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Abstract

Background Fertility preservation for adolescent pubescent girls is a concern of the healthcare system and parents.
Oocyte cryopreservation is regarded as a standard medical intervention for patients with a minimum age of 18 years.
Evidence suggests that mature oocyte cryopreservation is possible for adolescent pubescent girls, although, ovarian

stimulation for these patients remains a challenge.

Cases presentation This case series is the first report regarding ovarian stimulation with oocyte cryopreservation

in younger than 18 years cancerous girls, who refer to ROYAN institute, Tehran, Iran, prior to the start of the treat-
ment of cancer (November 2015 to February 2021). The oocyte cryopreservation was carried out in the 7 patients

(five patients with Hodgkin lymphoma, one patient with Ewing sarcoma, and one patient with osteogenic tumor),
the embryo cryopreservation in one patient with dysgerminoma, and the oocyte and embryo cryopreservation

in one patient with germ cell tumor. No oocytes were retrieved after ovarian stimulation in the patient with medul-
loblastoma. For one of the patients with Hodgkin lymphoma, half of the tissues of one ovary were cryopreserved prior

to ovarian stimulation.

Conclusions Oocyte cryopreservation is a feasible option of fertility preservation in the adolescent’s patients
with cancer. However, only if reported acceptable fertilization rates, as well as the successful cases of live birth
from oocyte cryopreservation at the ages under 18, this option of preserving fertility can be applied to this age range.

Keywords Fertility preservation, Oocyte cryopreservation, Controlled ovarian stimulation, Cancer patients,

Adolescent pubescent girls, Case series

Background

Although the survival of children and adolescents with
cancer has significantly increased in recent decades,
cancer survivors suffer from long-term complications
of this disease or its therapies, such as gonadotoxicity
of therapies. The importance of enhancing this patient’s
quality of life and preserving their ability to have a

*Correspondence:

Firouzeh Ghaffari

ghafaryf@yahoo.com

! Department of Endocrinology and Female Infertility, Reproductive
Biomedicine Research Center, Royan Institute for Reproductive
Biomedicine, ACECR, Number 12, East Hafez Avenue, Banihashem Street,
Resalat Highway, Tehran, Iran

B BMC

biological child in the future life highlights the neces-
sity of fertility preservation (FP) strategies. Preserving
the fertility of adolescent pubescent girls is a hot topic
of discussion [1, 2].

The main options for FP in cancer patients include
mature oocyte, or embryo, and ovarian tissue cryopreser-
vation (OTC). Mature oocyte or embryo cryopreser-
vation (EC) is a standard FP method in post-pubescent
women if they have had adequate time for ovarian stimu-
lation (OS). OTC is a FP method for pre-pubescent girls
and post-pubescent patients who cannot delay the onset
of cancer treatment [3, 4]. Previously, it was considered
experimental; however, the American Society for Repro-
ductive Medicine (ASRM) proposed OTC as an estab-
lished method [5]. Although pediatric research must
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continue [6]. This technique is more invasive than other
FP methods as it needs laparoscopy and, if necessary, lap-
arotomy to remove and re-graft the ovarian tissue; there
is also the risk of tissue contamination with cancer cells
and the transmission of the disease following tissue graft
(3, 4].

Recent advances in the cryobiology significantly pro-
moted oocyte cryopreservation (OC), while lack of sperm
dependence has made this method a desirable option.
OC is regarded as a standard medical intervention for
patients with a minimum age of 18 years, although sev-
eral studies introduced it enough safe to use for younger
patients [7-17].

Although evidence suggests that mature OC is pos-
sible for adolescent pubescent girls, it is controversial
due to the dearth of research on OS in these patients.
The controversial topics related to OS and mature OC
in the cancer affected adolescents that included the
unknown success rate of cryopreserved oocyte usage in
this age group [7]; no experience of sexual intercourse,
which may cause psychological problems for them [17];
parent decision-making on behalf of the patient; inad-
equate knowledge about adolescents’ response to OS;
adolescents finding it difficult to accept this process
due to the necessity of daily injections, ultrasound,
and a series of lab tests [18]; the possible immaturity
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of the hypothalamus-pituitary-ovarian (HPO) axis that
may lead to an inappropriate ovarian response; the
unreliability of factors that determine the prescribed
gonadotropin dose for OS in this age group, includ-
ing anti-mullerian hormone (AMH) and antral follicle
count (AFC) [10, 19]; and inherent differences in the
adolescent ovary physiology, especially in the first post-
pubescent years [17].

The present study reports cases of OS in cancer
patients younger than 18 years in ROYAN institute, Teh-
ran, Iran (2015-2021). As well as, reporting the outcomes
of OS cycles for OC, the associated challenges in this age
group are also discussed.

Cases presentation

This case series study was approved by the Research Eth-
ics Committee of ROYAN institute, Tehran, Iran (Eth-
ics Approval Code: IR.ACECR.ROYAN.REC.1400.080).
Between November 2015 and February 2021, the patients
of our Oncofertility and FP Clinic, Royan institute, Teh-
ran, Iran, who have the inclusion criteria, were invited in
this study. Our main criteria were included (1): younger
than 18 years (2): refer before cancer therapies. The pro-
cess of admission oncofertility cases in this center is pre-
sented in Fig. 1.
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Fig. 1 The process of admission oncofertility cases in ROYAN Institute



Yahyaei et al. Journal of Ovarian Research (2024) 17:33

Ten patients between the ages of 14 and 17, and 1 to
6 years from their Menarche age (the first menstrual
cycle) entered the cycle of the OS. These patients suffered
from Hodgkin Lymphoma (HL) (#=5), ovarian tumor
(germ cell tumor and dysgerminoma) (#=2), Ewing sar-
coma (n=1), osteogenic tumor (n=1) and brain tumor
(medulloblastoma) (n=1). The OS was performed for all
10 patients using the standard gonadotropin releasing
hormone (GnRH) antagonist protocol. The OS beginning
was different among patients: in the early proliferative
phase (n=8), during the late proliferative phase (n=1),
and in the luteal phase (n=1).

Trans-abdominal ultrasound was used successfully for
follicular monitoring. The gonadotropin prescribed for
all patients was recombinant follicle stimulating hor-
mone (r-FSH) (Gonal-f) (Follitropin alfa, Merck Serono,
Germany): for eight patients began with a dose of 150 IU/
day, for the patient in the luteal phase with a dose of 225
IU/day, and for the patient with medulloblastoma with a
dose of 112.5 IU/day. The prescribed drug for triggering
final oocyte maturation was recombinant human chori-
onic gonadotropin (r-HCG) (500 pg Ovitrelle) (Chori-
ogonadotropin alfa, Merck Serono, Switzerland) in the
patients who underwent OS during 2015-2018 and low-
dose GnRH-agonist (0.2 mg triptorelin) (Decapeptyl, Fer-
ring Pharmaceuticals, Germany) for the other patients.

The OC was carried out in 7 patients, the EC in one
patient and the oocyte and embryo cryopreservation in
one patient. No oocytes were retrieved after OS in the
patient with medulloblastoma. For one of the patients
with HL, half of the tissues of one ovary were cryopre-
served prior to OS. The two patients with ovarian tumor
had a history of unilateral oophorectomy.

Baseline characteristics of the patients are presented in
Table 1. Information of patients’ OS cycle and its results
is presented in Table 2. As well as, the summary of simi-
lar studies is presented in Table 3.

Discussion and conclusions
According to American Society of Clinical Oncology
(ASCO) guideline all newly diagnosed cancer patients
of reproductive age should be informed about potential
loss of fertility and should refer to infertility specialists
[20]. Recommendation of gamete and/or embryo cryo-
preservation before gonadotoxic treatments is currently a
standard of care [21]. FP in the adolescent patients is very
rare and typically performed before gonadotoxic thera-
pies for oncologic or non-oncologic conditions, such as a
stem cell transplantation, or impending premature ovar-
ian failure (POF) [7].

There are many dilemmas about FP among adoles-
cent populations, including parental decision-making on
behalf of the patient, adolescent decision capacity [22],
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and loss of virginity due to the trans-vaginal approach
during oocyte retrieval. The latest one, loss of virginity
is a too difficult condition for the parents, particularly in
some cultural perspectives [10].

According to the instruction followed in our center,
talking to adolescents about FP, including its necessity
and steps, is done by a fertility specialist in the presence
of their parents. The specialist explains these phases’
step by step in a language understandable to them.
Their questions are answered. If the adolescent and her
parents’ consent, the parents are asked to sign the con-
sent forms. Given the importance of virginity in Iranian
Culture, our center adheres to the following instruction
to prevent injuring the hymen during follicle puncture.
After applying anesthesia the patient put in the lithot-
omy position, the infertility specialist separates the labia
minora, making the hymen more visualized. Lubricates
her little finger, and gently touches the edges of the
hymen. And tries to dilate hymen when the little finger
entered the vagina. Infertility specialist attempts to enter
the ring finger and continue to dilate hymen and when
the ring finger freely moves the physician tries middle
finger and after that index and then thump and finally
both index and middle fingers tries simultaneously. The
procedure takes 10-15 minutes to perform. Now, a suit-
able speculum can be used without injuring the hymen.
To eliminate the lubricant effects, the vaginal environ-
ment is washed with vigorous amount of normal saline
and dried with a small sterile gauze before the insertion
of the ultrasound probe. The remaining steps of follicle
puncture will be similar to adults’ instructions. In this
study out of patients were virgin. And all of the intact
hymen were annular shape. And none of them were
injured during follicular puncture.

Knowledge gaps exist as to whether adolescence
patients respond similarly to the OS or have similar out-
comes, such as mature oocyte yield. Currently, published
data in adolescents’ are limited to case series [10, 14,
23, 24]. Previous studies in the FP for oncology patients
have shown lower oocyte yield in adult patients [25,
26]. Studies indicated the cancer pathology might itself
induce ovarian reserve depletion [25]. As well as, cancer
can induce an increased catabolic condition, increase in
stress hormones with associated hypothalamic dysfunc-
tion; can predispose patients to lower levels of gonado-
tropins [18]. There are few studies that detail response to
the OS and some of the studies had raised concern that
adolescent patients might have a lower response to gon-
adotropins [7].

Although, sensitive markers of ovarian reserve, includ-
ing AFC and AMH in estimating the dose of gonado-
tropins likely to yield maximum oocyte have been well
documented, there is limited data of dose specific
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Table 2 Information of patients’ovarian stimulation cycle and its results

Case 1 2 3 4 5 6 7 8 9 10
COS Protocol GnRH antagonist

Stimulation cycle start Early.P®  Luteal Phase¢  Early.PY  Late.P®  Early.P

Gonadotropins recombinant-FSH

Starting gonadotropin dose (IU) 150 225 150 150 150 150 150 1125 150 150
Total gonadotropin dose (IU) 1050 2025 1350 1500 1200 1650 1425 1687.5 1350 1350
GnRH-antagonist (ampule) 4 4 5 6 4 8 3 9 6 5
Duration of stimulation (day) 8 10 10 11 9 12 9 14 10 11
Follicle> 12 mm?® 10 6 12 11 13 17 11 13 8 22
Triggering medication 2recombinant-HCG Low dose GnRH-agonist

Total oocytes retrieved 13 10 9 10 21 6 8 0 32 33
Total mature oocytes (Mll) 13 10 9 8 17 5 5 0 26 23
Total oocytes cryopreservation 13 5 9 8 20 0 7f 0 26 23
Total embryos cryopreservation - 5 - - - 5 - - - -

OHSS & others side effects No

2 In the day of triggering final oocyte maturation

b proliferative

€ Progesterone >1.5 ng/ml

9 Larges follicle <13 mm & progesterone <1.5 ng/ml
€ Larges follicle >13 mm & progesterone <1.5 ng/ml

fMI+GY (germinal vesicle)

evaluation in pubertal girls [27]. As well as, there are
arguments regarding the clinical value of AMH assess-
ment in adolescent girls [28]. In our study, the correlation
between AFC, AMH, gonadotropin dose, and the num-
ber of oocytes retrieved was not statistically significant,
which could be partially attributed to the small sample
size. Accordingly, judging the value of AFC and AMH
for determining the gonadotropin dose and number of
oocytes retrieved in the adolescent population requires
a study with a larger sample size. Antral follicles are
present in the ovaries of girls of all ages. At the onset of
puberty, a rise in the FSH levels happens and antral fol-
licles start growing. Primary menstruation cycles are fre-
quently anovulatory, with regular ovulation occur later.
While maturity of the hypothalamus-pituitary-axis is
crucial for puberty, changes in ovarian maturity may also
contribute. This may be reflected with little but constant
transient reduction in the AMH level during puberty.
There are significant numbers of follicles with abnormal
morphology during puberty, these seem to be lost dur-
ing adolescence. Follicle growth may also be different
in their ovaries. Also, isolated secondary follicles from
adolescents grew slower than those of adults that indi-
cates an inherent maturity change. Although, its basis
has remained unknown. Moreover, differences in local
regulatory factors, that reflects the high density of small
follicles in these young patients, may also contribute to
the pattern of ovarian development. A discrepancy has
been found among AFC, AMH and number of oocytes

cryopreserved in some cases. These differences are likely
multifactorial and could be a reflection of the ovarian
development stage at extremes of youth or attributed to
the effect of the chronic illness [10].

Although studies have suggested that trans-abdominal
ultrasound may decrease the accuracy of AFC, over-
all this did not pose a significant issue in the adolescent
treatment and had previously been successfully used for
monitoring in the similar populations [10, 15-17]. In our
study, the condition of adolescents’ ovaries, including
AFC, was examined by a skilled radiologist through the
abdomen before the onset of the OS.

There are few studies in the adolescent patients that
detail complications, delay in the initiating cancer treat-
ment, and pregnancies after the completion of treatment.
Most patients with cancer diagnosis can be afforded the
8-12 days required for the OS before they begin their
treatment, without imperiling their oncologic care [17].
In our study, the OS delayed the adolescent cancer treat-
ment by 10-14 days. It is worth noting that the cancer
treatment delay was done after receiving confirmation
from the oncologist. No complication was reported as a
result of delayed cancer treatment.

The GnRH-antagonist protocol has decreased the
interval between patient presenting and OS. The shorter
duration of treatment, followed by a minimally inva-
sive trans-vaginal oocyte retrieval, with a short recov-
ery period, compared with laparoscopy, makes the
procedure more acceptable to patients [10]. The use of
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the GnRH-antagonist protocol also provides the chance
to utilize a GnRH-agonist for final oocyte maturation.
Gonadotropin administration can begin at any point in
the menstrual cycle. Response to medication will be eval-
uated with ultrasound (trans-vaginal or trans-abdominal,
depending on the patient’s comfort level) and E2 meas-
urements, with gonadotropin dosage adjusted accord-
ingly. For an OS protocol, once the leading follicle grew
to at least 12 mm in diameter or E2 reached 300 pg/mL,
the patient began a daily injection of GnRH-antagonist to
prevent ovulation [11].

It is anticipated that many females with age under 18
years may have an immature HPO-axis [11]. There is no
decisive data, whether FSH alone or FSH plus lutein-
izing hormone (LH) should be used in these cases. Due
to the predicted immaturity of the HPO-axis, FSH plus
LH administration is the preferred approach [16]. Also,
one option to limit the risk of ovarian hyperstimulation
syndrome (OHSS) is considered a GnRH-agonist trigger
instead of HCG. However, there are some concerns to
use GnRH-agonists in the adolescent population because
of the HPO-axis immaturity [17]. Therefore, it is impera-
tive to check serum progesterone and LH levels ~ 8—14
h following a GnRH-agonist trigger to ensure that the
triggering was effective [29, 30]. Typically an inadequate
response is defined as a progesterone <3 ng/ml and an
LH <15 IU/L [29].

Given the evidence so far equating a pregnancy rate
of 6% per vitrified oocyte [31], around 20 oocytes being
used per live birth [32]. The lower oocyte yields some
oncologic patients deprived them of a good chance of
pregnancy and live birth. However, in the poor response
patients, there is the option of performing oocyte bank-
ing over a number of cycles [33]. Although, increasing
the overall number of vitrified oocytes double stimula-
tion during the follicular and luteal phases in the same
cycle has been described successfully in these patients
(34, 35].

Most studies on the OS outcomes and OC for adoles-
cent girls with oncologic or non-oncologic diseases are
limited to case reports [8, 13, 15-17] or case series [9,
10, 12, 14]. Based on the results of these studies, the hor-
monal profiles (FSH, LH, and AMH) and AFC of patients
do not show significant differences in the adult patients.
The OS protocol for patients have been OS with GnRH
agonist or antagonist, which did not show a significant
difference with adult patients in terms of duration of
stimulation, gonadotropins dose, triggering medication,
total oocytes retrieved, and total mature oocytes (MII).

Only Nagashima et al. reported no access to the
oocyte in two patients (17 and 18 year old) with acute
lymphoblastic leukemia (ALL) and acute myeloid
leukemia (AML) [12]. Complications, such as OHSS,
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are very rare. Only Lavery et al. reported a case of
OHSS that needed treatment support [10]. No OHSS
case was observed in our study.

Kim et al. reported a live birth from the frozen
oocytes retrieved from a 17-year old adolescent with
secondary pulmonary hypertension caused by trans-
position of great vessels. After 5 years, 11 oocytes
were fertilized under microinjection process. Two
5-day embryos were transferred to the patient. The
outcome was the birth of a healthy boy at 38 weeks of
pregnancy [8].

Manuel et al. carried out the OS and OC on the 41
oncologic patients between the ages 13 and 21 years old.
Among them, 38 patients underwent a successful proce-
dure of retrieving and freezing mature oocytes.

When dividing patients to 13-17 yr. group and 18-21 yr.
group, there was no statistical difference in the AMH level,
peak E2, gonadotropin dosage, duration of stimulation,
total oocytes retrieved, mature oocytes retrieve, and cry-
opreservation between these two groups [11]. Hipp et al.
compared the results of OS and OC in the patients under
the age of 20 who were candidates for FP prior to gonado-
toxic treatment with patients between the ages 20 and 29
years old. According to their report, even though the pos-
sibility of canceling the cycle of the OS due to the poor
ovarian response is quite higher in the age group under 20,
other factors of OS such as gonadotropins dosage, dura-
tion of OS, the number of retrieved oocytes, number of
frozen mature oocytes are similar in both age groups [7].

In our study, the OS was performed in the five patients
with HL. Comparison of these patients in terms of num-
ber of retrieved oocytes and mature oocytes suggests that
the method of triggering final oocyte maturation is an
effective factor in the number of mature oocytes.

In the present study, two patients had ovarian tumor
(germ cell tumor and dysgerminoma) and a history of
unilateral oophorectomy. Our oncologist consultation
confirms the OS and vaginal oocyte retrieval in these
patients. FP in ovarian cancer stands more challenging.
In ovarian cancer patients, trans-vaginal oocyte retrieval
carries a risk of ovarian capsule rupture and cancer cell
spillage, which can cause staging up from 1A to 1C [36].
Bilateral disease is uncommon. The majority of patients
have stage I disease, and nearly 90-95% of the cases are
curable via post-operative chemotherapy) [37]. For the
patient with germ cell tumor, the OS was carried out in
the luteal phase and for the patient with dysgerminoma
in the follicular phase. Ten oocytes were retrieved in the
patient with germ cell tumor and 5 oocytes in the patient
with dysgerminoma. Noyes et al. reported 38 retrieved
oocytes in a 19-year-old patient with ovarian lutein-
ized thecoma after OS with GnRH-agonist long proto-
col. Oktay et al. reported 8 retrieved oocytes (4 MII) in
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a 15-year-old patient with germ cell tumor after OS with
GnRH-antagonist protocol. Contrary to our study, they
used human menopausal gonadotropin (HMG) and/or
r-LH in addition to r-FSH for OS, and utilized GnRH-
agonist for triggering final oocyte maturation. In our
study, use of different triggering methods could be the
reason for retrieving different numbers of oocytes from
the two patients.

In this study, no oocytes were collected after OS of
medulloblastoma patient. While, Kutteh et al. reported
OS performance for three medulloblastoma patients and,
a retrieved desirable number of oocytes. They used HMG
for the OS, whereas r-FSH was utilized in our research.
Considering the effects of a brain tumor on the hypo-
thalamic-pituitary axis, it seems that combined the use
of r-FSH and HMG/r-LH, and also use of HCG instead
of GnRH-agonist for triggering, could lead to retrieval
of oocyte in this patient. Considering the possibility of
incomplete maturity of the HPO-axis in adolescents, and
its compensation by simultaneous administration of gon-
adotropins containing FSH and LH, and also more focus-
ing on the triggering method including use of a “dual
triggering” method, can be accompanied by retrieval of a
larger number of mature oocytes.

Some studies have proposed that the approach of OTC
simultaneously with oocyte or embryo cryopreservation
be used as a solution for increasing the efficiency of FP
methods. For this aim, laparoscopic surgery is performed
to remove half of the tissues of one ovary and OS begins
after one to two days. Research has shown that this
method is not accompanied so far by any known com-
plications and the number of collected oocytes does not
decrease considerably after removal of the ovarian tissues
[38, 39]. Here, we used the same method for a patient
who suffered of HL and also, 13 mature oocytes retrieved.

In our center, FP has not been done for adolescents
who are FP candidates for non-cancer indication such as
those with thalassemia major, sickle cell anemia, rheuma-
toid diseases, and Turner syndrome. As a result, the pre-
sent study did not compare the OS results of these cancer
adolescents with non-cancer peers.

Based on our result, we suggested that, this option of
EP is a feasible procedure for this age group. Among the
available studies, only Kim et al. reported the success on
OC for an adolescent patient. Other studies, and present
research, provided the report regarding the information
about the OS cycle, such as prescribed gonadotropins
dosage, OS duration, probable side effects of the OS, the
number of retrieved and frozen matures oocytes, and EC
in some cases.
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The results of the available studies resolved the
issues regarding the subjects such as lack of suffi-
cient knowledge regarding the adolescent patients’
response to OS, the possibility of failure of the HPO-
axis to reach full maturity that might result in imma-
ture oocytes, plus, the uncertainty of the predictive
factor of ovarian response in this age group including
AMH and AFC. However, subjects such as uncertainty
regarding the success rate of using the frozen oocyte
from patients under the age of 18-year -old remain
unanswered.

Based on the findings of the present study it is con-
cluded that, OC is a feasible option in the adolescents.
However, only if reported acceptable fertilization rates,
as well as the successful cases of live birth from OC
at the ages under 18, this option of preserving fertil-
ity can be applied to this age range. Therefore, we shall
wait for more reports in the future regarding the use of
frozen oocytes retrieved from patients under the age
of 18-year-old, and then make the final judgment con-
cerning the efficiency of this option for preserving fer-
tility in this age range.
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