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ABSTRACT
Options for fertility preservation (FP) through cryopreservation methods are currently available for
young adults, adolescents, and children. Guidelines for FP have been provided by international clinical
societies, and emergency procedures aimed at FP have been implemented into clinical practice world-
wide. In this article, we review the current data on clinical standards of emergency FP in patients who
are facing gonadotoxic effects of cancer treatment, and we also describe the methods that are still
under development, usually denoted as experimental. In Sweden, programmes for FP have been
established at large university hospitals, thus covering the whole country. The Swedish publicly
financed health care covers both assisted reproduction for treatment of infertility and the cryopreser-
vation of gametes or gonadal tissue when there is a medical indication, such as the risk to become
infertile due to oncologic treatment; hence the access to FP is ensured for the whole population. At
our centre at Karolinska University Hospital in Stockholm, methods for FP have been offered since
1988. In this article, we also review the oncologic indications for FP in our patient cohort of >3000
individuals during the period 1988–2018.
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Introduction

Fertility preservation (FP) is a modern clinical field that com-
bines medical and technical developments in reproductive
medicine and their application to patients with serious dis-
eases, such as cancer, or with benign clinical conditions asso-
ciated with a premature onset of gonadal insufficiency (1).
International guidelines have stated that timely information
on methods for FP should be provided to all patients of
young age when planning gonadotoxic treatments, as well
as to the parents or guardians of children in such clinical
situation (2,3). Cryopreservation of reproductive cells and tis-
sues is a fundamental tool in the development of clinical
programmes for FP (4).

Development of clinically established and experimental
methods for FP: first sperm, thereafter embryos, and
then oocytes and gonadal tissue

Historically, efficacious methods for sperm cryopreservation
were achieved first, already in the 1950s, facilitated by the
usually large number of spermatozoa obtained per sample
and the possibility to use them for research (5). Thereafter,
the development of treatments using assisted reproductive
technologies (ART), resulting in multiple embryos produced
per treatment, also required a further development of

methods to cryopreserve supernumerary embryos for later
use. These were reported successful for the first time already
in 1983 (6).

However, for cryopreservation of oocytes, the advances
have been slow. This has been due to the technical difficul-
ties that arise as a consequence of the large cell size and
water content of the oocytes, which makes the cells more
prone to damage during cryopreservation and thawing (7).
Research in development of efficient methods to cryopre-
serve oocytes advanced also slowly due to their scarcity.
Although the first report of successful vitrification appeared
in 1997 (8), the clinical validation of cryopreservation of
oocytes by vitrification has only recently been achieved
(9,10), and the method became clinically established and rec-
ognized by the large international reproductive societies in
2013 (1,4).

In addition to these well-established methods for FP,
today clinically implemented at most fertility centres world-
wide practicing ART, additional FP methods have been devel-
oped through years of experimentation. Ovarian tissue
cryopreservation for later re-transplantation in humans has
been developed through extensive and focussed transla-
tional research during the 1990s (11–13). Several cryopreser-
vation protocols have been validated, and large programmes
of FP have reported their experiences of cryopreservation of
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ovarian tissue for FP of adult women, adolescents, and pre-
pubertal girls (14–22). In December 2019, the Practice
Committee of the American Society of Reproductive
Medicine stated that ovarian tissue cryopreservation for FP
should no more be considered as experimental (23).

For prepubertal boys, methods for cryopreservation of tes-
ticular tissue have also been developed and proposed as a
method for FP aiming at the preservation of spermatogonia
(24–30). However, the absence of mature sperm in the pre-
pubertal testis is recognized as one of the main difficulties,
hence the need of further developments, such as the investi-
gation of tissue transplantation and also the development of
in vitro culture systems aiming at obtaining fully viable
mature gametes for possible fertility treatment in the
future (31).

Although the subject of FP for children may be difficult to
approach and it might also be considered ethically debate-
able, survivors of cancer in childhood have ranked it as an
important quality-of-life issue. International guidelines sup-
porting promotion of FP for children have thus been pro-
vided (1,2,23,27,32,33). In Sweden, a multidisciplinary group
including all university hospitals has also provided national
guidelines to ensure that healthcare providers become famil-
iar with the available methods for FP and to facilitate access
to FP counselling for children and teenagers with cancer
(34). At Karolinska University Hospital in Stockholm, methods
for FP have been offered since 1988. The patient cohort cur-
rently includes >3000 individuals, adults and children, and
the cohort is prospectively followed under studies approved
by the Regional Ethics Committee and performed according
to the principles of the Declaration of Helsinki.

Why oncologic treatment is an indication for
undergoing FP

The Swedish cancer statistics indicate that one in three peo-
ple will receive a cancer diagnosis during their lifetime, and
the number of cancer cases is increasing every year (35).
Although most cancers occur in aged people, cancer can
also present in young adults and children. Cancer registration
data in Europe and in the USA have shown increasing rates
of survival, above 80%, in particular for several diseases and
for the youngest patients, such as those presenting with can-
cer during childhood or young adulthood (35). Survivorship
issues have thus come to the frontline as quality of survival
is highly relevant for the patients (36–38).

In most cancers, the treatment strategies using chemo-
therapy, radiotherapy, or surgery are likely to cause perman-
ent infertility (Figure 1) (32). Chemo- and radiotherapeutic
gonadotoxic effects are dose-dependent, and some of those
effects have been well characterized regarding the protocols
used. Table 1 summarizes radiation doses and radiotherapy
protocols that may impact on ovarian and testicular function
(33). Irradiation of the uterus may also negatively affect the
chances to conceive and increase obstetric risks.

As regards chemotherapeutic agents, those are usually
given as part of a combination regimen. This fact has con-
tributed to the difficulty in achieving a precise gonadotoxic

quantification of individual drugs. Table 2 shows a list of
chemotherapeutic agents according to the currently known
gonadotoxic impact in females and males.

In female patients, gonadotoxicity is particularly depend-
ent on age, because the number of primordial follicles that
constitute the ovarian pool is non-renewable, and it dimin-
ishes with age. Older women would thus have a higher risk
of developing permanent infertility due to follicle depletion,
when compared with younger women undergoing a similar
treatment. In men, younger age or a prepubertal status does
not provide protection against the damage induced by che-
motherapeutic drugs (39).

Banking of frozen sperm

Sperm cryopreservation is a standard of care for adolescents
and young adults facing gonadotoxic treatment such as the
one required for treatment of cancer. It is usually feasible
from around 12 years of age, when spermarche usually has
been achieved and the testis volume has reached
8ml (40,41).

Most studies in the field of FP advocate that all patients
of reproductive age should be advised to bank frozen sperm
prior to initiating gonadotoxic therapy (42).

In cases of ejaculation failure, search for spermatozoa in a
urine sample could be proposed. Testicular sperm extraction
can also be offered, aiming to retrieve spermatozoa in young
men and adolescents (33). Other methods described for
retrieval of spermatozoa in adolescents include penile vibra-
tory stimulation and electro-ejaculation.

In Sweden, the costs for sperm cryopreservation are cov-
ered by the tax-funded healthcare system up to a male age
of 55 years. In other countries, patients may need to cover
the costs of the procedures and a fee for maintaining the
frozen samples. The average cost in the United States for
banking three samples varies from $25 to $35 per month.
Economic barriers have been discussed in previous studies as
a limitation to patients’ access to FP (2,3).

Oncologic indications for sperm cryopreservation in the
Karolinska cohort

At the Reproductive Medicine Clinic of Karolinska University
Hospital sperm cryopreservation aiming at FP has been
offered since 1988. Referrals of patients with oncologic indi-
cations can be accepted without any delay, and the patients
may approach the fertility laboratory also during weekends.
Between 1 January 1998 and 31 December 2018, 1749 male
patients have been referred for sperm cryopreservation to
our centre. Of those, 356 presented with benign diseases.
Figure 2 summarizes the data of 1393 patients referred for
oncologic indications that had sperm cryopreserved at our
centre during that period. The most frequent oncologic diag-
noses in young men and teenagers include testicular cancer
and haematologic malignancies. Over 80% of patients had
two to three samples banked (range 1–7). Young adolescents
have been able to provide sperm samples for
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cryopreservation from the age of 14 years. The mean age at
sperm banking was 31 years (range 14–61).

Cryopreservation of embryos, oocytes, and ovarian tissue
Cryopreservation of embryos, oocytes, and ovarian tissue are
methods clinically established for female FP. For embryo and
oocyte cryopreservation, hormonal stimulation with gonado-
tropins is needed, to induce multiple follicle recruitment aim-
ing at obtaining more than one mature oocyte per
treatment cycle.

Stimulation protocols using a GnRH antagonist are cur-
rently preferred for FP, as these minimise the time required
for ovarian stimulation. The protocols can also be applied
with random initiation (random start), that is, regardless of
the woman’s cycle day. In general, the delay to egg retrieval
is shortened to about 2weeks in most cases (22,43–46).

Improvements of stimulation protocols for women with
breast cancer undergoing FP aiming at an increase of their
safety have been proposed, in particular with co-

administration of letrozole alongside gonadotropins, together
with a GnRHa maturation trigger (47). This specific protocol
has been demonstrated to reduce the expected several fold
increase in systemic oestrogen levels during conventional
hormonal stimulation. Furthermore, it achieves low systemic
oestrogen levels, similar to those found in a normal men-
strual cycle, even though multiple follicles develop respond-
ing to the exogenous gonadotropins (47). The number of
oocytes obtained in cycles with letrozole is similar to that
obtained using standard protocols, and their maturity rate
does not seem to differ from those obtained with conven-
tional gonadotropin stimulation protocols (46,47). Co-admin-
istration of tamoxifen has been also proposed for FP of
women with breast cancer. However, protocols with letrozole
have demonstrated higher efficacy than those with tamoxi-
fen in a prospective controlled study (48).

In Sweden, protocols with co-administration of letrozole
for FP of women with breast cancer have been implemented
at Karolinska University Hospital since 2009 and thereafter at
the remaining large university hospitals (46). A recent large

Figure 1. Fertility preservation (FP) strategies according to modalities of cancer treatment. Reprinted, with permission from: Rodriguez-Wallberg and Oktay (32).
Originally published by and used with permission from Dove Medical Press Limited.

Table 1. Radiotherapy protocols with high or intermediate impact on ovarian and testicular function. Modified from Rodriguez-Wallberg and Oktay (33).

Radiotherapy protocols and their risk of prolonged azoospermia in men or amenorrhoea in women
High risk
Total body irradiation (TBI) for bone marrow transplant/stem cell transplant
Testicular radiation dose >2.5 Gy in adult men
Testicular radiation dose �6 Gy in prepubertal boys
Pelvic or whole-abdominal radiation dose �6 Gy in adult women
Pelvic or whole-abdominal radiation dose �10 Gy in postpubertal girls
Pelvic radiation or whole-abdominal dose �15 Gy in prepubertal girls

Intermediate risk
Testicular radiation dose 1� 6 Gy from scattered pelvic or abdominal radiation
Pelvic or whole-abdominal radiation dose 5� 10 Gy in postpubertal girls
Pelvic or whole-abdominal radiation dose 10� 15 Gy in prepubertal girls
Craniospinal radiotherapy dose �25 Gy14a

aCranial irradiation for the treatment of brain tumours may induce infertility in both female and male patients by disruption of the hypothalamic–pituitary–go-
nadal axis and disturbance of gonadotropin secretion.
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prospective study including all Swedish centres reporting on
women with breast cancer undergoing hormonal stimulation
for FP indicates that the proposed improvements to antag-
onist protocols for emergency FP including random-start and
co-administration of letrozole are efficacious, as regards
treatment outcomes in terms of oocytes and embryos
obtained and cryopreserved (46).

The safety of hormonal stimulation in women with breast
cancer aiming at FP has also been investigated in several
studies (46,49–51). A systematic review published in 2017
indicated no increased risks (52). A recent population-based
study with matched cohort design including 188 women
with breast cancer that underwent FP from 1999 to 2013 in
Sweden indicated no increased risk of cancer recurrence,
when compared with 378 age-matched controls (53).

It is recommended that standardized counselling on FP
should be provided early in the process of cancer diagnosis
and treatment, to allow the patients to make decisions as
regards safeguarding of their future fertility potential. For
women with a male partner and with enough time to
undergo hormonal stimulation, it has been established to
present the option to cryopreserve embryos in the first place,
mainly due to the lack of confidence in methods for cryo-
preservation of unfertilised oocytes during many years, as
the method of oocyte vitrification was only accepted as clin-
ically developed in 2013 (1). A large prospective study in
Sweden has identified recent changes in trends regarding
patient decisions after standardized counselling for FP (22).
In the Swedish cohort, an increasing number of women in
committed relationships have chosen to cryopreserve unfer-
tilized oocytes, which is important as it provides autonomy
to the women (22). In many countries, law constraints cur-
rently include the requirement that the two partners are
together at the time of the use of the cryopreserved

embryos. Indeed, this may be detrimental to women having
cryopreserved embryos if the couples split later on (22).

In cases when hormonal stimulation or transvaginal
oocyte retrieval are not suitable, or when there is not
enough time, the only method available for FP is cryopreser-
vation of ovarian tissue. This is also the only method that
can be offered to prepubertal girls (2,3,22,23,32,33). Several
clinical programmes of FP have reported ovarian tissue cryo-
preservation for adult women and girls worldwide (14–22). In
Scandinavia, programmes of FP include ovarian tissue cryo-
preservation at nearly all centres (19).

Oncologic diagnoses in females attempting FP in the
Karolinska cohort

A detailed analysis of the cohort of women and girls that
have undergone procedures for FP due to oncologic condi-
tions at Karolinska University Hospital has been recently
reported (22). In total 1254 females had been referred to our
centre between 1 January 1998 and 31 December 2018. In
402 cases the indication was a benign condition (22). Figure
3 illustrates the most frequent diagnosis in the Karolinska
cohort, which included 852 women and girls with cancer
who underwent procedures for FP during the period
1998–2018, with a mean age of 27.8 years (range 1–43) (22).

Utilisation rates of sperm, oocytes, and embryos
and efficacy of FP in the long term

In general, follow-up studies indicate a low utilisation rate of
embryos, oocytes, sperm, and gonadal tissue aimed at FP.
The most frequent causes of not proceeding to use repro-
ductive cells or tissues is the current lack of a partner, or the
oncological recommendation to postpone pregnancy until a
long-enough follow-up time after cancer treatment (22).

Regarding frozen banked sperm, usage rates have been
reported to be less than 10% (54). In previous large studies, the
utilization rate reported has been as low as 7% (55,56), and
large data have been analysed in a systematic review in 2016
(57). These low numbers have brought up the discussion of the
cost-effectiveness of sperm banking. Even though usage rates
are low, it has been argued that there might be other benefits
of banking sperm, such as the psychological and emotional
benefit of giving the patient hope in a long-term survival.

For women, comparable studies of large sample size are
notoriously scarce. A previous retrospective study of women
that returned for thawing their oocytes or embryos (58)
reported an embryo implantation rate of 27% and live birth
rate (LBR) of 44% per embryo transfer (58). Most studies have
been retrospective and report on the outcome of healthy
women undergoing elective oocyte freezing. In a Spanish
cohort, a number of 8–10 mature oocytes was found to be
associated with a reasonable chance of success, with a mean
of 10 oocytes resulting in 60.5% live birth rate (LBR) in the
women that returned. Of note, the LBR was reduced when
the women were older than 36 years (59), and several studies
have confirmed an association of older age with poorer out-
come as regards retrieved oocyte yields (22,58–60). In the

Table 2. Chemotherapy agents according to their gonadotoxic impact in
females (amenorrhoea) and males (azoospermia).

Chemotherapy agents

High risk
Cyclophosphamide
Ifosfamide
Melphalan
Busulfan
Nitrogen mustard
Procarbazine
Chlorambucil

Intermediate risk
Cisplatin with low cumulative dose
Carboplatin with low cumulative dose
Adriamycin

Low risk
Treatment protocols for Hodgkin’s lymphoma without alkylating agents
Bleomycin
Actinomycin D
Vincristine
Methotrexate
5-Fluorouracil
Radioiodine treatment for thyroid cancer

Unknown risk
Paclitaxel and docetaxel for treatment of breast cancer
Irinotecan
Trastuzumab
Imatinib
Erlotinib
Bevacizumab
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women that return to attempt pregnancy following FP, a
malignant indication of FP has been associated with a
reduced LBR, when compared with that of women that have
undergone FP for benign indications (22,60). In the Karolinska
cohort, the rate of utilization of embryos, oocytes, or ovarian
tissue in women of childbearing age who had a follow-up of
at least 1 year after FP were 29%, 8%, and 5%, respectively,
with pregnancy rates of 66%, 54%, and 25%, and LBR of 54%,
46%, and 7%, respectively (22).

The efficacy of re-transplantation of ovarian tissue has
been compared with the use of vitrified oocytes in a previous
Spanish study of 44 women that underwent re-transplantation
of ovarian tissue versus 49 women who thawed vitrified
oocytes (18). The researchers found a trend towards higher
pregnancy and LBR following use of thawed oocytes (RR 1.31,
95% CI 0.90–1.92; RR 1.39, 95% CI 0.95–2.03, respectively) (18),
although it did not reach statistical significance.

Future developments

Gonadal tissue re-transplantation is the currently feasible
way to regain fertility following cancer treatment in

women that have cryopreserved ovarian tissue and devel-
oped ovarian insufficiency. Since the first report of a live
birth following ovarian tissue re-transplantation in 2004
(61), an increasing number of transplantation procedures
have been reported by large FP programmes, and the
number of live births following these procedures is
increasing (14–22,62–65). However, re-transplantation may
be precluded in cases where there is a high risk of reintro-
ducing malignant cells. Maturing gametes in vitro will be a
probable option for these patients in the future. The meth-
ods are currently functioning in animal models, and
experiments using human ovarian tissue donated for
research have also reported success in follicle growth and
maturation (65–68). Nevertheless, there are not yet
reported human studies of fertilization of in vitro grown
oocytes and subsequent embryo development.

Because research is ongoing and advances are
expected, even patients with malignancy compromising
the gonads could be offered FP through gonadal tissue
cryopreservation, with the aim to wait for the develop-
ment of in vitro methods that could result in a fertility
treatment in the future. This is also the case of prepubertal

Figure 2. Oncologic indications for sperm banking in a cohort of adolescents and young adults at Karolinska University Hospital 1988–2018 (n¼ 1393). MDS:
Myelodysplastic Syndrome.
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boys, for whom there are not yet methods developed.
There is international consensus that FP through gonadal
tissue cryopreservation could be offered only within
Ethical Review Board-approved research protocols
(1,2,23,32–34,66,69). For prepubertal males for whom only
spermatogonia can be preserved but mature sperm are
not present, there is also a need of further development
of methods to obtain fully mature gametes in vitro or
through re-transplantation (23–30,68–71).
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