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Cancer	Incidence	Worldwide
over	14	million	cancer	cases	

expected	to	be	over	24	million	by	2035

Common	Cancers	(USA)
>	150,000	new	diagnosis	in	reproductive	age	patients

Common Cancers in Children:  CNS, hematologic, sarcomas, bone, renal
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Improved	Therapies	have	Increased	
Survival

>80% survival for 
childhood cancers

Therapies	Pose
Reproductive	Risks

Radiotherapy
Or 

Surgery to the
pituitary or 

reproductive 
organs

Chemotherapy
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Male	Gonadotoxicity
• Testes	 is	composed	of	

spermatogonia (germ	cells),	sertoli
cells	(support	cells),	and	leydig cells	
(testosterone	production)

• Differentiating	spermatogonia and	
spermatogonial stem	cells	are	most	
susceptible	to	injury	from	
chemotherapy	and	radiation

• For	most	survivors,	sexual	function	
and	pubertal	development	are	
preserved,	but	fertility	may	be	
affected

Fertility	of	Male	Survivors:	Data	from	CCSS

• 6,224	survivors;	1,390	sibling	comparison
• Self-reported	fathering	a	pregnancy
• HR		0.56	(95%	CI	0.49-0.63)
• Risk	factors	for	impaired	fertility:

– Testicular	RT	(> 750	cGy)
– Exposure	to	alkylators

• high	doses	of	cyclophosphamide	or	procarbazine
– Age	at	dx >4

Green et al, J Clin Oncol;28:332  2010
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Likelihood	of	Pregnancy	by	Alkylating	
Agent	Exposure

Green et al, J Clin Oncol 2010
Chow et al. Lancet Oncol 2016

Dose dependent relationship was confirmed with Cyclophosphamide 
Equivalent Dose in CCSS analysis 

Impaired	sperm	production

• Radiation	is	very	
damaging
– >250	cGy in	men
– >600	cGy in	boys

• Because	 treatment	
is	multimodal,	it	can	
be	difficult	to	isolate	
the	effect	of	
individual	
treatments

Loren JCO 2013
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Reproductive Risks: Females

Pubertal 
Failure

Premature
Menopause 
<40 years Early

Menopause

Cancer Therapies destroy ovarian follicles and 
Accelerate Ovarian Aging

Timing of exposure influences puberty and menstrual function

Ben-Aharon et al. Reproductive Biology and Endocriology 2010;8:20

Acute	follicular	destruction:	
Doxorubicin-Induced	Ovarian	Toxicity

Confocal	micrographs	of	
ovaries	excised	from	
saline	vs.	doxorubicin-
treated	mice	at	12	and	
24	hours	post	treatment

Caspase-3	 (red)	staining	
for	detection	of	
apoptosis.

Clearly	manifested	in	2º,	
pre-antral and	antral
follicles	both	12	and	24	
h	post-treatment

Note: Heochst 32242 (blue) 
staining for DNA
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Cumulative	incidence	of	premature	
menopause	in	the	CCSS

Green et al. J Clin Oncol; 27:2374-2381 2009

alkylating agents abdominal-pelvic xrt both

Acute ovarian failure = 6.3%
Premature menopause = 8%

Risk substantially higher for survivors than 
for siblings RR=13.21; 95%CI, 3.2-53; 
P<.001

Risk depends on exposure to AA and Pelvic 
RT

For	survivors	treated	
with	both,	the	

cumulative	incidence	
approached	30%.

Breast	Cancer
Age	at	treatment	is	associated	with	return	of	menses

Petrek et al. J Clin Oncol 2006:1045.Menstrual calendars 595 women age 20-45
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Menstrual	Function	≠	Fertility

Letourneau, et al. Cancer 2011

• 5,149	CCSS	survivors,	1,441	sibling	controls	15-44	years	

• Survivors	less	likely	to	report	a	pregnancy	RR	0.81	
(95%CI	0.73-0.90)

• Chemotherapy:
– Alkylating	Agent	Dose	Score	=	3-4	(RR	0.7)

• XRT:
– Hypothalamic/pituitary	XRT	>	30	Gy (RR	0.61)
– Ovarian/uterine	XRT	5	- 10	Gy (RR	0.56)
– Ovarian/uterine	XRT	>10	Gy (RR	0.18)

Fertility of Female Survivors of Childhood Cancer: A Report
From the Childhood Cancer Survivor Study
Daniel M. Green, Toana Kawashima, Marilyn Stovall, Wendy Leisenring, Charles A. Sklar, Ann C. Mertens,
Sarah S. Donaldson, Julianne Byrne, and Leslie L. Robison

From the Department of Epidemiology
and Cancer Control, St Jude Children’s
Research Hospital, Memphis, TN; Clini-
cal Statistics and Cancer Prevention
Programs, Fred Hutchinson Cancer
Research Center, Seattle, WA; Depart-
ment of Radiation Physics, The Univer-
sity of Texas M. D. Anderson Cancer
Center, Houston, TX; Department of
Pediatrics, Memorial Sloan-Kettering
Cancer Center, New York, NY; Depart-
ment of Pediatrics, Emory University,
Atlanta, GA; Department of Radiation
Oncology, Stanford University Medical
Center, Stanford, CA and Boyne
Research Foundation, Washington, DC.

Submitted September 15, 2008;
accepted December 16, 2008;
published online ahead of print at
www.jco.org on April 13, 2009.

Supported by the National Institutes of
Health, National Cancer Institute Grant
No. U24 CA55727 (L.L.R.); by the Chil-
dren’s Cancer Research Fund to the
University of Minnesota Cancer Center;
and by the American Lebanese Syrian
Associated Charities.

Authors’ disclosures of potential con-
flicts of interest and author contribu-
tions are found at the end of this
article.

Corresponding author: Daniel M. Green,
MD, Department of Epidemiology and
Cancer Control, St Jude Children’s
Research Hospital, 262 Danny Thomas
Place, Mail Stop 735, Memphis, TN
38105-2794; e-mail: daniel.green@
stjude.org.

The Appendix is included in the
full-text version of this article,
available online at www.jco.org.
It is not included in the PDF version
(via Adobe® Reader®).

© 2009 by American Society of Clinical
Oncology

0732-183X/09/2716-2677/$20.00

DOI: 10.1200/JCO.2008.20.1541

A B S T R A C T

Purpose
This study was undertaken to determine the effect, if any, of treatment for cancer diagnosed
during childhood or adolescence on fertility.

Patients and Methods
We reviewed the fertility of female participants in the Childhood Cancer Survivor Study (CCSS),
which consisted of 5-year survivors, and a cohort of randomly selected siblings who responded to
a questionnaire. Medical records of all members of the cohort were abstracted to obtain
chemotherapeutic agents administered; the cumulative dose of drug administered for several
drugs of interest; and the doses, volumes, and dates of administration of all radiation therapy.

Results
There were 5,149 female CCSS participants, and there were 1,441 female siblings of CCSS
participants who were age 15 to 44 years. The relative risk (RR) for survivors of ever being
pregnant was 0.81 (95% CI, 0.73 to 0.90; P ! .001) compared with female siblings. In multivariate
models among survivors only, those who received a hypothalamic/pituitary radiation dose ! 30 Gy
(RR, 0.61; 95% CI, 0.44 to 0.83) or an ovarian/uterine radiation dose greater than 5 Gy were less
likely to have ever been pregnant (RR, 0.56 for 5 to 10 Gy; 95% CI, 0.37 to 0.85; RR, 0.18 for " 10
Gy; 95% CI, 0.13 to 0.26). Those with a summed alkylating agent dose (AAD) score of three or four
or who were treated with lomustine or cyclophosphamide were less likely to have ever
been pregnant.

Conclusion
This large study demonstrated that fertility is decreased among female CCSS participants. The risk
factors identified may be utilized for pretreatment counseling of patients and their parents.

J Clin Oncol 27:2677-2685. © 2009 by American Society of Clinical Oncology

INTRODUCTION

The treatment of children and adolescents who have
cancer has become increasingly successful. Approx-
imately 78% of all patients diagnosed before 15 years
of age will survive for 5 years.1 The majority are
expected to survive for many years after diagnosis.

The treatment that these patients receive may
affect germ cell survival. Ovarian damage results in
both sterilization and loss of hormone production.
High-dose radiation to the hypothalamic-pituitary
axis can produce secondary hypogonadism as a re-
sult of gonadotropin deficiency.2

There are limited epidemiologic data that as-
sess fertility in exposed populations. Byrne et al3

evaluated the fertility of 2,283 childhood cancer sur-
vivors diagnosed between 1945 and 1975, excluding
women who had never married; who married before
their diagnosis of cancer; who became pregnant be-

fore their first marriage; who had never menstru-
ated; or who had undergone sterilizing surgery. The
adjusted relative fertility of female survivors was 0.93
(95% CI, 0.83 to 1.04). The absence of a significant
difference in the relative fertility for female survivors
in that report may be partly explained by the exclu-
sion criteria employed and/or the exposure of few of
those studied to potentially gonadal toxic therapy.3

This study was undertaken to evaluate fertility
in the female participants in the Childhood Cancer
Survivor Study (CCSS) and to determine risk factors
for decreased fertility.

PATIENTS AND METHODS

A cohort of 20,720 previously untreated patients who were
younger than 21 years of age at diagnosis, who survived for
at least 5 years after the date of diagnosis, and who were
diagnosed with an eligible cancer between January 1, 1970

JOURNAL OF CLINICAL ONCOLOGY O R I G I N A L R E P O R T

VOLUME 27 ! NUMBER 16 ! JUNE 1 2009

© 2009 by American Society of Clinical Oncology 2677

JCO 2009
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Discussion
Our data show an increased risk of infertility in childhood 
cancer survivors starting at a very young reproductive 
age. Radiotherapy to pelvic organs and treatment 
regimens containing alkylating agents signifi cantly 
increased the risk of infertility in a dose-dependent 
fashion. Overall, survivors had a slightly increased time 
to pregnancy and were less likely to be given medical 
treatment for infertility than were their siblings. 
However, nearly two-thirds of survivors with clinical 
infertility reported a pregnancy.

Treatment for childhood cancer has variable eff ects on 
reproductive function, and counselling about the 
likelihood of fertility in survivors remains challenging. 
Previous studies have characterised risk factors for 
childlessness or pregnancy, but did not assess a group of 
women who desired pregnancy and reported an inability 
to conceive within a year. Clinicians caring for survivors 
who request information about likelihood of pregnancy 
or success of treatment for infertility have a paucity of 
data on which to base their recommendations. To our 
knowledge, ours is the fi rst large study of female 
childhood cancer survivors to quantify the risk of 

infertility that is based on a clinical defi nition and 
characterises the use and success of infertility treatments 
in this setting (panel).

Survivors who had received radiotherapy to the brain 
had a signifi cantly shorter time to pregnancy than did 
other survivors. Survivors who receive high doses of 
brain radiotherapy might have substantial neurocognitive 
impairments and be less likely to partner or attempt 
pregnancy.16 The shortened time to pregnancy in this 
survivor group in our study is probably a result of 
selection bias for a good prognosis group that received 
low dose radiotherapy that did not aff ect ovarian reserve.

Survivors were roughly half as likely to be medically 
treated for infertility as were their siblings, which is a 
cause for concern. We do not have data about why 
providers did not prescribe infertility drugs, but are 
concerned about a provider bias against treating cancer 
survivors for infertility. Perhaps providers assessed the 
chance of success as poor and therefore decided not to 
attempt therapy, or perhaps survivors were less motivated 
to take drugs after previous extensive treatment. 
Alternatively, reproductive medicine providers might have 
been uncomfortable with perceived medical comorbidities.

Figure 2: Time to fi rst pregnancy among survivors and siblings by group (A), abdominal radiotherapy (B), brain or head radiotherapy (C), and alkylating score (D)
For presentation purposes, plots were truncated at 40 months. However, all available data were used in estimations of distributions and group comparisons.
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• Self reported pregnancy 
may not truly reflect fertility

• Follow up CCSS study
• Increased risk of 

infertility (RR 1.48)
• Longer time to 

pregnancy

• Finnish birth registry study
• Survivors more likely to 

use fertility treatments 
(OR 1.8)

Assessing Fertility in Survivors

Barton,  Lancet Oncol 2013
Melin, Acta Oncol 2017

Survivors	have	Diminished	Ovarian	
Reserve

• Still,	epidemiologic	studies	
may	be	biased	and	risk	is	
unpredictable

• Can	we	quantify	impact?

• Several studies show 
decreased AMH and AFC 
in survivors compared to 
similar age controls

• Alkylators and pelvic 
radiation consistently 
associated with DOR

Exposed
(n =71)

Unexposed
(n =67)

P-
value*

Age 25.67 27.26 0.10
FSH 11.12 7.25 0.001
AMH 0.81 2.85 <0.001 
AFC 14.55 27.20 <0.001 

Early	follicular	 phase	
*Adjusted	 for	age,	 race,	BMI

Gracia 2012
Nielsen 2013
Charpenter 2014
Thoma-Teinturier 2015
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Ovarian	reserve	in	survivors	compared	to	
naturally	aging	women	

• Impaired	in	a	dose	
dependent	manner

• High	risk	survivors	
in	Mid-20’s	have	
AMH	levels	similar	
to	naturally	aging	
women	in	early	40’s

Mid 20’s

AMH

79 Late Reproductive 
Women

Mean age = 44 

Mid 20’s

Gracia et al. Fertil Steril. 2012;97:134-140

High Dose – AAD>3 or pelvic XRT

• 85	survivors	and	98	
controls	were	at	
risk	for	pregnancy	
during	the	study

• Pregnancy	rates	
over	the	study	were	
no	different	
between	groups	
despite	DOR	in	
survivors

• Suggests	good	
quality	of	follicles	

P= 0.33

Months

Average follow-up time:   17.5 months
Longest follow-up time – 5 years Pediatr Blood Cancer. 2013

Measures	do	not	appear	to	predict	fertility	in	
survivors

Risk of pregnancy over time
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Urinary	Hormone	PDG:	normal	
despite	impaired	ovarian	reserve	

Despite lower ovarian reserve, survivors have similar urinary PDG 
as similar age controls but higher than late reproductive age controls

Johnson et al. Fert Steril 2016

Data from 13 mid-reproductive survivors, 11 same-
age control subjects, 14 late-reproductive-age 
controls with 1,082 urine samples

PDG = pregnanediole glucoronide

Measures	of	ovarian	reserve	do	not	
predict	unassisted	conception

Steiner JAMA 2017
Prospective time to pregnancy over 12 months in 981 couples without infertility  
Women age 30-44 years
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Implications	of	Post	Treatment	Diminished	
Ovarian	Reserve

• Survivors	are	less	likely	to	respond	to	infertility	
treatments	if	they	cannot	conceive	without	assistance

• Live	birth	rates	with	IVF	are	LOWER	among	survivors	
using	autologous	oocytes	(47.7%	without	cancer	versus	
24.7%	with	cancer,	P	=0.0001)	

• May	be	helpful	in	predicting	time	to	menopause	as	in	
non-cancer	populations– anticipate	long	term	health	
issues	and	HRT

Luke Hum Reprod 2015
Freeman et al. JCEM 2012
Anderson Eur J Cancer 2017

Predicting	Risk	to	Target	FP

• Several	studies	suggest	
that	AMH	before	
treatment	may	predict	
long	term	amenorrhea

• We	believe	a	simple	
clinical	 prediction	tool	
can	be	developed	 to	
predict	DOR

Anderson 2013, Su 2015, Henry 2014, 
Gracia unpublished
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Uterine	Radiation
• Impact	on	fertility	is	not	
clear

• Increased	risk	of	
miscarriage,	pre-term	
birth	and	low	birth	
weight

• Uterine	volumes	
smaller	with	radiation	
at	a	younger	ages
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Radiation Dose to Uterus, cGy

Preterm
LBW

Signorello et al. J Natl Cancer Inst 2006;98:1453.

Conclusions
• Cancer	therapies	increase	the	risk	of	gonadal	failure,	
infertility	and	diminished	ovarian	reserve

• Currently,	strategies	to	predict	the	risk	of	infertility	
after	cancer	therapies	are	limited
– Alkylating	agent	exposure,	Pelvic	radiation
– Age,	Pretreatment	ovarian	reserve	
– A	validated	risk	calculator	would	be	helpful

• Therefore	fertility	preservation	options	should	be	
discussed	with	ALL	patients
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