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0 – 10 years 31 – 40 years21 – 30 years11 - 20 years

CHEMOTHERAPY/RADIOTHERAPY INDUCE AN

IRREVERSIBLE DESTRUCTION OF GERM CELLS

AND AN ACCELERATED DISAPPEARANCE OF

OVARIAN FOLLICLES IN MID-LIFE

(Faddy, 1992 )

AGE DEPENDENT DECLINE OF FOLLICLE NUMBER



FERTILITY PRESERVATION 

TECHNIQUES

(Donnez and Dolmans, Nature End, 2013)



OVARIAN  TISSUE  CRYOPRESERVATION



• CAN BE PERFORMED AT ANY TIME OF THE MENSTRUAL CYCLE

• NO OVARIAN STIMULATION IS REQUIRED

• ALLOWS TO RETRIEVE A HIGH NUMBER OF PRIMORDIAL FOLLICLES

GAMETOGENIC ENDOCRINE

FUNCTION

ONLY OPTION 

PRE-MENARCHEAL GIRLS
POST-MENARCHEAL GIRLS 

YOUNG WOMEN

• WHO CANNOT DELAY CHEMO/                    

RADIOTHERAPY

• WHO CANNOT UNDERTAKE 

HORMONE STIMULATION

(hormone-sensitive tumors)

OVARIAN  TISSUE  CRYOPRESERVATION



MALIGNANT  DISEASES

PELVIC Non Gynecological Gynecological

Sarcoblastoma Cervical Cancer

Rabdomyosarcoma Vaginal Cancer

Sacral Cancer Vulvar Cancer

Recto-Sygmoidal Cancer

EXTRAPELVIC Ewing /Osteo Sarcoma

Breast Cancer

Kidney,Thyroid Cancer

Melanoma

Neuroblastoma

SYSTEMIC Hodgkin/ non-Hodgkin Lymphoma

Myeloma

Myelodisplasia

BENIGN  DISEASES

BONE MARROW TRANSPLANTATION Drepanocytosis

Thalassemia

Aplastic Anemia

AUTOIMMUNE DISEASE Lupus Erythematosus

Rheumatoid arthritis

Multiple sclerosis

RISK OF POF Turner’s Syndrome

Family History

BI/UNILATERAL OOPHORECTOMY Severe Endometriosis

Recurrent Ovarian Cysts

Ovarian Torsion

OVARIAN  TISSUE  CRYOPRESERVATION

INDICATIONS

EXCLUSION CRITERIA
• POSITIVITY FOR HBV, HCV, HIV, TREPONEMA PALLIDUM
• OVARIAN CANCER
• CONTRAINDICATION FOR LAPAROSCOPY



HOW MUCH OVARIAN CORTEX SHOULD 

BE HARVESTED FOR CRYOPRESERVATION ?

 IT DEPENDS ON THE ESTIMATED RISK OF POF RELATIVE TO :

1.   CHEMO/RADIOTHERAPY              

2.   FOLLICULAR DENSITY

 OOPHORECTOMY SHOULD BE PERFORMED:

1.  IN PATIENTS UNDERGOING PELVIC OR TOTAL BODY IRRADIATION

2.  IN VERY YOUNG GIRLS  (Pre-pubertal Girls) BECAUSE OF THE SMALL 

SIZE OF THEIR OVARIES

 ADULT CORTICAL BIOPSY SHOULD BE APPROSIMATELY:                                     

2.5 cm in lenght - 2.0 cm in width - 1.0-1.5 mm in depth



1.VIALS AIR-WARMED
FOR 30 secs

2.  IMMERSED IN A 37°C 
WATER BATH FOR 2 mins

3. CRYOPROTECTANT REMOVAL BY 
STEPWISE DILUTIONS 

3. FREEZING 
SOLUTION

2. SMALL 
STRIPS 

1.  BIOPSY BY
LAPAROSCOPY

4. PROGRAMMABLE  
FREEZER  

5. NH2 
TANK STORING

CRYOPRESERVATION PROCEDURE

RAPID THAWING

SLOW FREEZING



ORTHOTOPIC 
TRANSPLANTATION

SPONTANEOUS 
CONCEPTION

HETEROTOPIC 
TRANSPLANTATION

ASSISTED REPRODUCTIVE 
TECHNOLOGIES

OVARIAN TISSUE CRYOPRESERVATION 

APPLICATION

RESUMPTION OF CYCLICITY



ORTHOTOPIC  TRANSPLANTATION

- IF OVARY PRESENT: DECORTICATION AND SUTURE OF OVARIAN FRAGMENTS

- IF OVARY ABSENT: PERITONEAL WINDOW

(Donnez, J, 2006)

(Donnez J, 2012)



(Oktay, 2003)

(Kim, 2009)

• SUBCUTANEOUS TISSUE OF FOREARM

• SUBCUTANEOUS TISSUE OF ABDOMINAL  WALL

HETEROTOPIC  TRANSPLANTATION



Results of 4 Centres

(Denmark, Spain, Belgium, Germany)

(20%) 4 (20%)





36.9%

Children born

up to 2017

>101
(unpublished data)

OVARIAN TISSUE TRASPLANTATION

(WORLWIDE OCTOBER 2016)



>130 LIVE BIRTHS



EWING SARCOMA (9 yrs)

PELVIC IRRADIATION

SICKLE-CELL DISEASE (10 yrs)

ALLOGENIC TRANSPLANTATION

OVARIAN TISSUE CRYOPRESERVATION 

PUBERTY INDUCTION

HETEROTOPIC

ORTHOTOPIC



• 5 yrs: sickle-cell anemia diagnosis

• 14 yrs: ovarian tissue cryopreservation

• Chemotherapy with HSCT  was required

• No menstruation

• 25 yrs: ovarian tissue orthotopic/ heterotopic transplantation

1stmenstruation 5 months post-transplantation

regular menstrual cycles thereafter

• Spontaneous pregnancy 2 yrs post-transplantation

• Live birth of a healthy baby 



• 1999 (23 yrs): Oophorectomy for  cryopreservation (97 pieces)

• Pelvic radiothterapy (54Gy) and chemotherapy (ISG/SSG III)  POF

• 2007 and 2008: 1° and 2° transplant

• Endocrine function recovery

• 6 IVF failures

• 2012:  3° transplant

• 3 oocytes from orthotopic site

• Pregnancy without signs of uterus growth restriction

• Birth of healthy child at full-term

2007
2008
2012

2008

2012

2012



OVARIAN TISSUE IS USUALLY HARVESTED PRIOR TO CHEMO/RADIOTHERAPY 

POSSIBLE MALIGNANT CELL CONTAMINATION
IN CRYOPRESERVED OVARIAN TISSUE

REINTRODUCTION OF DISEASE UPON GRAFTING

OVARIAN TISSUE CRYOPRESERVATION

RISK 



FOR ALL PATHOLOGIES IT IS VERY IMPORTANT TO DISCUSS THIS  

RISK WITH PATIENTS BEFORE GOING AHEAD REIMPLANTATION 



LA NOSTRA ESPERIENZA 

DAL 2002

Percorso
«Preservare la Fertilità»
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OVARIAN  TISSUE  CRYOPRESERVATION

HOW MANY?

770

Gynecology and Pysiopathology of Human Reproduction Unit

S. Orsola-Malpighi Hospital, University of Bologna, Italy



602 ADULTS (28.44 ± 5.76 years)

BREAST CANCER
LYMPHOMA
SARCOMA
LEUKAEMIA
OTHERS
GENETIC DISEASE

Gynecology and Pysiopathology of Human Reproduction Unit

S. Orsola-Malpighi Hospital, University of Bologna, Italy



SARCOMA
LYMPHOMA
LEUKAEMIA
WILMS TUMOR
GENETIC DISEASE
OTHERS

Gynecology and Pysiopathology of Human Reproduction Unit

S. Orsola-Malpighi Hospital, University of Bologna, Italy

168 PEDIATRICS (13.03 ± 4.1 years)



OVARIAN  TISSUE  RECOVERY

by laparoscopy



OVARIAN  TISSUE  PROCESSING



OVARIAN  TISSUE  TRANSPLANTATION



OVARIAN  TISSUE  TRANSPLANTATION

PATHOLOGY PATIENTS GRAFT SITE

COLORECTAL CANCER 2 2 ORTHOTOPIC

BREAST CANCER 5 6 ORTHOTOPIC                                                          

MULTIPLE MYELOMA 1 ORTHOTOPIC

MEDULLOBLATOMA 1 ORTHOTOPIC

EWING SARCOMA 2 1 ORTHOTOPIC–1 HETEROTOPIC

NON-HODGKIN LYMPHOMA 2 3 ORTHOTOPIC

HODGKIN LYMOHOMA 2 2 ORTHOTOPIC – 2 HETEROTOPIC                                                                

STRUMA OVARII 1 1 ORTHOTOPIC–1 HETEROTOPIC

TOTAL 16 21

Gynecology and Pysiopathology of Human Reproduction Unit

S. Orsola-Malpighi Hospital, University of Bologna, Italy



ORTHOTOPIC TRANSPLANTATION 
IN THE ATROPHIC OVARY

ORTHOTOPIC TRANSPLANTATION
IN A PERITONEAL WINDOW

HETEROTOPIC TRANSPLANTATION 
IN THE SUBCUTANEOUS ABDOMINAL WALL



PATIENT  1 (A. P.):  COLORECTAL CANCER

• IMMUNOHISTOCHEMISTRY    CAM 5.2   NO MALIGNANT CELLS

ORTHOTOPIC

• FOLLICULAR DENSITY: 8 FOLLICLES / mm2

PRE TRANSPLANTATION:

• COLORECTAL CANCER (23 yrs)

• CHEMOTHERAPY (5 FU - 3 CYCLES)

• OVARIAN TISSUE CRYOPRESERVATION

• CHEMOTHERAPY  (5FU – 9 CYCLES)

• PELVIC RADIOTHERAPY (4500 Gy) + BOOST (540 Gy)

POF



• OVARIAN FUNCTION RECOVERY: 2.5 MONTHS POST TRANSPLANTATION

TRANSPLANT

HORMONE LEVELS PRE POST*
FSH mIU/mL 134.6 55.1

E2  pg/mL <12 159

OVARIAN 

FUNCTION 

LASTED  

23 MONTHS

• 1° MENSTRUAL CYCLE: 4 MONTHS POST TRANSPLANTATION

*

RESULTS



PATIENT  2 (A. R.):  BREAST CANCER 

• IMMUNOHISTOCHEMISTRY  CAM 5.2; WT1  NO MALIGNANT CELLS

• FOLLICULAR DENSITY: 1 FOLLICLE / mm2

PRE TRANSPLANTATION:

ORTHOTOPIC

• BREAST CANCER (34 yrs)

• OVARIAN TISSUE CRYOPRESERVATION

• CHEMOTHERAPY (AC – 5 CYCLES)

• RADIOTHERAPY BOOST (60 Gy)

• TAMOXIFEN AND LEUPRORELIN  (for 2 yrs)

• IRREGULAR MENSTRUAL CYCLES 

POF 



• NO MENSTRUAL CYCLES 

• OVARIAN FUNCTION RECOVERY:  2  MONTHS  POST TRANSPLANTATION

TRANSPLANT

HORMONE LEVELS PRE POST*
FSH mIU/mL 86.1 37.1

E2  pg/mL <12 <12

OVARIAN 

FUNCTION 

LASTED  

7 MONTHS

• NO HOT FLUSHING

*

RESULTS



ORTHOTOPIC

• RIGHT OOPHORECTOMY  (12 yrs)

• 1st LEFT CYST ENUCLEATION (20 yrs)

• 2nd LEFT CYST ENUCLEATION (21 yrs)

• PELVIC PERITONEUM, VESCICAL , LIVER STRUMA OVARII NODULES

• 3rd 2 LEFT CYST  ENUCLEATION (24 yrs)

• OVARIAN TISSUE RETRIEVAL (24 yrs)

• METABOLIC RADIOTHERAPY

POF

• FOLLICULAR DENSITY: 9 FOLLICLES / mm2

PRE TRANSPLANTATION:

PATIENT  3 (M. S.):  STRUMA OVARII

• IMMUNOHISTOCHEMISTRY  CYTOKERATIN, TIREOGLOBULIN, TTF1, GALECTYN 3 

 NO MALIGNANT CELLS

FROM ANOTHER

HOSPITAL AND 

TRANSPORTED 

TO BOLOGNA



• NO MENSTRUAL CYCLES

• FOLLICULAR DEVELOPMENT: 5 MONTHS POST TRANSPLANTATION

2nd HETEROTOPIC TRANSPLANTATION
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• NO OVARIAN FUNCTION RECOVERY



PATIENT 4 (F. A.):  HODGKIN  LYMPHOMA 

HETEROTOPIC 

(subcutaneous abdominal wall)

• IMMUNOHISTOCHEMISTRY   CD30   NO MALIGNANT CELLS

• FOLLICULAR DENSITY: 8 FOLLICLES / mm2

PRE TRANSPLANTATION:

• HODGKIN LYMPHOMA (29 yrs)

• OVARIAN TISSUE CRYOPRESERVATION

• CHEMOTHERAPY (ABVD - 6 CYCLES)

• SUPRA- (92 Gy)  and SUB-DIAPHRAGRAMATIC (67 Gy) RADIOTHERAPY

• IRREGULAR MENSTRUAL CYCLES

• 2 SPONTANEOUS PREGNANCIES

POF (38 yrs) : HOT FLUSHING AND SEVERE OSTEOPOROSIS



NO  HOT FLUSHING

• OVARIAN FUNCTION RECOVERY: 4 MONTHS POST TRANSPLANTATION

TRANSPLANT

HORMONE LEVELS PRE POST*

FSH mIU/mL 113.1 43.2

E2  pg/mL <12 112.8

• 1° MENSTRUAL CYCLE: 7.5 MONTHS POST TRANSPLANTATION

OVARIAN FUNCTION 

LASTED  

36 MONTHS

• CYCLES  EVERY 26 DAYS

*

*

RESULTS



2nd HETEROTOPIC TRANSPLANTATION

• 1° MENSTRUAL CYCLE:  4.5 MONTHS POST  2ndTRANSPLANTATION

MONITORING IS ONGOING

• OVARIAN FUNCTION RECOVERY: 4 MONTHS  POST  TRANSPLANTATION

A BULGE WAS VISIBLE 

ON LEFT GRAFT SITE

ULTRASOUND CONFIRMED

THE PRESENCE OF GROWING

FOLLICLES IN THE GRAFT SITE



ORTHOTOPIC

PATIENT  5 (E. C.):  NON-HODGKIN  LYMPHOMA 

• NON-HODGKIN LYMPHOMA (29 yrs)

• OVARIAN TISSUE CRYOPRESERVATION

• CHEMOTHERAPY (R-CHOP, MAD, BEAM)

• HEMATOPOIETIC STEM  CELL TRANSPLANTATION

• MEDIASTINAL RADIOTHERAPY (44Gy)

POF 

• IMMUNOHISTOCHEMISTRY  CD30,CD20,PAX5  NO MALIGNANT CELLS 

MALIGNANT CELLS

• FOLLICULAR DENSITY: 8 FOLLICLES / mm2

PRE TRANSPLANTATION:



• NO OVARIAN FUNCTION RECOVERY : 6 MONTHS POST TRANPLANTATION

2nd ORTHOTOPIC TRANSPLANTATION

SPONTANEOUS PREGNANCY

4 MONTHS POST 2nd TRANSPLANTATION

BIRTH OF A HEALTHY CHILD
(WEIGHT: 3,3 Kg; LENGTH51 cm)

RESULTS





MORE THAN 130 LIVE BIRTHS - SUCCESS RATES  30-40%: 

OVARIAN TISSUE CRYOPRESERVATION AND TRANSPLANTATION

SHOULD NO LONGER BE CONSIDERED EXPERIMENTAL

THESE FINDINGS ARE  ALSO NOTEWORTHY FOR THE  

SAFETY OF LONG-TERM BANKING

IN ONCOFERTILITY PROGRAMS

1st ITALIAN BIRTH AFTER OVARIAN TISSUE TRANSPLANTATION

IN CANCER PATIENT

CONCLUSIONS



SPECIALIZED CENTRE

 PATIENT COUNSELLING 
 SURGICAL PROCEDURES
 CRYOPRESERVATION PROTOCOL 
 QUALITY CONTROL 
 FOLLOW-UP 

CONCLUSIONS
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