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Ovarian	reserve	
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Age	and	Fertility	
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Estimated	New	Cancer	Cases	for	Leading	Cancer	Sites		
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Breast	cancer	age	distribution.		

8	



Five-year	Relative	Survival	Rates*(%)	for	Selected	Cancers	
among	Individuals†	Aged	15	and	Older	in	Select	Countries		
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Cancer	Treatment		

Initial	diagnosis	

Surgery		

Chemotherapy		 Radiation	therapy		
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Chemotherapy	and	Reproductive	Function		
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High	risk	of	prolonged	azoospermia	in	men	or	amenorrhea	in	women	
•  Cyclophosphamide	
•  Ifosphamide	
•  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	lymphoma	without	alkylating	agents	
	 	 	Bleomycin	
	 	 	Actinomycin	D	
	 	 	Vincristine	
	 	 	Methotrexate	

Rodriguez-Wallberg	and	Oktay,	J	Ped	Hematol	Oncol,	2010,	



Radiation	and	Reproductive	Function	

13	

High	risk	of	prolonged	azoospermia	in	men	or	amenorrhea	in	women	

•  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	pre-pubertal	boys	

•  Pelvic	or	whole	abdominal	radiation	dose	≥	6	Gy	in	adult	women	

•  Pelvic	or	whole	abdominal	radiation	dose	≥	10	Gy	in	post-pubertal	girls	

•  Pelvic	radiation	or	whole	abdominal	dose	≥	15	Gy	in	pre-pubertal	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	post-pubertal	girls	

•  Pelvic	or	whole	abdominal	radiation	dose	10-15	Gy	in	pre-pubertal	girls	

•  Craniospinal	radiotherapy	dose	≥	25	Gy	

Rodriguez-Wallberg	and	Oktay,	J	Ped	Hematol	Oncol,	2010,	
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Time	is	important!!!	
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Cancer	
diagnosis	

Fertility	
preservation	 Treatment		



Fertility	preservation	for	women	with	cancer	

Fertility	preserving	surgery		

• Transposition	of	the	ovaries	
• Shield	during	treatment	

Protection	from	radiation	therapy	

• GnRH	analogs	
• Oral	Contraceptives	

Protection	from	chemotherapy	

Assisted	Reproduction	
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Gynecological	cancer/fertility	preserving	surgery		
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Fertility-sparing	interventions	in	female	patients.		
Rodriguez-Macias	Wallberg	et	al,	J	Pediatric	Blood	&	Cancer,	2009,	
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Fertility-sparing	interventions	in	female	patients.		
Rodriguez-Macias	Wallberg	et	al,	J	Pediatric	Blood	&	Cancer,	2009,	

Gynecological	cancer/fertility	preserving	surgery		
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Gynecological	cancer/	prophylaxis	from	
radiation	or	chemotherapy			
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Human	Reproduction	Update,	Vol.14,	No.6	pp.	543–552,	2008	
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Assisted	Reproduction	for	women	with		cancer		

Assisted	reproductive	technologies		

Oocyte	or	
embryo	
freezing	

Ovarian	tissue	
cryopreservation	

Oocyte		
donation	 Surrogacy	
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Ovarian	stimulation	

Duration of  stimulation: 10-12 days 

 
 

 
Ovarian stimulation with gonadotropins  

	

GnRH Antagonist	

Day 9  of  Cycle 
Day of  hCG 
 
 (Day 13)  

Day 3 of  cycle   

menses 

Egg collection 
 
 ( Day 15) 



Few	years	ago	
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Embryo		cryopreservation	represent	the	most	efficacious	
method		for	fertility	preservation	in	women	with		cancer		

But………	
•  Requires	ovarian	stimulation		to	harvest	oocytes,		
•  Sperm	is	also	required!!!!!	
•  Requires	time?????	
•  Associated	with	high	E2	levels	



Now		
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Oocyte	cryopreservation	equally	
successful	to	embryo	cryopreservation		



Cryopreservation	of	eggs	and	embryos	
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	Slow	freezing		 Vitrification	
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	Oocyte				Vitrification	
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Oocyte	vitrification	and	warming	should	no	longer	
be	considered	experimental.		

	
This	document	replaces	the	document	last	published	in	2008	titled,	‘‘Ovarian	Tissue	and	Oocyte	
Cryopreservation,’’	
	Fertil	Steril	2008;90:S241-6.		

Fertil	Steril	2013;99:37–43.			
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How	many	eggs	should	I	store	to	achieve	a	pregnancy?	
	

Surgival	rates	after	thawing		75%	and		
fertilization	rates	of	75%	are	anticipated	in	women	up	to	38	years	of	age.		

	
	
	
.	

10	eggs	should	be	stored	for	each	pregnancy	attempt.		

10	eggs	are	
frozen,		

7	are	expected	to	
survive	the	thaw,	

5	to	6	are	
expected	to	
fertilize	and	

become	embryos.		

Usually	2-3	
embryos	are	
transferred	in	

women	up	to	38	
years	of	age.	



Problem#1	
	

Ovarian	stimulation	increases	estrogen	
levels	
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Fertil	Steril	2012;98:1363–9.	



39	Fertil	Steril	2012;98:1363–9.	



40	Fertil	Steril	2012;98:1363–9.	

Does	not	compromise	number	or		oocytes	retrieved	

Associated	with	decreased	estradiol	levels	

Triggerring	with		GnRH	agonists	resulted	in	more	eggs	
and	diminished	risk	of	OHSS	

Women	with	BRCA	mutation		had	decreased	response	

No		difference	in	disease	free	interval		



	
Problem	#	2		

	
Ovarian	stimulation	could	potentially	delay	

treatment	(Chemotherapy)	
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Time	from	diagnosis	to	egg	harvesting	
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Day	1		 Day	28	 Day15	

Diagnosis	of	Cancer		 Ovarian	stimulation	

Oocyte	
harvesting	

28	to	45	days		



Facts	and	Fiction	in	ovarian	physiology	
Tradition	and	Innovation	in	Assisted	Reproduction			

Common	belief	
•  Ovarian		stimulation	should	start	

the	first	2-3	days	of	the	cycle	

•  The	presence	of	a	corpus	luteum	
may	compromise	oocyte	quality	

•  The	presence	of	a	dominant	
follicle	precludes	gonadotropin	
stimulation	

Reality		
•  Ovarian	stimulation	can	

start	any	time	in	the	cycle	

43	



44	



45	



46	

Continuous	recruitment	

Single	recruitment	episode	

Wave	theory	of	recruitment	
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Ovarian	cryopreservation	for	
subsequent	re-implantation	
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Donnez.	Transplantation	of	ovarian	tissue.	Fertil	Steril	2013.	



Ovarian	cryopreservation	for	
subsequent	re-implantation	
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Cryopreservation	of	ovarian	tissue	is	the	only	option		
available	for	prepubertal	girls	and	for	women	who	cannot			

delay	the	start	of	chemotherapy	

Donnez.	Transplantation	of	ovarian	tissue.	Fertil	Steril	2013.	

The	most	common	reasons	given	for	not	discussing	
fertility	preservation	options	in	a	pediatric	cancer	population	
	‘‘not	at	significant	risk’’	in	29%	of	cases,	
	‘‘too	young’’	in	27%,		
‘‘techniques	unproven’’	in	22%,	
	‘‘no	facilities’’	in	10%,	
and	‘‘no	funding’’	in	8%	.	
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Pregnancy		after	ovarian		transplantation	
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Fertility	preservation	in	women	with	cancer	is	feasible	
and	successful	because………..	

Random	
start	COH	

Aromatase	
inhibitors	

Vitrification	
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There	is	no	excuse	not	to	offer	this		option	to		our	patients	
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	Ελληνική	Εταιρία	Διατήρησης	Αναπαραγωγής		
Hellenic	Society	for	Fertility	Preservation		

(	www.	hsfp.gr)		
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Ιδρυτικά		Μέλη	της	Εταιρίας		



Σας	Ευχαριστώ	
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Χημειοθεραπεία	και	Αναπαραγωγή	
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High	risk	of	amenorrhea	in	women	

•  Pelvic	or	whole	abdominal	radiation	dose	≥	6	Gy	in	adult	women	

•  Pelvic	or	whole	abdominal	radiation	dose	≥	10	Gy	in	post-pubertal	girls	

•  Pelvic	radiation	or	whole	abdominal	dose	≥	15	Gy	in	pre-pubertal	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	post-pubertal	girls	

•  Pelvic	or	whole	abdominal	radiation	dose	10-15	Gy	in	pre-pubertal	girls	

•  Craniospinal	radiotherapy	dose	≥	25	Gy	

Rodriguez-Wallberg	and	Oktay,	J	Ped	Hematol	Oncol,	2010,	
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60	
Human	Reproduction	Update,	Vol.14,	No.6	pp.	543–552,	2008	
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Three	patients	with	breast	cancer		
•  ovarian	stimulation	at	the	time	of	patient	presentation		(menstrual	

cycle	day	11,	14	and	17)	rather	than	waiting	for	spontaneous	menses.	
•  GnRH	antagonist	was	started	to	prevent	premature	LH	surge	when	

the	lead	follicle	measured	over	13mm.		
•  Seven	to	10	embryos	cryopreserved	per	patient	

	 	 	 	Sonmezer	M,	et	al.	Fertil	Steril	2011;	95:2125.e9–2125.e11.	

Two	patients	with	cancer	had	successful	COS	initiated	during	the	luteal	phase	
•  12	MII	oocytes	in	both	the	cases	.		
•  One	of	the	patients	had	oocyte	cryopreservation	
•  	the	other	had	ICSI	with	83.3%	fertilization	rate	.		

	 	 	 	Bedoschi	GM,	et	al.	J	Assist	Reprod	Genet	2010;	27:491–494.	
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Fertil	Steril	2012;98:1363–9.	
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There	is	concern	regarding	the	potential	for	reseeding	tumor	cells	following	
ovarian	transplantation	procedures	in	cancers	that	can	involve	
the	ovary,	such	as	leukemia	
	
	Therefore,	transplantation	of	ovarian	tissue	is	not	recommended	in	patients	
with	a	history	of	leukemia	

S	Joshi	et	al.	Fertility	preservation	in	HCT	recipients	
Bone	Marrow	Transplantation	(2014),	1–8	

Ovarian	cryopreservation	for	subsequent	
re-implantation	
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•  American	Fertility	Association:	http://www.theafa.org	
•  American	Society	of	Clinical	Oncology:	http://www.asco.org/	guidelines/fertility	
•  American	Society	of	Reproductive	Medicine:	http://	www.reproductivefacts.org	
•  Fertile	Hope:	http://www.fertilehope.org	
•  International	Council	on	Infertility	Information	Dissemination:	http://www.inciid.org	
•  Oncofertility	Consortium:	http://www.myoncofertility.org	
•  RESOLVE:	the	National	Infertility	Association:	http://www.resolve.org	

Access	to	Information		



Fertility	preservation	for	cancer	patients		
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Fertilization,	in-vitro	embryo	development,	and	pregnancy	rates	using	vitrified	

nondonor	and	donor	oocytes	are	similar	to	those	achieved	with	fresh	oocytes;	

success	rates	with	slow-freezing	are	lower	compared	with	vitrification.	

•	As	a	result	of	significantly	improved	clinical	outcomes	reported	for	vitrified	

oocytes,	oocyte	cryopreservation	now	represents	the	most	applicable	option	for	

single	reproductive-age	women	in	need	of	fertility	preservation.	

Curr	Opin	Obstet	Gynecol.	2013	June	



80	



Estimated	New	Cancer	Cases	for	Leading	Cancer	Sites		
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Estimated	New	Cancer	Cases	for	Leading	Cancer	Sites		
	

82	



83	



Women	with	genetic	risk	for	breast	
cancer		

84	

Approximately	20%-25%	of	breast	cancer	patients	have	a	positive	
family	history	

•  Lifetime	breast	cancer	risk	ranges	from	65%	to	81%	for	BRCA1	
mutation	carriers	and	45%	to	85%	for	BRCA2	carriers.	

•  Moderate	risk	genes	including	homozygous	ataxia-telangiectasia	
(ATM)	mutations,	somatic	mutations	in	tumor	suppressor	gene	
CHEK2,	and	BRCA1	and	BRCA2	modifier	genes	BRIP1	and	PALB2	
confer	a	20%-40%	lifetime	risk	of	breast	cancer.		

5%-10%	of	breast	cancer	cases	demonstrate	an	autosomal	
dominant	inheritance.		
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Random-start	ovarian	stimulation	in	patients	with	
cancer.	
Cakmak,	Hakan;	Rosen,	Mitchell	
	
Current	Opinion	in	Obstetrics	&	Gynecology.	27(3):
215-221,	June	2015.	
DOI:	10.1097/GCO.0000000000000180	
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FIGURE	1	
FIGURE	1	.	Controlled	ovarian	stimulation	protocols	in	patients	
with	cancer.	(A)	In	conventional	(early	follicular	phase	start)	
antagonist	protocol,	ovarian	stimulation	starts	with	menses	
and	GnRH	antagonist	is	initiated	to	prevent	premature	LH	surge	
when	the	lead	follicle	reaches	12	mm.	(B)	In	luteal	halt	
protocol,	administration	of	GnRH	antagonist	in	the	luteal	phase	
induces	corpus	luteum	regression,	menses	ensues	2-4	days	
later	and	ovarian	stimulation	is	initiated	earlier	than	awaiting	
spontaneous	menses.	If	the	patient	with	cancer	presents	in	the	
late	follicular	phase,	(C)	ovarian	stimulation	without	GnRH	
antagonist	can	be	started	if	the	follicle	cohort	following	the	
lead	follicle	is	smaller	than	12	mm	and	stays	smaller	than	12	
mm	before	a	spontaneous	LH	surge.	After	the	LH	surge,	GnRH	
antagonist	is	started	when	the	secondary	follicle	cohort	
reaches	12	mm	to	prevent	premature	secondary	LH	surge.	(D)	If	
the	follicle	cohort	following	the	lead	follicle	reaches	12	mm	
before	the	spontaneous	LH	surge,	pituitary	suppression	with	
GnRH	antagonist	is	initiated	and	continued	until	triggering	final	
oocyte	maturation.	If	the	patient	with	cancer	presents	in	the	
late	follicular	phase,	(E)	ovulation	can	be	induced	with	hCG	or	
GnRH	agonist	when	the	dominant	follicle	reaches	18	mm	in	
diameter	and	ovarian	stimulation	is	started	in	2-3	days	in	luteal	
phase.	If	the	patient	with	cancer	presents	in	the	luteal	phase,	
(F)	ovarian	stimulation	can	be	started	in	the	absence	of	GnRH	
antagonist	and	GnRH	antagonist	administration	is	initiated	later	
in	the	cycle,	when	the	follicle	cohort	reached	12	mm	to	prevent	
premature	secondary	LH	surge.	GnRH,	gonadotropin-releasing	
hormone;	hCG,	human	chorionic	gonadotropin.	
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The	amount	of	ovarian	cortex	to	remove	is	influenced	mainly	by	the	estimated	risk	of	ovarian	failure	
related	to	the	planned	treatment	and	existing	ovarian	volume.		For	cases	with	pelvic	irradiation,	TBI,	
and	high	doses	of	alkylating	agents,	oophorectomy	should	be	performed.	It	should	also	be	performed	
in	very	young	girls	owing	to	the	small	size	of	the	ovaries	
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Pregnancy		after	ovarian		transplantation	



Chemo-radiation	effect		on	Genetic	
cells		
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			Time	from	diagnosis	to		chemotherapy		
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			Time	from	diagnosis	to		chemotherapy		

Results	
	Mean	TTC	was	12.0	weeks	overall	and	increased	over	the	study	period.	
		
The	largest	effects	were	associated	with	therapeutic	factors,	
	
•  	immediate	post-mastectomy	reconstruction	(2.7	weeks;	P	<	.001),		
•  	re-excision	(2.1	weeks;	P	<	.001),	and	
•  	use	of	the	21-gene	RTPCR		assay	(2.2			weeks;	P	<	.001).	


