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Objective: To report pregnancy and live birth resulting from intracytoplasmic sperm injection of ex vivo-retrieved mature oocytes
from a woman with bilateral ovarian carcinoma.

Design: Case report.

Setting: Fertility clinic.

Patient: A 34-year-old nulliparous woman with bilateral ovarian tumor, with a risk of malignancy of 96.1% according to International
Ovarian Tumor Analysis Group recommendations for adnexal tumors, who desired fertility preservation before definitive surgical
treatment.

Intervention(s): Cryopreservation of ex vivo-retrieved mature metaphase II oocytes is followed by fertilization with donor sperm and
embryo transfer to a gestational carrier.

Main Outcome Measure(s): Fertility preservation.

Results: After controlled ovarian stimulation, 12 metaphase II oocytes were retrieved from oophorectomized specimens and vitrified.
Intracytoplasmic sperm injection with donor sperm was performed in remission, resulting in 9 cleavage-stage embryos, 2 of which were
transferred to a gestational carrier, resulting in a normal, healthy singleton pregnancy, and the live birth of a healthy infant.
Conclusion(s): Ex vivo oocyte retrieval after oophorectomy may be a safe alternative to standard oocyte retrieval for fertility preser-
vation in women with ovarian malignancies. (Fertil Steril® 2024 ;i : Il - M. ©2024 by American Society for Reproductive Medicine.)
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iven the potential gonadotox-
icity of cancer treatment and
the significant improvements
in survival rates for children, adoles-
cents, young adults, and premen-
opausal women, the pursuit of medical
counseling and options for fertility

preservation has been growing. Ad-
vances available in routine include the
following: the development and estab-
lishment of random-start gonado-
tropin-releasing hormone antagonist
controlled ovarian stimulation proto-
cols, allowing clinicians to start treat-
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ment regardless of the menstrual cycle
phase; the use of aromatase inhibitors
to suppress serum estradiol elevation
or selective estrogen receptor modula-
tors during controlled ovarian stimula-
tion for women with estrogen-sensitive
tumors; the cryopreservation of the
ovarian cortex, mainly for the pediatric
population; and fertility-sparing surgi-
cal approaches, allowing surgeons to
preserve the reproductive organs of
women with less aggressive or early-
stage gynecological tumors (1-6).
Conventionally, vitrification of un-
fertilized metaphase II (MII) oocytes has
been well recognized for fertility preser-
vation in female patients with cancer of
reproductive age (7). However, MII
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oocytes are usually retrieved after gonadotropic stimulation
of the ovaries and transvaginal follicular aspiration, which
may be unsafe in the presence of ovarian malignant neoplasia.
In addition to the postponement of cancer treatment, there is a
hypothetical risk of neoplastic transformation and stimula-
tion by the administration of exogenous gonadotropins (8-
10) and a real risk of tumor capsule rupture and/or cell
spillage resulting from ovarian puncture.

Because of the abovementioned reasons, fertility preserva-
tion in advanced ovarian cancer (OC) remains challenging and
underresearched. Preliminary studies have led researchers to
develop effective gonadal bioprosthetics in mice (11, 12), and
efforts have been made toward the possibility of recovering
mature oocytes after in vitro culture of human ovarian follicles
(13). Although such findings remain experimental, the obvious
way to minimize the risks should be, then, the aspiration of
small ovarian follicles from nonstimulated oophorectomized
specimens, aiming to collect immature oocytes for in vitro
maturation (IVM). It is true that a few reports of ex vivo-
retrieval of immature oocytes have been well succeeded (14-
19), and 2 live births (LBs) have been documented to date (9,
10). However, general outcomes of IVM are far from being
sufficiently good for its use as the first choice in assisted
reproductive technologies (ARTs) (20).

In the light of scientific knowledge, vitrification of MII
oocytes would be, unequivocally, the ideal fertility preserva-
tion option for all female patients with cancer of reproductive
age. To date, a few reports have documented gonadotropic
stimulation for ex vivo retrieval of MII oocytes in OC,
revealing an intriguing strategy apparently without addi-
tional neoplastic stimulation or the risk of massive discharge
of malignant cells because of follicular puncture (21-25).
However, no pregnancy or birth has been reported to date.
In this article, we report the first pregnancy and LB
resulting from intracytoplasmic sperm injection of ex vivo
retrieved MII oocytes from a woman with bilateral high-
grade serous ovarian carcinoma in a gestational carrier.

CASE REPORT

A 34-year-old single nulligravida, body mass index of 21.37
kg/m?, without family history of cancer, was referred to the
oncology center because of the finding of bilateral adnexal
multilocular masses with solid components and dense echoes
of mucinous appearance; on the right, the entire lesion
measured 85 mm x 69 mm x 85 mm and the solid component
measured 69 mm x 28 mm x 30 mm, Doppler score 4; on the
left, the entire lesion measured 68 mm x 29 mm X 39 mm,
with papillary projections measuring 9 mm x 6 mm and 17
mm x 11 mm, Doppler score 4 (Fig. 1). The risk of malignancy
was 96.1%, according to International Ovarian Tumor Anal-
ysis Group recommendations for adnexal tumors (IOTA-AD-
NEX, Fig. 2) (26). Total abdominal magnetic resonance
imaging with diffusion-weighted imaging confirmed bilateral
solid-cystic masses with diffusion restriction and intense
paramagnetic contrast intake infiltrating the uterine posterior
wall. There was no evidence of thoracic disease. Cancer
antigen 125 levels were 978 U/mL.

The patient had a strong desire for fertility preservation;
thus, she was referred for oncofertility counseling, receiving
information about the possibility of attempting ex vivo MII
oocyte retrieval and its risks. Informed consent was obtained
after proper counseling, including the experimental nature of
the approach.

On natural subsequent cycle day 2, after confirming
normal ovarian reserve by counting 11 antral follicles, a sub-
cutaneous injection of corifollitropin alfa 150 ug (Elonva, NV
Organon Oss, the Netherlands) was administered, comple-
mented by a daily subcutaneous injection of follitropin beta
100 IU/d (Puregon, NV Organon Oss), from stimulation day
5 to stimulation day 7. From day 8 onward, stimulation was
continued using a daily subcutaneous injection of follitropin
beta 200 IU/d (Puregon, NV Organon Oss). Daily subcutane-
ous injections of ganirelix acetate 0.25 mg (Orgalutran, NV
Organon Oss) were added from stimulation days 9-13. An ul-
trasound scan was performed on stimulation days 1, 5, 8, 10,
and 12. After agreement with the oncology team, it was
decided to induce follicular maturation on stimulation day
13, when the leading follicle reached the mean diameter of
16 mm. Follicular maturation was triggered by a single dose
of choriogonadotropin alfa 250 ug (Ovidrel, Merck Serono
S.p.A. Bari, Italy).

Surgery was planned so that the oophorectomized speci-
mens reached the hands of the oocyte retrieval team approx-
imately 36 hours after the maturation trigger. A diagnostic
laparoscopy revealed a minimal amount of ascites, no upper
abdominal or omental carcinomatosis, and a bilateral ovarian
mass with infiltration of the uterus and rectosigmoid. Frozen
section was evaluated by a pathologist, and it was consistent
with a malignant tumor presenting with marked atypia and a
probable diagnosis of high-grade serous ovarian carcinoma.
A modified posterior pelvic exenteration was performed using
laparotomy. The integrity of the infundibulopelvic ligament
was kept until the end of the dissection to minimize ischemia,
and the oophorectomized specimens were handled by the on-
cofertility team.

An ex vivo oocyte retrieval set was enabled inside the sur-
gery room. The specimens were placed over a sterile surgical
cloth at room temperature. Follicular aspiration was per-
formed with a standard aspiration single lumen 17G 330
mm needle (Wallace, Smiths Medical International, United
Kingdom) in a closed system connected directly to the tubes,
which were placed in a tube warmer preheated to 35.6 °C.
Follicular aspiration was performed with a maximum
ischemia time of 31 minutes. All enlarged follicles were punc-
tured and aspirated under ultrasound guidance, using a 6-13
MHz linear probe applied directly to the specimens (Fig. 3). A
total of 21 ovarian follicles were aspirated. The transport of
follicular fluids was performed in a thermal container, taking
5 minutes to cover a path of 220 meters between the hospital
and the ART laboratory. Thirteen oocytes were yielded, 12 of
which were MII and vitrified using the Cryotech method (Re-
prolife Inc., Shinjuku-ku, Tokyo).

The retroperitoneum was explored, and 3 enlarged lymph
nodes were resected from the external iliac vessels bilaterally.
There were no enlarged para-aortic nodes. A complete cytor-
eduction was achieved. The final pathology was consistent
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Bilateral adnexal mass, presents a 96.1% risk of malignancy (77.2% risk for stage IHV ovarian cancer), according to International Ovarian Tumor Analysis Group
recommendations for adnexal tumors (IOTA-ADNEX) (19). Multilocular masses with solid components and dense echoes of mucinous appearance on the right
(A), Doppler score 4 (B), and on the left (C), Doppler score 4 (D); in the left ovary, papillary projections measuring 9 mm x 6 mm (E) and 17 mm x 11 mm (F);
metastatic uterine involvement (G, asterisk); free fluid in the pelvic cavity (H, asterisk).

de Carvalho. Birth from ex vivo retrieved Mil oocytes. Fertil Steril 2024.
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with high-grade serous ovarian carcinoma with infiltration of
the muscularis propria of the rectosigmoid and 3 positive pel-
vic nodes, FIGO 2014 Stage I1IC. Adjuvant chemotherapy with
6 cycles of carboplatin and paclitaxel was prescribed, and
maintenance was performed with olaparib. During the
follow-up, a comprehensive mutational analysis of BRCA1/
2 genes was employed using next-generation sequencing, de-
tecting the BRCA1 variant c.1865C>T p.(Ala622Val), which is
classified as benign.

Seventeen months after surgery, the patient returned with
the tumor in remission, desiring to become a mother with her
sister as the gestational carrier. Oocyte warming was also per-
formed according to the Cryotech method. Intracytoplasmic
sperm injection with nonidentified donor sperm was per-
formed in the 12 warmed MII oocytes, resulting in the normal
development of 9 embryos (Supplemental Fig. 1, available on-
line), cultured in the EmbryoScope Plus time-lapse incubator
(Vitrolife A/S, Denmark). Two top-quality day 3 embryos
(score 5, according to the morphokinetic-based artificial in-
telligence KIDScore Day 3) were transferred to the gestational
carrier after endometrial preparation using transdermal estra-
diol (Oestrogel, Besins Manufacturing Drogenbos, Belgium)
from day 2 of the menstrual cycle and luteal phase support us-
ing vaginal micronized natural progesterone 600 mg/d
(Utrogestan, Besins Manufacturing Drogenbos), beginning
on treatment day 9, 3 days before the embryo transfer day.

A positive pregnancy test was achieved 12 days later, and
treatment led to a normal, healthy singleton pregnancy, an
uneventful prenatal follow-up, and the LB of a healthy 46,
XX infant at 3,770 kg, 51 cm, using cesarean section.

After 30 months of ovarian stimulation and surgery, tumor
marker levels remained within normal limits (cancer antigen
125: 8.09 U/mL, carcinoembryonic antigen: 1.69 ng/mL). This
case report was approved by the Institutional Review Board
(statement CAAE 74035823.8.0000.0023), and the patient signed
a written informed consent form authorizing publication.

DISCUSSION

This is the first report of a successful pregnancy and LB after
transfer of embryos obtained from intracytoplasmic sperm in-
jection of MII oocytes harvested from oophorectomized spec-
imens after conventional gonadotropic stimulation, thus
suggesting it as a feasible and possibly safe approach for
fertility preservation in women with OC.

Ovarian cancer is a particularly challenging issue in the
oncofertility scenario, and comprehensive care for this spe-
cific group of women demands more discussion on the oppor-
tunities to reach their family-building desire as an aspect of
quality of life beyond the disease. Cryopreservation of mature
oocytes has been increasingly used worldwide with the aim of
preserving the fertility of women with malignancies (5, 27).
However, it is noteworthy that conventional MII oocyte

TIOTA-ADNEX model
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de Carvalho. Birth from ex vivo retrieved Ml oocytes. Fertil Steril 2024.

VOL. H NO. B/ W 2024



FIGURE 3

Ex vivo oocyte retrieval set, inside the surgery room, where the ovaries
were placed over a sterile surgical cloth, at room temperature, and
ultrasound-guided follicular aspiration was performed with a
standard aspiration single lumen needle, in a closed system
connected directly to the tubes, which were placed in a tube
warmer preheated to 35.6 °C.

de Carvalho. Birth from ex vivo retrieved Ml oocytes. Fertil Steril 2024.

retrieval, which is performed using follicular puncture
through the vaginal fornix after ovarian stimulation with go-
nadotropins, may carry the risk of cancer stimulation and
rupture of the tumor capsule, leading to malignant cell
spillage. Thus, the aspiration of small follicles from no stim-
ulated or mildly stimulated oophorectomized specimens has
been broadly tested as an effort toward elimination of the
abovementioned risks, obtaining immature oocytes that are
subsequently matured in vitro (14, 16, 17, 28-32), with a
maturation rate of approximately 35% (16, 31, 32).
Nevertheless, even being widely studied, IVM has not
been demonstrated to evolve significantly since early studies,
and reproductive outcomes are far below expectations, even
for in vivo retrieved immature gametes. Concerns about the
IVM of immature oocytes lay in the possibility of incomplete
cytoplasmic maturation and developmental competence,

Fertil Steril®

lacking the accumulation of factors that prepare the gamete
for fertilization and embryonic development (20). In addition,
diminished early cleavage and blastulation rates in IVM-
derived zygotes have been demonstrated, as well as multinu-
cleation and elevated rates of direct cleavage from 1-4 cells
(33). Recent data also show that IVM may lead to lower im-
plantation and cumulative LB rates per complete ART treat-
ment cycle than conventional treatments (20, 34), and such
a context supports different reproductive medicine societies
to recognize that more research is needed to increase the effi-
ciency of the technique for clinical application (20). For these
reasons, developing protocols and interventions to efficiently
retrieve in vivo matured oocytes without changing the onco-
logical prognosis would mean a great advance for fertility
preservation in ovarian malignancies.

Our report is novel in that prior case reports of ex vivo
retrieval of MII oocytes after ovarian stimulation did not
result in a LB (21-25) (Table 1). The pioneer case studies
from Fatemi et al. (21) (2011) and Bocca et al. (22) (2011)
both reported the strategy in women before the age of 30
years, leading to the recovery of satisfactory amounts of
MII oocytes but aspirating the follicles exclusively identified
by the external view, then assuming the possibility of
leaving mature follicles behind. The de la Blanca et al. (24)
report introduced the use of an adapted transvaginal
ultrasound probe directly applied to the specimens, aiming
to facilitate access to all potential mature follicles. Finally,
in 2021, we published the first Brazilian report of the use of
the technique, from which 12 MII and 3 IVM oocytes were
vitrified, proposing the use of a 6-13 MHz ultrasound linear
probe directly applied to the oophorectomized specimens (25).

A point of concern to be raised in the case we present is
the possible role of follicle-stimulating hormone (FSH) in
ovarian epithelial tumorigenesis. Despite the fact that this as-
sociation is inconclusive to date, one should not deny that the
incidence of epithelial OC is elevated in postmenopausal
years, when the circulating serum FSH level is expected to
be 10-20 times higher than in reproductive years (8-10).
Additionally, there are studies demonstrating that FSH may
affect signaling pathways, gene expression, tumor
proliferation, invasion, angiogenesis, and adhesion in
epithelial OC (10), supporting the hypothesis of a short term
potential oncologic risk from exposure to supraphysiologic
FSH serum levels.

As a counterpart, data from 2 recent meta-analyses on
gonadotropin use during fertility treatments vs. OC are reas-
suring. According to Rizzuto et al. (35) (2019), available
studies are not strong enough to support concerns about a
higher risk of OC in women treated with fertility drugs,
because of low quality, short follow-up periods, and impor-
tant confounding factors. Additionally, infertility alone may
be considered a risk factor for OC, and its association with
infertility drugs needs to be adjusted to age, body mass index,
parity, and genetic factors (35). The meta-analysis of Barcroft
et al. (36) (2021) draws attention to the intertwinement be-
tween infertility itself and fertility treatments, challenging re-
searchers to define when an eventual greater incidence of
ovarian tumors is because of fertility drugs or when it is
just a spotlight over an at-risk population.
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TABLE 1

Summary of case reports using ex vivo retrieval of mature oocytes in ovarian tumors.

Reference

Fatemi et al. (21),
2011

Bocca et al. (22),
2011

Pereira et al. (23),
2017

de la Blanca et al.

(24), 2018

Type of tumor

Papillary serous
adenocarcinoma
(recurrence)

Serous borderline
tumor

Not mentioned

Struma ovarii

de Carvalho. Birth from ex vivo retrieved Ml oocytes. Fertil Steril 2024.

Marital status; parity;
brief medical history

Not mentioned;

nulliparous;
previous infertility
reported;
previous
laparoscopic left
salpingo-
oophorectomy;
papillary serous
adenocarcinoma;
ovarian reserve
not mentioned.

Single; nulliparous;

previous
laparoscopic left
salpingo-
oophorectomy;
serous borderline
ovarian tumor;
AFC
approximately 10

Single; nulliparous;

AFC
approximately 14

Single; nulliparous;

previous
laparoscopic left
salpingo-
oophorectomy;
mature teratoma;
AFC unfeasible;
AMH 1.1 ng/mL

Controlled ovarian

stimulation protocol

rFSH 200 1U/d;

ganirelix acetate,
0.25 mg/d, from
d 6; maturation
trigger with
urinary hCG
10,000 U

rFSH 200 1U/d;

ganirelix acetate,
0.25 mg/d from
d 7-10;
maturation
trigger with rhCG
250 ugond 10

rFSH 300 1U/d + HP-

hMG 150 IU/d +
letrozole 5 mg/d;
rFSH reduced to
150 1U/d from

d 8-11; ganirelix
acetate, 0.25 mg/
d; maturation
trigger with rhCG
250 ugond 12

Corifollitropin alpha

150 ug, rFSH 200
|U/d from d 8-9;
ganirelix acetate,
0.25 mg/d, from
d 6-10;
maturation
trigger with rhCG
250 ugond 10

Ultrasound
guidance
Surgery type (yes/no)

Laparotomy No

Laparoscopy, No
approximately
34-35 h after
maturation
trigger®

Laparotomy, No
approximately 34
h after
maturation
trigger

Laparoscopy, Yes
approximately 35
h after
maturation
trigger

Total MII Total in vitro
oocytes matured
yielded oocytes

13° 0
14 0
7 0
5 0

140d3Y 3SVD
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In conclusion, ex vivo retrieval of MII oocytes may be an
interesting strategy for fertility preservation in women with
0C, and this is the first report pointing to the most important
reproductive outcome measure, the birth of a live and healthy
child. However, the few reports to date do not support ex vivo
mature oocyte retrieval for routine use, and it must be consid-
ered an experimental approach. Larger series and further
well-designed studies are needed to reinforce our findings,
offering reliable information on the feasibility and safety of
gonadotropic stimulation in patients with OC, as well as
confronting risks vs. chances of reproductive success.

Total in vitro
matured
oocytes

3
recombinant human

Total MII
oocytes

CRediT Authorship Contribution Statement

Bruno R. de Carvalho: Writing - review & editing, Writing -
original draft, Project administration, Methodology, Investi-
gation, Formal analysis, Data curation, Conceptualization.
Georgia F. Cintra: Writing - review & editing, Writing - orig-
inal draft, Investigation, Formal analysis, Data curation,
Conceptualization. Iris 0. Cabral: Writing - review & editing,
Supervision, Investigation. Taise M. Franceschi: Writing - re-
view & editing, Methodology, Investigation. Leandro S.A.
Resende: Writing - review & editing, Methodology. Janina
F.L. Huguenin: Writing - review & editing, Methodology.
Andrea Tatiane 0.S. Barros: Writing - review & editing,
Methodology.

yielded
12
recombinant follicle-stimulating hormone; rhCG

Ultrasound
guidance
(yes/no)
Yes

Surgery type
Laparoscopy,
maturation

trigger

approximately 36
h after

Declaration of Interests

B.R.D.C. is speaker ad hoc Corifollitropin alfa for Organon
Brasil. G.F.C. has nothing to disclose. 1.0.C. has nothing to
disclose. T.M.F. has nothing to disclose. L.S.A.R. has nothing
to disclose. J.F.L.H. has nothing to disclose. A.T.0.S.B. has
nothing to disclose.

highly purified human menopausal gonadotropin; Mil = metaphase II; rFSH

150 ug, rFSH 250

IU/d from
triptorelin acetate

treatmentd 8-10;
ganirelix acetate,
0.25 mg/d, from
0.2mgond 10

de6e-11;
trigger with

Controlled ovarian
stimulation protocol
maturation

Corifollitropin alpha

REFERENCES

1. Plett H, Harter P, Ataseven B, Heitz F, Prader S, Schneider S, et al. Fertility-
sparing surgery and reproductive-outcomes in patients with borderline
ovarian tumors. Gynecol Oncol 2020;157:411-7.

2. Mandelbaum RS, Blake EA, Machida H, Grubbs BH, Roman LD, Matsuo K.
Utero-ovarian preservation and overall survival of young women with early-
stage borderline ovarian tumors. Arch Gynecol Obstet 2019;299:1651-8.

3. Bourdel N, Huchon C, Cendos AW, Azais H, Bendifallah S, Bolze PA, et al. Tu-
meurs frontieres de |'ovaire. Recommandations pour la pratique clinique du
CNGOF - Texte court [Borderline Ovarian Tumours: CNGOF Guidelines for
Clinical Practice - Short Text]. Gynecol Obstet Fertil Senol 2020;48:223-35.

4. Rousset-Jablonski C, Selle F, Adda-Herzog E, Planchamp F, Selleret L,
Pomel C, et al. Fertility preservation, contraception and menopause hor-
mone therapy in women treated for rare ovarian tumours: guidelines from
the French national network dedicated to rare gynaecological cancers. Eur
J Cancer 2019;116:35-44.

5. Practice Committee of the American Society for Reproductive Medicine.
Fertility preservation in patients undergoing gonadotoxic therapy or gonad-
ectomy: a committee opinion. Fertil Steril 2019;112:1022-33.

6. Jorgensen K, Denham C, Kanbergs A, Wu CF, Nitecki R, Agusti N, et al. All-
cause and cancer-specific mortality after fertility-sparing surgery for stage IA
and IC epithelial ovarian cancer. Gynecol Oncol 2023;178:60-8.

7. OktayK, Harvey BE, Loren AW. Fertility preservation in patients with cancer: ASCO
Clinical Practice Guideline Update Summary. J Oncol Pract 2018;14:381-5.

8. Chen FC, Oskay-Ozcelk G, Buhling KJ, Kopstein U, Mentze M,
Lichtenegger W, et al. Prognostic value of serum and ascites levels of estradiol,
FSH, LH and prolactin in ovarian cancer. Anticancer Res 2009;29:1575-8.

Marital status; parity;
AFC 27

brief medical history

Married; nulliparous;
human chorionic gonadotropin; HP-hMG

Type of tumor
Serous borderline
tumor, bilateral

(25), 2021
2 Intracytoplasmic sperm injection was proceeded, and seven top-quality zygotes were vitrified.

Age (y)
2
Note: AFC = antral follicles count; AMH = antimllerian hormone; hCG
® Informed by the first investigator.

chorionic gonadotropin.
de Carvalho. Birth from ex vivo retrieved Ml oocytes. Fertil Steril 2024.

de Carvalho et al.

TABLE 1
Continued
Reference

VOL. H NO. B/ W 2024 7


http://refhub.elsevier.com/S0015-0282(24)00077-3/sref1
http://refhub.elsevier.com/S0015-0282(24)00077-3/sref1
http://refhub.elsevier.com/S0015-0282(24)00077-3/sref1
http://refhub.elsevier.com/S0015-0282(24)00077-3/sref2
http://refhub.elsevier.com/S0015-0282(24)00077-3/sref2
http://refhub.elsevier.com/S0015-0282(24)00077-3/sref2
http://refhub.elsevier.com/S0015-0282(24)00077-3/sref3
http://refhub.elsevier.com/S0015-0282(24)00077-3/sref3
http://refhub.elsevier.com/S0015-0282(24)00077-3/sref3
http://refhub.elsevier.com/S0015-0282(24)00077-3/sref3
http://refhub.elsevier.com/S0015-0282(24)00077-3/sref3
http://refhub.elsevier.com/S0015-0282(24)00077-3/sref3
http://refhub.elsevier.com/S0015-0282(24)00077-3/sref4
http://refhub.elsevier.com/S0015-0282(24)00077-3/sref4
http://refhub.elsevier.com/S0015-0282(24)00077-3/sref4
http://refhub.elsevier.com/S0015-0282(24)00077-3/sref4
http://refhub.elsevier.com/S0015-0282(24)00077-3/sref4
http://refhub.elsevier.com/S0015-0282(24)00077-3/sref5
http://refhub.elsevier.com/S0015-0282(24)00077-3/sref5
http://refhub.elsevier.com/S0015-0282(24)00077-3/sref5
http://refhub.elsevier.com/S0015-0282(24)00077-3/sref6
http://refhub.elsevier.com/S0015-0282(24)00077-3/sref6
http://refhub.elsevier.com/S0015-0282(24)00077-3/sref6
http://refhub.elsevier.com/S0015-0282(24)00077-3/sref7
http://refhub.elsevier.com/S0015-0282(24)00077-3/sref7
http://refhub.elsevier.com/S0015-0282(24)00077-3/sref8
http://refhub.elsevier.com/S0015-0282(24)00077-3/sref8
http://refhub.elsevier.com/S0015-0282(24)00077-3/sref8
http://refhub.elsevier.com/S0015-0282(24)00077-3/sref8
http://refhub.elsevier.com/S0015-0282(24)00077-3/sref8

CASE REPORT

12.

14.

15.

16.

19.

20.

21.

22.

23.

Chudecka-Gtaz A, Rzepka-Gérska I. Concentrations of follicle stimulating
hormone are increased in ovarian tumor fluid: implications for the manage-
ment of ovarian cancer. Eur J Gynaecol Oncol 2008;29:37-42.
Mertens-Walker I, Baxter RC, Marsh DJ. Gonadotropin signalling in epithelial
ovarian cancer. Cancer Lett 2012;324:152-9.

Laronda MM, Rutz AL, Xiao S, Whelan KA, Duncan FE, Roth EW, et al. A bio-
prosthetic ovary created using 3D printed microporous scaffolds restores
ovarian function in sterilized mice. Nat Commun 2017;8:15261.
Buckenmeyer MJ, Sukhwani M, Iftikhar A, Nolfi AL, Xian Z, Dadi S, et al. A
bioengineered in situ ovary (ISO) supports follicle engraftment and live-births
post-chemotherapy. J Tissue Eng 2023;14:20417314231197282.

Xiao S, Zhang J, Romero MM, Smith KN, Shea LD, Woodruff TK. In vitro follicle
growth supports human oocyte meiotic maturation. Sci Rep 2015;5:17323.
Prasath EB, Chan ML, Wong WH, Lim CJ, Tharmalingam MD, Hendricks M,
et al. First pregnancy and live birth resulting from cryopreserved embryos ob-
tained from in vitro matured oocytes after oophorectomy in an ovarian can-
cer patient. Hum Reprod 2014;29:276-8.

Uzelac PS, Delaney AA, Christensen GL, Bohler HC, Nakajima ST. Live birth
following in vitro maturation of cocytes retrieved from extracorporeal ovarian tissue
aspiration and embryo cryopreservation for 5 years. Fertil Steril 2015;104:1258-60.
Segers |, Mateizel I, Van Moer E, Smitz J, Tournaye H, Verheyen G, et al.
In vitro maturation (IVM) of oocytes recovered from ovariectomy specimens
in the laboratory: a promising "ex vivo" method of oocyte cryopreservation
resulting in the first report of an ongoing pregnancy in Europe. J Assist Re-
prod Genet 2015;32:1221-31.

Park CW, Lee SH, Yang KM, Lee IH, Lim KT, Lee KH, et al. Cryopreservation of
in vitro matured oocytes after ex vivo oocyte retrieval from gynecologic cancer
patients undergoing radical surgery. Clin Exp Reprod Med 2016;43:119-25.
Kedem A, Yerushalmi GM, Brengauz M, Raanani H, Orvieto R, Hourvitz A, et al.
Outcome of immature oocytes collection of 119 cancer patients during ovarian
tissue harvesting for fertility preservation. J Assist Reprod Genet 2018;35:851-6.
Nikiforov D, Junping C, Cadenas J, Shukla V, Blanshard R, Pors SE, et al. Improving
the maturation rate of human oocytes collected ex vivo during the cryopreserva-
tion of ovarian tissue. J Assist Reprod Genet 2020;37:891-904.

Practice Committees of the American Society for Reproductive Medicine, the
Society of Reproductive Biologists and Technologists, and the Society for As-
sisted Reproductive Technology. In vitro maturation: a committee opinion.
Fertil Steril 2021;115:298-304.

Fatemi HM, Kyrou D, Al-Azemi M, Stoop D, De Sutter P, Bourgain C, et al. Ex-
vivo oocyte retrieval for fertility preservation. Fertil Steril 2011;95:1787.e15, 7.
Bocca S, Dedmond D, Jones E, Stadtmauer L, Oehninger S. Successful extra-
corporeal mature oocyte harvesting after laparoscopic oophorectomy
following controlled ovarian hyperstimulation for the purpose of fertility
preservation in a patient with borderline ovarian tumor. J Assist Reprod
Genet 2011,28:771-2.

Pereira N, Hubschmann AG, Lekovich JP, Schattman GL, Rosenwaks Z.
Ex vivo retrieval and cryopreservation of oocytes from oophorectomized
specimens for fertility preservation in a BRCA1 mutation carrier with ovarian
cancer. Fertil Steril 2017;108:357-60.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

de la Blanca EP, Fernandez-Perez MF, Martin-Diaz EDM, Lozano M, Garcia-
Sanchez M, Monedero C. Ultrasound-guided ex-vivo retrieval of mature oo-
cytes for fertility preservation during laparoscopic oophorectomy: a case
report. J Reprod Infertil 2018;19:174-81.

de Carvalho BR, Cintra GF, Franceschi TM, Cabral 10, Resende LSA,
Gumz BP, et al. Ex vivo retrieval of mature oocytes for fertility preservation
in a patient with bilateral borderline ovarian tumor. Rev Bras Ginecol Obstet
2021;43:225-31.

Timmerman D, Valentin L, Bourne TH, Collins WP, Verrelst H, Vergote |,
et al. Terms, definitions and measurements to describe the sonographic
features of adnexal tumors: a consensus opinion from the International
Ovarian Tumor Analysis (IOTA) Group. Ultrasound Obstet Gynecol 2000;
16:500-5.

Rashedi AS, de Roo SF, Ataman LM, Edmonds ME, Silva AA, Scarella A, et al.
Survey of fertility preservation options available to patients with cancer
around the globe. JCO Glob Oncol 2020;6:JG0.2016.008144.

Revel A, Safran A, Benshushan A, Shushan A, Laufer N, Simon A. In vitro
maturation and fertilization of oocytes from an intact ovary of a surgically
treated patient with endometrial carcinoma: case report. Hum Reprod
2004;19:1608-11.

Huang JY, Buckett WM, Gilbert L, Tan SL, Chian RC. Retrieval of immature
oocytes followed by in vitro maturation and vitrification: a case report on a
new strategy of fertility preservation in women with borderline ovarian ma-
lignancy. Gynecol Oncol 2007;105:542-4.

Fadini R, Dal Canto M, Mignini Renzini M, Milani R, Fruscio R, Cantu MG,
et al. Embryo transfer following in vitro maturation and cryopreservation
of oocytes recovered from antral follicles during conservative surgery for
ovarian cancer. J Assist Reprod Genet 2012;29:779-81.

Mohd Faizal A, Sugishita Y, Suzuki-Takahashi Y, lwahata H, Takae S, Hor-
age-Okutsu Y, et al. Twenty-first century oocyte cryopreservation-in vitro
maturation of immature oocytes from ovarian tissue cryopreservation in can-
cer patients: a systematic review. Womens Health (Lond) 2022;18:
174550572211142609.

Bourg M, Moreau J, Carles M, Cadoret F, Lesourd F, Tournier A, et al. Is
in vitro maturation of oocytes retrieved ex vivo from ovarian tissue an effec-
tive fertility preservation technique in the presence of organic ovarian cysts?
Eur J Obstet Gynecol Reprod Biol 2023;281:87-91.

Shani AK, Haham LM, Balakier H, Kuznyetsova |, Bashar S, Day EN, et al. The
developmental potential of mature oocytes derived from rescue in vitro
maturation. Fertil Steril 2023;120:860-9.

Ho VNA, Braam SC, Pham TD, Mol BW, Vuong LN. The effectiveness and
safety of in vitro maturation of oocytes versus in vitro fertilization in women
with a high antral follicle count. Hum Reprod 2019;34:1055-64.

Rizzuto |, Behrens RF, Smith LA. Risk of ovarian cancer in women treated
with ovarian stimulating drugs for infertility. Cochrane Database Syst Rev
2019;6:CD008215.

Barcroft JF, Galazis N, Jones BP, Getreu N, Bracewell-Milnes T, Grewal KJ,
et al. Fertility treatment and cancers-the eternal conundrum: a systematic re-
view and meta-analysis. Hum Reprod 2021;36:1093-107.

VOL. B NO. B/ W 2024


http://refhub.elsevier.com/S0015-0282(24)00077-3/sref9
http://refhub.elsevier.com/S0015-0282(24)00077-3/sref9
http://refhub.elsevier.com/S0015-0282(24)00077-3/sref9
http://refhub.elsevier.com/S0015-0282(24)00077-3/sref9
http://refhub.elsevier.com/S0015-0282(24)00077-3/sref9
http://refhub.elsevier.com/S0015-0282(24)00077-3/sref10
http://refhub.elsevier.com/S0015-0282(24)00077-3/sref10
http://refhub.elsevier.com/S0015-0282(24)00077-3/sref11
http://refhub.elsevier.com/S0015-0282(24)00077-3/sref11
http://refhub.elsevier.com/S0015-0282(24)00077-3/sref11
http://refhub.elsevier.com/S0015-0282(24)00077-3/sref12
http://refhub.elsevier.com/S0015-0282(24)00077-3/sref12
http://refhub.elsevier.com/S0015-0282(24)00077-3/sref12
http://refhub.elsevier.com/S0015-0282(24)00077-3/sref13
http://refhub.elsevier.com/S0015-0282(24)00077-3/sref13
http://refhub.elsevier.com/S0015-0282(24)00077-3/sref14
http://refhub.elsevier.com/S0015-0282(24)00077-3/sref14
http://refhub.elsevier.com/S0015-0282(24)00077-3/sref14
http://refhub.elsevier.com/S0015-0282(24)00077-3/sref14
http://refhub.elsevier.com/S0015-0282(24)00077-3/sref15
http://refhub.elsevier.com/S0015-0282(24)00077-3/sref15
http://refhub.elsevier.com/S0015-0282(24)00077-3/sref15
http://refhub.elsevier.com/S0015-0282(24)00077-3/sref16
http://refhub.elsevier.com/S0015-0282(24)00077-3/sref16
http://refhub.elsevier.com/S0015-0282(24)00077-3/sref16
http://refhub.elsevier.com/S0015-0282(24)00077-3/sref16
http://refhub.elsevier.com/S0015-0282(24)00077-3/sref16
http://refhub.elsevier.com/S0015-0282(24)00077-3/sref17
http://refhub.elsevier.com/S0015-0282(24)00077-3/sref17
http://refhub.elsevier.com/S0015-0282(24)00077-3/sref17
http://refhub.elsevier.com/S0015-0282(24)00077-3/sref18
http://refhub.elsevier.com/S0015-0282(24)00077-3/sref18
http://refhub.elsevier.com/S0015-0282(24)00077-3/sref18
http://refhub.elsevier.com/S0015-0282(24)00077-3/sref19
http://refhub.elsevier.com/S0015-0282(24)00077-3/sref19
http://refhub.elsevier.com/S0015-0282(24)00077-3/sref19
http://refhub.elsevier.com/S0015-0282(24)00077-3/sref20
http://refhub.elsevier.com/S0015-0282(24)00077-3/sref20
http://refhub.elsevier.com/S0015-0282(24)00077-3/sref20
http://refhub.elsevier.com/S0015-0282(24)00077-3/sref20
http://refhub.elsevier.com/S0015-0282(24)00077-3/sref21
http://refhub.elsevier.com/S0015-0282(24)00077-3/sref21
http://refhub.elsevier.com/S0015-0282(24)00077-3/sref22
http://refhub.elsevier.com/S0015-0282(24)00077-3/sref22
http://refhub.elsevier.com/S0015-0282(24)00077-3/sref22
http://refhub.elsevier.com/S0015-0282(24)00077-3/sref22
http://refhub.elsevier.com/S0015-0282(24)00077-3/sref22
http://refhub.elsevier.com/S0015-0282(24)00077-3/sref23
http://refhub.elsevier.com/S0015-0282(24)00077-3/sref23
http://refhub.elsevier.com/S0015-0282(24)00077-3/sref23
http://refhub.elsevier.com/S0015-0282(24)00077-3/sref23
http://refhub.elsevier.com/S0015-0282(24)00077-3/sref24
http://refhub.elsevier.com/S0015-0282(24)00077-3/sref24
http://refhub.elsevier.com/S0015-0282(24)00077-3/sref24
http://refhub.elsevier.com/S0015-0282(24)00077-3/sref24
http://refhub.elsevier.com/S0015-0282(24)00077-3/sref25
http://refhub.elsevier.com/S0015-0282(24)00077-3/sref25
http://refhub.elsevier.com/S0015-0282(24)00077-3/sref25
http://refhub.elsevier.com/S0015-0282(24)00077-3/sref25
http://refhub.elsevier.com/S0015-0282(24)00077-3/sref26
http://refhub.elsevier.com/S0015-0282(24)00077-3/sref26
http://refhub.elsevier.com/S0015-0282(24)00077-3/sref26
http://refhub.elsevier.com/S0015-0282(24)00077-3/sref26
http://refhub.elsevier.com/S0015-0282(24)00077-3/sref26
http://refhub.elsevier.com/S0015-0282(24)00077-3/sref27
http://refhub.elsevier.com/S0015-0282(24)00077-3/sref27
http://refhub.elsevier.com/S0015-0282(24)00077-3/sref27
http://refhub.elsevier.com/S0015-0282(24)00077-3/sref28
http://refhub.elsevier.com/S0015-0282(24)00077-3/sref28
http://refhub.elsevier.com/S0015-0282(24)00077-3/sref28
http://refhub.elsevier.com/S0015-0282(24)00077-3/sref28
http://refhub.elsevier.com/S0015-0282(24)00077-3/sref29
http://refhub.elsevier.com/S0015-0282(24)00077-3/sref29
http://refhub.elsevier.com/S0015-0282(24)00077-3/sref29
http://refhub.elsevier.com/S0015-0282(24)00077-3/sref29
http://refhub.elsevier.com/S0015-0282(24)00077-3/sref30
http://refhub.elsevier.com/S0015-0282(24)00077-3/sref30
http://refhub.elsevier.com/S0015-0282(24)00077-3/sref30
http://refhub.elsevier.com/S0015-0282(24)00077-3/sref30
http://refhub.elsevier.com/S0015-0282(24)00077-3/sref30
http://refhub.elsevier.com/S0015-0282(24)00077-3/sref31
http://refhub.elsevier.com/S0015-0282(24)00077-3/sref31
http://refhub.elsevier.com/S0015-0282(24)00077-3/sref31
http://refhub.elsevier.com/S0015-0282(24)00077-3/sref31
http://refhub.elsevier.com/S0015-0282(24)00077-3/sref31
http://refhub.elsevier.com/S0015-0282(24)00077-3/sref32
http://refhub.elsevier.com/S0015-0282(24)00077-3/sref32
http://refhub.elsevier.com/S0015-0282(24)00077-3/sref32
http://refhub.elsevier.com/S0015-0282(24)00077-3/sref32
http://refhub.elsevier.com/S0015-0282(24)00077-3/sref33
http://refhub.elsevier.com/S0015-0282(24)00077-3/sref33
http://refhub.elsevier.com/S0015-0282(24)00077-3/sref33
http://refhub.elsevier.com/S0015-0282(24)00077-3/sref34
http://refhub.elsevier.com/S0015-0282(24)00077-3/sref34
http://refhub.elsevier.com/S0015-0282(24)00077-3/sref34
http://refhub.elsevier.com/S0015-0282(24)00077-3/sref35
http://refhub.elsevier.com/S0015-0282(24)00077-3/sref35
http://refhub.elsevier.com/S0015-0282(24)00077-3/sref35
http://refhub.elsevier.com/S0015-0282(24)00077-3/sref36
http://refhub.elsevier.com/S0015-0282(24)00077-3/sref36
http://refhub.elsevier.com/S0015-0282(24)00077-3/sref36

	First pregnancy and live birth from ex vivo-retrieved metaphase II oocytes from a woman with bilateral ovarian carcinoma: a ...
	Case report
	Discussion
	CRediT Authorship Contribution Statement
	Declaration of Interests

	References


