaving
parthenogenetic embryos after
COC denudation in the standard
IVM group. Scale bar 100 μm

1337J Assist Reprod Genet (2021) 38:1331–1340



results from the defects in the c-Mos/MAPK pathway, which
is the main regulator of the normal MII arrest [39, 40]. In vitro
maturation system with capacitation might prevent partheno-
genetic oocyte activation since CNP inhibits MAPK cascade
activation [41] and does not allow MII exit.

Furthermore, we observed that oocytes after CAPA-IVM
had a very low degeneration rate (2%) in comparison with the
standard protocol (11%). It was suggested that follicle atresia
is linked to the oocyte-cumulus contacts removal and thus
disturbance of the maturation inhibition [30, 42]. We suppose
that prevention of the dehiscence of cumulus-oocyte cell con-
tacts by avoiding cumulus expansion and inhibiting meiotic
reinitiation can rescue the oocytes from degeneration by pre-
serving the shuttling of metabolic factors between the oocyte
and cumulus [43].

In our study, we cultured COCs with different types
of cumulus morphology (thick, thin, or denuded oo-
cytes) together in groups. In PCOS patients, naked or
partially denuded oocytes usually are not considered for
IVM [20, 44] and only COCs with a good cumulus
morphology are used. Indeed, it was previously demon-
strated that nude ovarian tissue oocytes have an ex-
tremely low maturation potential [6]. However, denuded
oocytes might benefit from the coculture with the COCs
with a complete layer of cumulus cells during IVM. For
instance, it was demonstrated that coculture of denuded
germinal vesicle oocytes with the cumulus cells from
mature oocytes of the same patient can improve matu-
ration rate and correct oocytes gene expression [45]. In
this study, during IVM, cumulus cells of different COCs
merged together forming one cluster (Fig. 4c). Yet, the
developmental potential of COCs with different cumulus
morphology remains to be determined in future studies.

The main limitation of this study is the small number of
enrolled patients; a strength is the homogeneous group of
oncofertility patients with gynecological cancer, where few
other opportunities are available for fertility preserva-
tion. Only 59 oocytes were available for fertilization
(40 in the CAPA-IVM group and only 19 in the stan-
dard IVM group) in our study. Further study with a
larger sample size might help to evaluate better the de-
velopmental potential of ovarian tissue oocytes after
CAPA IVM. As of today, the patients have not returned
for their vitrified oocytes and blastocysts and so we
cannot know the potential of cryopreserved genetic ma-
terial for surviving after thawing and implantation.
Further study is needed in order to determine the efficiency
of CAPA OTO IVM for pregnancy and live births.
Nevertheless, our pilot study demonstrates that the CAPA-
IVM system led to higher meiotic maturation and thus might
be more efficient as a fertility preservation method for onco-
logical patients than the standard ovarian tissue oocytes
in vitro maturation programs.

Conclusions

This is the first study demonstrating that the biphasic in vitro
maturation system with capacitation improved the compe-
tence of OTO in comparison to the standard IVM method.
Oocytes after CAPA-IVM are likely to degenerate less, yet
leading to higher fertilization and developmental rates. Thus,
fertility preservation programs could become more efficient
using a capacitation culture step prior to IVM. These data
are encouraging to apply OTO IVM especially for the patients
with ovarian malignancies where almost no other alternatives
are currently available.
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