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Next Steps 
What are possible next steps that would build upon the results of this project? Could any data or tools 
resulting from the project have the potential to be used to answer new research questions by future medical 
students? 

Please follow the link below and complete the archival process for your Project in addition to submitting 
your final report. 

https://ohsu.ca1.qualtrics.com/jfe/form/SV_3ls2z8V0goKiHZP 

Student’s Signature/Date (Electronic signatures on this form are acceptable.) 
This report describes work that I conducted in the Scholarly Projects Curriculum or alternative academic 
program at the OHSU School of Medicine. By typing my signature below, I attest to its authenticity and 
originality and agree to submit it to the Archive. 

X
Student's full name

Mentor’s Approval (Signature/date) 

Additional next steps that would build upon the current results could include sub-group analyses of 

different cancers and therapies for meta-analysis, forest plots of percent normal, assessing risk of bias 

within individual studies, and figuring out which studies used a control arm of healthy people.  

Unanswered research questions include how many people use frozen products for fertility since we were 

unable to find any studies that addressed this. Additionally, new research could be focused on the “rules” 

of how long cryopreserved oocytes, sperm, and embryos are kept in freezers. 

https://ohsu.ca1.qualtrics.com/jfe/form/SV_3ls2z8V0goKiHZP
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Report:	Information	in	the	report	should	be	consistent	with	the	poster,	but	could	include	additional	
material.		Insert	text	in	the	following	sections	targeting	1500-3000	words	overall;	include	key	figures	and	
tables.		Use	Calibri	11-point	font,	single	spaced	and	1-inch	margin;	follow	JAMA	style	conventions	as	
detailed	in	the	full	instructions.	
	
Introduction	(≥250	words)		

Cancer	therapy	frequently	results	in	decreased	fertility.	About	1	in	10	of	total	cancer	cases	arise	in	adults	of	
reproductive	age,	and	the	most	common	cancers	in	this	cohort	include	breast,	bowel,	cervical,	and	
testicular	cancers	(1).	If	harm	to	reproductive	organs	from	therapy	is	inevitable,	preserving	gametes,	
embryos,	or	tissue	may	help	to	preserve	fertility.	
	
Both	female	and	male	fertility	may	be	impaired	following	chemotherapy,	bone	marrow	transplant,	and/or	
radiotherapy	for	cancer.	Chemotherapy	comprises	the	largest	set	of	therapies	used	to	treat	cancer.	Some	
cancer	treatment	regimens,	historically	considered	to	cause	infertility,	have	had	overstated	estimates	of	
damage.	Researchers	have	described	the	reproductive	toxicity	of	frequently	used	chemotherapy	regimens,	
which	can	assist	with	risk	stratification	before	starting	therapy,	but	this	has	proved	difficult	given	the	
heterogeneity	of	regimens,	patients,	and	cancers	(2).		
	
Several	options	are	currently	available	for	the	preservation	of	fertility	including	oocyte	cryopreservation,	
sperm	cryopreservation,	ovarian	tissue	cryopreservation,	and	embryo	cryopreservation	(3).	
	
Currently,	there	is	a	lack	of	knowledge	about	how	much	cancer	therapies	affect	fertility,	which	patients	
choose	fertility	preservation,	and	of	the	patients	who	do	how	successful	is	the	utilization	of	these	products	
for	conception.	There	is	no	consistent	incidence	for	infertility	following	cancer	therapy.	Furthermore,	the	
degree	to	which	infertility	guidance	and	recommendations	are	employed	in	clinical	practice	is	unclear.		
	
To	tackle	gaps	in	this	important	topic,	we	aim	to	answer	five	questions:	

1. How	much	do	bone	marrow	transplant,	chemotherapy,	and	radiation	regimens	for	various	cancers	
affect	fertility?	

2. What	is	the	rate	of	referral	for	fertilization	preservation	for	cancer	patients?	
3. How	many	cancer	patients	cryopreserve	oocytes,	sperm,	and	embryos?	What	is	the	viability	of	

these	frozen	products?	
4. How	many	cancer	patients	have	more	offspring	with	fertility	preservation?	
5. How	effective	is	ferto-protective	therapy?	

		
Our	hypothesis	is	that	the	number	of	eligible	patients	that	undergo	fertility	preservation	is	suboptimal,	and	
a	vast	majority	of	cryopreserved	ova	and	sperm	may	never	be	used.	This	could	be	due	to	failures	in	
preservation	(e.g.,	collected	oocytes	and	sperm	might	be	less	viable	than	embryos)	and	there	might	be	
additional	reasons	why	costs	have	constrained	the	system's	limit	collection.		
	
Our	approach	to	answering	these	questions	is	to	conduct	a	systematic	review	and	meta-analysis	by	
analyzing	a	number	of	published	studies	found	in	different	databases.	As	a	retrospective,	cross-sectional	
study,	this	project	is	highly	feasible	and	attainable.	
	
Methods	(≥250	words)		

	
This	systematic	review	and	meta-analysis	were	conducted	in	accordance	with	PRISMA	and	with	PROSPERO.	
Methodology	was	based	on	previous	work	by	Prasad	et	al.	as	well	as	Talic	et	al.	(2021)	(18).		
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Eligibility	criteria:		
Articles	that	met	the	population,	intervention,	comparison,	outcome,	and	study	design	criteria	were	eligible	
for	inclusion	in	this	systematic	review.		
		
We	excluded	case	reports,	case	studies,	reviews	and	non-empirical	studies	(e.g.,	commentaries,	editorials,	
government	reports)	that	provided	results	without	strong	well-documented	statistical	assessments.		
	
Information	sources:	
We	conducted	an	extensive	search	in	the	following	databases:	Embase	(1991-2021),	Google	Scholar	(1991-
2021),	and	PubMed	(1991-2021)	(Figure	1).	Chris	Eden	developed	the	initial	search	strategy,	which	was	
validated	by	Dr.	Haslam.	Our	broad	computerized	search	strategy	was	built	upon	using	the	keywords	
chemotherapy,	radiation,	and	fertility.	The	updated	search	strategy	was	last	performed	on	1	December	
2021.	All	citations	identified	from	the	database	searches	were	uploaded	to	Excel.	
	
Studies	with	the	following	designs	were	included:	1)	randomized	controlled	trials,	according	to	the	
Cochrane	Collaboration	guidelines;	2)	controlled	clinical	trials,	experiments	in	which	eligible	subjects	are	
allocated	in	a	nonrandomized	manner	to	the	treatment	and	the	control	groups;	3)	other	designs,	including	
patient	series	and	pre-post	studies.	Only	full-length	articles	or	full	written	reports	were	considered	for	
inclusion	in	the	review.		
	
Study	Selection:		
We	independently	screened	the	titles	and	abstracts	and	excluded	studies	that	did	not	match	the	inclusion	
criteria	(article	type:	clinical	trial,	randomized	controlled	trial,	or	other	designs,	which	included	clear	
statistical	results;	species:	human;	year:	1991-2021).	We	retrieved	full	text	articles	and	determined	whether	
to	include	or	exclude	studies	no	the	basis	of	predetermined	selection	criteria.	We	determined	whether	
each	article	answered	one	or	multiple	of	our	questions.	Information	obtained	from	the	full	text	articles	
included:	title,	journal/book,	question,	database	found	in,	tissue,	intervention,	country,	objective(s),	
setting,	patient	population,	study	type/statistical	methods	used,	outcome(s),	results	(statistics	included),	
conclusions,	limitations,	study	duration,	cancer	type,	publication	year,	and	DOI	(Supplemental	Table	1,	not	
all	columns	displayed	due	to	readability).	Studies	were	sorted	by	question	and	then	sub-divided	by	cancer	
type,	and	outcome(s)	(e.g.,	hormone	level,	number	of	gametes).		
	
Statistical	analysis:		
Because	of	the	differences	in	the	effect	metrics	reported	by	the	individual	studies,	we	could	only	perform	
descriptive	qualitative	data	synthesis	and	analysis	for	the	five	questions.	Pie	charts	displaying	the	study	
characteristics	were	created	in	Excel.		
	
Future	next	steps	with	data	would	include	transforming	effect	metrics	derived	from	different	studies	to	
allow	for	pooled	meta-analysis.	The	Dersimonian	Laird	random	effects	model	would	be	used	to	estimate	
pooled	effect	estimates.	Heterogeneity	among	individual	studies	would	be	assessed	using	the	Cochran	Q	
test	and	the	I2	test.	All	P	values	would	be	two	tailed,	with	P	=	0.05	considered	to	be	significant.		
	
Public	and	patient	involvement:	
No	patients	or	members	of	the	public	were	directly	involved	in	this	study	as	no	primary	data	were	
collected.		
	
Results	(≥500	words)		

1. How	cancer	treatments	affect	fertility?	
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24	studies	provided	estimates	on	the	effect	of	bone	marrow	transplant,	chemotherapy,	and	radiation	
regimens	on	fertility	outcomes	in	different	cancers	(Figure	2,	Supplemental	Table	1).	Most	studies	focused	
exclusively	on	groups	of	patients	with	a	specific	diagnosis.	Out	of	the	24	studies,	seven	of	the	studies	
assessed	fertility	in	patients	with	Hodgkin’s	lymphoma	treated	with	chemotherapy,	five	assessed	testicular	
cancer	treated	with	chemotherapy	(four	articles)	or	irradiation	(one	article),	and	the	remaining	studies	
assessed	various	other	cancers	including	acute	lymphoblastic	leukemia,	acute	myeloid	leukemia,	breast	
cancer,	and	non-Hodgkin’s	lymphoma	treated	with	bone	marrow	transplant,	chemotherapy,	or	radiation.	
Measured	outcomes	serving	as	surrogate	measures	for	fertility	were	heterogeneous,	but	within	the	24	
studies,	roughly	33%	looked	at	semen	analysis,	17%	looked	at	ovarian	tissue	analysis,	and	50%	looked	at	
hormonal	labs	(Figure	2).		
	
The	results	of	studies	that	assessed	fertility	indicate	that	cancer	patients	face	wide	variation	in	outcomes	
attributable	to	age	at	diagnosis,	disease,	and	treatment.	However,	studies	that	examined	chemotherapy	
showed	rates	of	infertility	are	high	among	women	receiving	chemotherapy	regimens	that	contain	heavy	
alkylator	exposure	(articles	1-4,	7-8,	12,	19,	21-23	in	table	1).	Among	the	studies,	for	women,	anti-mullerian	
hormone	seems	to	be	the	best	measurable	outcome	correlated	with	fertility.	Dillon	et	al.	(2013)	(article	4	in	
table	1)	is	the	best	example	of	how	anti-mullerian	hormone	measured	both	before	and	after	treatment	can	
be	useful	in	management	of	women	concerned	about	fertility	potential	(4).	
	
Infertility	among	men	has	been	less	studied,	but	semen	analysis	is	more	reliable	compared	to	markers	of	
ovarian	reserve	(articles	6,	7,	8,	10,	13,	20	in	table	1).	High	follicular	stimulating	hormone	(FSH)	levels	are	
frequently	employed	as	indirect	markers	of	fertility	dysfunction	but	their	reliability	is	questionable	(5).		
	
Interestingly,	our	review	shows	that	is	important	to	consider	the	impact	of	underlying	malignancies	on	
fertility	just	as	much	or	more	so	than	therapy.	For	example,	in	Hodgkin’s	lymphoma,	the	data	is	very	
complicated.	Although	patients	with	Hodgkin’s	lymphoma	have	high	overall	response	rates	to	therapies,	
almost	90%	of	patients	develop	azoospermia	(article	6	in	table	1)	(5).	The	pre-therapy	semen	quality	of	
patients	with	cancers	such	as	Hodgkin’s	lymphoma	can	be	low.	Sieniawski	et	al.	(2008)	(article	6	in	table	1)	
showed	that	newly	diagnosed	Hodgkin’s	lymphoma	23%	patients	had	normozoospermia	and	77%	patients	
had	dysspermia.	These	researchers	showed	that	a	minority	of	patients	showed	improved	sperm	counts	
after	receiving	chemotherapy.		
	
2. What	is	the	rate	of	referral	for	fertility	preservation?	
	
Only	two	studies	assessed	rate	of	referral	for	fertility	preservation	(6,	7).	Both	studies	were	in	concordance	
with	low	fertility	preservation	at	medical	centers.	Surveys	from	these	studies	suggest	that	important	
discrepancies	exist	in	fertility	counseling	rates	across	European	countries	with	rates	ranging	from	15%	to	
40%	of	eligible	candidates	(7).		
	
3. How	many	cancer	patients	cryopreserve	oocytes,	sperm,	and	embryos?	
	
Eight	studies	were	included	in	the	analysis	that	examined	how	many	patients	underwent	fertility	
preservation	(7-14).	Heterogeneity	among	studies	was	substantial.	van	der	Kaaij	and	colleagues	reported	
that	40%	of	men	treated	for	Hodgkin	lymphoma	cryopreserved	sperm	prior	their	treatment	used	(6).	In	a	
2017	European	study	that	included	38	centers	with	expertise	in	children	and	adolescents,	the	authors	
reported	that	a	total	of	29%	of	patients	had	a	fertility	preservation	procedure	performed	(7).	
	
4. How	many	cancer	patients	have	more	offspring	with	fertility	preservation?	
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Only	one	study	(which	also	answered	questions	2	and	3)	reported	the	association	between	increased	
offspring	and	fertility	preservation.	The	2014	study	assessed	men	treated	for	Hodgkin	lymphoma	and	
showed	that	semen	cryopreservation	doubled	the	odds	of	fatherhood	after	treatment;	with	20%	of	children	
conceived	using	cryopreserved	semen	(6).		
	
5. How	effective	is	ferto-protective	therapy?	
	
Overall,	49	articles	provided	estimates	on	the	effectiveness	of	ferto-protective	therapy	(Supplemental	Table	
2).	Out	of	the	49	studies,	32	articles	assessed	gonadotropin-releasing	hormone	agonists	(GNRHa),	5	articles	
assessed	luteinizing	hormone-releasing	hormone	agonists	(LHRHa),	3	articles	assessed	tamoxifen,	and	the	
remaining	9	articles	assessing	other	ferto-protective	therapies.	The	most	commonly	measured	outcomes	
were	premature	ovarian	insufficiency	and	post-treatment	pregnancy	rate.	Our	preliminary	meta-analysis	
shows	that	treatment	with	GnRHa	fails	to	provide	a	protective	fertility	effect	with	studies	showing	
contradictory	results	(Supplemental	Table	2).			
	
Discussion	(≥500	words)		

	
More	than	80%	of	children	with	cancer	become	long-term	survivors,	and	fertility	is	an	obvious	concern	in	
cancer	patients	of	childbearing	age	(15).	Fertility	and	fertility	preservation	for	cancer	patients	is	a	
developing	field.	The	potential	effect	of	cancer	therapies	on	fertility,	the	use	of	ferto-protective	therapies,	
referral	patterns	for	fertility	preservation,	risks	of	preservation,	and	disposition	of	cryopreserved	sperm,	
oocytes,	and	embryos	are	all	topics	requiring	more	evidence.		
	
The	first	question	of	our	project	aimed	to	research	the	effects	of	different	cancer	therapies	on	fertility.	The	
24	studies	found	in	our	systematic	review	demonstrated	that	there	are	a	wide	variety	of	effects	of	cancer	
therapies	(chemotherapy,	bone	marrow	transplant,	and	radiation)	on	fertility.	Our	review	yielded	a	wide	
array	of	patient	demographics	(e.g.,	age,	sex),	cancers,	treatments,	site	of	administration,	and	doses.	With	
all	of	these	very	diverse	variables,	there	are	innumerable	combinations.		
	
Retrospective	cohort	studies	describe	the	affect	of	cancer	therapies	on	fertility.	Since	chemotherapy	
regimens	often	consist	of	multiple	drugs,	the	influence	of	specific	drugs	on	fertility	is	difficult	to	discern.	
Throughout	all	of	the	studies,	though,	it	did	appear	that	chemotherapy	regimens	with	alkylating	agents	
(represented	by	cyclophosphamide)	posed	a	strong	risk	of	infertility.	We	recommend	characterization	by	
risk	stratification	to	specify	each	regimen	accurately	(2).	Additionally,	calculating	cyclophosphamide	
equivalent	dosing	may	provide	further	standardization	(16).	Unfortunately,	our	study	reveals	that	there	is	
significant	inconsistency	in	monitoring	the	effects	of	fertility.	Poor	surrogate	outcomes,	lack	of	patient	
follow-up,	and	no	control	groups	contribute	to	ambiguity	among	the	effects	of	cancer	therapies	on	fertility.	
With	development	of	new	tools,	we	hope	that	it	will	be	much	easier	to	estimate	the	impact	of	therapies	on	
fertility.		
	
Consideration	of	fertility	preservation	before	cancer	treatment	remains	a	possibility	to	maximize	the	
reproductive	potential	of	patients	newly	diagnosed	with	cancer.	The	second,	third,	and	fourth	questions	of	
our	project	aimed	to	address	this	component.	Overall,	fertility	preservation	is	very	understudied,	as	we	
showed	there	are	very	few	studies	that	look	into	this	topic.	From	the	data	we	collected,	fertility	
preservation	referral	rates	remain	low,	and	the	number	of	cryopreserved	fertility	products	is	unknown.	
Literature	has	shown	that	oncologists	lack	knowledge	about	fertility	preservation	(17).	We	postulate	that	
there	are	significant	barriers	to	fertility	preservation	given	the	cost,	public	perceptions,	limited	research,	
and	institutional	factors	such	as	lack	of	practice	guidelines.	Cultural,	economic,	and	religious	factors	also	
certainly	play	a	role	in	determining	which	patients	get	referred	for	cryopreservation,	what	products	are	
preserved,	and	where	cancer-specific	fertility	information	is	available.		
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The	last	and	fifth	question	in	our	systematic	review	and	meta-analysis	analyzed	ferto-protective	therapies.	
This	is	one	of	the	best-studied	topics	within	the	realm	of	fertility	and	cancer	therapies.	We	provided	
evidence	from	numerous	studies	of	the	unclear	role	of	protecting	gonadal	tissue	with	GnRHa	
chemotherapy.	Clinical	trials	found	in	our	review	have	suggested	conflicting	results,	questioning	the	benefit	
of	ferto-protective	therapies	with	hormone	suppression.		
	
The	methodology	of	this	project	utilized	existing	electronically	active	articles.	This	process	quickly	revealed	
that	there	is	very	limited	research	on	fertility	preservation	in	cancer	(questions	2-4).	Studies	analyzed	for	
each	of	our	five	questions	revealed	substantial	differences	in	assessed	outcomes,	which	made	it	difficult	to	
create	a	meta-analysis.	Future	work	would	include	conducting	a	randomized	control	study.		
	
This	project	raises	a	number	of	questions	surrounding	fertility	preservation	and	there	is	a	strong	need	for	
studies	that	follow	cancer	patients	who	undergo	fertility	preservation.	Who	gets	referred?	What	are	the	
risks?	How	long	should	cryopreserved	fertility	products	be	stored?	What	is	the	viability	of	
cryopreservation?		
	
Conclusions	(2-3	summary	sentences)		

	
Our	analysis	is	the	first	attempt	at	a	systematic	review	of	all	currently	published	articles	on	fertility	and	
fertility	cryopreservation	in	cancer	patients.	Despite	the	limitations	of	existing	data,	and	the	pressing	need	
for	more	comprehensive	analysis	of	fertility	in	the	context	of	cancer,	the	literature	very	clearly	shows	the	
impact	of	some	cancers	and	treatments	on	fertility.		
		
Figures	
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Figure	1.	Flow	of	articles	through	the	review.	Figure	adapted	from	Talic	et	al.	(2021)	(18).			
	

	
Figure	2.	Cancers,	therapies,	and	outcomes	assessed	for	question	1.	
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Supplemental	Table	1.	Individual	studies	assessing	question	1.	The	full	Excel	tables	include	columns	of	title,	
journal/book,	question,	database	found	in,	tissue,	intervention,	country,	objective(s),	setting,	patient	
population,	study	type/statistical	methods	used,	outcome(s),	results	(statistics	included),	conclusions,	
limitations,	study	duration,	cancer	type,	publication	year,	and	DOI.	
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Supplemental	Table	2.	Individual	studies	assessing	question	5.	The	full	Excel	tables	include	columns	of	title,	
journal/book,	question,	database	found	in,	tissue,	intervention,	country,	objective(s),	setting,	patient	
population,	study	type/statistical	methods	used,	outcome(s),	results	(statistics	included),	conclusions,	
limitations,	study	duration,	cancer	type,	publication	year,	and	DOI.	
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