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ANAMNESI 
LUGLIO 2007 

ü  M.	C.									Sesso:	femminile.	

ü  19/02/1980		
ü  Genitori	viven9	in	buona	salute.	
ü  1	fratello	in	buona	salute.	
ü  Menarca	a	10	anni.	

ü  Ciclo	mestruale	mantenuto	regolare	con	pillola	estro-proges9nica.	

ü  Nubile	ma	convive	con	partner.	

ü  Professione:	este9sta.	
ü  Anamnesi	patologica	remota	posi9va	per	salmonellosi	a	8	mesi.	

27 
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ANAMNESI  
PATOLOGICA PROSSIMA 

•  Maggio	2007:	comparsa	di	tumefazione	all’arto	superiore	
sinistro	non	dolente	alla	palpazione	

•  Non	sintomi	sistemici	

Ecocolordoppler	venoso:	non	trombosi	venosa	profonda.	
	

Esami	ematochimici:	Leucoci9	11.040/mmc	(neutrofili	75%,	linfoci9	
18%,	monoci9	4%,	eosinofili	2%,	basofili	0%),	emoglobina	13.1	g/dl,	
piastrine	371.000/mmc.	LDH	271	U/L.	VES	53	mm.		



TAC TORACE 
(29/05/2007) 

Plurimi	paccheW	linfoadenomegalici	medias9nici	 intorno	al	
fascio	vascolare	succlavio	e	lungo	decorso	dei	vasi	epiaor9ci	
di	 sinistra	 fino	 in	 finestra	 aorto-polmonare	 (diametro	
massimo	di	55	mm);	ulteriori	 linfonodi	 isola9	di	più	piccole	
dimensioni	 (diametro	 assiale	 massimo	 di	 circa	 2	 cm)	 fra	
parete	 toracica	 e	 muscolo	 piccolo	 peZorale	 sinistro,	 pervi	
vasi	succlavi.		

	

Agobiopsia	linfonodale	paccheZo	finestra	aorto-polmonare	
soZo	guida	TAC:		

esame	non	diagnos9co.	



TORACOTOMIA ESPLORATIVA 
SINISTRA 

Biopsia	massa	medias9nica:		
Linfoma	di	Hodgkin	classico,	9po	sclerosi	nodulare	

TC	torace	di	centraggio	per	biopsia:	massa	medias9nica	con	
interessamento	 della	 cupola	 pleurica	 e	 del	 lobo	 superiore	
del	polmone	



STADIAZIONE 
LINFOMA 

u  BIOPSIA	OSSEA	(3/7):	esente	da	localizzazione	di	malaWa.	

u  TAC-PET	 (14/7):	 accumulo	 di	 tracciante	 in	 alcune	 piccole	 sedi	 stazioni	
linfonodali	 laterocervicale	e	 sovraclaveare	 sinistra	ed	 in	altre	adenopa9e	
in	parte	conglomerate	in	sede	soZocarenale	e	medias9nica	(la	maggiore	di	
8	 x	 5	 cm);	 più	 discreta	 ai	 tessu9	 molli	 della	 regione	 ascellare	 sinistra	
verosimilmente	compa9bili	con	la	recente	biopsia.	

u  VES:	53	mm.	

STADIO IIA 
EORTC “unfavorable” 



PROGRAMMA 
TERAPEUTICO 

6 ABVD  

RT Mediastino 



I LINEA DI TERAPIA 
LUGLIO 2007 

2	ABVD	completa9	ad	agosto	2007	

u Early	TAC-PET	(11/9):	persistenza	di	 iperaccumulo	a	stazioni	
linfonodali	 del	 medias9no	 e	 alla	 parete	 toracica	 sinistra,	
nonché	in	sede	laterocervicale	inferiore	omolaterale.	

	
u VES	21	mm	

MALATTIA 
RESISTENTE 



II LINEA DI TERAPIA 
OTTOBRE 2007 

2	IGEV	termina9	a	novembre	2007	+	Staminoaferesi	

MALATTIA 
RESISTENTE 

v Esame	obieWvo:	persistenza	di	adenopa9a	sovraclaveare	
sinistra	di	dimensioni	invariate	(circa	2	cm).	



CONFERMA ISTOLOGICA 
DICEMBRE 2007 

Biopsia	linfonodo	sovraclaveare	sinistro:	

Linfoma	di	Hodgkin	classico,	sclerosi	nodulare	

	

TIPIZZAZIONE HLA  
GENNAIO 2008 

FRATELLO 
DANIELE 

APLOIDENTICO 



III LINEA 
GENNAIO 2008 

u  4	 BEACOPP	 a	 “DOSES-ESCALATED”	 ALTERNATI	 a	 “DOSES-STANDARD”	
termina9	a	marzo	2008	con	buona	risposta	parziale	dopo	i	primi	2	cicli.	

	

u  PET-TAC	 (19/2):	 discreto	 iperaccumulo	del	 tracciante	 in	 2	 sole	 stazioni	
linfonodali,	ascellare	e	sovraclaveare	sinistro	del	diametro	massimo	di	1	
cm.	

u  VES	42	mm/h.	

RISPOSTA 
PARZIALE 



TRAPIANTO AUTOLOGO 
APRILE 2008 

u Procedura	autotrapiantologica	condizionata	con	BEAM.	
	
u PET-TAC	(5/6/2008):	RISPOSTA	COMPLETA.	

RISPOSTA 
COMPLETA 



CONSOLIDAMENTO RADIOTERAPICO 
AGOSTO 2008 

Radioterapia	su	massa	medias9nica	
di	3060	cGY	

RISPOSTA 
COMPLETA 



RIASSUNTO 
TERAPEUTICO 
u  2	ABVD	
u  2	IGEV	
u  4	BEACOPP	(2	“doses	escalated”	e	2	“doses	standard”)	
u  BEAM	come	terapia	di	condizionamento	autotrapianto	di	PBSC	

	

v RADIOTERAPIA mediastinica 3060 cGy 



2013 
…5 ANNI DOPO… 
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10 MAGGIO 2013 
PARTO 

GRAVIDANZA	BIGEMELLARE	BICORIALE		

con	parto	indoZo	alla	37	seWmana	



REGISTRO DEI TUMORI 
LINFOMA DI HODGKIN 
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83

LINFOMA DI HODGKIN

Ulteriori dati sono disponibili presso: www.registri-tumori.it/incidenza1998-2002/gruppi.html

Maschi Males

Femmine Females

Basis of diagnosis Modalità di diagnosi n. cases %

histology istologica 937 94%

cytology citologica 34 3%

clinical clinica 21 2%

DCO solo certificato di morte 1 0%

993

More frequent morphologies among histologically verified cases
Morfologie più frequenti tra i casi con conferma istologica

9663 Hodgkin lymphoma, nodular sclerosis  
Linfoma di Hodgkin, sclerosi nodulare 292 31%

9650 Linfogranuloma di Hodgkin, NAS  
Hodgkin lymphoma, NOS 226 24%

9652 Hodgkin lymphoma, mixed cellularity, NOS  
Linfogranuloma di Hodgkin cellularità mista 203 22%

9651 Hodgkin lymphoma, lymphocyte-rich  
Linfogranuloma di Hodgkin predominanza linfocitica 53 6%

9665 Hodgkin lymphoma, nodular sclerosis, grade 1  
Linfoma di Hodgkin, sclerosi nodulare, grado 1 41 4%

Basis of diagnosis Modalità di diagnosi n. cases %

histology istologica 804 92%

cytology citologica 43 5%

clinical clinica 23 3%

DCO solo certificato di morte 1 0%

871

More frequent morphologies among histologically verified cases
Morfologie più frequenti tra i casi con conferma istologica

9663 Hodgkin lymphoma, nodular sclerosis  
Linfoma di Hodgkin, sclerosi nodulare 364 45%

9650 Linfogranuloma di Hodgkin, NAS  
Hodgkin lymphoma, NOS 183 23%

9652 Hodgkin lymphoma, mixed cellularity, NOS  
Linfogranuloma di Hodgkin cellularità mista 94 12%

9667 Hodgkin lymphoma, nodular sclerosis, grade 2  
Linfoma di Hodgkin, sclerosi nodulare, grado 2 39 5%

9665 Hodgkin lymphoma, nodular sclerosis, grade 1  
Linfoma di Hodgkin, sclerosi nodulare, grado 1 35 4%
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Hewi%	M.	et	al		
“From	cancer	

pa4ent	to	
cancer	

survivor	:	lost	in	
transi4on”	
Na4onal	

Academies	
Press	2005	



prednisone)/ABVD (0.4%) compared with BEACOPP baseline
(2.2%) and BEACOPP escalated (3.2%; P5 .03). Both the alkylators
and topoisomerase II inhibitors in some of these more modern
regimens can contribute to the leukemia risk.11 Patients with treatment-
related leukemia after HL have a poor prognosis. In a recent report from
the GHSG on 106 patients diagnosed with AML/MDS after HL, the
median overall survival for all AML/MDS patients was 7.2 months.
However, for patients who received allogeneic stem cell trans-
plantation, better outcomes were reported, with median overall sur-
vival not reached after 41 months of median follow-up (P, .01).10

Breast cancer. The majority of data on breast cancer after HL
were in women treated with full mantle radiotherapy to doses of
40-44Gy. The latency to breast cancer development is 10-15 years or
longer. Multiple studies have shown that the significantly increased
risk is seenmostly inwomen irradiated at a young age (30 or younger).
Exposure to alkylating chemotherapy and/or pelvic radiotherapy have
a protective effect against breast cancer in HL survivors, suggesting
that hormonal milieu plays in important modifying effect on the breast
cancer risk. Several case-control studies showed that estimated prior
radiation doses to the specific area where the breast cancer developed,
compared with doses to a similar area in the controls, showed a clear
radiation dose-response relationship on breast cancer development. In
the largest study that included 120 cases of breast cancer after HL and
266 controls, the relative risk of breast cancer increased significantly
with increasing radiation dose, reaching 8-fold at the highest dose
category (median dose 42 Gy) compared with the lowest dose group
(,4 Gy; P , .001 for trend).12 Using the same dataset, Travis et al
estimated the cumulative absolute breast cancer risk for youngwomen
treated for HL.13 For patients treated at age 25 years with a chest
radiation dose of at least 40Gywithout alkylating agents, the estimated
cumulative absolute risks of breast cancer by age 35, 45, and 55 years
were 1.4%, 11.1%, and 29.0%, respectively. Several studies have
demonstrated a direct correlation between breast cancer risk and
radiation field size14-17 and also showed that smaller fields and
treatment volume are associated with a significantly lower risk of
breast cancer. In a population-based study comparing outcome of
de novo breast cancer versus breast cancer after HL, women with
localized breast cancer after HL had a significantly increased 2-fold
risk of death from breast cancer compared with patients with de
novo breast cancer.18 This finding could be explained by a greater
prevalence of contralateral breast cancer in HL survivors, potential
differences in the biology of breast cancers after HL, and limitations in

treatment options for breast cancer after HL due to prior treatment
exposures. The latter supports the importance of early breast cancer
detection in women with history of chest irradiation for HL.

Lung cancer. Both radiotherapy and alkylating chemotherapy
contribute to the risk of lung cancer after HL.5 The risk of lung cancer
is directly related to radiation dose, as shown in a case-control study
in which patients who received a dose of 30 Gy or higher had a 7- to
9-fold higher lung cancer risk compared with those who received
,5Gy to the area of the lung inwhich the cancer developed (P, .001
for trend).19 Similarly, a significant correlation between number of
cycles of alkylating chemotherapy for HL and lung cancer risk has
also been demonstrated.19,20 Tobacco use further contributes to the
risk of lung cancer in a multiplicative manner.19 Prognosis of lung
cancer after HL is dismal, with a median survival of ,1 year. A
population-based study found that lung cancer cases after HL are
associated with a 30%–60% lower overall survival compared with
de novo lung cancer.21 It is unclear whether this is due to more
aggressive biology in treatment-related lung cancer and/or to more
limited treatment options in HL survivors due to prior treatment
exposures.

Gastrointestinal cancer. There are increasing data on gastroin-
testinal cancer, including esophageal cancer, pancreatic cancer, stomach
cancer, and colorectal cancer, after HL therapy. Case-control studies
have shown a significant radiation dose-response relationship for the
development of stomach cancer in HL survivors.2,4 In a population-
based study, it was found that HL patients who develop cancer of
the transverse colon and stomach experience significantly reduced
survival comparedwith patients with de novo cancers.22 In addition
to radiotherapy, several chemotherapeutic agents, including pro-
carbazine, platinum, and dacarbazine, are associatedwith an increased
risk of gastrointestinal cancer in a dose-related manner.2-4

Cardiovascular disease

Mantle-field radiation therapy leads to an increased long-term risk of
a wide range of cardiovascular complications, including coronary
artery disease, valvular disease, pericardial disease, arrhythmia, and
cardiomyopathy. The increased risk typically emerges after a latency
of 10 years and remains persistently elevated over time. In addition,
it is a key contributor to the excess mortality seen in long-term HL
survivors. The risk of cardiac disease is directly related to radiation
doses.23,24 In a study of 1132 pediatric HL survivors treated on 5
consecutive German-Austrian pediatric trials, the 25-year cumulative
incidence of cardiac disease in the group with a mediastinal radiation
dose of 36 Gy was 21% and the risk decreased significantly to 10%,
6%, 5%, and 3% in those with lower mediastinal radiation doses of
30, 25, 20, and 0 Gy, respectively (P , .001).23 On multivariable
analysis, mediastinal radiation dose was the only significant factor
predicting for cardiac disease-free survival (P5 .0025).

The cardiotoxicity of anthracycline is well documented, with
clinical manifestations of decreased systolic function, dilated cardio-
myopathy, and congestive heart failure. The risk is related to the
cumulative anthracycline dose, but a significantly increased risk of
congestive heart failure is observed even after cumulative doses
of,240mg/m2.25 Specific toHL survivors, exposure toABVDhas
been shown to contribute to increased cardiac mortality.26 In a study
by Swerdlow et al on myocardial infarction mortality risk of HL
survivors, among 385 patients treated with ABVD, the standardized
mortality ratio of those treated with chest radiotherapy was 12.1
(P 5 .004). The risk was lower among those who were treated with
ABVDwithout chest radiotherapy, but was still significantly elevated
at 7.8-fold higher than that of the normal population (P5 .01).

Figure 1. Cumulative incidence of cause-specific mortality of long-term HL

survivors.
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§  IPOTIROIDISMO	
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Table 1. Summary of follow-up recommendations for long-term HL survivors according to NCCN and COG

Treatment exposures
NCCN guidelines for monitoring for
late effects after 5 y in HL survivors Selected COG follow-up guidelines (relevant to HL survivors)

Neck irradiation Thyroid function: yearly TSH Thyroid function: yearly TSH, free T4

Thyroid nodule/cancer screening: yearly thyroid examination

Carotid artery disease screening: consider carotid

ultrasound at 10-y intervals after treatment

completion

Carotid artery disease screening: yearly examination for diminished carotid

pulses, carotid bruits, and abnormal neurologic examination

Dental health: dental examination and cleaning every 6 mo; supportive care

with saliva substitutes, moistening agents, and sialogogues (pilocarpine);

regular dental care including fluoride applications

Skin cancer screening: yearly dermatologic examination of irradiated fields

Chest irradiation Cardiac risk factor screening: annual lipids, annual

blood pressure, aggressive management of

cardiovascular risk factors, consider stress

test/echocardiogram at 10-y intervals after

treatment completion

Cardiac risk factor screening: fasting glucose and lipid profile every 2 y; if

abnormal, refer for ongoing management

Cardiac screening: baseline electrocardiogram (include evaluation of QTc

interval) at entry into long-term follow-up, repeat as clinically indicated;

baseline echocardiogram at entry into long-term follow-up, then

periodically based on age at treatment, radiation dose, and cumulative

anthracycline dose

Breast cancer screening: initiate annual breast

cancer screening 8-10 y after treatment or at

age 40, whichever comes first, if chest or axillary

irradiation; MRI in addition to mammography for

women who received chest irradiation between

ages 10 and 30

Breast cancer screening: yearly breast self-examination beginning at

puberty until age 25, then every 6 mo; yearly mammogram and breast

MRI beginning 8 y after radiation or at age 25, whichever occurs last

Lung cancer screening: consider chest imaging for

patients at increased risk for lung cancer

Lung cancer screening: imaging and surgery and/or oncology consultation

as clinically indicated

Pulmonary function screening: baseline chest x-ray and pulmonary function

tests (including DLCO and spirometry) at entry into long-term follow-up,

repeat as clinically indicated in patients with abnormal results or

progressive pulmonary dysfunction

Skin cancer screening: yearly dermatologic examination of irradiated fields

Splenic irradiation or splenectomy Infection prevention/management: pneumococcal,

meningococcal, and Haemophilus influenzae

revaccinations every 5-7 y

Infection prevention/management: blood culture when febrile temperature

$101°F; immunization with pneumococcal, meningococcal, and

H. influenzae vaccines; pneumococcal booster in patients $10 y old at

$ 5 y after previous dose

Skin cancer screening: yearly dermatologic examination of irradiated fields
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Ø  1	milione	di	“survivors”	in	USA	da	patologie	ematologiche	(LNH,	LH,	LAM,	LAL)	
e	130.000	nuovi	casi	di	emopaCe	diagnosCcate	ogni	anno.	

	
Età	<	50	anni:	64%	LH,	75%	LAL.	
Guarigione:		
§  circa	80%	in	LH	
§  40-90%	in	LAL	
	
Ø  108.900	“survivors”	in	USA	nel	2009	trapiantaC,	242.000	previsC	nel	2020	con	

età	inferiore	a	40	anni	al	momento	del	trapianto	
§  45%	trapianto	allogenico	
§  25%	trapianto	autologo	
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A B S T R A C T

Purpose
To update guidance for health care providers about fertility preservation for adults and children
with cancer.

Methods
A systematic review of the literature published from March 2006 through January 2013 was
completed using MEDLINE and the Cochrane Collaboration Library. An Update Panel reviewed the
evidence and updated the recommendation language.

Results
There were 222 new publications that met inclusion criteria. A majority were observational studies,
cohort studies, and case series or reports, with few randomized clinical trials. After review of the new
evidence, the Update Panel concluded that no major, substantive revisions to the 2006 American
Society of Clinical Oncology recommendations were warranted, but clarifications were added.

Recommendations
As part of education and informed consent before cancer therapy, health care providers (including
medical oncologists, radiation oncologists, gynecologic oncologists, urologists, hematologists,
pediatric oncologists, and surgeons) should address the possibility of infertility with patients
treated during their reproductive years (or with parents or guardians of children) and be prepared
to discuss fertility preservation options and/or to refer all potential patients to appropriate
reproductive specialists. Although patients may be focused initially on their cancer diagnosis, the
Update Panel encourages providers to advise patients regarding potential threats to fertility as
early as possible in the treatment process so as to allow for the widest array of options for fertility
preservation. The discussion should be documented. Sperm and embryo cryopreservation as well
as oocyte cryopreservation are considered standard practice and are widely available. Other
fertility preservation methods should be considered investigational and should be performed by
providers with the necessary expertise.

J Clin Oncol 31:2500-2510. © 2013 by American Society of Clinical Oncology

INTRODUCTION

In 2006, the American Society of Clinical Oncology
(ASCO) published a clinical practice guideline on
fertility preservation for adults and children with
cancer.1 ASCO guidelines are updated periodically
by a subset of the original Expert Panel. In October
2012, the Update Panel reviewed the results of a
systematic review of the new literature and deter-
mined that although the recommendations re-
mained the same (with the exception of adding
oocyte cryopreservation as a standard practice,
whereas in the previous guideline, it was still consid-
ered experimental), some information and tables
needed to be updated. In terms of who is responsible

for discussing fertility preservation, the original lan-
guage used by ASCO has been revised: The word
“oncologist” was replaced with “health care pro-
vider” to include medical oncologists, radiation
oncologists, gynecologic oncologists, urologists, he-
matologists, pediatric oncologists, and surgeons, as
well as nurses, social workers, psychologists, and
other nonphysician providers.

GUIDELINE QUESTIONS

This clinical practice guideline addresses four over-
arching clinical questions: (1) Are patients with can-
cer interested in interventions to preserve fertility?
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LINEE GUIDA ASCO JCO 2013 
LIMITI 
 
•  Scarsa disponibilità in letteratura di studi randomizzati e/o su grandi 

popolazioni 

•  Scarsa applicazione nei pazienti neoplastici delle metodi di preservazione 
della fertilità 

•  Scarsa attenzione nella valutazione dei potenziali effetti sia positivi sia 
negativi legati alla preservazione della fertilità 

•  Necessità di nuovi studi riguardanti l’uso di tessuti criopreservati e la 
riproduzione postuma 

•  Necessità di dimostrare con ulteriori studi svolti su popolazioni più 
rappresentative la mancata efficacia della soppressione ormonale per il 
mantenimento della fertilità 

•  Approfondimento sull’impatto emozionale dell’infertilità 

•  Studio delle opzioni di preservazione della fertilità offerte ai pazienti 
neoplastici in gruppi di diversa etnia, razza o classe socioeconomica. 



LINEE GUIDA ASCO 
JCO 2013 

PROBLEMATICHE	APERTE:	
Ø  S9ma	del	peso	giocato	dai	diversi	faZori	sulla	fer9lità	
Ø  Come	 s9molare	 il	 paziente	 a	 rifleZere	 sull’infer9lità	 nonostante	 la	 recente	

diagnosi	di	neoplasia	
Ø  Scelta	del	momento	giusto	per	 indirizzare	 il	 paziente	al	 collega	esperto	della	

preservazione	della	fer9lità	

children undergoing treatment for cancer. The language has been
clarified and/or strengthened in several recommendations. Informa-
tion has been added to address role of psychosocial providers, fertility
preservation concerns, and options for children and adolescents with
cancer, as well as considerations for patients receiving targeted and
biologic therapies in this update.

After a systematic review and analysis of the literature for the
preservation of fertility for patients with cancer, the Update Panel
concluded that there was no new evidence compelling enough to
warrant substantial changes to any of the guideline recommendations.
However, minor adjustments were made to reflect progress in the field
(eg, oocyte cyropreservation is no longer investigational). Certainly,
further research is needed to determine the true effectiveness of differ-
ent modes of fertility preservation. More research is also needed to
establish the best methods to disseminate information and to deter-
mine the best time to talk with patients about their options. The
discussion should be a part of the comprehensive treatment planning
process (Fig 1). The treatment planning discussion should include
consideration of scientific evidence, weighing potential harms and
benefits, reproductive potential, anticipated delay of childbearing, and
patient preferences. The Update Panel strongly encourages health care

providers to have an open dialogue with patients or parents or guard-
ians of children anticipating cancer treatment who express an interest
in fertility preservation (and those patients who are ambivalent) and
refer them as expeditiously as possible to a reproductive specialist,
preferably before starting treatment. Electronic resources (eg, e-mail,
Skype) are available that may facilitate novel methods of consultation,
such as telephone- or Internet-based communication, for patients
without geographic accessibility to these specialized providers.

Are Patients With Cancer Interested in Interventions
to Preserve Fertility?

Current evidence suggests that discussions about fertility and
fertility preservation are of great importance to patients with cancer.27

It may be difficult for physicians to know how important fertility
preservation is to their patients unless they ask, because many patients
may not bring up the topic. The failure of patients to mention infer-
tility concerns or interest in fertility preservation can result from a
variety of factors; they may be overwhelmed by and focused exclu-
sively on the cancer diagnosis,28 they may be unaware that potential
fertility loss may occur,29 or they may be concerned that pursuing

Table 1. ASCO 2013 Recommendations for Fertility Preservation for Patients With Cancer (continued)

Clinical Question Recommendation

4. What is the role of health care
providers in advising patients about
fertility preservation options?

4.1 All oncologic health care providers should be prepared to discuss infertility as a potential risk of therapy. This
discussion should take place as soon as possible once a cancer diagnosis is made and before a treatment
plan is formulated. There are benefits for patients in discussing fertility information with providers at every
step of the cancer journey.

What should providers discuss with
patients about fertility
preservation?

4.2 Encourage patients to participate in registries and clinical studies, as available, to define further the safety and
efficacy of these interventions and strategies

4.3 Refer patients who express an interest in fertility, as well as those who are ambivalent or uncertain, to
reproductive specialists as soon as possible.

4.4 Refer patients to psychosocial providers when they are distressed about potential infertility.
. Special considerations: Fertility

preservation in children
5.1 Suggest established methods of fertility preservation (eg, semen or oocyte cryopreservation) for postpubertal

minor children, with patient assent and parent or guardian consent.
For prepubertal minor children, the only fertility preservation options are ovarian and testicular
cryopreservation, which are investigational.

Abbreviations: ASCO, American Society of Clinical Oncology; GnRHa, gonadotropin-releasing hormone analog; IRB, institutional review board.

Assessment of risk for infertility
Communication with patient

Patient at risk for treatment-induced infertility
Patient interested in fertility preservation options*

Refer to specialist with expertise in fertility
preservation methods

Eligible for proven fertility
preservation methods

Male
  Sperm cryopreservation†

Female
  Embryo or oocyte cryopreservation
  Conservative gynecologic surgery

Investigational fertility preservation techniques
  Cryopreservation of ovarian or testicular tissue
  Others

Fig 1. Fertility preservation assessment
and discussion algorithm for patients with
cancer. (*) Patients should be encouraged
to contact their insurance company to
ascertain out-of-pocket costs. (†) Some
patients may proceed with this without
the prior step of seeing a reproductive
specialist. However, consultation with a
reproductive specialist is recommended.
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A B S T R A C T

Purpose
To optimize fertility advice in patients with Hodgkin lymphoma (HL) before therapy and during
survivorship, information on the impact of chemotherapy is needed. Therefore, we analyzed
gonadal functions in survivors of HL.

Patients and Methods
Women younger than age 40 and men younger than 50 years at diagnosis in ongoing remission
at least 1 year after therapy within the German Hodgkin Study Group HD13 to HD15 trials for early-
and advanced-stage HL were included. Hormone parameters, menstrual cycle, symptoms of
hypogonadism, and offspring were evaluated.

Results
A total of 1,323 (55%) of 2,412 contacted female and male survivors were evaluable for the current
analysis (mean follow-up, 46 and 48 months, respectively). Follicle-stimulating hormone, anti-
Müllerian hormone, and inhibin B levels correlated significantly with therapy intensity (P ! .001).
Low birth rates were observed in survivors after advanced-stage treatment within the observation
time (women, 6.5%; men, 3.3%). Regular menstrual cycle was reported by more than 90% of
female survivors of early-stage HL (recovery time mostly ! 12 months). After six to eight cycles
of bleomycin, etoposide, doxorubicin, cyclophosphamide, vincristine, procarbazine, and predni-
sone, menstrual activity was strongly related to age (! v " 30 years: 82% v 45%, respectively;
P ! .001; prolonged recovery time). Thirty-four percent of women age " 30 years suffered severe
menopausal symptoms (three- to four-fold more frequently than expected). In contrast, male
survivors had mean levels of testosterone within the normal range and reported no increased
symptoms of hypogonadism.

Conclusion
The present analysis in a large group of survivors of HL provides well-grounded information on
gonadal toxicity of currently used treatment regimens and allows risk-adapted fertility preservation
and comprehensive support during therapy and follow-up.
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High overall survival rates (approximately 90%) in
early- and advanced-stage Hodgkin lymphoma
(HL) have been achieved.1-3 Thus, current clinical
research focuses on the short- and long-term se-
quelae in the growing number of young survivors of
HL. Among these sequelae, infertility and hypogo-
nadism are of particular importance for patients and
survivors and demand specialized medical care.4-8

Health care professionals need comprehensive
information on treatment-related gonadal toxicity.
At diagnosis, physicians should inform the patient

thoroughly and consider protective methods to pre-
serve fertility in time. During the follow-up period,
survivors need professional advice when they desire
to have children. Furthermore, it is essential to detect
and maybe to treat symptoms of hypogonadism. Un-
fortunately, theseissuesarestillnotroutinelyaddressed
by most physicians.5,9

It is known that the rate of treatment-induced
infertility increaseswithmoreaggressivechemother-
apy.10-14 However, there still are many open ques-
tions about the probability of amenorrhea, reduced
ovarian reserve, and infertility after distinct chemo-
therapies and the impact of age at treatment onset, as
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Purpose
To optimize fertility advice in patients with Hodgkin lymphoma (HL) before therapy and during
survivorship, information on the impact of chemotherapy is needed. Therefore, we analyzed
gonadal functions in survivors of HL.

Patients and Methods
Women younger than age 40 and men younger than 50 years at diagnosis in ongoing remission
at least 1 year after therapy within the German Hodgkin Study Group HD13 to HD15 trials for early-
and advanced-stage HL were included. Hormone parameters, menstrual cycle, symptoms of
hypogonadism, and offspring were evaluated.

Results
A total of 1,323 (55%) of 2,412 contacted female and male survivors were evaluable for the current
analysis (mean follow-up, 46 and 48 months, respectively). Follicle-stimulating hormone, anti-
Müllerian hormone, and inhibin B levels correlated significantly with therapy intensity (P ! .001).
Low birth rates were observed in survivors after advanced-stage treatment within the observation
time (women, 6.5%; men, 3.3%). Regular menstrual cycle was reported by more than 90% of
female survivors of early-stage HL (recovery time mostly ! 12 months). After six to eight cycles
of bleomycin, etoposide, doxorubicin, cyclophosphamide, vincristine, procarbazine, and predni-
sone, menstrual activity was strongly related to age (! v " 30 years: 82% v 45%, respectively;
P ! .001; prolonged recovery time). Thirty-four percent of women age " 30 years suffered severe
menopausal symptoms (three- to four-fold more frequently than expected). In contrast, male
survivors had mean levels of testosterone within the normal range and reported no increased
symptoms of hypogonadism.

Conclusion
The present analysis in a large group of survivors of HL provides well-grounded information on
gonadal toxicity of currently used treatment regimens and allows risk-adapted fertility preservation
and comprehensive support during therapy and follow-up.
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well as about the chance of recovery and the risk of suffering from
symptoms of hypogonadism. Thus, more detailed information is
needed for both patients and physicians. Therefore, the main objective
of the present analysis is to provide data on the impact of currently
used chemotherapy in HL on gonadal function.

PATIENTS AND METHODS

HD13 to HD15 Trials: Patients and Study Design
Patients (age 18 to 75 years) with biopsy-proven HL were included in

trials for early favorable (HD13, two cycles of doxorubicin, vinblastine, and
dacarbazine with bleomycin [ABVD] or without bleomycin), early unfa-
vorable (HD14, arm A: four cycles of ABVD or arm B: two cycles of
escalated bleomycin, etoposide, doxorubicin, cyclophosphamide, vincris-
tine, procarbazine, and prednisone [BEACOPP] followed by two cycles of
ABVD [2!2]), or advanced-stage HL (HD15, six to eight cycles of esca-
lated BEACOPP or eight cycles of BEACOPP-14).1-3 The studies were
carried out in accordance with the Declaration of Helsinki and the Inter-
national Conference on Harmonisation Good Clinical Practice guidelines.

Assessment of Gonadal Function and Fertility
All survivors (age at random assignment: women, 18 to 39 years; men, 18

to 49 years) in ongoing remission at least 1 year after therapy and without any
other treatment than the HD13 to HD15 trial medication were addressed. In
women, results were stratified with respect to age (cutoff, 30 years).12,15 In
men, we interpreted inhibin B in the context of follicle-stimulating hormone
(FSH) levels to achieve the highest positive predictive value with a cutoff for the
inhibin B/FSH ratio corresponding to proven fertile men and cutoff levels for
FSH and inhibin B corresponding to oligospermia.16,17

Questionnaires
Symptoms of hypogonadism were determined using the Menopause

Rating Scale (MRS) and the Aging Males’ Symptoms scale.18-21 Additional
questions referred to the use of hormonal substitution, methods of fertility
preservation before therapy, menstrual status, pregnancies and offspring after
normal and in vitro fertilization, and social aspects.

Hormone Analysis
Survivorswereaskedtotakeabloodsample(samples forwomenweretaken

on day 3 of a new menstrual cycle or at the end of the pill break). Blood samples
were then centrally processed and stored at "80°C until analysis. Tests included
standardized assays for FSH, luteinizing hormone (LH), estradiol, and testoste-
rone (heterogenic, noncompetitive chemiluminescent immunometric assays;
Elecsys-FSH, Elecsys-LH, Elecsys-Estradiol-II, Elecsys-Testosterone-II; Roche
Diagnostics, Mannheim, Germany); anti-Müllerian hormone (AMH; active
AMH Gen-II ELISA; Beckman Coulter, Prague, Czech Republic); and inhibin
B (inhibin B Gen-II ELISA-KIT; Beckman Coulter).

Statistics
In female survivors (! 40 years old at first diagnosis of HL and ! 45 years

old at time of fertility assessment), results are reported in age groups (18 to 29
years and 30 to 45 years). For men, the upper age limit at time of fertility
assessment was 57 years. Outcome measures of female fertility were menstrual
activity, time to resumption of menstrual activity, hormone values, MRS,
offspring, and pregnancies after therapy. Hormone levels were natural log-
transformed before statistical computations to normalize distributions. Fertil-
ity parameters in HD15 survivors are additionally stratified for the use of
gonadotropin-releasing hormone (GnRH) analogs. Results are presented with
descriptive statistics and 95% CIs. To provide a more detailed analysis of age
effects in female survivors, we computed a logistic regression of amenorrhea
on age, with time since end of chemotherapy as covariate. Additionally, gen-
eralized Kaplan-Meier estimates of time to resumption of menstrual activity
are provided for age groups. For analyses of male survivors, FSH and LH were
log-transformed before any statistical computations; inhibin B, testosterone,
and the inhibin B/FSH ratio were not transformed because these variables and
their residuals showed no major deviations from normality. Correlations

between hormone levels and relevant parameters such as age or follow-up time
were assessed using linear regression models within treatment groups.

The level of significance was set at P # .05 (two-sided). Continuous
parameters were tested with parametric tests for independent groups (t test,
analysis of variance), categorical data were tested with exact and binomial tests,
and no corrections for multiple testing were applied. All statistical analyses
were computed with SAS version 9.2 (SAS Institute, Cary, NC).

RESULTS

Patient Characteristics
A total of 1,323 (55%) of 2,412 contacted survivors participated

(562 women and 761 men; Fig 1). In women and men, mean age at
fertility assessment was 32 and 38 years, respectively, and mean obser-
vation time from the end of treatment was 46 and 48 months, respec-
tively. Comparing all trials, there were unfavorable conditions for
patients treated in the HD13 trial, with higher age at fertility assess-
ment (women, 36 years; men, 40 years) and a higher proportion of
patients having children before therapy (women, 47%; men, 57%).
There were balanced conditions for patients treated in the HD14 and
HD15 trials (Table 1). Comparison of the participating and nonpar-
ticipating patients qualifying for our analysis showed no relevant dif-
ferences (Appendix Table A1, online only).

Female Survivors
Hormones in female survivors. Differences in favor of early-stage

patients treated with fewer cycles (two to four instead of six to eight
cycles) of less intensive chemotherapy were high and significant for
AMH and FSH in both age groups (P $ .001). Hormone levels were

All survivors addressed 
   HD13
   HD14
   HD15
   Total
Inclusion criteria: age 18-39 
years (women), 18‐49
years (men), no relapse or 
progress; ≥ 1 year after 
therapy

Not participating 
   survivors 
   HD13
   HD14
   HD15
   Total

(n = 168)
(n = 406)
(n = 515)

(n = 1,089)

 
(n = 316)
(n = 932)

(n = 1,164)
(n = 2,412)

Participating survivors 
   HD13
   HD14
   HD15
   Total

 
(n = 148)
(n = 526)
(n = 649)

(n = 1,323)

Female survivors included 
   HD13
   HD14
   HD15
   Total

 
(n = 56)

(n = 274)
(n = 232)
(n = 562)

Male survivors included 
   HD13
   HD14
   HD15
   Total

 
(n = 92)

(n = 252)
(n = 417)
(n = 761)

Fig 1. CONSORT diagram.
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escalated VS 8 BEACOPP-14  
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ü  Analisi	ormonali	(nelle	donne	III	giorno	
del	 ciclo	 mestruale	 o	 al	 termine	
dell’assunzione	 della	 pillola	 estro-
progesCnica)	con	dosaggio	di	FSH,	LDH,	
estradiolo,	 testosterone,	 ormone	 anC-
Mulleriano	(AMH),	inibina	B.	

femmine	36	anni	
maschi	40	anni	

FOLLOW	UP	46-48	mesi	dal	termine	della	chemioterapia	



Livelli	 di	 AMH	 e	 FSH	 significa9vamente	
più	eleva9	nelle	pazien9	con	malaWa	 in	
stadio	precoce	e	traZate	con	meno	cicli	o	
con	chemioterapia	meno	intensiva		

&	
nelle	 pazien9	 traZate	 con	 ABVD	 di	 età	
inferiore	a	30	anni	

(95% CI, 26.5 to 27.7 years). In advanced-stage patients, the risk of
amenorrhea 4 years after chemotherapy highly correlated with age at
HL diagnosis (25 years!25% risk; 30 years!50% risk; Fig 2B). In the
HD15 trial, only three (9%) of 35 women older than 35 years at start of
chemotherapy reported a regular cycle after therapy, and in arms A
and B, after six to eight cycles of escalated BEACOPP, only one (4%) of
23 survivors reported a regular cycle.

Pregnancies and Offspring
In contrast to women after treatment for early-stage HL, fewer

pregnancies were reported in women after treatment for advanced-
stage HL (HD13 " HD14, n ! 60, 19%; HD15, n ! 22, 10%; Table 2).
After HD15 therapy, 51.9% of female survivors reported a desire to
have children, but only 15% reported parenthood at 4 years. In
advanced-stage patients, GnRH analogs had no influence on pregnan-
cies after therapy in contrast to observed results after treatment for
early unfavorable HL.22

Menopausal symptoms. MRS total score showed no significant
difference between HL trials regarding menopausal symptoms in
women ! 30 years. An age-related increase of severe menopausal

symptoms was observed in all trials. Severe symptoms were four- to
five-fold more frequent in women " 30 years after therapy for
advanced-stage HL compared with a 45- to 60-year-old German ref-
erence cohort (Table 2). MRS correlated significantly with menstrual
activity (P # .001), as well as with LH and FSH levels (P # .001). Only
48.9% of women with severe symptoms were on hormone medication
at the time of the survey.

Male Survivors
Hormones in male survivors. Serum levels of inhibin B and FSH

were significantly different between trials in favor of early-stage pa-
tients treated with fewer cycles (two to four instead of six to eight
cycles) of less intensive chemotherapy (P # .001). Importantly, in the
HD14 trial, FSH and inhibin B values differed significantly between
treatment arms in favor of ABVD. No difference was found between
the three BEACOPP regimens in HD15 (Table 3).

With few exceptions, inhibin B and FSH levels corresponding to
proven fertility (inhibin B/FSH ratio$23.5 ng/U) were only seen after
ABVD or 2"2 (HD13, 51.2%; HD14, 50.4%; HD15, 0.5%). The
highest proportions of inhibin B and FSH levels corresponding to
oligospermia (inhibin B # 80 ng/L and FSH $ 10 U/L) were mea-
sured after BEACOPP (HD13, 12.2%; HD14, 20.7%; HD15, 88.8%;
Fig 3A). LH levels increased significantly with disease stage (highest
mean value of 7.3 U/L after HD15 treatment; normal range, 1.7 to 8.6
U/L). Mean testosterone levels were within the normal range of 2.8 to
8.0 ng/L after all treatment regimens (Table 3).

Effect of follow-up time and age on inhibin B and FSH levels. A
significanteffectof follow-uptimeoninhibinBandFSHlevels, indicating
a recovery of spermatogenesis, was found after treatment with the 2"2
regimen (P # .001). Overall, in the HD14 trial, these hormone levels
differedsignificantly in favorof fourcyclesofABVD(P# .001);however,
the subgroup of survivors with a follow-up of " 4 years showed similar
hormone levels in both treatment groups (Fig 4). No recovery was
found in survivors of advanced-stage HL. There was an effect of age in
all three trials, with favorable hormone levels in younger survivors
(HD13: P ! .08; HD14: P # .001; HD15: P # .001; data not shown).

Effect of age on testosterone. In survivors after HD14 and HD15
treatment, a significant age effect was found, with higher testosterone
levels in younger men (HD14: P ! .002; HD15: P # .001). In a
multivariate analysis adjusting for the effect of study, age remained an
independent predictor of testosterone value (data not shown).

Utilization of cryopreserved sperm, birth rate, and children after
therapy. ThebirthrateaftertreatmentintheHD15trialwassignificantly
lower compared with after treatment for early stages (study comparison:
P ! .04). Children after natural fertilization were most frequently re-
ported in survivors after early-stage therapy compared with advanced-
stage therapy (22 v two children, respectively, in HD15; Fig 3B). Two
hundred seventy-four male survivors (38%) underwent a cryopreser-
vation of sperm before therapy (Table 1). The proportion was highest
(71%) in 18- to 29-year-old men. Twenty-six of these survivors (10%)
used their cryopreserved sperm for assisted reproduction (21 survi-
vors of advanced-stage HL). Thirty-two percent of male survivors
after HD15 therapy reported desire for children, but only 12% re-
ported parenthood at a median follow-up time of 4 years.

Aging Males’ Symptoms scale. Aging male symptoms were not
different between patients in the trials and reference values (Table 3).
No correlation between symptoms and hormonal levels, especially
testosterone, was found.

0

Pr
ob

ab
ilit

y o
f R

eg
ul

ar
 C

yc
le

Time Since End of Chemotherapy (months)

1.0

0.8

0.6

0.4

0.2

12 24 36 48 60

Pr
ob

ab
ilit

y

Age at Random Assignment (years)

1.0

0.8

0.6

0.4

0.2

0
2015 25 30 35

HD15

40

HD13 18-29 years HD13 30-40 years HD14 18-29 years
HD14 30-40 years HD15 18-29 years HD15 30-40 years

A

B

HD14
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amenorrhea 4 years after chemotherapy; the significant influence of age at therapy is
shown (estimates of logistic regression analyses for HD15 and HD14 at the mean time
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% di AMENORREA 4 ANNI DOPO CHEMIOTERAPIA 

TEMPO A CICLO REGOLARE nei 3 TRIAL & nei 2 GRUPPI DI ETA’ 
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Valori	medi	di	testosterone	rimangono	nei	range	di	normalità	in	tuW	i	9pi	di	traZamento	

88.8% of survivors after advanced-stage treatment had levels corre-
sponding to oligospermia. An effect of follow-up time on inhibin B
and FSH levels was found in men after 2!2 treatment, suggesting a
recovery up to 4 years after intermediate aggressive therapies. In con-
trast to the dose-dependent effect on the spermatogenesis as indicated
by FSH and inhibin B, mean testosterone levels were within the nor-
mal range also after eight cycles of escalated BEACOPP.

Second, recovery of regular cycle was reported by more than 90%
of women after early-stage treatment and was mostly completed
within 1 year. In contrast, after treatment for advanced-stage HL, age
at therapy onset was a decisive factor, and time to resumption of
menstrual activity was considerably longer.

Third, compared with survivors after early-stage therapy, lower
birth rates were observed in survivors after advanced-stage therapy
(women: 15% v 6.5%, respectively; men: 7.2% v 3.3%, respectively).
Of 52% of women and 32% of men with desire for children, only 15%
and 12% reported parenthood within a median observation time of 4
years after advanced-stage therapy, respectively. Finally, female survi-
vors older than age 30 years at diagnosis suffered three- to four-fold

more frequently from severe menopausal symptoms compared with a
45- to 60-year-old German reference cohort.

The present analysis combines information from hormonal anal-
yses with clinical data from large controlled trials and data obtained
from standardized self-reported questionnaires. A portion of survi-
vors did not respond, which might cause a bias. However, all informa-
tion from our original trials indicated no major differences between
participants and nonparticipants (Appendix Table A1). Also, compa-
rable participation rates in all trials indicate a high external validity.
We focused this analysis on the first years after chemotherapy, because
gonadal toxicity, recovery, and finally parenthood are relevant prob-
lems within a limited time frame, especially for women.

As expected, chemotherapy-induced gonadal toxicity was high-
est after six to eight cycles of escalated BEACOPP(-14) in both female
and male survivors of HL. After this regimen, hormonal levels reflect
reduced ovarian reserve and amenorrhea indicates impaired fertility
in the majority of women, and a relevant impairment of spermatogen-
esis occurred in the majority of men. However, in advanced-stage HL,
aggressive therapy results in the highest overall survival rates reported
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OUTCOME = 
GRAVIDANZA DOPO TERAPIA 
ü  %	di	nascite		

 
% DESIRE FOR CHILDREN 
 

 
52% 

 
32% 

 
% PARENTHOOD 
 

 
15% 

 
12% 

 

ü  Pazien9	con	età	>	30	anni	alla	diagnosi	soffrono	di	sintomi	menopausali	
da	3	a	4	volte	più	della	coorte	di	riferimento	cos9tuita	da	donne	tedesche	
di	età	compresa	tra	45	e	60	anni.	

“Gonadal function and fertility after Hodgkin lymphoma treatment within the German Hodgkin Study 
Group HD13 to HD15 Trials” Behringer K. Et al JCO 2013  



The risk of preterm birth and growth restriction in pregnancy
after cancer
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Jessica B. Spencer6, Amy Fothergill1 and Penelope P. Howards1,4

1 Department of Epidemiology, Rollins School of Public Health, Emory University, Atlanta, GA
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It is unclear whether cancer and its treatments increase the risk of adverse pregnancy outcomes. Our aim was to examine

whether cancer survivors have higher risks of poor outcomes in pregnancies conceived after diagnosis than women without

cancer, and whether these risks differ by cancer type and race. Diagnoses from cancer registries were linked to pregnancy out-

comes from birth certificates in three U.S. states. Analyses were limited to the first, live singleton birth conceived after diag-

nosis. Births to women without a previous cancer diagnosis in the registry were matched to cancer survivors on age at

delivery, parity, race/ethnicity and education. Log-binomial regression was used to estimate risk ratios. Cervical cancer survi-

vors had higher risks of preterm birth (Risk ratio52.8, 95% Confidence interval: 2.1, 3.7), as did survivors of invasive breast

cancer (RR51.3, 95% CI: 1.1, 1.7) and leukemia (RR52.1, 95% CI: 1.3, 3.5). We observed a higher risk of small for gesta-

tional age (SGA) infants (<10% of weight for age based on a national distribution) in survivors of brain cancer (RR51.7, 95%

CI: 1.1, 2.8) and extranodal non-Hodgkin lymphoma (RR52.3, 95% CI: 1.5, 3.6). We did not see an increased risk of infants

born preterm, low birth weight, or SGA in pregnancies conceived after ductal carcinoma in situ, thyroid cancer, melanoma, or

Hodgkin lymphoma. While our results are reassuring for survivors of many cancers, some will need closer monitoring during

pregnancy.

Advances in cancer treatment and screening have led to a

dramatic increase in the number of cancer survivors.1 At the

same time, maternal age at first birth has steadily increased,

meaning that a growing number of women have not achieved

their desired family size at the time of cancer diagnosis.2

Women diagnosed with cancer during their reproductive

years say that, after survival, pregnancy is their most impor-

tant concern, with an estimated 57–70% of all patients aged

40 or younger wanting children after cancer.3–5 Although

there is growing evidence from fertility studies that some

cancer treatments can damage the female reproductive sys-

tem, less is known about pregnancy outcomes in the many

women who are able to conceive after cancer.
Preterm birth is a leading cause of neonatal death world-

wide, and infants born early are at higher risk of lifelong

effects including cerebral palsy, developmental disabilities and

cognitive impairment.6 In the United States, 10% of live

births are preterm (<37 weeks gestation) and 8% are low

birth weight (<2,500 g). The risks are higher among African-

American women, who have a 13% risk of preterm delivery

and of low birth weight.7

Several population-based studies in Europe have found a

higher risk of preterm birth in pregnancies conceived after

cancer.8–10 However, few of these studies were powered to

stratify by cancer type. Grouping different cancers may

obscure risks specific to each diagnosis. Only one population-

Key words: cancer survivor, pregnancy, birth outcome

Abbreviations: CI: confidence interval; DCIS: ductal carcinoma in

situ; LBW: low birth weight; NICU: neonatal intensive care unit;

OR: odds ratio; RR: risk ratio; SGA: small for gestational age
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