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Introduction

Haematopoietic stem cell transplantation (HSCT) is an established and often the
only curative treatment for serious haematological diseases. The number of stem
cell transplantations for non-malignant diseases has therefore continuously
increased over the last decades and has led to better overall survival of patients with
congenital and acquired non-malignant diseases [1-3]. Advances in transplantation
medicine and improved possibilities for diagnosis and thus indications for HSCT
are responsible for this trend. With this development, topics such as quality of life
and long-term consequences of HSCT are increasingly common, because the con-
ditioning required for HSCT leads to infertility in 80-100% of patients, depending
on the conditioning protocol used [4, 5].

Many studies highlight the importance of fertility for the quality of life of long-
term surviving patients. The frequency of patients wishing to have a child after
HSCT corresponds with that of the normal population [6]. Many HSCTs in patients
with non-malignant diseases are diagnosed in early childhood, i.e. long before
puberty. Fortunately, advances in reproductive medicine are opening new perspec-
tives, especially for prepubertal patients, through the use of fertility-preserving
measures [7]. An overview of the most common non-malignant diseases that can be
treated by HSCT is shown in Table 1.
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Table 1 Non-malignant diseases treatable by haematopoietic stem cell transplantation (HSCT)

(modified [27])

Main groups of hereditary
disorders

Specific hereditary disorders

Red cell disorders

Thalassaemia major

Sickle cell disease

Congenital erythropoietic porphyria (CEP, Gunther’s
disease)

Congenital dyserythropoietic anaemia (CDA, type I and II)

Bone marrow failure

Pancytopenia Fanconi anaemia
Shwachman—Diamond syndrome
Dyskeratosis congenita

Red cell aplasia Diamond-Blackfan anaemia

Neutropenia Severe congenital neutropenia

Platelet disorders

Congenital amegakaryocytic thrombocytopenia

Haemophagocytic conditions

Haemophagocytic lymphohistiocytosis (HLH)

Criscelli syndrome

Chediak—Higashi syndrome

Immunodeficiency

Severe combined
immunodeficiency (SCID)

SCID +/— B/— T-cells
ADA-deficient SCID

Non-SCID immunodeficiency
diseases

Omenn’s syndrome

Wiskott—Aldrich syndrome

CDA40 ligand deficiency

Leukocyte adhesion deficiency syndrome (LAD)

Chronic granulomatous disease (CGD)

X-linked lymphoproliferative disease

Metabolic disease

Hurler syndrome

X-linked adrenoleukodystrophy (ALD)

Metachromatic leukodystrophy (MLD)

Malignant infantile Osteopetrosis

Other haematological conditions

Severe aplastic anaemia (SAA)

Myelodysplastic syndrome (MDS), type refractory
cytopenia (RC)

Treatment Gonadotoxicity

Hematopoietic Stem Cell Transplantation

Gonadotoxic effects of chemotherapy and radiotherapy are well known [8-10].
Alkylating drugs in particular lead to partial or complete damage of gonadal
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function in both sexes, with the possible loss of germ cells or a shortened reproduc-
tive phase in affected girls and women [10, 11].

The risk of infertility after HSCT depends on the underlying disease, a reduced
ovarian reserve even before the start of treatment, previous treatments, the condi-
tioning drugs used and the age of the patient at the time of HSCT [5, 8, 10].

Only 1-5% of all patients who have undergone stem cell transplantation have
children. However, there is little published data from adults who underwent trans-
plantation as children or adolescents [5, 10]. Some studies report higher residual
fertility when HSCT is performed at a younger age [8].

Regarding the regimes used, cyclophosphamide monotherapy showed the lowest
gonadotoxic effect [11]. However, this protocol is only used in patients with severe
aplastic anaemia. Patients who received busulfan-based protocols or total body irra-
diation (TBI) had a birth rate of <1% [5, 10-12].

Paediatric conditioning protocols are often myeloablative (87%); however, there
is a trend to achieve conditioning with reduced intensity or toxicity (from 8% in
2000 to 16% in 2015) [4]. These protocols are preferably used in non-malignant
settings. Further long-term studies are necessary to prove the suspected reduced
gonadotoxic effect of these protocols [13, 14]. Two pregnancies were recently
reported in a woman treated with a reduced intensity protocol at the age of
19 years [15].

Due to the lack of data on fertility after conditioning with reduced toxicity, all
patients receiving HSCT after conditioning should currently be advised on fertility
preservation measures.

Gene Therapy

In 2018, the first marketing authorisation application for gene therapy for patients
with thalassaemia major was submitted to the European Medicines Agency (EMA).
The EMA recommends approval of the new gene therapy for thalassaemia patients
and the application is expected to be implemented in 2020.

Immunodeficiencies, metabolic disorders and cystic fibrosis are also among the
diseases that are potentially eligible for gene therapy. Before retransfusion of the
autologous genetically modified stem cells, conditioning, currently mostly with
busulfan, is necessary. These patients should also be advised on the gonadotoxic
effect of conditioning and fertility-preserving measures should be offered.

Advice on Fertility Preservation Measures

In 2016, experts from the Paediatric Diseases Working Party (PDWP) of the
European Society for Blood and Marrow Transplantation (EBMT) published rec-
ommendations for advice and implementation of fertility-preserving measures in
children and adolescents undergoing planned HSCT [3]. All patients of prepubertal
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or postpubertal age should be offered advice on the options available to them for
fertility preservation. Counselling should include information on the risk of fertility
impairment as a result of planned HSCT in relation to the underlying disease, age,
pre-treatment and other comorbidities. At the request of patients or their parents, an
individualised concept for maintaining fertility should be an integral part of the
treatments.

During the consultation, attention should be drawn to the possibility of inheriting
the underlying disease, especially in the case of autosomal dominant or x-linked
inherited diseases. It is essential that patients are informed about the possible inheri-
tance of these defective genes to their offspring, even though the disease has been
clinically cured after HSCT. Testing of the partner and consultation prior to initiat-
ing infertility treatment is essential. The implementation of fertility-preserving
measures in mentally retarded patients should be discussed and considered in detail
with the parents.

The currently still experimental character of fertility preservation methods in
prepubertal girls should be pointed out. However, there are now first case reports of
successful pregnancies after retransplantation of prepubertal ovarian tissue, so that
this method may lose its experimental character in the coming years [7].

Restrictions on Fertility Preservation Measures
in Special Situations

Patients with Thrombocytopenia/Neutropenia

Patients who have thrombocytopenia or neutropenia due to their underlying disease
have an increased risk of bleeding or infection when gonadal tissue or oocytes are
removed. Preoperative preventive measures, such as necessary substitutions, should
be taken accordingly.

Patients with Sickle Cell Disease (SCD)

Many patients with SCD receive hydroxycarbamide (HC) as long-term treatment.
Hydroxycarbamide is indicated for the prevention of recurrent painful vaso-
occlusive crises including acute chest syndrome in adults, adolescents and children
over 2 years of age with symptomatic SCD [16]. In arandomised, placebo-controlled
trial, the BABY HUG study has shown that hydroxycarbamide administration also
reduces the incidence of complications in previously asymptomatic infants [17].
Many guidelines recommend the early use of HC. Therefore, an increased pro-
portion of SCD patients who received previous HC before allogeneis HSCT is to be
expected. Boys and men, regardless of whether they were treated with HC, have
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reduced spermatogenesis. There is a current lack of prospective studies on the nega-
tive influence of HC on fertility in girls and women [18]. However, a retrospective
study showed a reduction in AMH concentration after HC therapy alone, and a
negative influence on the ovarian reserve must currently be assumed [19].

Based on current data, it is not recommended that HC therapy be discontinued
before fertility preservation measures are implemented, and a washout phase prior
to conception should be considered for later transplantation of ovarian tissue
obtained under HC therapy. Erythrocytes of patients with SCD have a shortened
survival time and can lead to recurrent vascular occlusion crises and thromboses due
to endothelial damage.

Cryopreservation of oocytes (see chapter “Cryopreservation of Unfertilized and
Fertilized Oocytes”) is an established procedure which requires hormonal stimula-
tion (see chapter “Ovarian Stimulation to Collect Oocytes”). This can lead to com-
plications in SCD patients, such as severe pain crises due to increased estrogen
levels during stimulation and the occurrence of thromboses, especially acute tho-
racic syndrome or central nervous system infarctions. Case reports on complica-
tions after stimulation for oocyte collection have been published [20-22].

Some European stem cell transplant centres therefore prefer the removal and
cryopreservation of ovarian tissue (personal communication) (see chapters
“Removal of Ovarian Tissue” and “Transportation, Cryopreservation and Storage of
Ovarian Tissue”) as a fertility-preserving measure in pre- as well as post-pubertal
SCD patients, in order to avoid hormonal stimulation.

Due to the lack of data and the possible serious complications associated with
hormonal stimulation, we recommend not using hormonal stimulation and only
offering these patients removal of ovarian tissue.

Recommendations regarding the perioperative procedure in SCD patients should
be followed [23] for the removal of ovarian tissue (see chapter “Removal of Ovarian
Tissue”).

Patients with Iron Overload

Patients who receive regular red blood cell transfusions may develop endocrinopa-
thies such as primary or secondary hypogonadism as a result of transfusion-related
iron overload. Haemosiderosis-related endocrinopathies are more common in
patients with thalassemia than with SCD [24]. Transfusion-dependent thalassaemia
patients have ovulation disorders and hypogonadism in 30-80% of cases [25].
These changes are dependent, for example, on genotype and the start and duration
of iron overload as a result of non-compliant chelation therapy [26]. The extent of
iron-related damage to the pituitary gland and/or ovarian tissue can only be esti-
mated approximately by ultrasound determination of the antral follicle count (AFC)
and AMH concentration. If the ovarian reserve is demonstrably limited due to iron
overload (AMH and AFC reduced), neither ovarian stimulation nor cryopreserva-
tion of ovarian tissue is appropriate.



120 A. Jarisch and A. Germeyer
Other Patients

Both ovarian stimulation and cryopreservation of ovarian tissue can be considered
in all other postpubertal patients. In non-malignant situations, multiple stimulation
cycles to achieve the desired number of cryopreserved oocytes may be possible.

Practical Approach

While possible fertility-preserving measures may be limited by the time frame
available in patients with oncological diseases (e.g. myelodysplastic syndrome,
MDS), patients with non-malignant diseases usually have sufficient time for a
detailed consultation and implementation of fertility-preserving therapies (even
repeated ovarian stimulation, if the underlying disease allows). An exception may
be children with severe combined immunodeficiency (SCID) or haemophagocytic
lymphohistiocytosis (HLH), whose diagnosis may only be made during a life-
threatening and intensive exacerbation of the disease. In these exceptional cases,
fertility-preserving measures should be avoided after risk assessment, but the par-
ents should nevertheless be advised and involved in the decision-making process.

Fertility preservation measures can often be carried out during other planned
surgical interventions, such as the implantation of an indwelling catheter or the
removal of an autologous bone marrow reserve (autologous back-up).
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