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Indications for fertility preservation

• Cancer – treatment with alkylating agents and 
radiation may cause infertility

• Non-malignant disorders treated with 
immunosuppression and stem cell transplant

• Surgical menopause – ovarian diseases
• Sex chromosome abnormalities (45,X; 47,XXY)
• Individuals with gender diversity
• Age-related fertility preservation
• The effect of treatments and the disorder on other 

reproductive organs is also important (uterus, 
hypothalamus and pituitary)



Ovarian reserve

• population of primordial follicles

• 7 million oocytes in mid-gestation

• around 1 million remain at birth

• the decline of follicles throughout life

• serum AMH can be measured to estimate OR

• high individual variability

• gonadotoxicity is age-dependent



Effects of chemo- & radiotherapy on 
the ovarian cells

Anderson et al  2015 



Effects of chemo- & radiotherapy on 
the testicular cells

Anderson et al  2015 
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in vivo

in vivo

Fert ility preservat ion

in vitro

GnRH agonist for fertility preservation

Box 1 | Risk of infertility after cancer treatment

Low risk (<20%)

 Leukaemia

 Cerebral tumour <24 Gy

 Wilms’ tumour

 Germinal cell tumour (no radiotherapy)

Medium risk (20–80%)

 Leukaemia

 Cerebral tumour >24 Gy

 Non-Hodgkin lymphoma

 Hodgkin lymphoma

 Ewing sarcoma, no metastases

 Osteosarcoma

 Hepatoblastoma

 Neuroblastoma

High risk (>80%)

 Total body irradiation

 Pelvic irradiation

 Bone marrow transplantation

 Hodgkin lymphoma, alkylating agent

Permission obtained from Elsevier © Wallace, W. H. et al. Lancet 

Oncol. 6, 209–218 (2005).
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Pelvic radiation -> POI
5 – 10 Gy is toxic to oocytes

< 2 Gy is estimated to destroy
50% of primordial follicles

Cyclophosphamide is the most
harmful to oocytes of the 
chemotherapeutics

Risk of infertility very
individual, ovarian reserve,
age, treatment details
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Fertility preservation - women

• Ovarian transposition (advanced cervical cancer)

- relatively easy anterolateral fix through l-scopy
- ovarian biopsy can be taken (cryopreserv.)
- ovarian function retained in nearly 90% (<40y)
- under used method

• GnRH agonist
- does not reduce gonadotoxicity
- may only be used when no other methods 

are available

Bisharh & Tulandi 2003
Barameh et al. 2013



Fertility preservation - women

• Embryo cryopreservation

* established methodology – good results

* ovarian stimulation takes time and this may 
delay the cancer treatment (random antagonist)

* high E2 levels may be detrimental in cases of 
estrogen sensitive tumors

* spermatozoa required

* ethical, legal and religious implication
(e.g. death, divorce etc.)



Donnez NEJM 2017 



Fertility preservation - women

• Oocyte vitrification

* comparable results to fresh oocytes 

* no sperm required - best option - all 
women?

* ovarian hormone stimulation still required 
(delay, E2 exposure)

* cannot be performed for prepubertal girls



Fertility preservation - women

• Non-oncological fertility preservation
• <35 years at vitrification:

LBR: 5 oocytes ->15.4%, 8-> 40.8%, 10 ->60.5% 

• >35 years at vitrification
LBR: 5 oocytes ->5.1%, 8-> 19.9%, 10 ->29.7%

With 10 oocytes the CLBR was double in < 35 y women 
compared to >35 y women. 

20 vitrified oocytes are required to achieve a live birth
(in egg donation programmes).

Cobo et al. 2016
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Fertility preservation - women

• Ovarian tissue cryopreservation

* only available option for paediatric patients and in 
hormone-dependent diseases.

* no ovarian stimulation

* allows cancer treatment with little delay

* ovarian cortex is rich with premordial follicles

* reimplantation has the potential of restoring 
fertility and hormonal function

* spontaneous pregnancy possible with ortotopic
transplantation (>130 live births reported, June -17)

* reseeding malignant cells remains a concern



Ovarian tissue cryopreservation -
transplantation

• FertiProtekt (Germany, Austria, Switzerland)

- Safe laparoscopic procedure – complication only 
0.2% (1302 removals and 71 transplantations)

- 58 women received transplantation

- Hormonal activity in 63% (E2 >100 pmol/l at 6 mos

- Return on menses in 81 %

- Pregnancies in 16 women (22%) 

• Earlier a pregnancy rate of 14.5% has been 
reported

Beckmann et al 2018 RBMOnline



Indications for ovarian tissue 
cryopreservation
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Ovarian transposition

Box 2 | Indications for cryopreservation of ovarian tissue

Malignant pathology

Systemic diseases

 Hodgkin lymphoma

 Non-Hodgkin lymphoma

 Leukaemia

 Medulloblastoma

Extrapelvic diseases

 Bone cancer (osteosarcoma, Ewing sarcoma)

 Breast cancer

 Melanoma

 Neuroblastoma

 Bowel malignancy

Pelvic diseases

 Pelvic sarcoma

 Rhabdomyosarcoma

 Sacral tumour

 Rectosigmoid tumour

 Early cervical carcinoma

 Early vaginal carcinoma

 Early vulvar carcinoma

 Selected cases of ovarian carcinoma (stage IA)

 Borderline ovarian tumour

Non-malignant pathology

Unilateral or bilateral oophorectomy

 Benign ovarian tumour

 Severe and recurrent endometriosis

 BRCA1 or BRCA2 mutation carrier

Risk of premature menopause

 Turner syndrome

 Family history

 Benign diseases requiring chemotherapy: autoimmune 

diseases (systemic lupus erythematosus, rheumatoid 

arthritis, Behçet’s disease, Wegener’s granulomatosis)

Bone marrow transplantation

 Benign haematological diseases: sickle cell anaemia, 

thalassaemia major, aplastic anaemia

 Autoimmune diseases unresponsive to 

immunosuppressive therapy

Social reasons

 Age of the patient

 Childbearing postponed to later in life for social or 

financial reasons
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Fertility preservation - women

• Ovarian tissue in vitro culture – follicle 
maturation

* no risk of re-introduction of malignant cells 
to the individual 

* successful in mouse

* not available for women at present



Fertility preservation - men

• Sperm cryopreservation

* from the ejaculate or from a testicular biopsy

* not possible for prepubertal boys – evaluation of 
maturity to produce a semen sample challenging.

* spermarche occurs over a wide age range -
biopsies have revealed sperm with testicular volume 
< 5 ml and pubic hair I (Tanner staging).

* malignant diseases often severely impair 
spermatogenesis



Fertility preservation - boys

• Testicular tissue cryopreservation

* the aim is to preserve spermatogonial stem cells

* they may be used for transplantation (SCCs or 
testicular tissue) or in vitro culture of tissue or SCC

* transplantation has been successfully performed in 
animals including non-human primates

* in rodents tissue culture live pups have been born 
following in vitro culture of testicular tissue and SCC

* no reports on humans (nor other primates).



Fertility preservation - Klinefelter

• Testicular tissue cryopreservation

• vast majority of men with Klinefelter sdr (47, XXY)

• Some authors report loss of spermatogenic sites 
in the testis with age – not all agree

• Testicular biopsy is typically needed to identify 
spermatozoa in KS, MD-TESE 
appears to be the most efficient 
method with a sperm recovery
rate of 40 – 60%



Anderson et al  2015 



Risk of reimplanting malignant cells

Donnez &Dolmans 2013
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Gynaecological cancer

Breast cancer

Cervical carcinoma

Endometrial carcinoma

Central nervous system tumours

The future
Follicle culture and in vitro development

in vitro

Box 3 | Risk of ovarian metastasis according to cancer

High risk (>11%)

 Leukaemia

 Neuroblastoma

 Burkitt lymphoma

Moderate risk (0.2–11%)

 Breast cancer (stage IV infiltrating lobular subtype)

 Colon cancer

 Adenocarcinoma of the cervix

 Non-Hodgkin lymphoma

 Ewing sarcoma

Low risk (<0.2%)

 Breast cancer (stage I–II infiltrating ductal subtype)

 Squamous cell carcinoma of the cervix

 Hodgkin lymphoma

 Osteogenic carcinoma

 Non-genital rhabdomyosarcoma

 Wilms’ tumour

Permission obtained from Elsevier © Dolmans, M. M. et al. Fertil. 

Steril. 99, 1514–1522 (2013).
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Option of ovarian tissue utilization
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Optimizing outcomes of t ransplantat ion

Risk of reimplant ing malignant cells

Leukaemia

in vitro

Hodgkin lymphoma

Non-Hodgkin lymphoma

Isolation

30 live bir ths

Cortical ovarian biopsy

Avoids transmission of malignant cells

In vitro culture Artif cial ovaryAvascular
transplantation

Isolated folliclesFragments

Figure 3 | Options for cryopreservation of ovarian tissue 

and reimplantation. The ovarian cortical biopsy sample can 

be cut into fragments (strips of about 10 × 3 × 1 mm) before 

cryopreservation. After thawing, the fragments are 

reimplanted without vascular reanastomosis. This 

technique (orthotopic transplantation) has yielded 30 live 

births so far. Another option would be to isolate ovarian 

follicles from the thawed biopsy sample, either for in vitro 

culture and in vitro maturation, or for grafting (through the 

concept of the artificial ovary). This technique is still 

experimental but would avoid transmission of malignant 

cells. Permission obtained from Informa Healthcare © 

Donnez, J. et al. Ann. Med. 43, 437–450 (2011).
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The Future

Luyckx et al. 2014 F&S; Chiti et al. 2016 Hum Repro

• Artificial ovary

-transferring primordial follicles onto a 
biocompatible and biodegradable “scaffold” 
(fibrin or alginate) would eliminate the risk of 
transmission of malignant cells.

- survive and grow 1 wk after autotransplant

-low recovery of follicles (prim & sec)

-significant loss after grafting



The Future

Telfer & Zelinski 2013 F&S

•growing oocytes from the early stages of follicle 

- a dynamic multistep culture system is required to 
support each of the transitional stages of follicles. 
e.g. bidirectional communication between oocyte 
and the granulosa cells.

- ovarian stem cells derivation might interfere with 
the complex genomic imprinting and epigenetic 
mechanisms required for fully competent oocytes



The Future

Kalich-Philosoph et al 2013; Soleimani et al 2011

• Cyclophosphamide activates primordial follicle 
growth –> loss of reserve

• This “burn-out” effect was prevented by 
immunomodulator AS101

• Whether AS101 will have a role in clinical fertility 
preservation requires further studies

• S1P is a sphingolipid metabolite that inhibits 
radiation and chemotherapy induced cell 
apoptosis in mice. Possible potential in fertility 
preservation in human.



Fertility preservation

• Several option exist for fertility preservation 
- individual counseling should be available 
prior to fertility compromising interventions.

•  Despite technical challenges in certain patient 
groups (e.g. prepubertal boys), currently the 
major obstacle in ensuring the option of 
appropriate fertility preservation is the 
improvement of the service provision to 
match the technical and scientific advances







Nightless night – lightless winter
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Cytotoxic treatments

• Cyclophosphamide causes most damage to 
oocytes (busulfan > 600 mg / m2, 
cyclophosphamide > 7.5 g/m2 or ifosfamide > 
60 g / ms) North American Children’s Oncology Group

• Pelvic radiotherapy 5 – 10 Gy toxic to oocytes, 
2 Gy -> 50% of primordial follicles destroyed.
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Oocyte freezing

• < 35 y old women the cumulative LBR after 
oocyte vitrification was 15.4% when only 5 
oocytes were used. (40.8% / 8 & 60.5% / 10)

• > 35 y old the CLBR was 5.1 % with 5 oocytes, 
19.9% with 8 and 29.7% with 10 oocytes

• With 10 oocytes the CLBR was double in < 35 y 
women compared to >35 y women. 
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