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Preface

This book addresses a highly controversial and challenging subject, which is related 
to fertility management of young women with cancer. In light of the improvement 
in cancer survival and the rising trend of delaying childbearing over the past decade, 
an increasing number of oncologists and fertility specialists are often faced with 
young women with cancer inquiring into fertility-related issues in routine clinical 
practice.

Over the past decade, the field of fertility management of cancer patients has 
evolved enormously moving from managing patients based on anecdotes and per-
ceptions to counseling based on evidence, thanks to a large amount of clinical and 
experimental research that has been generated and published by several groups 
around the globe.

This book gathers worldwide experts who have made important contributions in 
the field of fertility management of young cancer patients. Several subjects are dis-
cussed spanning from understanding the feasibility and safety of pregnancy in can-
cer survivors to the various fertility preservation methods that could be used, in 
addition to fertility counseling of special subgroups of patients like those with 
germline mutations or with endocrine sensitive tumors. The book also addresses 
controversies related to the role of ovarian tissue cryopreservation and LHRH 
analogues. We strongly believe that this book will fulfill its aim in providing busy 
clinicians with a valuable resource in counseling their patients in routine clinical 
practice.

Monterrey, Mexico Hatem A. Azim Jr 
Brussels, Belgium  Isabelle Demeestere 
Milan, Italy  Fedro A. Peccatori  
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1Epidemiology and General 
Considerations of Pregnancy  
Following Cancer Diagnosis

Barbara Buonomo, Hatem A. Azim Jr, Carlo Alviggi, 
and Fedro A. Peccatori

 Introduction

Nowadays, there is a rising trend of delaying childbearing for personal, educational, 
and professional reasons. Given that cancer incidence increases with age, more 
women inquire into the feasibility and safety of pregnancy following cancer diagno-
sis [1]. In addition, several concerns exist regarding the impact of cancer therapy on 
pregnancy outcome and the possibility of adverse effects among their offspring.

However, it is not only the oncologic treatment that may have a potential negative 
impact on reproductive rates among cancer survivors. These patients may choose 
not to start a family for concerns related to the risk of transmitting predisposing 
genetic mutations to offsprings, for worries about cancer relapse and for the 
potentially increased risks of obstetric and perinatal complications [2]. Cancer sur-
vivors often suffer sexual health problems as well, which could be partly related to 
psychological challenges [3]. It was shown that decreased arousal, pleasure, and 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-24086-8_1&domain=pdf
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overall satisfaction with sexual function occur at an increased rate among cancer 
survivors than the general population [4]. This underlines that importance of offer-
ing adequate oncofertility counselling for female cancer survivors.

 Prevalence of Pregnancy After Cancer

The overall probability of a first live birth is significantly lower among cancer 
survivors than among age-matched controls [2, 5]. On average, pregnancy rates are 
40% lower among female cancer survivors compared with the general population 
adjusting for women’s age, education level, and previous parity. This observation is 
highly dependent on the cancer type. Women diagnosed with melanoma or thyroid 
cancer have pregnancy rates highly comparable to that of the general population. On 
the other hand, women diagnosed with breast cancer have the lowest chance of 
subsequent pregnancy, which is nearly 70% lower compared to the general popula-
tion. This is possibly related to the administration of gonadotoxic chemotherapy but 
also to a general misconception that pregnancy could stimulate cancer recurrence 
being a hormonally driven disease [1].

 Obstetric and Fetal Outcomes

Although conceiving after a cancer diagnosis does not appear to increase the risk of 
cancer recurrence, the vast majority of studies on childbearing among adult cancer 
survivors are dealing with breast cancer [6, 7]. Survivors of malignant melanoma 
also seems to do well after pregnancy, but the evidence is more limited [8, 9].

It is unknown whether short intervals between treatment and conception 
increase the risks of poor pregnancy outcomes. It is generally advised not to con-
ceive within 2 years of diagnosis. This would allow adequate recovery of ovarian 
function following anticancer therapy but also avoid the time during which the 
risk of recurrence is relatively higher [10]. Studies have shown that threatened 
miscarriage is higher in survivors diagnosed at an older age, those with a history 
of central nervous system (CNS) tumors, abdominopelvic tumors or those who 
had been treated with radiation therapy. Other factors that influence the risk of 
miscarriage include older maternal age, congenital uterine abnormalities, autoim-
mune factors, thrombophilic disorders, and maternal endocrine abnormalities like 
poorly controlled diabetes or polycystic ovarian syndrome. The findings of 
increased miscarriage in CNS tumors survivors suggest that brain irradiation may 
increase poor obstetrical outcomes, possibly through impairment of the hypotha-
lamic-pituitary-ovarian axis [11].

Gestational diabetes is more frequent among CNS tumors, bone sarcoma, and 
carcinomas survivors, as well as in patients with tumors arising in the abdominal- 
pelvic region. The literature also reports that maternal diabetes is more common in 
females exposed to chemoradiation [11–15].

B. Buonomo et al.
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Cesarean sections are more common in females diagnosed with cancer compared 
with those with no history of cancer. Women exposed to chemotherapy or radiation 
therapy, or diagnosed with leukemia, are particularly at risk. The combination of 
psychological and obstetric considerations has probably led to the high frequency of 
cesarean delivery in this group of patients. Other reasons include physicians’ con-
cerns over medical malpractice, fear of birth trauma, and the potential risk to the 
child due to difficult vaginal delivery [11].

Some studies reported an increased risk of preterm birth (gestational age <37 
weeks) and/or growth restriction in infants born to lymphoma, soft tissue sarcoma, 
and carcinoma survivors (Table 1.1) [16]. Previous investigators have hypothesized 
that chemotherapy might increase the risk of having an infant born preterm or with 
low birth weight (<2500 g) or small for gestational age (SGA). Mechanisms by 
which chemotherapy could cause adverse outcomes include immunosuppression, 

Table 1.1 Summary of recent studies on preterm birth and low birth weight among children of 
female cancer survivors

Hartnett 
et al. [10]

Haggar 
et al. [11]

Mueller 
et al. [17]

Signorello 
et al. [18]

Hartnett et al. 
[19]

Anderson 
et al. [20]

Study 
population

Survivors: 
4203 vs. 
comparison 
group (1:25)

Survivors: 
1894
Controls: 
4138

Survivors: 
1898
Controls: 
14,278

2201 
children 
of 1264 
survivors
1175 
children 
of 601 
controls

4203 cancer 
survivors vs. 
control group 
(1:5)

Survivors: 
2598
Controls: 
12,990

Risk of 
preterm 
delivery 
(<37 
weeks)

All cancers, 
≤1 year after 
starting CT:
  −  CT 

alone: 
1.9, 
1.3–2.7

  −  CT with 
RT: 2.4, 
1.6–3.6

1.68, 
1.21–2.08

1.54, 
1.13–1.56

1.9, 
1.4–2.4

Breast: 1.3, 
1.0–1.8
Reproductive: 
2.1, 1.6–2.9
Thyroid: 1.1, 
0.8–1.4

1.52, 
1.34–1.71

Risk of 
low birth 
weight 
(<2500 g)

All cancers, 
≤1 year after 
starting CT:
  −  CT 

alone: 
2.0, 
1.4–3.0;

  −  CT with 
RT: 2.7, 
1.7–4.2

1.51, 
1.23–2.12

1.31, 
1.10–1.57

6.8, 
2.1–22.2

Breast: 1.4, 
1.0–1.9
Reproductive: 
2.7, 1.9–3.9
Thyroid: 0.9, 
0.7–1.3

1.59, 
1.38–1.83

Abbreviations: CT chemotherapy, RT radiotherapy

1 Epidemiology and General Considerations of Pregnancy Following Cancer…
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chronic anemia, cardiovascular effects, physical stress, or insufficient weight gain 
in pregnancy [17, 18].

Hartnett et  al. presented an analysis of first subsequent pregnancy outcomes 
among women who were diagnosed with cancer between ages 20 and 45 years [10]. 
They compared pregnancy outcomes with those of matched controls without cancer 
history. Their main findings were that early pregnancy after cancer treatment 
(<1 year from treatment start) was associated with increased risk of preterm birth 
after starting chemotherapy (chemotherapy alone: relative risk [RR], 1.9; 95% con-
fidence interval [CI], 1.3–2.7; chemotherapy with radiation: RR, 2.4; 95% CI, 
1.6–3.6).

However, women who had later conception, with the exception of those with a 
history of cervical cancer, were not at higher risk than controls. In a similar work led 
by Hartnett et al., pregnant survivors of cervical and breast cancer or leukemia had 
a higher risk of preterm birth, while those with a history of brain cancer and non- 
Hodgkin lymphoma were more likely to have infants that were small for gestational 
age [19].

In another database-linked study conducted in North Carolina, Anderson et al. 
showed an increased risk of preterm birth and low birth weight among babies born 
to diverse cancer survivors compared with controls [20]. Another large population- 
based analysis from Israel compared more than 15,000 women who had a history of 
cancer before pregnancy versus a group of non-cancer survivor controls [21]. In that 
study, Pillar et  al. found that pregnant women with a history of cancer were at 
increased risk of maternal and fetal complications, including a nearly 50% increased 
risk of premature delivery. Fortunately, absolute rates were relatively low, particu-
larly for the most serious increased risks, such as maternal and fetal death.

 Conclusions

Pregnancy following cancer is feasible and does not appear to impact maternal 
prognosis. However, women are often faced with several challenges. The Society 
for Maternal-Fetal Medicine advises that pregnancy may stress organs that were 
strained by prior chemotherapy and hence extra monitoring is required to minimize 
the risks to mother and fetus. Survivors who successfully conceive should be moni-
tored and managed throughout their pregnancy by a multidisciplinary team, includ-
ing expert obstetricians and neonatologists.
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2Safety and Challenges of Pregnancy 
in Women with a History of Endocrine- 
Sensitive Breast Cancer

Hatem A. Azim Jr

 Introduction

In women of reproductive age, breast cancer is the most commonly diagnosed 
malignancy [1]. Yet with the rising trend of delaying childbearing, increasing 
 numbers of women are diagnosed with breast cancer before completing their fami-
lies [2]. Several studies have pointed out that young breast cancer patients are rather 
concerned about future fertility and express willingness to become subsequently 
pregnant [3–5].

On the other hand, there appears to be a gap in knowledge when it comes to 
addressing the fertility and pregnancy concerns of young breast cancer patients. 
In 2018, a large survey including more than 200 breast cancer specialists in 
Europe and the USA have shown that around 50% of them did not consult or were 
even not aware of guidelines on pregnancy following breast cancer [5]. In the 
same study, more than one-third of breast cancer specialists believe that preg-
nancy following breast cancer could be detrimental, particularly in patients with a 
history of endocrine- sensitive disease.

Young women with endocrine-sensitive disease represent around 60% of all 
patients [6, 7]. Several “hormonal or endocrinal” treatments are administered as part 
of standard adjuvant therapy for 5–10 years to reduce or block the effect of female 
hormones on the breast. These treatments (e.g., tamoxifen, ovarian function suppres-
sion, aromatase inhibitors in combination with ovarian function suppression) have 
shown to improve long-term outcomes of young breast cancer patients [8–10]. Thus, 
it is understood that discussing pregnancy in women with a history of endocrine-
sensitive disease could pose a lot of controversies. On one end, the massive increase 
in female hormones during pregnancy could potentially stimulate “at least in theory” 
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breast cancer to recur. On the other end, allowing pregnancy could result in compro-
mising the course of endocrine treatment that could potentially have detrimental 
implications on cancer outcome [10].

 Risk of Recurrence After Pregnancy in Women with a History 
of Estrogen Receptor Positive Breast Cancer

Among cancer survivors, women with a history of breast cancer have the lowest rate 
of pregnancy following cancer diagnosis compared to survivors of other types of 
malignancies [11, 12]. This is due to various reasons, including concerns on the 
safety of pregnancy following breast cancer diagnosis, particularly in those with 
endocrine-sensitive disease.

In 2011, we published a meta-analysis of all case-control and population-based 
studies addressing the safety of pregnancy in patients with a history of breast cancer 
[13]. The main result indicated that pregnancy was not detrimental. In contrast, it 
was actually associated with better survival. However, this study highlighted the 
major limitations of published literature in this domain. One limitation was the 
selection of control group “i.e., non-pregnant patients.” Most of these studies did 
not account for the lead time bias. In other word, as pregnancy only occurs in 
patients with no evidence of relapse, it is vital to ensure that the control group was 
free of relapse for a minimum time that corresponds to the time between cancer 
diagnosis and pregnancy. Another limitation was information on estrogen receptor 
status. None of the included studies had such information, or performed specified 
analysis addressing the safety of pregnancy in patients with endocrine-sensitive dis-
ease. Taken together, it is intriguing that despite the publication of around 14 studies 
until 2011 that demonstrated the apparent safety of pregnancy following breast can-
cer, surveys showed that breast cancer patients continued to be advised against sub-
sequent pregnancy by their treating physicians for fear that it could stimulate cancer 
recurrence [14].

Few years later, we published the primary results of a large multicenter trial in 
order to address the limitations of previous studies published in the field including 
understanding the safety of pregnancy in women with endocrine-sensitive disease 
[15]. This trial included more than 1000 patients, of whom around 200 had a preg-
nancy following endocrine-sensitive breast cancer. Importantly, controls were 
selected taken into account lead time bias. The primary results showed that at a 
median follow-up of 4.5  years following pregnancy, there was no difference in 
disease- free survival between patients who became subsequently pregnant and con-
trols. This was observed in all patients with endocrine-sensitive disease but also 
those with hormone receptor negative disease as well. Neither abortion nor time to 
pregnancy was associated with patient outcome. An updated report with 7.2 years of 
median follow-up following pregnancy confirmed the same findings [16]. This 
study provides more refined evidence on the safety of pregnancy in breast cancer 
survivors, even in those with endocrine-sensitive disease.

H. A. Azim Jr
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 Feasibility of Pregnancy in the Era of Long-Term Adjuvant 
Endocrine Therapy

Current evidence suggests that time to pregnancy has no prognostic impact [15]. 
A minimum of 2 years from diagnosis until pregnancy is rather preferred, as this 
period is associated with the highest risk of recurrence [17]. Thus, it would be rather 
reassuring for the patient and her physician to bypass this period before attempting 
to become pregnant. Furthermore, it would allow recovery of ovarian function, 
which is often compromised following exposure to adjuvant chemotherapy.

Patients are often treated with adjuvant endocrine therapy that lasts for 5 and up 
to 10 years in some cases [8–10]. This renders the feasibility of becoming pregnant 
following the completion of endocrine therapy rather low due to the deterioration of 
ovarian function as a function of age especially in those previously treated with 
adjuvant systemic chemotherapy. On the contrary, this situation is less challenging 
in patients with hormone receptor negative disease, as these women do not require 
treatment with endocrine therapy.

Thus, the question remains: is it safe to interrupt endocrine therapy to become 
pregnant? Would that increase a patient’s risk of recurrence? To date, we lack data 
from clinical studies to address this point. This approach “i.e., temporary interrup-
tion of endocrine therapy,” is being adopted in referral centers on a case-by-case 
basis, depending on patient prognosis, willingness to accept uncertainty, and her 
chances of conception should she wait to complete 5 years of endocrine therapy. But 
are patients willing to accept such risk? A survey published in 2015 including more 
than 200 patients addressed this question [18]. It showed that around 40% of patients 
are willing to temporarily interrupt endocrine therapy to become pregnant, mostly 
those women who are less than 35 years of age. Furthermore, several studies point 
out to the poor compliance of endocrine therapy, particularly among young women, 
with some studies showing that only 50% of patients manage to complete the 5-year 
scheduled course of endocrine therapy [19, 20]. One would argue that this would be 
even lower with the 10-year schedule. Main reasons behind the poor compliance 
were patients’ willingness to resume normal life, and poor tolerance to long-term 
side effects of such therapies, including but not restricted to impact on fertility. This 
underscored the need to define customized approaches to help counseling young 
women with a history of endocrine-sensitive breast cancer who are willing to 
become pregnant.

These considerations, coupled with the mounting evidence of safety of preg-
nancy in young women, led to the initiation of a large international clinical trial 
(POSITIVE; clinicaltrials.org: NCT02308085) aiming to evaluate the safety of tem-
porary interruption of endocrine therapy to become pregnant. This is a prospective 
phase 2 trial, and includes patients <42 years of age, with estrogen receptor positive 
breast cancer and willing to become pregnant. Patients should receive a minimum 
of 18–30 months of endocrine therapy before interruption. Interruption period is a 
maximum of 2  years, to allow for pregnancy and possible breastfeeding before 
resuming endocrine therapy. The choice of adjuvant systemic treatment and 
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duration of endocrine treatment is left to the treating physician, yet a minimum of 
5 years is highly recommended by the trial. Several translational research endpoints 
are being evaluated in this study, including effect of endocrine therapy on ovarian 
function parameters, and impact of interrupting therapy on circulating biomarkers 
including circulating tumor DNA. The trial aims to recruit around 500 patients by 
the end of 2019. This trial holds great promise to provide robust evidence on the 
safety of temporary interruption of endocrine therapy in young breast cancer 
patients willing to become pregnant, which would refine counseling of these patients 
in daily clinical practice.

 Obstetric Outcome in Women with a History of Breast Cancer

Many reports were published on birth outcomes of women with a history of breast 
cancer (Table 2.1) [21–24]. These studies show that the rate of congenital anomalies 
in young survivors of breast cancer appears to be similar to that of the general popu-
lation. However, older series reported a higher abortion rate (in the range of 35%) in 
women with a history of breast cancer; this probably also reflects the fear of physi-
cians and patients toward the safety of pregnancy after breast cancer [15, 22]. More 
recent studies report spontaneous and induced abortion in the range of 12%, and 
congenital malformation in the range of 2–3% [2, 13]. This is rather reassuring and 
in line with what is observed in the general population with no prior exposure to 
anticancer treatments (approximately 17% rate of spontaneous abortion and 3% rate 
of congenital anomalies) [25].

Table 2.1 Key studies addressing birth outcome in women with a history of breast cancer

Langagergaard 
et al. [21]

Dalberg et al. 
[22]

Azim et al. 
[23]

Lambertini 
et al. [24]

Year of publication 2005 2006 2012 2018
Number of pregnancies 216 331 45 80
Mean age at pregnancy 34.4 34 34 34
Type of study Population-

based
Population- 
based

Prospective 
cohort

Prospective 
cohort

Previous treatment

  −  Chemotherapy
  −  Endocrine therapy
  −  HER2+ therapy

NA NA 100%
NA
100%

100%
60%
100%

Mean GW at delivery 39 37–42 (88%) 39 39
Fetal outcome

  − Mean weight (g) 3411 2500–4400 
(88%)

3397 3345

  −  Median Apgar 
score at 10 min

NA 7–10 (92%) 9 9

  −  Congenital 
malformations

3.4% 7% 2.2% 1.7%
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 Managing Pregnancies Occurring Accidentally During 
Adjuvant Endocrine Therapy

Accidental pregnancy during adjuvant endocrine therapy is not rare.
The majority of women develop amenorrhea while on adjuvant chemotherapy 

[26]. This effect is reversible in a large fraction depending mostly on their age. 
Following chemotherapy, adjuvant endocrine therapy is started within few weeks. 
In such period, in most cases, it is not yet clear if amenorrhea induced by chemo-
therapy is permanent or patient could resume ovarian function gradually. On the 
other hand, tamoxifen, which is the mainstay adjuvant endocrine therapy for young 
breast cancer patients, could impact menstrual flow; however, it improves ovulation 
[27]. Thus, women who developed temporary amenorrhea secondary to chemother-
apy may resume ovarian function while on tamoxifen, yet this might not necessarily 
result in regular menstrual cycles. This may result in women becoming pregnant on 
tamoxifen despite being in “amenorrhea” for long time.

Several reports exist on pregnancy outcome of women who were exposed to 
tamoxifen during pregnancy [28]. In a prevention trial, no single congenital malfor-
mation was reported among 85 pregnancies that were reported [28]. On the other 
hand, the AstraZeneca (manufacturer of tamoxifen) safety database reports 11 
babies with congenital malformations out of 44 reported live births. In addition, 
there were six terminations of pregnancy for fetal defects. Other sporadic cases on 
congenital malformations were reported in the literature as well [29–31]. In total, 
around 138 live births are reported in the literature to have been exposed to tamoxi-
fen during pregnancy. Of those, 16 had experienced congenital malformations. It is 
hard to accurately estimate the risk and incidence of malformations secondary to 
tamoxifen exposure. Nevertheless, it appears that exposure is problematic and asso-
ciated with an important risk for congenital malformations.

Hence, it is vital that physicians discuss adequate contraceptive methods before start-
ing endocrine therapy with tamoxifen alone for women who develop temporary amen-
orrhea on chemotherapy. After completion of treatment with tamoxifen, it is important 
to allow a minimum of 3 months washout period before attempting pregnancy.

 Conclusions

Young women with a history of endocrine-sensitive breast cancer face several chal-
lenges regarding future pregnancy. In recent years, researches have demonstrated 
that pregnancy is safe and could be considered even in women with a history of 
endocrine-sensitive breast cancer. Physicians caring for these women should allow 
adequate counseling and time to discuss these issues with their patients. These con-
cerns are of paramount importance for the majority of them and hence a one-size- 
fits-all approach is not possible. A customized approach for each patient taking into 
account her cancer history, family situation, and age among other factors would 
help to define a treatment decision which would be more adapted for each case.

2 Safety and Challenges of Pregnancy in Women with a History…
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3Pregnancy After Gynecological Cancer

Marieke van der Zalm, Frederic Amant,  
and Joris van Drongelen

 General Introduction

Pregnancy after a gynecological cancer is relatively rare, although the chance that 
an obstetrician will be confronted with this kind of problem is increasing. This 
makes it necessary that obstetricians are familiar with the risks and obstetric man-
agement strategies of pregnancies after a gynecological cancer. This chapter will 
systematically describe fertility issues, pregnancy outcomes, and obstetric manage-
ment in women with a history of cervical, ovarian, and vulvar malignancies.

 Pregnancy After Cervical Cancer

 Introduction

Almost 50% of cervical cancer cases are diagnosed in women less than 45 years of 
age. Therefore, fertility issues play an important role in this group of patients. 
Although radical hysterectomy is the standard treatment for early stage cervical 
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cancer, women of reproductive age with stage 1A1, 1A2, or small 1B1 disease 
(without high-risk features) can be candidates for fertility-preserving surgery. 
Surgical options for fertility preservation are: cervical conization, simple trachelec-
tomy, and (vaginal, abdominal, or laparoscopic) radical trachelectomy [1–5]. More 
advanced stages of cervical cancer are treated by chemoradiation, after which preg-
nancy is not an option anymore. When the wish to preserve fertility is very strong in 
women with larger cervical tumors, some hospitals also offer neo- adjuvant chemo-
therapy, followed by radical trachelectomy [6].

However, fertility-preserving surgery can lead to conception problems and 
obstetric complications, such as preterm labor. Unfortunately only little is known 
about optimal obstetric management in pregnancies after radical trachelectomy.

This chapter provides an overview of fertility issues and pregnancy outcome 
after fertility-preserving surgery for cervical cancer and some guidance as to how 
these patients should be managed obstetrically.

 Pregnancy After LLETZ, Conization, or Simple Vaginal 
Trachelectomy

Early stage cervical carcinoma can be treated by cold knife conization or by simple 
trachelectomy, in which most of the cervix is removed in a cylinder shape (instead 
of a cone shape) without parametrial tissue. Depending on the amount of cervix that 
is removed, a cerclage can be placed after simple trachelectomy.

 Fertility
Only few studies have focused on the impact of limited cervical surgery (mainly 
conization and large loop excision of the transformation zone: LLETZ) on a wom-
an’s fertility. Theoretical effects are: cervical stenosis preventing sperm entry, sec-
ondary ascending infection with tubal damage, and changes in cervical mucus [7]. 
However, most studies do not show a delay in conception or an increased incidence 
of other fertility problems [7–9]. One study did report a longer time to conceive in 
the treatment group [10]. It is important to notice that all these studies mainly 
included patients with premalignant lesions in which the majority was treated by 
LLETZ.

Simple trachelectomy also does not seem to negatively influence fertility in a 
small case series in which all patients attempting to conceive have become pregnant 
successfully [11].

 Pregnancy Outcome
Cervical conization and LLETZ are associated with an increased risk of preterm 
delivery, premature rupture of membranes, a shorter cervical length in the first tri-
mester, and a lower birth weight [12–14]. Moreover, the frequency and severity of 
prematurity increases with increasing cone depth, especially if the depth of excision 
is greater than 10–12 mm [15, 16]. Interestingly, women with cervical dysplasia are 
at increased baseline risk for preterm birth, and surgical treatment further increases 
that risk [15, 16]. The rate of 17% preterm delivery and 7% second trimester loss 
after simple trachelectomy is comparable to pregnancy outcome after radical 
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vaginal trachelectomy. It is unclear if routine cerclage after simple trachelectomy 
would improve these results [11].

 Obstetric Management
The increased rate of preterm delivery after LLETZ, conization, and simple trach-
electomy indicates that these pregnancies should be considered as potential high- 
risk pregnancies [11]. Serial cervical length measurement is recommended to 
estimate the risk of spontaneous preterm birth in post LLETZ and conization preg-
nancies. A midpregnancy cervical length under 25 mm is considered a strong pre-
dictor of preterm birth. Furthermore, a lower maximal cervical length measurement 
(measured around 13, 16, and 20 weeks) and a higher cervical length difference 
between 13 and 20 weeks seem to be predictors of spontaneous preterm birth [17].

 Pregnancy After Radical Trachelectomy (Vaginal, Abdominal, or 
Laparoscopic)

Radical trachelectomy involves resection of the cervix, along with a vaginal manchet and 
parametrial tissue. The procedure is always combined with a complete bilateral pelvic 
lymphadenectomy, which precedes the radical trachelectomy in case of a vaginal 
approach. The majority of the surgeons prophylactically place a cervical cerclage in order 
to reduce preterm delivery, although there is no clear consensus on this issue [6, 18].

 Fertility
Radical trachelectomy is associated with increased risk of subfertility. The fertility 
rates following abdominal and laparoscopic radical trachelectomies are reported to 
be lower (53–59% and 50–56%) than after a vaginal approach (67–80%) [3, 11, 19]. 
The most important cause of subfertility is cervical stenosis, which is reported in 
8–11% of all cases and occurs most frequently after an abdominal radical trachelec-
tomy [3, 6]. Interestingly, a small majority of the patients never tries to conceive 
after radical trachelectomy [20].

 Pregnancy Outcome
The rate of first trimester loss after radical trachelectomy is comparable to the gen-
eral population [2, 6, 20, 21]. Although there is considerable variation in obstetric 
outcomes across series, the rate of second trimester loss and preterm birth is clearly 
increased. Overall, the risk of preterm birth after radical trachelectomy is 38% and 
the life birth rate 70% [19]. The obstetrical outcome after vaginal radical trachelec-
tomy appears to be somewhat better compared to abdominal radical trachelectomy 
[6]. After vaginal radical trachelectomy, a preterm birth rate of 25–33% is reported 
[18, 21, 22], which is slightly better than the preterm birth rate after abdominal radi-
cal trachelectomy [4]. Two-third of the pregnancies after vaginal radical trachelec-
tomy reaches the third trimester compared to 40–52% after abdominal radical 
trachelectomy [4, 6, 23]. The rate of second trimester losses is also higher in the 
abdominal radical trachelectomy group (19% versus 8%) [6]. The reported obstetric 
outcome after laparoscopic radical trachelectomy is limited, but the premature 
delivery rate appears to be high: 48–60% are reported to deliver prematurely [5, 24]. 
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A small series of pregnancies after robotic radical trachelectomy reports a term birth 
rate of 71% [3]. Almost all cases of preterm delivery after radical trachelectomy are 
proceeded by premature rupture of membranes (PPROM), which is thought to be 
the consequence of mechanical and functional cervical incompetence with subclini-
cal infection [18, 19, 25].

 Obstetric Management
Pregnancies after radical trachelectomy are associated with a higher risk of compli-
cations, mainly preterm birth. Therefore, a specialist in fetal maternal medicine 
should be involved early in patient care. Pregnancies after radical trachelectomy 
should be managed similar to that in other patients with cervical incompetence, 
including cervical length follow-up with serial ultrasounds, although the value of 
ultrasound in predicting preterm labor in this group of patients is controversial. 
Routine bed rest, routine prophylactic use of antibiotics, and routine antenatal cor-
ticosteroids are not recommended. Early screening for bacterial vaginosis and 
guided treatment may be performed [2, 18, 21, 26]. Attention must be paid to signs 
of cerclage erosion, which appears to be more common after abdominal radical 
trachelectomy [6].

Cesarean section is highly recommended after radical trachelectomy. 
Naturally, the presence of a cerclage necessitates cesarean section. However, also 
in the absence of a cerclage, vaginal delivery is risky, since the short scarred 
cervix may not adequately dilate but instead tear laterally with the risk of uterine 
artery bleeding [6].

Literature regarding practice guidelines for patients with PPROM in the presence 
of a cerclage is scarce. However, since the preferred mode of delivery after radical 
trachelectomy is a cesarean section, it seems justified to leave the cerclage in place 
with close observation for signs of imminent infection [18].

 Pregnancy After Ovarian Cancer

 Introduction

Fertility sparing treatment of ovarian cancers has gained more interest over the 
recent years [27, 28]. Up to 14% of women with an epithelial ovarian cancer (EOC) 
and 30% with borderline ovarian tumors (BOT) are diagnosed in the fertile period, 
while most non-epithelial ovarian cancers (nEOC) are diagnosed at a young age 
[29–32].

 Pregnancy Outcome

Large cohorts of pregnancies after fertility sparing surgery lack, although case 
series and relatively small cohorts do not suggest high risk for adverse pregnancy 
outcomes [28, 32–53]. In a systematic review of literature, the rate for term delivery 

M. van der Zalm et al.



21

for women that conceived varies between 64% and 77% in women with a history of 
fertility sparing surgery for ovarian cancer [54]. Recent studies report even higher 
live birth rates, varying between 80% and 95% [32, 33, 55]. Negative effects of 
adjuvant chemotherapy in both EOC and nEOC on adverse pregnancy outcomes 
have not been reported [56]. The available evidence suggests that women with a 
history of ovarian cancer that become pregnant are likely to experience uneventful 
pregnancies with a good neonatal outcome. Therefore, no specific recommenda-
tions for obstetric management seem to be in place.

 Pregnancy After Vulvar Cancer

 Introduction

Reports of pregnancy following treatment for vulvar carcinoma are scarce, mainly 
because carcinoma of the vulva is extremely uncommon in young women [57]. 
Treatment for vulvar cancer usually exists of surgery (wide local excision or radical 
vulvectomy) with or without inguinal lymph node dissection, sometimes with adju-
vant radiotherapy. Because of the rarity of a pregnancy after vulvar cancer, all avail-
able literature consists of case reports.

 Pregnancy Outcome

Pregnancy after completed therapy for vulvar cancer does not seem to increase the 
risk of recurrence, nor are there any reported deleterious effects in the prenatal 
period. In the majority of the cases, cesarean section was performed because of 
vulvar scarring. However, literature reports four multiparous women that delivered 
vaginally [58–63].

 Obstetric Management

In case of a pregnancy after vulvar cancer, the mode of delivery should be individu-
alized, depending on the extent of prior surgical treatment, the use of radiotherapy, 
and the parity of the woman in question.
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 Introduction

Recent improvements in long-term survival among cancer patients have made 
 quality of life a major issue for young patients and their oncologists. Several anti-
cancer treatments, such as alkylating agents and irradiation, are gonadotoxic and 
induce an acute depletion of the follicular pool in the ovary, leading to premature 
ovarian insufficiency (POI). The risk of POI and infertility after treatment depends 
on the age of the patient, the type and total dose of chemotherapy, the use of adju-
vant pelvic or total body irradiation, and the ovarian reserve [1–3]. The risk can be 
classified as low (<20%), medium, or high (>80%) according to the Edinburgh cri-
teria [4]. As ovarian dysfunction induced by anticancer treatment can be transient, 
posttreatment POI has been defined as amenorrhea for >2 years, a postmenopausal 
hormonal profile, and nonfunctional ovaries at vaginal ultrasound [5]. However, all 
of these criteria are usually not taken into consideration in clinical trials and post-
treatment amenorrhea alone is commonly used as the primary objective to evaluate 
posttreatment ovarian function. Therefore, further prospective studies are needed to 
address the risk of POI after treatment and provide accurate information for each 
individual situation [6].

Overall, cancer survivors achieve a lower number of pregnancies compared to 
the general population (SIR 0.62; 95% CI: 0.60, 0.63) [7]. For some diseases, such 
as Hodgkin lymphoma and breast and cervical cancers, the chances of achieving 
pregnancy after treatment have progressively increased in the past few decades due 
to changes in therapeutics approaches (reduction of the use of radiotherapy, fertility- 
sparing surgery) and fewer concerns regarding the potential impact of pregnancy on 
recurrence in breast cancer patients. Nonetheless, patients treated with current 
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standard chemotherapy, such as BEACOPP (bleomycin, etoposide, doxorubicin, 
cyclophosphamide, vincristine, procarbazine, prednisolone) in advanced lymphoma 
and anthracycline- or taxane-based regimens in breast cancer, remain at high or 
moderate risk of POI depending on their age [8–10]. For others, such as leukemia 
patients, the risk remains high, primarily due to the gonadotoxicity of conditioning 
regimens used in bone marrow transplantation, which is still the most effective 
treatment for advanced hematological disease [7].

The possibility of conceiving with their own gametes and building a family after 
being cured represents a top priority for young cancer patients at diagnosis [11–13]. 
In a large cohort of more than 1000 women less than 40 years of age at the time of 
diagnosis, 47–63% reported having a desire to have children after cancer, especially 
women with Hodgkin or non-Hodgkin lymphoma [13]. In another prospective 
study, the authors reported that more than 90% of young breast cancer patients were 
concerned by the consequences of chemotherapy-induced ovarian damage [11]. 
This concern may also be aggravated in the future by age-related infertility issues 
considering the increase in the average age of first-time mothers (OECD Family 
Database 2017, http://www.oecd.org/els/family/database.htm).

Therefore, infertility risk related to the gonadotoxicity of anticancer treatments 
might cause severe psychological distress and even affect treatment decisions [14]. 
Considering this dramatic impact of treatment-induced ovarian damage on the 
quality of life, medical oncological societies and expert committees have included 
fertility issues in their guidelines (Table  4.1). They have recommended that all 
young cancer patients be informed about the risk of POI due to treatment and that 
those who are interested in fertility preservation be referred to an oncofertility 
specialist. Despite these guidelines, continuous efforts are needed to improve the 
current knowledge and practices of oncologists regarding fertility issues and to 

Table 4.1 Key recommendations

Key recommendations
ESMO (2013) 
[107]

Young women desiring future fertility should be counseled on available 
fertility preserving options before starting anticancer treatment. Counseling 
should be implemented soon after diagnosis to allow prompt referral to 
fertility specialists.

St Gallen 
(2015) [108]

The Panel considered that fertility preservation by ovarian tissue or 
oocyte conservation should be offered upon request for patients aged <40.

ESHRE- ASRM 
(2015)  [109]

Several oncological and nononcological diseases may affect current or future 
fertility, either due to the disease itself or to gonadotoxic treatment, and need 
an adequate FP approach. These patients should be counseled regarding 
potential fertility loss and should be referred to fertility specialists to 
discuss options for FP and current results. .

BCY3 (2017) 
[5]

All young women should be referred for special counseling/consultation if 
interested in fertility preservation prior to commencement of any therapy.

ASCO (2018) 
[47]

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 can occur 
simultaneously with staging and the formulation of a treatment plan.
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reinforce the collaboration between oncologists and oncofertility centers [15, 16]. 
Currently available fertility preservation options include oocyte and embryo cryo-
preservation, ovarian tissue cryopreservation, and pharmacological protection with 
GnRH analogs.

 Oocyte and Embryo Cryopreservation Procedures

Cryopreservation of embryos is the most established procedure for fertility 
preservation as it has been routinely available for ART treatments since the 1980s 
[17]. However, it requires the patient to have a partner to provide sperm or the use of 
donor sperm and it has raised several ethical and legal concerns that have restricted 
its application in different countries (i.e., Germany, Switzerland, Italy, Austria) [18] 
(Table 4.2). One way to circumvent this issue was to develop oocyte cryopreservation 
techniques. Since 2013, oocyte cryopreservation has no longer been considered to be 
experimental and has become a standard procedure available in many IVF laboratories 

Table 4.2 Advantages and disadvantages of fertility preservation procedures

Procedure Benefit Disadvantages/risks
Embryo 
cryopreservation

• Established procedure
•  Well-known efficiency and 

outcomes

• 2–3 weeks delay
• Requires partner or donor sperm
•  Limited number of embryos 

cryopreserved
• Legal and ethical issues

Oocyte 
cryopreservation

• Established procedure
•  Well-known efficiency and 

outcomes

• 2–3 weeks delay
•  Limited number of oocytes 

cryopreserved
• Appropriate expertise required

Ovarian tissue 
cryopreservation and 
transplantation

•  Fertility restoration and 
possibility to achieve 
spontaneous pregnancy

•  Ovarian function 
restoration

• No delay

• Experimental procedurea

• Appropriate expertise required
•  Risks due to surgery (laparoscopy) 

and anesthesia
•  Risk of recurrence of the disease 

after graft in malignant diseases 
with possible ovarian involvement

•  Theoretical risk of increasing POI 
rate due to ovarian tissue collection 
(no evidence)

Oocyte 
cryopreservation after 
IVM

• Experimental procedure
• No delay

•  Very limited number of oocytes 
cryopreserved

•  Low developmental competence 
and success rates

Pharmacological 
protection (GnRHa)

• Noninvasive
•  Spontaneous ovarian 

function recovery
•  10-day delay recommended 

but not mandatory

•  Efficiency only demonstrated in 
breast cancer patients

•  Should not replace gamete or 
embryo storage

•  Lack of data on fertility restoration 
rate

aNo longer experimental in Israel, status subjected to discussion in EU and the USA
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[19]. While the success rate was not optimal with slow-freezing methods, the 
development of vitrification techniques has significantly improved clinical outcomes. 
A recent meta-analysis confirmed improved pregnancy rates per cycle using oocyte 
vitrification compared to slow freezing (RR = 2.81, 95% CI: 1.05–7.51; P = 0.039) 
[20]. Compared to fresh oocytes, no difference was observed in the live birth rate per 
cycle when vitrification was exclusively used (RR  =  1.04, 95% CI: 0.61–1.76, 
P = 0.892). Overall, each vitrified oocyte has around an 8% chance of resulting in 
pregnancy and a 5% chance of resulting in a delivery [20, 21].

 Efficiency and Outcomes of Oocyte Cryopreservation

Thanks to these achievements, the vitrification of mature oocytes has become the 
standard approach for fertility preservation in cancer patients when performed in 
centers with the necessary expertise. However, pregnancy outcome highly depends 
on the number of stored oocytes and the age of the patient. It has been reported that 
a mean of 12 versus 29 vitrified oocytes are required to achieve a live birth in 
patients aged between 30 and 36 years old versus those who are older, respectively 
[22]. The total number of oocytes vitrified is crucial for the future success of the 
procedure, with delivery rates increasing from 22.6% to 46.4% when more than 
eight vitrified oocytes are available for IVF [23]. Pregnancy rate per cycle also 
decreases with advanced age. Delivery rates per IVF/ICSI cycle in women older 
than 39 years of age do not exceed 10%, and the live birth rate per cycle falls to less 
than 2% after age 43 [24, 25]. Therefore, embryo or oocyte cryopreservation proce-
dures are usually not recommended in patients older than 40 years of age.

However, these data were obtained from cohorts of nononcological patients, as 
only a few pregnancies have been reported after using cryopreserved oocytes in 
oncological patients [23]. In the recent largest series of 80 oncological patients who 
attempted pregnancy using their vitrified oocytes, the authors reported a lower 
implantation rate in this cohort compared to women who cryopreserved oocytes for 
age-related fertility decline (32.5% versus 42.6%, respectively; P  <  0.05) [26]. 
Despite the fact that the number of oocytes vitrified per patient was similar in both 
groups, the cumulative live birth rate was also lower in the oncofertility group 
(42.1% versus 68.8%) but the difference was observed only for the patients less than 
35 years old at the time of the fertility preservation procedure. Nonetheless, the 
impact of the disease on reproductive outcomes was not confirmed by adjusting OR 
and remains unclear. Overall, cumulative live birth rates per patient are 45.1% and 
29% in patients less than 35 years old and older than 35, respectively [26]. The 
probability of achieving pregnancy also increases with the number of oocytes col-
lected. In oncological patients, a mean number of 6–10 oocytes are vitrified per 
cycle [23, 27–29]. As at least 2 weeks is required to complete a controlled ovarian 
stimulation (COS) cycle and collect the mature oocytes, only one cycle can usually 
be offered before the beginning of oncological treatment. Moreover, COS cannot be 
proposed after the start of chemotherapy [30]. Early referral is, therefore, essential 
to avoid any delay in anticancer treatment while optimizing the efficiency of the 
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procedure by performing multiple cycles when feasible [31]. COS protocols have 
been adapted to take into consideration the timing limitations of cancer patients. 
Ovarian stimulation can start rapidly after counseling, irrespective of cycle phase, 
without impairing the efficacy of the procedure [32–35]. Based on the concept of 
multiple follicular waves, a second cycle can be proposed following the first one, 
offering the possibility of accumulating vitrified oocytes [36]. Double ovarian stim-
ulation (DuoStim) has been performed with success in cancer patients, leading to 
the vitrification of around 16 oocytes per patient (range: 6–32; n = 10) [37].

 Impacts of the Disease on Efficiency

The impact of the disease on the ovarian response remains controversial. Several 
studies have not shown any difference in the number of oocytes collected between 
oncological and nononcological patients or according to disease types [26, 37–40]. 
Others have reported lower fertility preservation performance in patients with breast 
cancer [29] and BRCA-mutated breast cancer [41], lymphoma [42], and ovarian 
cancer [39].

Standard COS protocols for fertility preservation include around 10  days of 
ovarian stimulation with gonadotrophins before ovulation trigger with hCG or 
GnRH analogs. GnRH antagonists are added to avoid premature LH peak during 
stimulation. As a consequence of ovarian stimulation, estradiol increases at supra- 
physiological levels (10–20 times higher than spontaneous cycle) which might 
negatively affect oncological outcomes in hormone-sensitive diseases by stimulat-
ing tumor cell proliferation [10]. Adapted protocols have been implemented to 
maintain steroids at physiological levels using aromatase inhibitors (letrozole) or 
selective estrogen receptor modulators (SERMs-tamoxifen) during stimulation in 
breast cancer patients [43, 44]. Oktay et  al. reported the only prospective study 
showing no detrimental effect of COS associated with letrozole on disease-free sur-
vival rates in breast cancer patients [43, 45]. Others also have not observed differ-
ences in recurrence or in mortality rates between breast cancer patients who 
underwent COS without letrozole for fertility preservation compared to patients 
who did not undergo fertility preservation procedures [46]. However, these studies 
have several biases and the large majority of the centers used an adapted protocol in 
hormone-sensitive diseases to avoid any potential detrimental effect of the steroids. 
Therefore, the American Society of Clinical Oncology (ASCO) recently recom-
mended the use of COS associated with aromatase inhibitors for oocyte/embryo 
cryopreservation in hormonal-sensitive diseases [47].

 In Vitro Oocyte Maturation

Immature oocytes can be harvested from the cohort of small antral follicles at any 
phase of the menstrual cycle, without previous ovarian stimulation, and subse-
quently in vitro matured (IVM) before vitrification [48]. This method reduces the 
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delay before oncological treatment and the incidence of ovarian hyperstimulation 
syndrome (OHSS) in high-risk responder patients [49]. However, the procedure is 
experimental and its efficiency, in terms of number of oocytes collected and implan-
tation rates after fertilization, remains significantly lower than conventional COS 
cycles [50]. Although very limited, data available in cancer patients have confirmed 
this observation, with a live birth rate per cycle not exceeding 7% [51]. Therefore, 
IVM procedures should be offered only in very specific situations when other 
options are not available.

 Ovarian Tissue Cryopreservation Procedures

The cryopreservation of ovarian tissue emerged in the 1990s as an alternative to 
established embryo cryopreservation procedures [52–56]. Ovarian biopsies or a 
whole ovary are usually harvested by laparoscopy or, more rarely, by laparotomy 
under general anesthesia and dissected into fragments of, maximum, 1–2 mm thick-
ness before cryopreservation in separated cryotubes. Complications of the proce-
dure are rarely reported with an incidence rate varying from 0.2% to 3.3% [57, 58]. 
The cryopreservation process for ovarian tissue is more complex than that for gam-
etes as the tissue contains various cell types. Nevertheless, the slow-freezing tech-
nique is now well established and results in high follicular survival rates after 
thawing. Recently, vitrification of ovarian tissue has been attempted, with success in 
humans, but almost all pregnancies obtained so far have been from slow-freezing 
cryopreserved ovarian tissue [59].

The main advantage of the technique is its rapidity, as it does not require any 
previous COS treatment (Table 4.2). It is also the only fertility preservation proce-
dure that can be proposed for prepubertal patients. Finally, the transplantation of 
thawed ovarian tissue allows restoration of natural cycles and spontaneous preg-
nancy [60]. When feasible, the procedure should be performed before starting onco-
logical treatment but it can also be offered to patients who already received a 
first-line regimen or low-gonadotoxic chemotherapy such as ABVD (doxorubicin, 
bleomycin, vinblastine, dacarbazine) for Hodgkin lymphoma without impairing the 
future chances of pregnancy using preserved tissue [61].

The human cortex contains mainly non-growing follicles (NGF) at the primordial 
stage. This constitutes the ovarian reserve. The density of the follicles within each 
ovarian fragment depends on patient age and the ovarian reserve [62, 63]. A 
predictive model has been developed to evaluate follicular density according to age 
and has been validated by clinical observation [64]. Using this model, we have 
shown that follicular density decreases from approximately 100 to 16 NGF/mm3 
between 16 and 33 years old. Therefore, several quiescent follicles can be expected 
to be stored within each fragment of cryopreserved ovarian tissue in young patients 
but this number rapidly declines with age (Fig. 4.1).
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 Efficiency and Outcomes of Ovarian Tissue Cryopreservation

At present, the only available approach to restoring fertility using cryopreserved 
ovarian cortex is the transplantation of the ovarian tissue [60]. Restoration of ovar-
ian function was first demonstrated after transplantation of a fresh ovary into the 
forearm with vascular anastomosis in a lymphoma patient treated with pelvic irra-
diation [65]. Later, follicular development was observed after accidental transplan-
tation of ovarian fragments without vascular anastomosis [66]. The first case of 
ovarian function restoration using cryopreserved human ovarian fragments was 
reported in 2000 [67]. A few years later, the first live births were obtained, providing 
evidence that human cryopreserved ovarian tissue can restore fertility after grafting 
[61, 68, 69].

Different techniques of ovarian tissue transplantation have been described. After 
thawing, the fragments can be grafted onto the remaining ovaries or into a pelvic 
peritoneum pocket in the ovarian fossa (orthotopic sites), or at distance from the 
ovary, such as subcutaneous sites (heterotopic sites) (Fig.  4.2). While follicular 
development has been observed at both orthotopic and heterotopic sites, all the 
pregnancies and live births except one [70] have been reported after transplantation 
into an orthotopic site, which remains the first option when feasible [63, 71, 72]. At 
present, more than 100 babies have been born worldwide following the procedure. 
The ovarian function recovery rate exceeds 90% with a live birth rate per patient 
around 40% after up to three transplantation procedures [71, 73]. Most of the preg-
nancies were obtained spontaneously. Recently, two women have been successfully 
transplanted with ovarian tissue cryopreserved before puberty or menarche, leading 
to live births and representing an important achievement for all the children who 
have undergone the procedure [74, 75]. Only one congenital abnormality was 
reported but it was a case of arthrogryposis in a family with a history of limb mal-
formations [76]. In light of the considerable achievements in the field during the last 
decade, a debate is ongoing regarding the view that cryopreservation and transplan-
tation procedures are experimental. Ovarian tissue cryopreservation is no longer 
considered experimental in Israel and will likely be reconsidered in Europe and the 
USA soon [76, 77].

a b c d

Fig. 4.1 Follicular density within ovarian fragments (a) according to age: histological section of 
ovarian cortex from (b) 3-year-old, (c) 15-year-old, and (d) 30-year-old patients
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One of the main issues regarding the procedure remains the risk of reintroducing 
cancer cells by using ovarian tissue collected before oncological treatment. This 
risk varies depending on cancer stage, the localization of the disease, and the type 
of the disease, and is highest in leukemia, neuroblastoma, ovarian cancer, and 
Burkitt lymphoma [78, 79]. Experiments using specific PCR markers have revealed 
that more than 30% of the ovarian tissue from chronic myeloid leukemia (CML) and 
70% of acute lymphoblastic leukemia (ALL) patients were contaminated by neo-
plastic cells. Moreover, contaminated human ovarian tissue is able to transmit the 
disease after xenograft into mice [80]. In order to avoid this risk, ovarian tissue is 
harvested after the first-line chemotherapy regimen when complete remission is 
observed. Despite the fact that the ovarian tissue remained positive for detection of 
leukemia cells by molecular techniques, these ovarian fragments collected after 
first-line chemotherapy were negative after xenograft into mice and none of the 
animals developed the disease [81]. Based on these reassuring data, the first live 
births after transplantation of cryopreserved ovarian tissue in leukemia patients 
were reported [82]. Nevertheless, the safety of the procedure should be evaluated 
with caution in these cases.

Experimental alternatives to the transplantation procedure have been developed 
to increase the safety of the procedure, including the purging of tumor cells [83], the 
isolation of follicles to obtain disease-free follicle suspensions that are grafted as an 

Ovarian site Subcutaneous site

Thawed ovarian tissue

First step laparoscopy

Transplantation of
ovarian tissue

1 week later

Follicular density
Neoplasic cells detection

Biopsy of the resting ovary
(resting follicles detection)
Control of tubal permeability

Histology/molecular 
screening

Preparation of the ovarian
and peritoneal sites

Peritoneal site

Fig. 4.2 Ovarian tissue transplantation procedure (modified from [60])
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artificial ovary [84–86], and in vitro follicular culture systems [87]. While important 
progress has been made in this field, none of these procedures have been applied yet 
in the clinic.

As the standard procedure consists of the transplantation of ovarian fragments 
in the absence of vascular anastomosis, the second issue is the dramatic loss of 
follicles observed after transplantation due to ischemic processes. 
Revascularization after graft requires around 7 days, during which up to 65% of 
the follicular pool is lost [78, 88]. Although ovarian function restoration has 
been observed in the large majority of the patients after 5  months, follicular 
depletion might dramatically reduce the life span of the graft and limit the suc-
cess of the procedure. The longevity of the tissue graft varies from less than 
1 year to more than 10 years [63, 89]. As a consequence of follicular losses after 
grafting, the ovarian reserve at the time of the cryopreservation procedure is a 
crucial factor for success. Women who are younger at the time of the cryo-
preservation procedure have a higher chance of pregnancy after graft than older 
patients [71, 90]. Most patients older than 36 years of age at the time of cryo-
preservation do not succeed, justifying the recommendation of an age limit of 
35 years for undergoing the procedure [4, 61, 91]. Several attempts to reduce the 
ischemic process have been made, with limited clinical application (Table 4.3). 
Most of these are experimental and have never been used in clinical application. 
The simplest way to promote neovascularization is to induce granulation at the 
site of transplantation. The first live birth was obtained after two-step laparos-
copy in order to create a peritoneal pocket and induce neovascularization 1 
week before the transplantation of the ovarian tissue [68]. Recently, the first 
pregnancies and live births have been reported after ovarian tissue transplanta-
tion with a decellularized extracellular tissue matrix to promote revasculariza-
tion [92]. Nonetheless, the clinical advantages of these procedures have not 
been demonstrated.

Table 4.3 Methods to increase vascularization processes and follicular survival after graft of 
human ovarian tissue

Models Graft process or treatment References
Clinical application Decellularized human extracellular tissue 

matrix (ECTM)
[92]

Clinical application Granulation (two-step transplantation) [68]
Xenograft of human ovarian tissue 
into mice

VEGF, bFGF, vitE, hyaluran [110, 111]

Xenograft of human ovarian tissue 
into mice

Exogenous endothelial cells [112]

Xenograft of human ovarian tissue 
into mice

Mesenchymal stem cells [113]

Xenograft model of human ovarian 
tissue into mice

Human adipose tissue-derived stem cells 
(fibrin scaffold)

[114, 115]

Xenograft model of human ovarian 
tissue into mice

Caspase inhibitors (Z-VAD-FMK) [116]
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 Pharmacological Options

The concept of pharmacological protection of the ovary against chemotherapy- 
induced damage is very attractive. It allows for a reduction in the risk of POI after 
treatment and increases the chances of spontaneous ovarian recovery and preg-
nancy. However, only one drug therapy has been tested in humans so far, the con-
comitant administration of gonadotropin-releasing hormone analogs (GnRHa) 
during chemotherapy. After several years of intense debate regarding the efficiency 
of this approach and its mechanism of ovarian protection, recent large randomized 
studies in breast cancer patients have demonstrated a significant reduction in amen-
orrhea rates in breast cancer patients who received GnRHa during chemotherapy 
compared to patients who received chemotherapy alone after 2 years of follow-up 
[93]. Therefore, the most recent ASCO guidelines state that “GnRHa may be offered 
to patients in the hope of reducing the likelihood of chemotherapy-induced ovarian 
insufficiency. GnRHa should not be used in place of proven fertility preservation 
methods.” However, this recommendation is restricted to breast cancer patients as 
treatment efficacy has not been demonstrated in hematological patients [94].

Drug-based fertility preservation is an emerging approach that is being widely 
investigated in experimental research to reduce chemotherapy-induced ovarian 
damage (Table 4.4). Most of the drugs have been tested in animals or human xeno-
graft models and are not yet used for human application in this indication. These 
proposed therapies target direct mechanisms of chemotherapy-induced ovarian 
damage such as follicular apoptosis, follicular activation, and vascular injury in 
the ovary. Chemotherapeutic components like cyclophosphamide, doxorubicin, 
and their metabolites have been shown to cause human primordial follicle apop-
tosis. Specifically, cyclophosphamide interferes with cell division by altering 
DNA base pairs which leads to cross-linking with DNA and to single- or double-
strand DNA breaks. The inability to repair these breaks results in cell death. 
Growing follicles and, more specifically, granulosa cells are the most sensitive to 

Table 4.4 Experimental pharmacological approaches to prevent chemotherapy-induced ovarian 
damage

Targeted mechanisms of ovarian 
damage Agents References
Follicular activation Immunomodular (AS201)

mTOR inhibitors
AMH

[99–101]

Apoptosis Sphingosine-1 phosphate
Ceramide-1 phosphate
Imatinib
Dexrazoxane

[95, 96, 
117–120]

Vascular injury Granulocyte colony-stimulating factor 
(G-CSF)

[103]

Drug nuclear accumulation Proteasome inhibitors (Bortezomib) [121]
Multiple targets miRNAs [104, 105]
Unclear SERMs (tamoxifen) [106]
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chemotherapy-induced apoptosis but quiescent follicles can be also affected [2]. 
Several drugs have been tested to reduce chemotherapy-induced apoptosis and, 
for some of them, like imatinib, the results were controversial [95, 96]. 
Manipulation of the sphingosine pathway, which leads to apoptosis in follicles, 
has been investigated for the prevention of chemotherapy- and radiotherapy-
induced apoptosis in animals with encouraging results [97]. While these 
approaches are interesting, questions have been raised regarding the possible 
interaction of these drugs with chemotherapeutic efficiency.

Chemotherapeutic agents, such as alkylating agents, can also induce the massive 
activation of quiescent follicles through a direct effect on PI3K/Akt pathway and an 
indirect effect on the growing follicles that negatively regulate quiescent follicle 
activation by secreting anti-Mullerian hormone (AMH). Altogether, the activation 
of the PI3K/Akt pathway and the reduction of AMH trigger a follicular “burn-out” 
effect leading to follicular loss [98]. By co-administration of PI3K/Akt inhibitors 
during cyclophosphamide treatment in mice, Goldman et  al. recently succeed in 
preserving fertility [99]. Massive follicle activation has also been prevented by the 
administration of AMH or an immunomodulatory agent, such as AS101, that acts on 
the PI3K pathway [100, 101]. Finally, vascular injury can also be targeted to reduce 
ovarian damage. By decreasing microvascularization networks, chemotherapy 
drugs like doxorubicin induce focal ischemia that contributes to follicular loss 
[102]. In this regard, G-CSF, already used in cancer therapy, might reduce this vas-
cular effect and, therefore, follicular losses [103].

As chemotherapy-induced damage in the ovary occurs through several 
mechanisms, the use of microRNAs, noncoding small RNAs that regulate many 
biological processes such as growth, differentiation, and apoptosis, have emerged as 
a potential interesting pharmacological approach. Advances in the field of oncology 
have brought microRNAs into the spotlight as potential therapeutic options. As 
therapeutic tools, miRNAs can be used to modulate and increase the sensitivity of 
neoplastic cells to chemotherapy and miRNAs are themselves modulated by 
chemotherapy. Therefore, they have recently been tested as potential ovarian 
protective drugs during chemotherapy administration in animal models [104, 105].

Finally, it has been shown that tamoxifen may prevent ovarian damage during 
chemotherapy. However, this effect has been questioned as the mechanism of action 
remains unclear [106].

 Conclusion

Fertility preservation is considered to be an essential step in the management of 
young cancer patients in order to improve their long-term quality of life. When fea-
sible, the first option that should be offered is the cryopreservation of embryos or 
oocytes, as this is the only established procedure. Nevertheless, cryopreservation of 
ovarian tissue has proven to be efficient for restoration of ovarian tissue and fertility 
after transplantation and is an interesting alternative, especially for very young 
patients with low risk of ovarian involvement by tumoral cells. Alternatives to 
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transplantation might be available in the future due to safety concerns that have 
been raised regarding the risk of transplanting malignant cells with the ovarian tis-
sue. Finally, GnRHa can be offered as an additional fertility preservation procedure 
in breast cancer patients but should not replace the cryopreservation of gametes. 
Several other pharmacological options have been investigated in preclinical settings 
and offer promise for future clinical use.
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 Introduction

Hematological tumors are the most frequent cancers in children and young adults, 
with high survival rates that can even reach 95% in children and teenagers affected 
by Hodgkin lymphoma.

One of the factors affecting quality of life in cancer survivors during 
reproductive age is the possibility of childbearing. Radiotherapy and chemotherapy 
may affect the gonadal function and therefore cause infertility. In this context, it 
is important to define ways to improving the quality of life of our patients and help 
them along the process of assuming the consequences of their treatments, even in 
cases in which fertility preservation options cannot be performed.

Considering the demography of hematological cancers, most of the patients 
suffering from acute lymphoid leukemia and Hodgkin lymphoma are at risk of 
infertility. Hodgkin lymphoma is one of the cancers with the highest survival rate, 
but the incidence of premature ovarian failure has been described to increase up to 
3 times in those patients undergoing chemotherapy, which is a dose-dependent 
effect, and up to 30 times in those patients undergoing also pelvic radiotherapy [1]. 
In addition, though a younger age at the time of treatment may delay the appearance 
of ovarian failure, this will not, however, diminish their cumulative risk.

Gonadotoxicity of the different chemotherapeutic regiems are described in 
Table 5.1. Although chemotherapy regimens for lymphomas and leukemias have 
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been optimized in order to minimize the side effects of alkylating agents, fertility 
counseling, a discipline whose interest is increasing among professionals and 
patients themselves, should be considered as soon as the diagnosis is confirmed.

 Gonadotoxicity in Hematological Cancers

Chemotherapeutic agents may cause depletion of the ovarian reserve and mutations 
and DNA structural damage in somatic and germ cells [2, 3]. A quick decline in 
anti- Müllerian hormone (AMH) has been recorded during chemotherapy [4]; how-
ever, the number of surviving primordial follicles following chemotherapy depends 
on different factors such as age, type of agent, and cumulative doses received [3].

Granulosa cells appear to be crucially affected after chemotherapy, leading to 
premature ovarian failure [5]. Cellular edema of pregranulosa cells and keratin 
deposits as well as edema of the nucleus of the cells will damage the morphology of 
the oocyte. Similarly, vascular alterations and fibrosis of the ovarian cortex may 
contribute to the reduction of follicles [6, 7].

Lymphoid neoplasms are highly radiosensitive, especially B-cell lymphomas. 
Irradiation of the ovaries may cause direct damage to the DNA of the follicles caus-
ing follicular atrophy and decreased ovarian reserve. Primordial follicles are the 
most radioresistant while the oocytes are the most radiosensitive [8]. The effect of 
radiotherapy on the ovarian function depends as well on such factors as age, cumu-
lative doses, fractioned doses, and irradiation area [9]. The dose needed to destroy 
oocytes in humans is 2  Gy [10]. Ninety-seven percent of women treated with 

Table 5.1 Gonadotoxicity based on the polychemotherapy regimen

High risk (>80% permanent amenorrhea)
  − Busulphan
  −  BEACOPP (doxorubicin, bleomycin, vincristine, etoposide, cyclophosphamide, 

procarbazine) (age >30)
  −  COPP/MOPP (cyclophosphamide or nitrogen mustard, vincristine, procarbazine, 

prednisone)
  − Chlorambucil
  − Cyclophosphamide
Moderate risk (40–60% permanent amenorrhea)
  − BEACOPP (age <30)
Low risk (<20% permanent amenorrhea)
  − ABVD (doxorubicin, bleomycin, vinblastine and dacarbazine)
  − CHOP (cyclophosphamide, doxorubicin, vincristine and prednisone)
  − CVP (cyclophosphamide, vincristine and prednisone)
  − Anthracycline and cytarabine
Very low risk
  − ABVD (doxorubicin, bleomycin, vinblastine and dacarbazine) (age <32)
  − Methotrexate
Unknown risk
  − Tyrosine kinase inhibitors (imatinib)
  − Oxaliplatin
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5–10  Gy will subsequently undergo ovarian failure, depending on age [11] 
(Table 5.2).

The doses affecting the ovaries vary contingent upon the stage and location of the 
disease. For supradiaphragmatic irradiations, the average dose on the ovaries is less 
than 0.2  Gy [12]. Risk is higher in subdiaphragmatic irradiations; however, in 
abdominal irradiations of the para-aortic lymph nodes, the doses received are about 
1.2 Gy, still low to cause infertility. The risk of infertility is much higher in case of 
pelvic irradiations. It is important to remember that the use of cytostatics has a syn-
ergistic effect with radiotherapy, so the risk of infertility increases with these com-
bined protocols.

The irradiation area has also been associated with alterations of the uterine 
function due to the reduction of vascular flow, endometrial thickness, and uterine 
volume [13]. Cranial irradiation with 35–45  Gy can damage the hypothalamus-
pituitary-gonadal axis, yet, since gonads are not affected, they usually may recover 
their function with gonadotropin replacement.

ABVD (doxorubicin, bleomycin, vinblastine, and dacarbazine) and escalated 
BEACOPP (doxorubicin, bleomycin, vincristine, etoposide, cyclophosphamide, 
procarbazine) are the two chemotherapy regimens usually used for the treatment of 
Hodgkin lymphoma (HD). BEACOPP escalated is more toxic due to the presence 
of alkylating agents and therefore is associated with a higher incidence of long-term 
side effects such as second malignancies or infertility [14].

Regimens in young people have recently been modified by adding etoposide and 
cyclophosphamide instead of procarbazine and bleomycin with the aim of increas-
ing the antineoplastic activity and decreasing gonadotoxicity, trying as well to avoid 
radiotherapy in those low-risk patients with an early response and negative PET 
result after completing their treatment.

The treatment for non-Hodgkin lymphomas (NHL) is quite variable depending 
on the histological subtype and risk factors, and is based on polychemotherapy regi-
mens such as CHOP (cyclophosphamide, vincristine, adriamycin, prednisone), 
radiotherapy, and monoclonal antibodies; however, immunochemotherapy is often 
used in diffuse large-cell B lymphoma, as gonadotoxicity effects are lower when 
combining the monoclonal antibody rituximab and CHOP.

Acute lymphoblastic leukemia is the most common neoplasm among children, 
and the polychemotherapy now commonly used is considered of low risk for infertil-
ity. Only patients undergoing allogeneic hematopoietic stem cell transplantation 
(allo-HSCT) will be related to infertility and fertility preservation should be consid-
ered in high-risk patients or those with recurrences about to undergo an allo-HSCT.

Table 5.2 Radiotherapy 
doses associated with 
premature ovarian failure 
according to the age

Age Doses (Gy)
Prepuberty 10
20–25 years 4–5
30 years 3
40 years 1.5
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Chronic myeloid leukemia is currently being treated with tyrosine kinase 
inhibitors, something which has increased the survival rates of these patients. 
Around 25% of patients affected by CML are less than 50 years old. Gonadotoxicity 
is low for tyrosine kinase inhibitors, but teratogenic effects have been described, so 
pregnancy in CML patients needs a specific management. Fertility preservation 
should be considered in those patients who have failed treatment with tyrosine 
kinase inhibitors and will be undergoing therefore an allogeneic hematopoietic stem 
cell transplantation.

According to the European Society of Blood and Marrow Transplantation 
(EBMT) Registry of HSCT, 60% of the young patients receiving a HSCT survive, 
with high risk of ovarian failure and infertility and other late effects. Candidates for 
HSCT and therefore for fertility preservation included 10% of children diagnosed 
with acute lymphoblastic leukemia and 50% of those with recurrences, 10% of the 
patients with lymphoma, <50% with acute myeloid leukemia and most of those 
affected of myelodysplastic syndrome [15].

 Fertility Preservation in Hematological Cancers

Several strategies have been proposed to protect or preserve the ovarian function in 
patients undergoing chemotherapy [2]. Oocyte and embryo vitrification are the only 
ones currently not being considered experimental [16]. Ovarian cortex cryopreser-
vation plays an important role for fertility preservation treatments in hematological 
neoplasms since these types of tumors are very frequent in prepubertal girls.

 Oocyte and Embryo Vitrification

According to the available evidence, oocyte vitrification is a reproducible, safe, and 
effective technique. It is an established approach that provides excellent clinical 
results, similar to fresh, although survival rate depends on age and quality of the 
oocytes and clinical outcome is strongly related to the number of oocytes [17].

Rather than resorting to other techniques, the current tendency in fertility 
preservation is to vitrify oocytes, even if it needs an ovarian stimulation that could 
delay the start of chemotherapy. The limitation is that there will be a limited num-
ber of available oocytes and, therefore, a limited number of IVF attempts. Pregnancy 
of course is not guaranteed. Ovarian tissue cryopreservation is the option available 
in the case of girls or in cases in which chemotherapy has to be started 
immediately.

Embryo vitrification is another possible option to preserve fertility, but it is 
less considered due to its ethical dilemmas and, often, the lack of partner in 
patients so young.

Whether ovarian response to stimulation decreases or not in cancer patients 
remains still a controversial issue. Different authors have found no significant 
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differences in antral follicle count according to the type of cancer [18], and recently 
Von Wolff reported no significant differences in the ovarian response for hemato-
logical malignancies, even in cases of a better response with more mature oocytes 
and embryos cryopreserved [19]. Response may ultimately depend on the age of the 
patients [18].

Oocyte vitrification has been proved effective for safeguarding fertility. Age is 
revealed as the most powerful confounding factor, and the number of oocytes con-
sumed per patient is closely linked to success. Poorer outcomes in cancer patients 
have been described, in comparison to those who vitrified electively, although these 
data need still to be confirmed [20]. In this study, 65% were breast cancer patients 
and only 17.8% hematological cancers. Further research is mandatory to rule out 
the role of cancer disease in IVF outcomes. This can be effectively done by also 
considering malignancy type, especially taking into account that breast cancer is the 
most frequent type of cancer in most of the studies [20].

 Gonadal Medical Protection

 Gonadotropin-Releasing Hormone Agonists (GnRHa)

The efficiency of GnRH agonists in preventing premature ovarian failure in women 
with hematological malignancies is still controversial [21]. GnRH agonists would 
act by inhibiting the secretion of FSH that enables the recruitment of the primordial 
follicles that will be subjected to apoptosis after exposition to chemotherapy and 
decreasing the perfusion flow of the uterus and ovaries. Thus, a decreased number 
of primordial follicles will be exposed to chemotherapy.

The potential mechanisms of action for the protective effects of GnRHa during 
chemotherapy are not clearly identified. A reduction in the mitotic activity of the 
granulosa cells has been described in animals after the administration of GnRHa, 
though GnRHa could also prevent follicles from reaching their sensitivity threshold 
to chemotherapy. FSH suppression after GnRHa administration could prevent 
chemotherapy- induced damage on the early growing follicles by slowing down the 
proliferation of follicular cells, and therefore preventing an accelerated recruitment 
of the quiescent follicular pool [22].

The American Society of Clinical Oncology (ASCO) refers insufficient 
evidence about the effectiveness of GnRH agonists and ovarian suppression 
drugs for fertility preservation; although they can provide some beneficial effects, 
such as the prevention of the metrorrhagia due to the associated thrombocytopenia, 
they do not recommend them as a reliable method for hematological diseases 
instead of proven fertility preservation methods. However, the use of GnRHa is 
supported in breast cancer patients [23]. The Spanish Society of Medical 
Oncology (SEOM) considers GnRH agonists an option for negative-ER breast 
cancers, whenever other procedures are not available, but doesn’t recommend 
them for other type of tumors [24].
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There are studies in favor and against the use of GnRH agonists with the aim of 
fertility preservation [25, 26], although most of them are limited due to the hetero-
geneity of the follow-up: type of cancer, type of chemotherapy, sample, control 
groups or the definition of ovarian function or ovarian failure. Furthermore, many 
studies limit their analysis to the ovarian function or to patients with menopause 
but very few analyze the future fertility. Since the recovery of ovarian function 
doesn’t necessarily entail fertility, only pregnancy rate would serve as a marker of 
GnRHa as a procedure for fertility preservation. In addition, evidence in hemato-
logical diseases is rather scarce, since most of the studies are performed in breast 
cancer patients.

Demeestere et  al. in 2016 didn’t find any significant difference when adding 
GnRH agonists in patients diagnosed with lymphoma; on the other hand, Gris- 
Martínez et  al. didn’t find any protection for fertility in patients with cancer or 
autoimmune diseases, while side effects such as decreased bone mineral density, 
headache or vaginal atrophy increased [27, 28]. Behringer et  al. compared the 
administration of oral contraceptives and GnRHa in Hodgkin lymphoma patients 
receiving BEACOPP with no benefit found in terms of ovarian reserve or AMH 
determination [29]. In this sense, it has been proposed the use of agonists when 
attempting to maintain ovarian function, but oocyte vitrification when the objective 
is to preserve fertility, regardless of the use of agonists [29].

There are also some additional publications that have found significant 
differences, but mostly referred to the ovarian function, no to fertility [30, 31]. In 
2016, Huser et al. assessed the fertility status in young patients receiving GnRH 
analogs in Hodgkin lymphoma patients treated with chemotherapy to preserve 
their ovarian function determining FSH measurement and pregnancy achievement. 
Ovarian function was reported in 82.4% of patients. During the 2 years follow-up 
period, 90% of patients retained their ovarian function and 21% achieved clinical 
pregnancy [32]. In 2017, Senra et al. published a meta-analysis and found significant 
benefits concerning the risk of ovarian failure and amenorrhea in patients using 
GnRHa, but only for breast cancer patients, not for patients with lymphoma. They 
also found a higher rate of spontaneous pregnancies [33]. The 2018 ASCO 
Guidelines found significant higher pregnancy rates in two out of four systematic 
reviews in patients treated with chemotherapy and GnRHa [23]. Similarly in breast 
cancer patients, Lambertini et al. published a systematic review of five randomized 
studies, three of them analyzing pregnancy rates, showing a higher number of preg-
nancies in those patients receiving GnRHa [34].

 GnRH Antagonists

GnRH antagonists suppress gonadotrophin levels immediately after their 
administration by acting on the GnRH receptor through competitive inhibition [35], 
thus avoiding the initial flare-up effect on pituitary FSH and LH secretion of the 
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agonists. Their daily administration is a limitation if compared to the long-acting 
effect of the agonists.

As shown in mice, the extent of protection is dose-dependent and therefore not 
absolute: its efficacy decreases with higher doses of cyclophosphamide [36]. Other 
studies have not found long-term effectiveness; another study suggests that GnRH 
antagonists could reduce ovarian follicles through a direct effect on the ovary of 
murines [37]. The addition of a GnRH antagonist to a GnRH agonist may provide a 
faster downregulation by diminishing the number of receptors, but does not confer 
a greater protective effect [38]. Wen et al. observed that the use of GnRH antago-
nists provided benefit on human multiple myeloma in mice by inducing cytotoxicity 
and apoptosis in myeloma cells [39].

 Other Experimental Strategies

There are some experimental and still nontested in human possibilities that may 
avoid the primordial follicles consumption related to chemotherapy. These are:

 Tyrosine Kinase Inhibitors
Imatinib and other tyrosine kinase inhibitors such as nilotinib or dasatinib act by 
blocking the apoptotic pathway activated by cisplatin in ovarian germ cells. Cisplatin 
induces DNA damage by activating the c-Abl–TAp63 pathway, leading to cell death. 
In cell lines, c-Abl phosphorylates TAp63 induce the activation of proapoptotic cells. 
Treatment with the c-Abl kinase inhibitor imatinib blocks these effects [40].

First generation tyrosine kinase inhibitor imatinib is used for the treatment of chronic 
myeloid leukemia and acute lymphoblastic leukemia. Its gonadotoxicity is low, although 
not excluded completely, and has important teratogenic effects on the fetus [41].

 AS101
In vivo treatment of mice with the immunomodulator AS101 reduced 
cyclophosphamide induced loss of primordial follicles as well as reduced apoptosis 
in granulosa cells of growing follicles by inhibiting the PI3K/PTEN/Akt pathway, 
which induces the activation of primordial follicles. It has also shown no interference 
with the primary antineoplastic activity of cyclophosphamide but also a synergistic 
anticancer activity with it [42].

 Sphingosine-1-phosphate (S1P)
In vivo treatment of human ovarian tissue xenografts in mice with S1P, an inhibitor 
of the ceramide-promoted apoptotic pathway, increased vascular density and angio-
genesis, and reduced follicle apoptosis [43]. In different studies, a dose-dependent 
preservation effect has been observed, reducing irradiation-induced primordial fol-
licle depletion and even a complete preservation of both primordial and growing 
follicles when administered at high doses [42, 44].
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Different studies have shown that it also protects against the effect of 
chemotherapy induced follicle loss [42] although results have not been uniformly 
positive [44]. Its short half-life is an important limitation, as it would require 
continuous administrations or even directly in the ovary.

 Anti-Müllerian Hormone
AMH is a negative regulator of primordial follicle activation that inhibits primordial 
follicle recruitment and growth, regulating the proportion of primordial follicles 
being activated in each cycle, and therefore protecting the dormancy of the ovarian 
follicle pool. Adding recombinant human AMH in mice resulted in higher number 
of primordial follicles and lower loss of follicles compared to those ovaries exposed 
only to chemotherapy [42]. Its low possibility of side effects due to its activity being 
limited to the ovary is an interesting point.

 Ovarian Transposition

Ovarian transposition is a surgical procedure, which aims to avoid direct exposure 
of the ovaries to radiotherapy by moving them away from the field of irradiation, 
although indirect exposure may also cause gonadotoxicity. It should be considered 
for any pathology requiring pelvic radiotherapy treatment with reasonable progno-
sis and good ovarian reserve. To render ovarian transposition useful, the ovaries 
should be placed at least 2–5 cm from the limit of the irradiation volume [45, 46].

Currently there are more efficient fertility preservation procedures; ovarian 
transposition should be, however, considered only in those patients who are going 
to be treated with pelvic radiotherapy alone, without chemotherapy, or with chemo-
therapy linked to a low risk of gonadotoxicity. It can also be considered as a comple-
mentary treatment to ovarian cortex cryopreservation or oocyte vitrification. Scatter 
radiotherapy can cause considerable damage even if the gonads are outside the 
radiation field [47].

The ovarian function has been shown to be preserved in 50–80% of the patients 
having undergone this treatment [48]. It is important to avoid any injury in the vas-
cular flow when moving out the ovaries since this may condition the results as well 
as the residual radiation effect [48, 49]. The endometrial damage will also play an 
important role in the prognosis of future fertility.

Although spontaneous pregnancies have been described as a migration of the 
ovary can exist [50], the extrapelvic location of the ovaries will hinder the access to 
them in case of an ovarian stimulation for IVF. It is not recommended to place again 
the ovaries in its original place [51].

 In Vitro Maturation

Immature egg retrieval for further in vitro oocyte maturation and vitrification is a 
promising option for the future but still under evaluation and regarded as experi-
mental [26, 52]. The combination of successful cryopreservation of ovarian tissue 
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and follicle culture is an emerging option for those patients who need to start 
chemotherapy soon after diagnosis and for those who cannot undergo ovarian 
stimulation. The immature oocytes will be isolated from the antral follicles of 
either fresh or cryopreserved ovarian tissues for subsequent in vitro maturation 
and vitrification.

Immature oocytes can be retrieved through transvaginal aspiration at any 
stage of the menstrual cycle from the small antral follicles in the ovarian cortex, 
but also at the time of ovarian cortex processing before cryopreservation. The 
absence of stimulation is the main benefit, but results are not consistent enough 
and still need to be improved. The fertilization potential of in  vitro matured 
oocytes might be compromised by the cryopreservation process [53], and vitrifi-
cation of mature oocytes is preferred over cryopreservation of immature oocytes 
[54]. Pregnancy and implantation rates are therefore lower than those after con-
ventional IVF [52], and higher clinical miscarriage rate has been also observed 
[55]. Many children have been born after fertilization of fresh in vitro maturation 
oocytes, but very few livebirths have been reported with the use of in vitro matu-
ration oocytes that have been cryopreserved and thawed or warmed, related to the 
worse outcome of those oocytes [53]. Although the viability, development capa-
bility, and fertilization potential of oocytes from prepubertal pediatric patients 
are unknown, vitrified-in vitro-matured oocytes collected ex vivo during ovarian 
tissue cryopreservation procedure may have special relevance for those patients 
in whom autografting cryopreserved-thawed ovarian tissue poses high risk of 
reseeding the malignancy [56].

This method may be suitable for patients in an urgent need to start cytotoxic 
therapy, for prepubertal girls who cannot undergo ovarian stimulation, for patients 
with polycystic ovaries (PCO), or, finally, whenever we want to avoid an ovarian 
stimulation.

In conclusion, young patients diagnosed with hematological cancers who will be 
treated with chemotherapy and radiotherapy should be counseled for fertility pres-
ervation. Oocyte and embryo vitrification are the only procedures not considered 
experimental. Ovarian response is not affected by the type of cancer, and prognosis 
is highly dependent on age and the ovarian reserve.
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 Introduction

Many young adult women (aged 20–39) are diagnosed with cancer each year—
more than 30,000 in the United States [1] and more than 194,000 worldwide [2]. 
Unfortunately, many cancer treatments used in this population have the potential to 
impair fertility, and after treatment these women may not be able to achieve a natu-
ral pregnancy, have a biologic child, and/or carry a pregnancy. For survivors who 
had not started or completed building their family at the time of diagnosis, these 
treatment-related fertility risks can cause significant reproductive concerns [3].

A large body of evidence, summarized in three recent systematic reviews, attests 
to the unmet needs among many young women for fertility-related information and 
support at the time of diagnosis and after completing treatment. Goossens et al. [4], 
summarizing results from 21 articles published in English, Dutch, German, and 
French between January 2001 and March 2012, found that 66% to 100% of young 
cancer patients desire information related to fertility. However, there was a wide 
range in their receipt and satisfaction with the information provided. Anywhere 
from 0% to 85% reported having received information, and 11% to 90% reported 
that the information was sufficient. Patients were more likely to want information if 
they were younger, childless, and had plans for childbearing, and they were more 
likely to report dissatisfaction with the information received if they were female and 
older than 35 years of age. Patients desired an open and honest conversation about 
fertility, occurring early enough before treatment so they had enough time to make 
decisions about pursuing fertility preservation. They also wanted information about 
fertility, menses, and family planning after treatment was completed. Bibby et al. 
[5], summarizing results from 45 English-language articles published from 1990 to 
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2015, found that fertility was the most common unmet need among adolescents and 
young adults with cancer. Women in particular felt they received insufficient 
information about the impact of treatment on fertility and their options for fertility 
preservation, and for many, this was associated with distress and affected their 
decision- making. Women also reported an unmet need for information and support 
around fertility issues after treatment was completed. Anazodo et al. [6], summariz-
ing results from 147 English-language articles from 17 countries published from 
2007 to 2016, found that many patients report receiving incomplete fertility-related 
information that is given too quickly, without accompanying written material. 
Females are generally less satisfied than males with the information received. 
Patients want communication about fertility to be initiated by clinicians around the 
time of diagnosis, tailored to their age and life stage.

Recognizing the importance of fertility and family building among adolescents 
and young adults with cancer, a number of professional organizations, including the 
American Society of Clinical Oncology [7–9], the National Comprehensive Cancer 
Network [10], the European Society for Medical Oncology [11], the American 
Society of Reproductive Medicine [12, 13], and the European Menopause and 
Andropause Society [14], have developed guidelines related to fertility preserva-
tion. These highlight the need for oncology clinicians to address fertility before 
treatment begins by informing patients about the potential risks to fertility from 
treatment, discussing options for fertility preservation, and referring interested 
patients to reproductive specialists.

 Barriers to Addressing Fertility Preservation

Despite the fact that guidelines have been in place for over 10 years, patients con-
tinue to report unmet fertility-related informational needs. This is not surprising as 
oncology clinicians have identified a number of organizational and personal barriers 
that make it difficult to address fertility in their clinical practice. These have been 
described in institution-specific and national surveys, and findings from these and 
other studies have been reviewed in four recent publications [4, 15–17] and are 
discussed below.

A lack of knowledge about treatment-related fertility risks is a fundamental prob-
lem, leading to uncertainty about which patients need this information and how to 
quantify the risk of impaired fertility. Most of the data available on risk is based on 
older chemotherapy regimens. However, chemotherapy agents are being used now 
in new combinations and at varying doses, and there is an increasing use of targeted 
and immunologic therapies. We have limited data on the reproductive effects of 
most of these new treatments. Furthermore, in women there can be significant dif-
ferences in risk based on age at the time treatment begins, how long treatment con-
tinues, and the length of time the patient must wait after treatment before being 
cleared to attempt pregnancy. The reality is that the risk of infertility cannot be 
predicted with certainty in any individual patient.
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A lack of knowledge about fertility preservation options is another widely 
reported barrier, potentially leading to misconceptions about what may or may not 
be feasible for any given patient. Oncology clinicians may not know of recent 
advances, such as the availability of and indications for oocyte and ovarian tissue 
cryopreservation. They also may not be aware of measures frequently used in 
women with cancer to optimize safety during fertility preservation. These include 
the use of random start protocols, enabling ovarian stimulation to begin at any point 
in the menstrual cycle, thus minimizing delays in the start of cancer treatment, and 
the use of aromatase inhibitors to lower estrogen levels during stimulation in women 
with hormone-sensitive disease. Furthermore, few women who underwent fertility 
preservation prior to cancer treatment have gone on to use their frozen oocytes, 
embryos, or ovarian tissue, so there is little known about the success rates in this 
population. A lack of relevant fertility-related patient education resources to build 
on the limited information discussed during a clinic visit can be an additional bar-
rier, particularly for clinicians who are uncomfortable in their own knowledge about 
fertility preservation.

Another significant barrier for many oncology clinicians is not knowing of 
reproductive specialists to whom they can refer interested patients to get addi-
tional information about their options and to safely pursue fertility preservation 
if they so desire. This is particularly challenging for clinicians who work in cen-
ters or practices without an affiliated reproductive endocrinology service or 
department.

A lack of time to discuss fertility during clinic visits is reported by many oncol-
ogy clinicians. Their primary responsibility during the visit is to address the infor-
mational and support needs of patients as they explain the cancer diagnosis and 
describe the proposed treatment plan. If pressed for time, fertility issues may be 
forgotten if the patient doesn’t bring this up, and for some clinicians, a fear of over-
loading patients with information may contribute to a reluctance to initiate a discus-
sion about fertility.

Clinician assumptions about patient interest can also create barriers. Some 
clinicians may assume that patients who don’t ask about fertility are not inter-
ested. Other assumptions about interest may be based on the woman’s age, part-
nership status, prior children, gender identity, sexual orientation, religion, 
socioeconomic status, or clinical presentation. Financial concerns are particularly 
significant in countries or states where patients do not have insurance coverage for 
fertility preservation. If concerned that a patient does not have the financial 
resources to pay for fertility preservation, clinicians may not bring this up in an 
effort to protect them from the distress of not being able to pursue this. In addi-
tion, clinicians may not be comfortable discussing fertility preservation, with the 
implication of future parenthood, in patients with a poor prognosis for fear of 
sending mixed messages. There may also be valid clinical constraints, for exam-
ple, the patient who is acutely ill and must start treatment urgently, or a situation 
in which pursing fertility preservation would put the patient’s health at risk. As in 
patients with limited financial resources, clinicians may not introduce a discussion 
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of fertility with their acutely ill patients to protect them from the distress of not 
being able to pursue fertility preservation.

 Organizational Strategies to Overcome Barriers

Creating organizational policies mandating fertility discussions with newly diag-
nosed patients is not enough to change practice and ensure patients receive the 
information they need early enough before starting treatment to have time to decide 
on and pursue fertility preservation. Oncology care settings must respect the chal-
lenges clinicians face in discussing fertility with their patients and develop 
organization- wide strategies to overcome the barriers that exist.

The nonprofit organization Fertile Hope (acquired by the LIVESTRONG 
Foundation in 2010) was established to address unmet needs associated with cancer- 
related infertility and undertook the first effort in the United States to outline the strat-
egies needed. In 2005, they launched the Fertile Hope Centers of Excellence Program, 

Table 6.1 Organizational strategies for overcoming barriers to discussing fertility preservation

Barriers to discussing fertility 
preservation Organizational strategies
Lack of knowledge about 
fertility risks and fertility 
preservation options

Education of oncology clinicians on treatment-related fertility 
risks and fertility preservation options
  •  Lectures with annual reviews (e.g., grand rounds, 

disease- specific service meetings, orientations)
  •  Case presentations
  •  Internal website with need to know content accessible at 

any clinical site within the organization
Lack of fertility-related 
patient education resources

Ensuring the availability of patient education resources
  •  Written booklets or brochures
  •  Animated or live videos
  •  List of relevant internet sites

Not knowing of reproductive 
specialists to whom they can 
refer interested patients

Establishing a network of collaborating reproductive 
specialists
  •  Locate local reproductive specialists
  •  Use criteria for selecting specialists to affiliate with
  •  Establish a process for making referrals

Lack of time to discuss 
fertility in clinic

Promoting multidisciplinary responsibility for fertility 
discussions
  •  Clarify roles, designating individuals to educate and refer
  •  Schedule fertility-focused sessions after the oncology 

consultation, in person or by phone
Assumptions about patient 
interest based on whether they 
ask about fertility, as well as 
their age, partnership status, 
prior children, gender identity, 
sexual orientation, religion, 
socioeconomic status, and 
clinical presentation

Creating prompts reminding clinicians to provide information 
to all patients of reproductive potential
  •  Electronic flags or reports generated by the scheduling 

system of new patients of reproductive potential
  •  Patient intake forms
  •  Electronic documentation forms
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listing specific criteria for cancer centers to be recognized as having effectively insti-
tutionalized their approach to fertility [18]. Since then various approaches have been 
described in the literature to improve fertility-related services for cancer patients [6, 
19–22], and common strategies have emerged. These are summarized in Table 6.1, 
and organized in the discussion below, to illustrate how they may overcome each of 
the previously described barriers.

Education of oncology clinicians about fertility risks and fertility preservation 
options is an essential first step to helping them feel more comfortable with and will-
ing to discuss these issues with their patients. Education can be provided by an inter-
nal expert if one is available in the setting, or by an invited reproductive endocrinologist 
from the community. The target audience should include clinicians of all relevant 
disciplines, including medical, surgical and radiation oncology attending physicians 
and fellows, advanced practice providers, clinical and research nurses, clinical psy-
chologists, social workers, and genetic counselors. Lectures can be presented at 
grand rounds, disease-specific service meetings, and staff orientations, with annual 
reviews and updates on reproductive techniques and clinical outcomes. Case presen-
tations focusing on patient scenarios relevant to particular clinical specialties can 
create meaningful teachable moments, going beyond general principles and allowing 
for discussion and sharing of personal experiences in discussing fertility issues with 
patients. However, clinicians also need access to information during patient encoun-
ters in the clinical setting. With most organizations now having some type of intranet 
system available, creating an institution-specific internal cancer and fertility website 
can be quite useful. This should be accessible from any workstation at any location 
in the organization. The site can include links to tables outlining fertility risks, algo-
rithms to clarify fertility preservation options for subsets of patients, tips for discuss-
ing fertility, steps for making referrals, copies of guidelines and key references, links 
to external resources, and printable patient education materials.

Ensuring the availability of patient education resources, with accurate and up- 
to- date information on fertility risks and fertility preservation options, is also impor-
tant. Knowing these are on hand to reinforce and supplement the information they 
provide can increase clinician comfort and willingness to discuss these issues with 
their patients. These can be in the form of written booklets or brochures, or ani-
mated or live video presentations, and can be developed by internal experts or by 
affiliated reproductive endocrinologists. Alternatively, patients can be given a 
printed list of relevant external websites they can access to obtain accurate informa-
tion. Examples are listed below.

• Cancer.Net, developed by ASCO (https://www.cancer.net/navigating-cancer-
care/dating-sex-and-reproduction/fertility-concerns-and-preservation-women)

• American Cancer Society (https://www.cancer.org/treatment/treatments-and-
side-effects/physical-side-effects/fertility-and-sexual-side-effects/fertility-and-
women-with-cancer.html)

• SaveMyFertility, developed by the Oncofertility Consortium (https://www.save-
myfertility.org)

• Livestrong Fertility (https://www.livestrong.org/we-can-help/livestrong-fertility)
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Whatever educational resources are used can be posted on the organization’s 
internet site for patients to access.

Establishing a network of collaborating reproductive specialists to partner with 
in providing care is essential. Without this clinicians will not know where to refer 
patients interested in learning more and/or pursuing fertility preservation. If there 
are no internal or affiliated reproductive specialists in your organization, there are 
several ways to find local groups. Examples for finding reproductive specialists in 
the United States are listed below.

• Fertility Scout, an online tool for finding fertility preservation services estab-
lished by the Alliance for Fertility Preservation (http://www.allianceforfertility-
preservation.org/get-involved/fertility-scout)

• Society for Assisted Reproductive Technology (https://www.sart.org/clinic-
pages/find-a-clinic)

• American Society for Reproductive Medicine (https://www.reproductivefacts.
org/resources/find-a-health-professional)

• LIVESTRONG Fertility (https://www.livestrong.org/we-can-help/livestrong- 
fertility)

Melan et al. [23] recently described the paucity of networks to facilitate fertility 
preservation referrals throughout the world. Two resources from outside of the USA 
are listed below.

• FertiPROTEKT [Germany, Austria, and Switzerland] (https://fertiprotekt.com).
• Oncofertility Referral Network [Canada] (https://cancerkn.com/oncofertility- 

referral-network).

To ensure patients receive optimal care, use defined criteria to select which 
reproductive endocrinology practices to affiliate with. Examples of criteria to con-
sider are listed below.

• Expertise in the techniques of embryo and oocyte cryopreservation (and ideally 
ovarian tissue cryopreservation).

• Willingness to see patients within 24 to 48 hours.
• Availability of a single point of contact for referring and scheduling patients.
• Experience caring for cancer patients, who have emotional and financial con-

cerns that will be different than those they more commonly see in women seek-
ing treatment for infertility.

• Being prepared to use strategies such as random start protocols to minimize 
treatment delays and administration of letrozole in patients with hormone- 
sensitive tumors.

• Readiness to communicate and collaborate with the referring oncology team to 
ensure patients receive safe and effective care.

• Willingness to provide discounted rates and to affiliate with programs that pro-
vide free medication for ovarian stimulation.
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• Availability of information on their website about the fertility preservation 
options they offer and how clinicians can refer (or how patients can self-refer) to 
ensure timely consultations.

Once reproductive specialists have been identified, a simple process for making 
referrals with communication of relevant medical information must be established, 
for example, using an electronic order, a secure email, or a phone call.

Promoting multidisciplinary responsibility for fertility discussions, with clarifi-
cation of roles among team members, can help in overcoming time constraints in 
clinic. The oncologist would generally be responsible to initiate the discussion, 
describing the risk of infertility from treatment, just as he or she would describe 
other potential side effects or risks of the recommended treatment. The nurse, nurse 
practitioner, or physician assistant on the team could be responsible for following 
up, outlining the available fertility preservation options, providing relevant educa-
tional materials, and referring interested patients. If the patient is overwhelmed dur-
ing the visit by the information received regarding their cancer diagnosis and the 
planned treatment, a discussion focused on fertility can be scheduled for the follow-
ing day, either by phone or at a follow-up clinic visit.

Creating prompts reminding clinicians to provide relevant fertility-related infor-
mation may help overcome the potential for withholding of information based on 
assumptions about patient interest. Examples of prompts include: electronic flags or 
reports generated by the scheduling system of new patients of reproductive age; a 
question on new patient intake forms asking about interest in receiving fertility 
information; and electronic documentation forms with fields to document discus-
sion of fertility risks and fertility preservation options.

 Implementation and Evaluation

Success in implementing these strategies within the oncology setting, and ensuring 
they are institutionalized throughout the organization and sustainable over time, is 
optimized by using a centralized programmatic approach [19–22]. Issues to con-
sider are discussed below.

Establishing an advisory group to provide direction as the program is planned 
and implemented can be of tremendous value. The group should include oncology 
clinicians of various disciplines and specialties, particularly those that treat a high 
volume of patients of reproductive potential, as well as one or two cancer survivors. 
This will ensure that those who are to be served by the program can provide advice 
and input as educational sessions are planned and as resources and services are 
developed and refined. Clinicians can later serve as champions in the clinical setting 
after the program is launched to disseminate information to their colleagues.

A key component of several programs described in the literature is the establish-
ment of an internal consult service [19–22]. Any oncology clinician can refer inter-
ested patients for individualized education on risks and options, counseling to 
facilitate decision-making, and referral of interested patients to reproductive spe-
cialists where they can learn more and/or pursue fertility preservation. In addition, 
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the individual or team providing this consult service can serve as a liaison between 
the oncology clinicians and reproductive specialists to ensure coordination of care 
and optimal communication. They may also provide or arrange multidisciplinary 
clinician education, answer clinicians’ fertility-related questions, develop patient 
education materials, and participate in or lead fertility-related improvement and 
research initiatives. An alternative approach to developing expertise internally is to 
bring a reproductive endocrinologist on site, within the cancer center [24], poten-
tially reducing logistical barriers to making referrals to outside providers.

It is challenging to evaluate the effectiveness of organizational strategies designed 
to ensure that patients receive timely information about their fertility risks and fer-
tility preservation options. Metrics used to evaluate practice have included medical 
record documentation of fertility-related discussions [25–28], referrals to a central-
ized fertility team [22], and referrals for sperm banking or oocyte or embryo cryo-
preservation [19, 22, 24, 26, 29, 30]. However, documentation may not accurately 
reflect clinical practice, and referral numbers without meaningful denominators to 
track rates over time is limited in its usefulness and may not capture referrals that 
were made without going through a centralized individual or team, or patients who 
declined a referral. Tracking the number of patients who decide to pursue fertility 
preservation is another metric that is sometimes used, but this does not account for 
the various reasons patients decline fertility preservation. Another, more meaning-
ful, metric may be patient satisfaction with fertility-related information received 
[22]. Regardless of the decisions patients make about obtaining a referral or pursu-
ing fertility preservation, it is their perception of the experience that is perhaps most 
important in minimizing later regret. Developing a valid and reliable instrument to 
measure satisfaction with information received could be of use to all oncology orga-
nizations as they strive to improve practice in this area.

 Conclusion

It is widely accepted that oncology clinicians have a responsibility to inform young 
patients about the potential risks to fertility from treatment, discuss options for fertil-
ity preservation, and refer interested patients to reproductive specialists. To ensure 
patients receive the information and referrals they want and need, organizations must 
acknowledge the barriers clinicians face in addressing fertility in their clinical prac-
tice. Regardless of its structure—comprehensive cancer center, academic center, or 
private practice—any organization providing cancer care can benefit by using a cen-
tralized programmatic approach to developing strategies to overcome these barriers.
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7Impact of Systemic Anticancer  
Therapy on Fertility

Antonio Di Meglio, Ines Vaz-Luis, and Barbara Pistilli

 Introduction

Each year, thousands of young women in reproductive age are diagnosed with cancer 
worldwide. Frequent cancers in this population of young women include, among 
others, breast cancer and childhood cancers such as hematological malignancies, 
sarcomas, and germinal cell tumors. Given the recent trend toward delayed child-
bearing age, many young women diagnosed with cancer have not yet completed their 
family plans at the time of cancer diagnosis [1–4]. Due to improvements in local and 
systemic cancer therapy, cure rates of these cancers at such young age increased 
significantly over the past decades. However, one of the potential long- term conse-
quences of systemic therapy is the early loss of ovarian function leading to loss of 
fertility and risk for menopause-related complications at a very young age [5, 6].

In this chapter, we review the impact of systemic anticancer therapy on fertility 
in women with cancer, including the impact on fertility of chemotherapy, endocrine 
therapy, trastuzumab, and other novel targeted therapies.

 Impact of Specific Systemic Treatments on Fertility in Women 
with Cancer

 Chemotherapy

For many patients with cancer, chemotherapy still represents the cornerstone of their 
oncologic treatment. Human ovaries have a fixed and not replaceable number of 
primordial follicles, which are progressively lost with age. The number of oocytes 
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starts to decline around age 37 when there are about 25,000 primordial oocytes 
remaining, and precedes menopause by 12–14 years, when roughly 1,000 oocytes 
are left. Cytotoxic agents can lead to early oocyte depletion; after cytotoxic treat-
ment, the ovaries show a spectrum of lesions that spans from a decreased number of 
secondary follicles to complete absence of follicles, associated with ovarian fibrosis, 
often with histologic sections that are identical to those seen in postmenopausal ova-
ries [7–11]. These morphological alterations associated with the use of chemothera-
peutics mirror a premature follicular depletion that in some cases may lead to an 
irreversible ovarian damage, and to premature ovarian failure [7–11]. In addition, a 
phenomenon termed “burn-out of follicle reserve” has been recently described, con-
sisting of imbalanced follicle recruitment and growth induced by chemotherapeutic 
agents, which ultimately can lead to accelerated depletion of the follicular stock [12].

Ovarian failure that follows chemotherapy has been well described. Chiarelli and 
colleagues [13] nicely demonstrated that after following up women treated for 
childhood cancer before the age of 20 years, those treated with radiotherapy and 
chemotherapy had an increased risk of ovarian failure of 2.58 (95% confidence 
interval: 1.14–5.80) when compared with those only treated with surgery. Mackie 
et al. also reported that half of patients treated with chlorambucyl, vinblastine, pro-
carbazine, and prednisolone presented ovarian failure [14].

There are several contributors to ovarian failure after chemotherapy, and the sin-
gle effect of each of them is hard to quantify. The degree of ovarian failure associated 
with each chemotherapy regimen ranges from 0% to 100% and greatly varies mainly 
according to (1) drug exposure (type of drug, duration, and dose of chemotherapy) 
and (2) patient age (being particularly related with the ovarian function before treat-
ment—see relative chapter) [7, 10, 11, 14, 15]. These aspects are detailed below.

 Drug Exposure
Type of drug. Different cytotoxic drugs have been associated with different degrees 
of gonadal damage. Table 7.1 summarizes the estimated risk of each individual drug 
of inducing ovarian failure across several studies [6, 7, 14–33]. In addition, since 
treatment protocols for different malignant diseases are continuously evolving, the 
expected impact of current curative treatment regimens by disease is also reported 
in Table 7.1.

Dose, duration, schedule. For agents such as cyclophosphamide, risk of treatment- 
induced amenorrhea is usually dose-dependent [10, 11]. Nevertheless, assessing the 
impact of dose, duration, and schedule of treatment on risk of amenorrhea is chal-
lenging, particularly when using poly-chemotherapy regimens [34–36]. For exam-
ple, among premenopausal women with breast cancer enrolled in a Cancer and 
Leukemia Group B (CALGB) trial that received six cycles of cyclophosphamide, 
doxorubicin, and fluorouracil with varied doses of doxorubicin, 51% achieved amen-
orrhea, but no association with dose intensity emerged [36]. In parallel, in the study 
by Venturini and colleagues, focusing on breast cancer patients treated with 
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Table 7.1 Risk of ovarian failure according to single chemotherapeutic drug and by current treat-
ment for common cancers

Low risk (<20%) Moderate risk (20–80%) High risk (>80%)
Single drugs
Vincristine Cisplatin Cyclophosphamide
Methotrexate Carboplatin Ifosphamide
Dactonomycin Doxorubicine Busulfan
Bleomycin Melphalan
Mercaptopurine Procarbazine
Vinblastine Chlorambucil
5-FU Nitrogen Mustard
Current treatment for common cancers
Acute lymphoblastic 
leukemia

Acute myeloblastic leukemia 
(difficult to quantify)

Chemotherapy conditioning for 
bone-marrow transplantation

Wilms’ tumor Hepatoblastoma Hodgkin’s disease:
treatment with alkylating-drugs

Soft-tissue sarcoma: stage I Osteosarcoma Soft-tissue sarcoma: stage IV 
(metastatic)

Germ-cell tumors (with 
gonadal preservation and no 
radiotherapy)

Ewing’s sarcoma: 
non-metastatic

Ewing’s sarcoma: metastatic

Retinoblastoma Soft-tissue sarcoma: stage II 
or III

Breast cancer treated with 6 
CMF, FEC, FAC >39 years of age

Breast cancer treated with 6 
FEC and FAC <30 years of 
age

Neuroblastoma

Breast cancer treated with 
AC 30–39 years of age

Non-Hodgkin lymphoma

Hodgkin’s disease: 
alternating treatment
Brain tumors: craniospinal 
radiotherapy, cranial 
irradiation >24 Gy
Breast cancer treated with 6 
CMF, FEC, FAC 30–39 
years of age
AC > 39 year

Taxanes: Unknown risk [11, 97, 98]. Some data on the combined impact of taxanes on fertility are 
provided in section “Trastuzumab and Other Anti-HER2 Therapies” (in combination with trastu-
zumab in the APT trial [69]).
AC Doxorubicin (adriamycin) cyclophosphamide, CMF Cyclophosphamide methrotrexate fluoro-
uracil, FAC Fluorouracil doxorubicin (adriamycin) cyclophosphamide, FEC Fluorouracil epirubi-
cin cyclophosphamide.
Adapted from: [6, 7, 10, 14–32, 99].
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cyclophosphamide, epirubicin, and fluorouracil, rates of amenorrhea were 64%, 
independently of dose dense scheduling [35]. Findings from other studies focused on 
the same patient population and impact of dose, duration, and schedule were incon-
sistent [34]. Among these, the French Adjuvant Study Group (FASG) retrospectively 
evaluated the impact of anthracycline dose and duration in women who received 
epirubicin-containing regimens in eight adjuvant trials and had shown statistically 
significant differences regarding dose and duration of similar regimens [37]. 
Evaluated regimens included three to six cycles of cyclophosphamide, epirubicin, 
and fluorouracil with increasing doses of epirubicin (50, 75, or 100 mg/m2) or six 
cycles of epirubicin 50 mg/m2 in association with vinorelbine. 52%, 58%, and 69% 
women who received cumulative doses of less than 300 mg/m2, 300–450 mg/m2, and 
greater than 450  mg/m2 achieved amenorrhea, respectively. Additionally, 60% of 
women who received four to six cycles experienced amenorrhea versus 49% among 
those treated with one to three cycles of chemotherapy [37]. Finally, other studies 
suggested higher rates of amenorrhea in those who were treated with dose- intensive 
or high-dose regimens compared with regimens with conventional doses [34, 38, 39].

 Age
Younger patients have a higher number of oocytes, and thus gonadal damage seems 
to be less severe than that in older patients because the ovary can still support regu-
lar ovulatory cycles even with a small numbers of follicles [8, 9].

The average prevalence of ovarian dysfunction among women receiving alkylat-
ing agent-based regimens such as cyclophosphamide, methotrexate, and fluoroura-
cil (CMF) is 40% for women <40 years and around 80% for those older than 40. The 
median time to ovarian failure varies from 6 to 16 months in the younger age group 
and from 2 to 4 months among older women [7, 10, 11].

Further data on the combined effect of systemic therapy and age on fertility 
comes from the work of Goodwin et al., who examined predictors of menopause by 
different adjuvant treatments among 183 patients [33]. The majority of women 
received adjuvant chemotherapy (45.4%, CMF; 13.7%, cyclophosphamide, epirubi-
cin, and fluorouracil [CEF]). In this study, age was among the most important pre-
dictors of early menopause. Although the risk of menopause was low in many of the 
treatment groups before the age of 35, beyond that age there was a clear separation 
of risk in those receiving chemotherapy and those not receiving chemotherapy; in 
women over the age of 35, 95% confidence intervals for those receiving chemo-
therapy did not overlap the 95% confidence intervals for those not receiving chemo-
therapy [33].

Chemotherapy is highly likely to cause irregular menstrual patterns and amenor-
rhea, which may last long after its completion. Nevertheless, it is common occur-
rence for many patients to return to prechemotherapy menstrual patterns [15, 40, 
41]. Particularly, younger patients are more prone to reversal from a hypergonado-
tropic hypogonadal state that commonly occurs during the course of chemotherapy 
to a normogonadotropic state following completion of chemotherapy [23, 25, 42, 
43], although they seem to keep at increased risk of developing premature meno-
pause later on over the course of their reproductive life [44, 45].
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 Impact of Endocrine Therapy on Fertility

An average 65–70% of early breast cancers occurring in patients younger than 
40 years of age is hormone receptor-positive [46]. In patients with hormone receptor- 
positive breast cancer, 5 years of adjuvant endocrine therapy reduce recurrence rate 
by 50% and mortality by a third [47, 48]. As a result, a substantial proportion of 
younger patients with breast cancer are prescribed adjuvant endocrine therapy, 
either consisting of tamoxifen (a nonsteroidal, selective estrogen receptor modula-
tor) with or without luteinizing hormone-releasing hormone agonists or aromatase 
inhibitors in association with luteinizing hormone-releasing hormone agonists for 
5–10 years.

 Tamoxifen
Use of tamoxifen may negatively impact fertility potential both directly, by causing 
drug-related ovarian function impairment, and indirectly, increasing the odds of loss 
of ovarian reserve linked to aging. Indeed, its potential teratogenicity forces patients 
to postpone the time of conception until the completion of adjuvant endocrine ther-
apy, which may last up to 10 years. When premenopausal women recover menses 
while on tamoxifen treatment, menstrual cycles are generally irregular. Some evi-
dence suggests that the effect of tamoxifen on ovarian function is reversible, and 
that it may be related to an increased concentration of plasma estradiol induced by 
tamoxifen, which leads to an unbalanced hypothalamic-ovarian feedback loop [49].

Many studies showed that tamoxifen was independently associated to decreased 
likelihood of menses recovery and longer duration of amenorrhea when given after 
adjuvant or neoadjuvant chemotherapy, regardless of type of chemotherapy [33, 
50–52]. A large meta-analysis of 75 studies assessing the rate of chemotherapy- 
induced amenorrhea found that sequential use of tamoxifen significantly predicted 
a higher risk of chemotherapy-induced amenorrhea, being associated to a twofold 
increased risk [53]. However, it remains unclear what direct role might tamoxifen 
have on ovulatory function when administered alone and not as part of a sequential 
chemotherapy-endocrine therapy regimen.

In the study about the combined effect of chemo- and endocrine-therapy on 
menopause status by Goodwin et al. [33], just over 25% (47 women) received adju-
vant tamoxifen; of these, 25 (53.2%) received combined chemotherapy and tamoxi-
fen. Use of either CMF or CEF, whether in combination with tamoxifen or not, 
increased the risk of menopause in 40-year-old women from less than 5% to more 
than 40%. In the same study, onset of menopause was reported among 13.6% of 
women who received tamoxifen alone and use of hormone therapy was significantly 
and independently associated with menopause onset in multivariate analyses. 
Addition of tamoxifen to either type of chemotherapy (CMF or CEF) determined a 
small but significant increase in the risk of menopause [33].

In addition, a recent retrospective analysis showed that breast cancer survivors 
who were on tamoxifen were less likely to have a child following cancer diagnosis 
compared to breast cancer patients who did not take tamoxifen, but this difference 
did not seem associated to a decreased ovarian function. Indeed, in patients on 
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tamoxifen the mean concentration of anti-Mullerian hormone was consistently 
higher than tamoxifen nonusers. Similarly, antral follicle count was higher in survi-
vors who took tamoxifen compared to those who did not. As a result, it was hypoth-
esized that the reduced birth rate among tamoxifen users may be related to the 
shorter reproductive window [54].

Finally, pursuit of fertility was found to be one of the most common reported 
reasons for tamoxifen noninitiation or discontinuation in younger breast survivors 
[55]. Therefore, fertility concerns related to tamoxifen utilization and need to post-
pone conception should be deeply discussed with patients willing to have pregnancy 
after breast cancer. Some evidence suggests that patients might consider the possi-
bility to interrupt temporarily tamoxifen therapy to pursue a pregnancy and to 
resume the treatment upon childbearing in order to complete the preplanned endo-
crine therapy course [56–58]. The safety of this option is currently being investi-
gated in the prospective Positive trial [59]

 Aromatase Inhibitors
Data regarding the impact of aromatase inhibitors on fertility are scarce. Recently, 
the combined analysis of the Suppression of Ovarian Function Trial (SOFT) and the 
Tamoxifen and Exemestane Trial (TEXT) confirmed that the association of aroma-
tase inhibitors with ovarian function suppression represents a valid option for pre-
menopausal patients with hormone receptor-positive breast cancer [60]. 
Nevertheless, as compared to tamoxifen alone, this combination determines a 
greater burden of endocrine and sexual-functioning related side effects, especially 
during the first 2 years of treatment, and its potential long-term effect on fertility is 
still unknown [61].

 Ovarian Suppression
Substantial data is now available demonstrating the protective role of temporary 
ovarian function suppression administered during adjuvant chemotherapy in pre-
serving ovarian function, both reducing rates of premature ovarian failure and 
increasing rates of pregnancies [62–64]. These data led to recommendations and 
guidelines acknowledging the clinical utility of temporary ovarian function sup-
pression in breast cancer patients interested in preserving fertility and ovarian func-
tion [65]. Utilization of short-term course of ovarian suppression as a strategy for 
fertility preservation is discussed elsewhere in this book.

Recently, updated results of two large trials investigating the addition of longer 
courses of ovarian function suppression to adjuvant tamoxifen or exemestane 
became available: the SOFT and the TEXT trials, involving premenopausal women 
with hormone receptor-positive early breast cancer. Results showed significantly 
higher rates of disease-free and overall survival with the combination of ovarian 
suppression and tamoxifen than with tamoxifen alone and even higher rates of 
disease- free survival with exemestane plus ovarian suppression versus tamoxifen 
alone. Effects were similar regardless of receipt of chemotherapy, but the absolute 
benefits were larger in the cohort of patients who remained premenopausal after 
previous chemotherapy, who also had worse clinicopathological features [60]. 
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Based on such results, guidelines now recommend to consider and discuss with the 
patients the addition of ovarian suppression to tamoxifen or aromatase inhibitors for 
premenopausal women at high risk of recurrence, namely the younger ones. Data on 
the effects of long-term ovarian suppression on fertility among this population of 
women that may still be pursuing pregnancies and completing family plans are still 
not available.

 Impact of Other Targeted Therapies on Fertility

Over the last decades, systemic therapy started to be populated by several targeted 
therapies. Data on fertility for most of these agents is limited. We present a non- 
extensive review of the impact on fertility of some of targeted agents that are now 
being used in the treatment of young women with cancer.

 Trastuzumab and Other Anti-HER2 Therapies
Around 20% of breast cancers diagnosed in patients younger than 40  years are 
human epidermal growth factor receptor 2 (HER2)-positive [46]. In the subgroup of 
patients with HER2-positive breast cancer, the addition to (neo) adjuvant chemo-
therapy of 1 year of adjuvant trastuzumab, a recombinant humanized monoclonal 
antibody targeting HER2, demonstrated a high and consistent benefit in terms of 
disease-free survival [hazard ratio = 0.60; 95% confidence interval, 0.50–0.71] and 
overall survival (hazard ratio = 0.66; 95% confidence interval, 0.57–0.77) across 
several clinical trials [66–68].

Few studies assessed the impact of trastuzumab on fertility. A retrospective anal-
ysis conducted on 431 premenopausal patients treated with anthracycline- and 
taxane- based chemotherapy +/− trastuzumab showed that 55% of patients remained 
amenorrheic at 3 years; however, the addition of trastuzumab did not appear to be 
detrimental on the likelihood of recovery of menses. The rate of amenorrhea at 
1 year was substantially lower in patients treated with a combination containing 
paclitaxel and trastuzumab without any alkylating agent or anthracyclines. In a ret-
rospective analysis among the premenopausal patients in the APT trial (the Adjuvant 
Paclitaxel Trastuzumab trial) only 28% patients remained amenorrheic at 1 year, 
suggesting that both paclitaxel and trastuzumab have a limited impact on fertility. 
Authors conclude that regimen employed in the APT trial may be considered as a 
valid option for premenopausal patients with small HER2+ breast cancer willing to 
pursue their family plans [69].

Moreover, pertuzumab is another anti-HER2 agent that has been tested in the 
neoadjuvant and adjuvant setting in phase II and III clinical trials and now it is an 
approved available option in some countries [70, 71]. No specific studies in animals 
have been performed to evaluate the effect of pertuzumab on fertility. However, no 
adverse effects on reproductive organs were reported in animal studies in repeat- 
dose toxicity studies [72, 73]. Finally, neratinib, a small orally available molecule 
that irreversibly inhibits HER1, HER2, and HER4 at the intracellular level, pro-
vided promising results in the early breast cancer setting, showing improved 
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disease-free survival as compared to placebo in patients who had already completed 
one year of trastuzumab [74]. In animal studies, neratinib did not show to reduce the 
ability of animals to become pregnant [75]. Dedicated studies with longer follow-up 
time will better elucidate the impact of these novel HER-2 targeted compounds on 
fertility.

 Rituximab
Rituximab is a monoclonal antibody targeting the CD20 antigen approved for the 
treatment of chronic lymphocytic leukemia in combination with fludarabine and 
cyclophosphamide or chlorambucil as well as for other hematologic malignancies 
[76, 77]. The addition of rituximab to chemotherapy does not increase the risk of 
impaired ovarian function, especially in women younger than 40 years old [78].

 BRAF Inhibitors and MEK Inhibitors
Approximately 50% of melanomas harbor activating BRAF mutations. BRAF is a 
member of the RAF kinase family, acting in the ERK/MAP kinase pathway that 
regulates cell proliferation, differentiation, and survival [79]. FDA has recently 
approved the combination of dabrafenib (BRAF inhibitor) and trametinib (MEK 
inhibitor) for the adjuvant treatment of patients with BRAF-positive stage III mela-
noma [80]. This combination demonstrated to reduce the risk of death by 53% com-
pared with placebo in patients with BRAF-mutated stage III melanoma; however, 
little is known about their impact on the fertility of treated younger women. As a 
result, before treatment initiation, fertility preservation options should be discussed 
with patients that have indication to start such regimen and wishing to complete 
their family plans [81].

 Immune Checkpoint Inhibitors (CTLA-4 Inhibitors, PD-1/PD-L1 
Inhibitors)
The development of immune checkpoint inhibitors is dramatically changing the 
natural history of several cancer types. Ipilimumab is a monoclonal antibody 
binding the cytotoxic T-lymphocyte-associated protein-4 (CTLA-4) and prevent-
ing it from interacting with its ligands. In a phase III study ipilimumab signifi-
cantly improved the overall survival of patients with stage III melanoma after 
complete surgical resection, so leading to FDA approval for the adjuvant therapy 
of melanoma [82]. More recently, the programmed death 1 (PD-1) inhibitor pem-
brolizumab has been found to prolong overall survival in patients with resected, 
high-risk stage III melanoma [83], as well as several other cancer types, including 
advanced non- small cell lung carcinoma [84] and renal cell carcinoma [85]. The 
impact of immune checkpoint inhibitors on fertility is still unclear. These drugs 
appear not to have a direct impact on ovarian function. In animals treated with 
ipilimumab, exposure has been associated to histopathological changes in ovary 
tissue. Nevertheless, immune checkpoint inhibitors determine a higher risk of 
hypophysitis, which may eventually lead to a reduction in the gonadotropin 
production.
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 Bcr-Abl Inhibitors
Imatinib mesylate was the first Bcr-Abl, c-Kit, and platelet-derived growth factor 
receptor (PDGFR) inhibitor approved for the treatment of chronic myelogenous 
leukemia (CML) and gastrointestinal stromal tumors [86]. More recently, two other 
more potent Bcr-Abl inhibitors have been approved for patients with CML: nilo-
tinib and dasatinib [87, 88]. Little is known about the effects of these tyrosine- 
kinase inhibitors on women’s fertility. In women, both c-Kit and PDGF are expressed 
by early follicles and play a central role in ovarian follicular development. Preclinical 
data showed that the exposure of human ovarian cortical tissue to anti-c-Kit anti-
body significantly increased the rate of follicular atresia [89, 90]. However, a study 
conducted on mouse models showed that imatinib at therapeutic doses, given for 
2 months, did not seem to affect folliculogenesis [91]. Also, in women treated with 
imatinib, some successful conceptions have been reported.

 Bevacizumab
Bevacizumab, a humanized anti-VEGF (vascular endothelial growth factor) mono-
clonal antibody, is approved, in combination with chemotherapy, for the treatment 
of many advanced solid tumors, including ovarian cancer and cervical cancer [92, 
93]. In animal models, the prolonged administration of bevacizumab showed to 
reduce follicular maturation and number of menstrual cycles [94]. A detrimental 
effect of bevacizumab on ovarian function has been observed also in premenopausal 
women receiving adjuvant chemotherapy + bevacizumab for stage II or III colorec-
tal cancer. In the phase III NSABP C-08 trial the rate of ovarian failure, defined as 
amenorrhea for ≥3 months with blood follicle-stimulating hormone (FSH) levels 
≥30 mIU/mL, was 34% vs. 2.6% in women receiving and non-receiving adjuvant 
bevacizumab, respectively, with only 22% of women recovering ovarian function 
after treatment cessation [95].

 Olaparib
Olaparib is an oral PARP inhibitor approved for the treatment of patients with germ-
line BRCA-mutated advanced ovarian cancer. Olaparib does not appear to cause 
infertility. However, pregnancy should be avoided during olaparib treatment for at 
least 6  months after the last dose, since it demonstrated major teratogenic and 
embryotoxic effects in rats exposed at lower doses of those used in clinical practice 
[96]. During olaparib therapy, women should be appropriately advised about con-
traception and reproductive risks.
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8Fertility Counseling in Routine Practice: 
Why, When, and How?

Sukhkamal B. Campbell and Terri L. Woodard

 Cancer Survivorship and Fertility

In the United States, there are approximately 900,000 female cancer cases diagnosed 
annually [1]. Due to earlier diagnosis and advancements in therapies, the 5-year 
survival rate among women less than 45 years old was found to be 83% from 2003 
to 2009 [2]. Additionally, the National Cancer Institute reports that there are 
currently 8.8 million females in the United States with a history of cancer, and 
48,000 of survivors are in the 15–19-year-old subgroup of adolescents and young 
adults (AYAs), AYA being defined as 15–39-year-old patients [3, 4]. Emerging data 
shows that survival rates among AYAs are overall the best they have been, despite 
room for continued improvement [5]. By January 2026, it is estimated that the pop-
ulation of cancer survivors in the United States will increase to 20.3 million with 
10.3 million of them being female [6]. Further, based on recent United States census 
data, 2.5 million adults of childbearing age are cancer survivors. As survivorship 
improves and delayed childbearing continues to become more commonplace, more 
women face potential interrupted childbearing potential due to cancer and its treat-
ment. There is a need for greater focus on the long-term effects of cancer treatment 
for survivors, including the risk of infertility or subfertility [7].

While any type of cancer can affect women of reproductive age, adolescents are 
more prone to specific cancer types including Hodgkin’s lymphoma, leukemia, thy-
roid cancer, brain and spinal cord cancers, bone cancers (osteosarcoma and Ewing’s 
sarcoma), soft tissue cancers (sarcoma and rhabdomyosarcoma), and ovarian cancer 
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[8]. Young adults are more prone to malignancies such as breast cancer, lymphoma, 
melanoma, soft tissue cancers (sarcomas), cervical and ovarian cancer, thyroid cancer, 
colorectal cancer, and brain and spinal cord cancers [8]. The 5-year survival rates for 
young women with the abovementioned cancers approach 90–95% [9]. The unfortu-
nate trade-off is that treatments that result in such promising survival rates often lead 
to greater risk of future infertility due to gonadotoxicity—including treatments for 
Hodgkin’s lymphoma, leukemias, and ovarian cancers [8]. The possibility of impend-
ing infertility can lead to significant distress and impact quality of life for many young 
female cancer survivors for many years following treatment completion [10]. Of 7500 
women aged 15–44 years old interviewed in the National Survey of Family Growth, 
nearly 50% were bothered a great deal by the possibility of never having a child due 
to their cancer therapy and 75% expressed wanting children in the future [11].

 Female Reproductive Physiology

Once a girl has started puberty, approximately 400,000 of the initial one million 
primordial follicles remain in the ovaries. These follicles will mature based on hor-
monal regulation from the hypothalamic–pituitary–ovarian (HPO) axis. 
Gonadotropin-releasing hormone (GnRH) is released from the hypothalamus and 
induces release of follicle-stimulating hormone (FSH) and luteinizing hormone 
(LH) from the pituitary gland. During each cycle, multiple follicles mature and a 
rise in FSH causes one dominant follicle to be chosen for ovulation. This follicle 
will in turn make estradiol which triggers an LH surge that consequently causes 
ovulation, or release of the mature follicle near the fallopian tube to be picked up for 
fertilization. The remaining unselected follicles undergo apoptosis, or self destruc-
tion [12]. As women age, there is a natural depletion of available follicles and can-
cer therapies can expedite this process significantly, often resulting in premature 
ovarian insufficiency or failure (Fig. 8.1) [13].

 Cancer Treatment and Effects on Fertility

Ultimately, treatment-related infertility can result from chemotherapy, surgery, and/
or radiation [10]. Chemotherapeutic agents specifically function by interrupting cell 
division, and therefore can impact the maturation and viability of ovarian follicles 
[12]. Alkylating agents (including cyclophosphamide, ifosfamide, and chlorambucil) 
are often used for the treatment of cancers such as non-Hodgkin lymphoma, acute 
lymphoblastic leukemia, and sarcoma. They cause both single- and double- strand 
DNA breaks, disrupting both actively dividing and dormant cells in the ovary—lead-
ing to significant acute and long-term toxicity [12]. Anthracyclines (i.e., doxorubi-
cin), which are used in the treatment of breast, lung, thyroid, and blood cancers, 
inhibit DNA and RNA synthesis by intercalating between base pairs [12]. Platinums 
(cisplatin and carboplatin), which are often used in the treatment of ovarian and 
colorectal cancers, induce apoptotic cell death and inhibit transcription [12].
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Chemotherapeutic agents are divided into several risk categories, based on their 
potential for inducing amenorrhea. “High-risk” agents are those that cause more 
than 80% of women to develop amenorrhea posttreatment. Alkylating agents are 
considered to be in a “high-risk category.” Whole abdominal or pelvic radiation at 
doses greater than or equal to 6 Gray (Gy) in adult women, greater than or equal to 
15 Gy in prepubertal girls, and greater than or equal to 10 Gy in postpubertal girls 
are also considered to be in the “high-risk” category. In addition, cranial/brain radia-
tion greater than or equal to 40 Gy is also in the “high-risk” category given that it 
can cause hypogonadism by disrupting the HPO axis. Low doses of whole abdomi-
nal and pelvic radiation or chemotherapeutic agents such as vincristine or metho-
trexate, in contrast to alkylating agents, are in the “low-risk to very-low-risk/
negligible-risk” category. Newer treatments often do not have any data on fertility 
risk and patients should be counseled accordingly. Finally, surgical treatment via 
resection of reproductive organs (hysterectomy and/or oophorectomy) has obvious 
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implication on future fertility and clear pretreatment counseling of these effects is 
essential. Ultimately, the overall impact of cancer treatment on fertility depends not 
only on treatment type but also on duration of treatment, total dose administered, 
patient age at the time of treatment, and other patient-specific factors (such as base-
line ovarian reserve) that should all be individually assessed [12]. Also, it should be 
stressed that menstrual function does not serve as an accurate surrogate marker for 
fertility, even though historically it has been used to estimate fertility risk.

Age is one of the most important factors that helps determine the risk for 
premature ovarian failure and cancer-related infertility. The risk for ovarian fail-
ure increases tenfold for women that are diagnosed and receive treatment in 
their late thirties [11]. Ultimately, up to 90% of women aged 40 and older expe-
rience permanent ovarian failure and sterility [11]. Similarly, the effective ster-
ilizing dose of radiation to the ovaries is 20.3 Gy for newborns, 18.4 Gy for 
10-year-old girls, 16.5 Gy for 20-year-old women, and 14.3 Gy for 30-year-old 
women; however, there is of course variation in ovarian reserve for each patient 
in each age range [14].

 Fertility Preservation Guidelines

In July of 2018, The American Society of Clinical Oncology (ASCO) published a 
clinical practice guideline update with the goal of providing all healthcare providers 
caring for reproductive-aged individuals at risk for cancer-related infertility with 
recommendations regarding fertility preservation [15]. This guideline was an update 
to practice guidelines initially published in 2006 [16] and serves to promote discus-
sion of fertility risks and early referral to reproductive specialists, if indicated [15]. 
Importantly, the most recent update recommends that all discussions be documented 
in the medical record and addresses concerns about disparities and access to fertility 
preservation services, especially with regard to cost [15].

The American Society of Reproductive Medicine (ASRM) ethics committee 
opinion echoes many of the recommendations made by ASCO [17]. It encourages a 
multidisciplinary approach to fertility preservation counseling and treatment [17]. 
In addition, it comments on the use of preimplantation genetic testing for mono-
genic diseases (PGT-M) for those patients with hereditary cancers who wish to 
avoid having a child with a genetic mutation that predisposes them to malignancy 
[17]. Internationally, there are multiple guidelines that have been developed to 
address fertility issues in reproductive-aged women with cancer such as the 
European Menopause and Andropause Society (EMAS) position statement (2014), 
Oncofertility in Canada: options for future parenthood (2014), Germany/
Switzerland/Austria practical recommendations for fertility preservation in women 
by the FertiPROTEKT network (2018), International Society for Fertility 
Preservation (ISFP) update on ESHRE/ASRM expert meeting (2017), and the 
Sociedad Espanola de Oncologia Medica guidelines on reproduction in cancer 
patients (2016), among many more from the UK, Japan, Singapore, and New 
Zealand [18].
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 Barriers to Fertility Preservation Counseling and Referral

Most young cancer survivors have an interest in future fertility and are concerned 
about the impact of their cancer therapy on their future ability to have children [19]. 
However, it has been shown that many AYAs have not participated/engaged in mean-
ingful fertility preservation counseling at the time of diagnosis [19]. Unique barriers 
exist for this population, including their developmental stage of life—which is often 
characterized by uncertainty about future goals [19]. Although AYAs are developing 
autonomy at this age, they often depend heavily on their parents to help them make 
major decisions—including those about their cancer care as well as future fertility 
goals [19]. Studies cite “parental protective buffering” and “clinicians’ discomfort” 
as barriers to addressing fertility with AYAs [19]. However, a lack of fertility coun-
seling is not limited to the AYA population. Unfortunately, fertility preservation 
counseling and therapies remain underutilized by women of all age ranges.

Despite multiple guidelines and recommendations for both pre- and posttreatment 
counseling, literature shows that only 34–72% of reproductive-age female survivors 
recall having fertility preservation discussions [20]. Of those who are eligible for 
referral to fertility specialists, only 21% are actually referred, with trends toward 
greater referral for younger women (age less than 35 years old), nulliparous women, 
and those with breast cancer [21]. There are several patient and provider barriers 
that prevent fertility preservation discussions and referral to reproductive specialists. 
Patient barriers include fear of delaying cancer therapy, fear of birth defects related 
to their cancer or treatment, concerns about the safety of fertility treatment, and the 
prohibitive costs of fertility preservation [21, 22]. Additionally, stress and anxiety 
related to their new life-altering cancer diagnosis often puts survival at the forefront 
of their mind above all other concerns, including fertility. Physician barriers also 
exist—including time constraints, lack of knowledge, and personal biases/
assumptions [23]. Physicians often report not having enough time in a busy clinic to 
stop and discuss fertility [23]. Discussions may also be avoided if they feel they lack 
the necessary knowledge to educate patients on fertility preservation options [23]. 
Finally, provider assumptions and biases at the time of diagnosis about patient 
characteristics such as age, partnership status, perceived ability to afford fertility 
preservation, and parity can influence whether fertility preservation is addressed or 
not [23].

 Timing of Fertility Preservation Discussions

The timing of fertility preservation discussions is crucial to ensure that a patient’s 
fertility needs are met. Once a woman has been diagnosed with cancer and it has 
been determined that she will receive treatment that may cause infertility, she should 
be asked if she is interested in having children in the future and informed of her risk 
for infertility. The potential of future, treatment-related infertility should be 
addressed as early as possible after diagnosis and prior to treatment initiation [15]. 
If patients are interested or ambivalent about pursuing fertility preservation, they 
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should be offered referral to reproductive specialists as early as possible to further 
explore options and receive formal counseling about which treatments may be 
appropriate for them [15]. A reproductive specialist can conduct an in-depth evalu-
ation of current fertility status, provide estimates of expected success rates as well 
as risks, and discuss strategies for future pregnancy. Early referral gives patients 
more time for information gathering, decision-making and improves the odds that 
the full range of fertility preservation options is available to the patient [15]. In addi-
tion, once cancer therapy has been completed, another referral may be indicated if/ 
when a patient returns for follow-up and has fertility concerns and/or if pregnancy 
is being considered [15].

 Fertility Preservation Options

When discussing the various fertility preservation options available, it is important 
to provide patients with all suitable options (including not pursuing fertility preser-
vation) to help them choose what is most appropriate for their lifestyle. Some 
options are available to only postpubertal women, whereas others are available to 
prepubertal girls.

Currently, both embryo and oocyte cryopreservation are first-line fertility 
preservation options [17]. Embryo cryopreservation is the most established method 
of fertility preservation for women and is widely available, and frequently utilized, 
particularly by those with partners or who choose to use donor sperm [17]. In addi-
tion, preimplantation genetic testing can be performed on embryos, if desired. 
Survival rates per thawed embryo range between 35% and 90%, implantation rates 
between 8% and 30%, and cumulative pregnancy rates above 60%, though this is 
largely dependent on age and ovarian reserve [17].

Oocyte cryopreservation became a first-line fertility preservation method when 
its experimental label was removed in 2013 [24]. The benefits of oocyte cryopreser-
vation are that it provides women with reproductive autonomy (does not require a 
partner), bypasses some of the moral and religious objections surrounding embryo 
cryopreservation and is usually less expensive, initially [24]. Compared with use of 
cryopreserved embryos, less pregnancy rate data is available [24]. However, it has 
been reported that the clinical pregnancy rate per thawed oocyte ranges from 4.5% 
to 12% [24]. Overall, oocytes survive vitrification at a rate of 90–97% and fertiliza-
tion rates are between 71% and 79% [24]. A compilation of studies of over 900 
cryopreserved oocyte babies showed no increased risk of congenital anomalies 
compared to naturally conceived infants for both vitrified and slow-frozen oocytes 
[25]. Additionally, studies show no difference in live birth rates as compared to age- 
matched fresh controls [26]. However, the likelihood of success is likely dependent 
upon several factors including ovarian reserve, the woman’s age at the time of 
oocyte cryopreservation, and clinic/lab-specific successful thaw rates.

Both oocyte and embryo cryopreservation require controlled ovarian stimulation 
with exogenous gonadotropins, for approximately 10–15 days followed by trans-
vaginal oocyte retrieval. The entire process should be completed prior to initiation 
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of cancer therapy agents. While COH does not cause recurrence of cancer, increased 
levels of estradiol during stimulation could, in theory, impact hormonally sensitive 
cancers [27]. Aromatase inhibitors, such as letrozole, are often used in conjunction 
with gonadotropins to suppress peak estradiol levels without impacting oocyte yield 
[27]. However, this topic is debatable and a recent study of 45 young breast cancer 
patients undergoing COH with recombinant FSH with GnRH agonist triggers and 
without the use of letrozole prior to initiating adjuvant chemotherapy showed a peak 
estradiol ranging from 149 to 5300 with an average of 10 oocytes retrieved and no 
recurrences observed during a study period of 10 months post-chemotherapy [28].

Another study sought to quantify the delay to treatment for patients who elect to 
pursue fertility preservation and determine whether there is any association between 
COH and cancer recurrence and mortality [29]. Approximately 500 women with 
various cancer types (including breast, gynecologic, and hematologic malignancies) 
were studied with about 200 undergoing fertility preservation and 300 not undergo-
ing fertility preservation [29]. When compared to those who did not pursue fertility 
preservation, patients who had COH had an approximately 2 week delay to initia-
tion of cancer treatment and this time period was not considered to be clinically 
significant or impactful on long-term outcomes [29].

One fertility preservation option that is readily available in other countries but 
remains experimental in the United States is ovarian tissue cryopreservation (OTC). 
This is an option for women who do not have time to pursue egg or embryo freezing 
and it is the only option that is suitable for prepubertal girls. OTC does not require 
COH and allows for more urgent initiation of cancer therapy [30]. Ovarian tissue is 
removed surgically (often concurrently with other surgical procedures, such as che-
motherapy port placements, to reduce overall cost), and cryopreserved using slow- 
freeze or vitrification methods. If a patient is found to have ovarian insufficiency or 
failure post-cancer treatment, the tissue can be thawed or warmed and reimplanted 
in the pelvic cavity (orthotopic) or elsewhere in the body (heterotopic). 
Reimplantation is typically done via a minimally invasive approach such as laparo-
scopically or using robotic assistance [30]. Reimplantation may restore ovarian hor-
mone secretion and ultimately lead to ovulation [30]. To date, 87 live births and 9 
ongoing pregnancies have been reported from OTC [31].

Experimental fetoprotective agents are fertility preservation options that can be 
used when any of the above options are not desired by the patient or are not clini-
cally feasible [32]. GnRH agonists can be given cyclically in depot injection formu-
lation to protect follicles from destruction during chemotherapy by suppression of 
gonadotropin levels and reduction of perfusion to ovarian tissue [32]. The mecha-
nism of action and efficacy of GnRH agonists is highly controversial. The protective 
effects of GnRH agonists may vary based on the type of cancer present—for exam-
ple, while they may be effective in buffering the effects of ovarian failure in some 
breast cancer patients, they will have no such effect or benefit in patients with ovar-
ian cancer getting chemotherapy or surgery that is innately damaging to the ovary 
[32]. Newer fetoprotective agents that are currently under investigation focus on 
agents with anti-apoptotic properties (imantinib, thyroid hormone T3, granulocyte 
colony stimulating factor, and tamoxifen) that have shown promise in reducing 
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follicle loss in animal models alongside agents that prevent dormant follicle activa-
tion such as AS101 (immune modulator acting on P13K/PTEN/AKT follicle activa-
tion pathways) and AMH (anti-Mullerian hormone) [33].

For women and girls receiving pelvic radiation, ovarian transposition or 
oophoropexy is another fertility preservation option [34]. Oophoropexy involves 
movement and fixation of the ovary outside of the radiation field [35]. These 
surgeries are typically performed using minimally invasive surgical techniques [35]. 
The left ovary is usually placed at the level of the aortic bifurcation and the right 
ovary is often placed above the pelvic brim [35]. Few cases have shown successful 
return of ovarian function upon reversal of ovarian transposition with rates varying 
from 16% to 90% [35].

Due to personal beliefs or concerns, many patients may not choose to pursue 
fertility preservation or may not desire future pregnancy. It is imperative to keep an 
open mind during all counseling sessions, and to also introduce other options that 
may be available posttreatment, such as gestational carriers (surrogacy), donor gam-
etes (donor eggs, donor sperm, and donor embryos), and adoption [36].

 Strategies and Tools for Encouraging and Optimizing Fertility 
Preservation Discussions

Data shows that timely discussion of fertility preservation options improves long- 
term outcomes such as quality of life after cancer and decisional regret and that 
women reap the benefits of these discussions with their providers regardless of 
whether they ultimately pursue fertility preservation or not [37]. While many pro-
viders desire addressing fertility preservation with their patients at the time of initial 
diagnosis, they lack the tools or communication techniques to share this 
knowledge.

Effective communication of complex information is critical to patient satisfaction 
and decision-making, especially during the emotionally charged and stressful time 
period between diagnosis and initiation of treatment [37]. In order to facilitate 
patient understanding of the key concepts about fertility preservation, it is important 
to deliver evidenced-based information in an understandable and easy-to-absorb 
manner [37]. Patient decision aids are effective tools designed to deliver structured 
medical information and decision support. They can help address areas where 
patients experience decisional conflict—which includes feeling uninformed, 
unclear, unsupported, and uncertain—all of which have been shown to lead to delay 
in decision-making [37]. There is a plethora of data citing the benefits of decision 
aids, which include improved knowledge and increased patient engagement [37]. 
Existing fertility preservation decision aids are available to facilitate discussions 
with parents of adolescents or women with breast cancer, but few decision aids 
existed for women of reproductive age that addressed all cancer types until the very 
recent past [37]. Pathways is an interactive fertility preservation website that pro-
vides up-to-date information on fertility preservation options (include pros, cons, 
and costs) and posttreatment family building strategies along with values 
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clarification exercises and structured support to help women prepare for fertility 
discussions with their providers [37]. It has been shown to improve patient knowl-
edge about fertility preservation and facilitate decision-making [37]. This tool is 
being pilot tested with plans for release for public use in the future [37].

In addition to patient decision aids, many other decision tools are available for 
fertility preservation counseling for both adolescents/young adults and postpubertal 
women [38]. The Adolescent Fertility Values Clarification Tool (AFVCT) can be 
used for patients aged 12–18 years old and has been validity-tested with teenage 
oncology patients and their parents [39]. AFVCT guides discussion of future quality 
of life, fertility preservation options, and the value of parenthood in an easy-to- 
understand format for teens and young adults [39]. Published decision trees are also 
available, such as the “Female Fertility Preservation Decision Tree” [40] and 
“Potential future decisions regarding fertility preservation” [41]. Both can be used 
to visually guide patients through the decision of pursuing fertility preservation 
pretreatment versus options available posttreatment in the event fertility preserva-
tion is not chosen (including adoption and donor gametes) [40, 41]. Religious, 
social, and familial influences as well as the patients’ feelings are all taken into 
consideration as part of the decision [41].

Organizations such as LIVESTRONG also provide patients with printed and 
online educational materials on fertility risks, fertility preservation options, and 
their costs. These pamphlets can be provided directly to patients or used by provid-
ers as part of the counseling session to guide patient decisions [42]. The Oncofertility 
Consortium at Northwestern University (Chicago, IL, USA) hosts the “Save My 
Fertility: An Online Fertility Preservation Toolkit for Patients and Their Providers” 
resource that summarizes available fertility preservation options and provides fur-
ther materials for reading and education on the topic [36]. Many tools are available 
in a variety of translations including Spanish, Arabic, French, Italian, and Chinese 
for international use and distribution.

For women who carry hereditary gene mutations that predispose them to cancer 
(such as those carrying BRCA1/2 mutations), specific guidelines are available that 
outline the steps to follow for referral as well as recommendations for ordering 
baseline labs that would be helpful for fertility specialists [43]. In addition, the 
impact of relevant therapies on fertility is specifically outlined (such as tamoxifen 
use and sequelae of prophylactic oophorectomy) [43].

In addition to oncologists, there are several key members such as nurses, 
advanced practice providers (nurse practitioners and physician assistants), and 
patient navigators/advocates who can play a large role in facilitating fertility preser-
vation discussions and referrals. By approaching the topic of fertility preservation 
as a team, barriers such as physician time in clinic or lack of knowledge regarding 
fertility preservation can be overcome. Current literature reports the benefit of using 
patient navigators and/or advocates to help patients initially engage in fertility pres-
ervation discussion after diagnosis [44]. The main role of patient navigators has 
been to triage patients based on their oncologic timelines, provide general informa-
tion about fertility preservation, and help facilitate referral during the brief window 
of time before treatment [44]. Patient navigators also help coordinate services 
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between various providers (oncology, urology, and reproductive endocrinology, for 
example) and direct patients to financial support resources [44]. The navigator 
serves as a resource not only for patients but also for physicians and patient support-
ers as the patient progresses through the fertility preservation process [44].

 Conclusion

Cancer-related infertility is a significant cause of emotional distress that may persist 
many years after successful cancer treatment. As the number of young cancer survi-
vors continues to grow, the importance of addressing fertility and family building 
concerns in a timely manner is becoming increasingly recognized. Women should 
be informed of their risk for treatment-related infertility and options for fertility 
preservation as soon as possible after diagnosis and prior to initiating treatment. 
Multiple options for fertility preservation exist and there are tools and resources that 
can be utilized to help facilitate patient education and decision-making. Fertility 
counseling improves women’s quality of life, whether they pursue fertility preserva-
tion or not and is a component of quality, comprehensive cancer care that should be 
made available to all patients with a cancer diagnosis.
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 Introduction

The number of cancer survivors has been increasing in developing countries due to the 
continuous improvement in cancer treatment [1–3]. This raises the hope for long-term 
survival in reproductive age patients and raises concern about the effect of cancer treat-
ment on their fertility [4]. The effects might be permanent or transient depending on the 
treatment protocols, the age of the patient, and the genetic predisposition to reproduc-
tive damage [5, 6]. Discussing reproductive choices at the time of cancer diagnosis 
when patients and families are extremely vulnerable requires certain expertise and 
knowledge. Patients are usually uncertain about their future and many may still wish to 
have children after cancer treatment. During this stressful time, physicians are required 
to advise women on taking long-term decisions and weigh their desire to maintain their 
reproductive potential against starting cancer treatments immediately [7].

The loss of fertility is devastating for patients in the reproductive age group. The 
American Society of Clinical Oncologists (ASCO) and the American Society for 
Reproductive Medicine (ASRM) recommend discussing the risks of infertility with 
all cancer patients in the reproductive age. All patients should be provided with the 
option of a referral to reproductive endocrinologists for further discussion about 
possible fertility preservation (FP) options. Since FP options are not widely avail-
able in all developing countries, and some are still under investigation, many oncol-
ogists find it difficult to counsel patients about different options when only fifty 
percent of cancer patients are informed about FP necessity from their health care 
providers at the time of diagnosis [8]. In addition, finding fertility specialists with 
expertise in managing cancer patients is difficult to find even in developed coun-
tries  [9]. Management requires a multidisciplinary approach among oncologists, 
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fertility experts, psychologists, and gynecologists to provide the best medical care 
for such patients. Yet, this is not always the case, and many patients lack adequate 
support whether psychologically, medically, or financially.

Deciding on the different FP options available is extremely important before 
proceeding to treatment. Unfortunately, counseling about FP varies extensively in 
developing countries. Awareness of the damaging effect of cancer treatments on 
fertility is growing, yet counseling patients is still complex and bounded by many 
challenges. Recommending FP options raises many technical, ethical, and legal 
issues for both experts in this field and cancer survivors. The ASRM and the ASCO 
recommend offering oocyte collection for adolescent and adult female patients 
receiving cancer treatment at high risk of infertility [2, 10]. Despite the remarkable 
progress in oocyte cryopreservation, it is still not widely available in many develop-
ing countries due to multiple factors that will be discussed below. Cryopreservation 
of spermatozoa and embryos is already established. The advent of ovarian tissue 
cryopreservation has improved counseling for prepubertal patients, yet it is still 
experimental and its potential use in FP is still not well defined.

Providing optimal information about FP options is challenging for health care 
providers, when both patients and their families are overwhelmed by the diagnosis. 
Appropriate counseling includes evaluation of costs, time, and alternatives. Services 
in some developing countries are not offered because of religious and cultural 
beliefs [11]. More importantly, the legal requirements in various countries are also 
to be considered for each patient [12].

All possibilities after cancer treatment are to be discussed during the fertility 
consult to ensure that patients and families are well informed. For instance, third- 
party parenting is one of the alternative options to be discussed in case of uterine 
dysfunction after chemotherapy/radiotherapy. A survey in 28 countries was con-
ducted to assess the global experiences on FP and third-party parenting. Surrogacy 
is practiced in Iran in the absence of any laws or regulations. Adoption is also 
another option. It is permitted by law, yet it is bounded by cultural and legal chal-
lenges, especially in developing countries [11].

We herein review in this chapter the unique challenges faced by health care 
providers in developing nations while discussing FP options and cancer-related 
fertility issues (Table 9.1).

Table 9.1 Challenges faced 
when counseling cancer 
patients in developing 
countries

Challenges

Lack of communication between fertility experts and 
oncologists
Few data on experimental studies (ovarian tissue 
cryopreservation)
Few centers available for oocyte cryopreservation and 
ovarian tissue cryopreservation
Costs and lack of insurance coverage
Cultural differences and religious concerns
Fear of delay in treatment
Fear of hormonal stimulation side effects on cancer treatment
Ethical and legal challenges after cancer: disposal of gametes
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 Initiation of Discussion of Oncofertility Options

Multiple surveys on the awareness and knowledge of oncologists about FP were 
conducted, at two tertiary care centers in the Middle East. The majority of oncolo-
gists claimed discussing the issue with their patients but do not refer them to pursue 
FP prior to cancer treatment for many reasons, among which is the absence of well- 
developed fertility centers with the necessary expertise to perform oocyte cryo-
preservation [13, 14].

Fertility preservation centers are not widely available in developing countries. 
Data regarding the success of the different procedures is unavailable, making it hard 
to counsel patients on the advantages of FP. In Saudi Arabia, less than 20% of males 
are referred to reproductive endocrinologists prior to cancer treatment for sperm 
cryopreservation, 80% believe that FP is a complicated process [13, 15]. Despite the 
published guidelines by the ASCO in 2006 regarding FP recommendations [1], 
referral of eligible patients to specialists by health care providers in developed 
countries stayed less than 50% [16], expecting the percentage to be much less in 
developing countries.

We face many challenges when discussing FP options with cancer patients. 
The first challenge is related to the health care system. Oncologists in developing 
countries still face knowledge barriers that prevent a cancer patient of childbear-
ing age to have a FP discussion. They have difficulties in referring patients as 
well as explaining the most up-to-date fertility treatment options [14]. 
Communication barriers are another issue secondary to high rates of low literacy 
and different religions being not supportive of some assisted reproductive 
techniques.

 Challenges Encountered in Developing Nations

 Institutional Barriers and Late Referrals

Ideally, the discussion about various FP options should take place with a 
multidisciplinary team involving oncologists, surgeons, psychologists, and 
fertility experts upon cancer diagnosis and before any treatment plan. This is not 
the case in some countries where large specialized centers with necessary expertise 
are not available to all patients. Fertility specialists interested in FP are rare and 
are not always available due to time and geographical constraints. Some patients 
might need to travel 5–6 h before reaching a fertility preservation center. Thus, 
oncologists are not always in the best position to provide patients with various 
alternatives and make appropriate decisions and referrals. In addition, there are no 
referral standards or care plans among different pillars of FP team. Delayed 
referrals are very common in developing countries, usually within 1–2 days before 
starting chemotherapy. Counseling these patients when options are no longer 
valid is very challenging.

9 Challenges in Fertility Counseling of Cancer Patients: A Developing Nation…
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 Fear of Delay in Treatment

Oncologists do not recommend delaying cancer treatment and frequently act as a 
barrier to discussing FP options. Male patients can normally have their sperm cryo-
preserved in available facilities within a day of diagnosis. However, female patients 
require at least 2–3 weeks of ovarian stimulation to be able to cryopreserve their 
oocytes. There’s a continuous debate between oncologists and fertility experts about 
the effect of delaying treatment on worsening the clinical outcome and cancer mor-
tality. Moravek reported on long-term outcomes of cancer patients with respect to 
FP. Forty-one percent of patients pursued FP with a delay of 33 days to cancer treat-
ment compared to 19 days in patients who did not undergo FP with no significant 
difference in mortality or recurrence rates concluding about the safety and efficacy of 
the procedure and encouraging oncologists to consider and advocate FP options [17].

Moreover, various options are now available in order to decrease the delay in 
treatment. Patients are counseled about the use of random start ovarian stimulation 
protocols rather than day 3 of the period, to avoid any delays. Studies have shown 
that FP with random start protocols was not correlated with delay in treatment of 
cancer (38.1 ± 11.3 in patients who underwent FP versus 39.4 ± 18.5 days in patients 
who did not, p = 0.672) [18]. In preparation for FP, a retrospective study revealed no 
difference in oocyte yield and fertilization rates in patients undergoing random start 
ovarian stimulation versus conventional stimulation [19]. Patients are usually anx-
ious and concerned about delaying their treatment. Hence, counseling patients must 
include uncovering available data in order to avoid unnecessary nervousness due to 
delays in treatment. Oncology teams’ knowledge about random start protocols is 
necessary in order to refer patients when applicable without the fear of delaying 
cancer treatment.

 Fear of Effect of Hormonal Stimulation on Cancer Treatment

Fertility preservation specialists are challenged with questions about the effect of 
hormonal stimulation on cancer treatment. Literature data is incomplete and based 
on observational and small sample size studies. Fertility experts need to be more 
vigilant before counseling their patients on their fertility outcomes after specific 
treatments and must tailor the consult according to each patient’s plan and risk fac-
tors for infertility.

Patients apprehend FP because of the fear that hormonal stimulation may have an 
impact on their cancer treatment [13]. Cancer patients with estrogen sensitive 
tumors such as breast cancer are not usually offered FP before chemotherapy 
because of concerns about the potential risks associated with the harmful supra-
physiologic estradiol levels after controlled ovarian stimulation. However, Moraveck 
and colleagues have shown that in patients pursuing FP, hormonal stimulation did 
not have any impact on the mortality or recurrence of their disease compared to 
those who did not [17]. Protocols using aromatase inhibitors are now available in 
case of estrogen sensitive tumors [19]. The use of letrozole in combination with 
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gonadotropin treatment results in significantly lower peak estradiol levels 
(483.4 ± 278.9 versus 1464.6 ± 644.9 pg/mL, p < 0.001) with similar length of days 
of stimulation, number of embryos obtained, and fertilization rates [20]. Patients are 
now safely counseled about the effectiveness of different stimulation protocols in 
order to optimize their care and quality of life.

In addition, physicians are challenged when patients ask about the safety of this 
procedure, the thaw-survival rate for oocytes, the total number of patients who have 
previously cryopreserved in the facility as well as the survival, fertilization, and live 
birth rate per oocyte thawed for which most of the time, physicians don’t have 
enough data due to the unavailability of dedicated FP units. Furthermore, follow-up 
data is unavailable regarding the risk of congenital anomalies in children from fro-
zen oocytes. More research is needed in this regard to be able to counsel patients 
adequately.

 Lack of Insurance Coverage

Discussing the costs of FP is very challenging in this vulnerable population that 
might lack health insurance coverage [21]. Access to FP services in the developing 
world can be hindered by social, cultural, and financial constraints [22]. Fertility is 
an important issue, where sterility is stigmatized leading to social suffering for 
infertile patients. Most centers are private centers, with no health insurance cover-
age. Some insurance companies cover infertility treatments for highly educated 
couples who can provide themselves with these therapies leading to socioeconomic 
inequities in health care. A large survey conducted throughout the globe provided 
information on barriers and challenges faced by centers, including developing coun-
tries. For instance, lack of insurance coverage predominates in Egypt, with few 
resources supporting patients. As for Tunisia, insurance coverage only applies to 
patients with demonstrated infertility [23].

Unfortunately, when confronted with cancer diagnosis, many patients face the 
difficult diagnosis with a lack of financial support and insurance coverage [24]. 
A systematic review by Jones et al. found that the prohibitive cost is one of the limit-
ing factors for not pursuing FP [24]. The reproductive needs of many young cancer 
patients remain unmet for economic reasons. ASCO recommends that any patient, 
regardless of her socioeconomic status, age, prognosis, or parity, should be advised 
and counseled for FP. Disparities in access to care should be made aware by health 
care providers including oncologists and fertility experts who are committed to pro-
vide the highest level of treatment to this helpless population [2].

 Ethical and Legal Challenges After Cancer: Disposal of Gametes

Preservation of fertility raises ethical issues for fertility specialists and legal 
concerns for the society. The disposition of cryopreserved oocytes and embryos in 
the case they are not used or in the event of death is another challenge. In the absence 
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of well-established policies and laws, patients may need to make important life 
decisions before undergoing this intervention. Discussing the disposition of banked 
embryos, oocytes, and/or ovarian tissue in the event of changing relationships, 
divorce, or death in order to protect patients and their partners is not consistently 
accomplished. Standardized consents are not yet well defined. Posthumous use is 
not regularly discussed with the patient because of the delicate matter influenced by 
religion. Policies and laws are not well clear to guide the management. This falls 
into the legal system of each country, where in such cases the wishes of the person 
about disposition are honored. Many patients object specifically to embryo cryo-
preservation for religious reasons [1].

As fertility specialists practicing in a multisectoral country, we encounter 
families with different beliefs; hence performing reproductive techniques should be 
undertaken according to the different religious perspectives which respect those 
beliefs. These religious parties influence the public regarding decisions related to 
procreation and infertility treatment.

For instance, ethical issues we face in Lebanon may include the process of 
obtaining an informed consent which is critical to address before any procedure to 
avoid any ethical dilemmas in the upcoming future. Yet, patients become reluctant 
at the time of consenting especially with relation to discarding the embryos in 
case of death, positions influenced by their religious beliefs. Posthumous assisted 
reproduction is thus the most challenging to discuss in an ethical and religious 
way. Cryopreservation of embryos is permitted by Islamic figures in Iran as long 
as it happens in the contract of marriage [25]. Yet, acceptance is confronted with 
major concerns regarding ownership of gametes after death. From an Islamic 
vision, the use of previously frozen gametes or embryos is unacceptable [26]. 
However, no official regulations, policies, or laws exist to ban these procedures. 
Christian scholars have different attitudes. Assisted reproduction is forbidden by 
Vatican since moral status begins at the embryo stage, yet it is practiced by 
Protestant [27]. Cryopreserving human embryos provokes discussions about the 
moral status of the embryo according to Christian ethical norms. Yet, the different 
Christian Churches do not have specific positions on this specific issue. Thus, it is 
important to tailor the fertility consult according to the patients’ religious views 
in order to facilitate the decision-making of the individual. Religious factors 
shape the practice too in other developing countries such as in Indonesia. As an 
Islamic community, concerns about the different procedures are faced, in addition 
to the poor economic status of the country that prohibits most Indonesians from 
accessing health care [28].

Thus, respecting the autonomy of the patient and the freedom of choice may be 
important in order to provide accurate information.

While oocyte and embryo cryopreservation have been recommended as the standard 
options by the ASRM and ASCO, ovarian suppression, gonadal tissue cryopreservation 
should be offered as part of an institutional review board protocol [1, 29]. This is not 
the practice in developing nations, where these techniques are suggested and advertised 
without a prior informed consent. Another barrier to counseling about ovarian tissue 
cryopreservation is the hypothetical concern of reintroducing cancer cells and thus 
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inability to obtain healthy mature oocytes. Experts need to fully disclose the risks of 
this procedure and the uncertainty of the outcome [30].

It is complicated in view of the scarcity of true options and the short time 
available to take any decision. Moreover, few centers have validated their technique 
of oocyte cryopreservation and many are still considering it as experimental. In 
view of the above challenges, patients need to cope with these technical uncertainties 
which might interfere with their decision.

 Cultural Barriers in Counseling

The complexity of consultations involving counseling about FP is magnified by the 
cultural beliefs.

One of the cultural challenges faced in developing countries is the ovum pick-up 
being an invasive procedure, done vaginally under ultrasound guidance. In many 
developing countries, vaginal examination in non-sexually active patients is prohib-
ited for cultural and religious reasons [31]. This makes it challenging for physicians 
to discuss the potential loss of hymeneal integrity in favor of freezing their eggs. In 
Egypt, reproductive endocrinologists counsel non-sexually active patients about 
trans-rectal egg collection, despite the risk of infection and bleeding just to avoid 
the disruption of the hymen (Unpublished data, Hesham Al-Inany, Middle East 
Fertility Society 2018). In addition, Tunisian female patients are hesitant in pursuing 
egg cryopreservation because of the fear of loss of virginity [11]. This is one of the 
observed challenges we have seen in our center; however, there is no available sci-
entific data to support it.

In addition, the emotional state of the parents upon the cancer diagnosis may 
affect their judgement about the importance of FP focusing on survivorship instead 
of quality of life. The seriousness of the topic may necessitate several consultations 
with the family. Selecting appropriate terminology is always challenging for experts 
and essential in influencing decision’s making of adolescents and their parents.

 Conclusion

Counseling cancer patients for FP options requires dedication, expertise, as well as 
economic support and adequate institutional facilities. The main objective is to 
improve the quality of life for cancer survivors by coordinating the work of a mul-
tidisciplinary team. Oncologists are still slow in referring patients for FP discus-
sions. In developing nations, many physicians are not used to involving patients in 
the decision-making process, where the whole family might be involved in the con-
sultation. Consequently, reproductive concerns are not always addressed. In addi-
tion, dedicated fertility clinics are not widely available because of economic reasons. 
Considerable efforts and resources are needed to these communities in order to train 
oncology professionals and health care providers regarding fertility issues with 
patients, emphasizing open communication and early disclosure. Institutional 
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practices, insurance coverage, and health care policies affect FP discussion with 
cancer patients. Young cancer patients need to have adequate financial aid to cover 
FP services including expensive hormonal stimulation and technical procedures; 
oocyte collection and egg freezing. The ultimate goal is to improve the quality of 
life in cancer survivors by improving the access to FP options, coordination between 
the different medical teams, while paying special attention to ethical and legal issues 
set by national and institutional laws.

Writing this chapter was a real challenge since FP options were recently 
introduced in this area of the world. In view of the fact that few studies were 
conducted in developing countries showing lack of awareness and knowledge 
toward FP, adequate research and structured serious awareness campaigns are 
urgently needed.
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10Ovarian Stimulation in Women 
with Breast Cancer

Volkan Turan and Kutluk Oktay

 Introduction

Breast cancer is the most common malignant tumor diagnosed in women, with 
7–10% of cases before the age of 40 years [1]. Every year, an increasing number of 
women with breast cancer is successfully treated with cytotoxic chemotherapy and/
or radiotherapy. Although the treatments significantly reduce the mortality rates, the 
long-term consequences of gonadal toxicity include premature ovarian insufficiency 
and infertility [2]. In addition to the gonadotoxicity of chemotherapy, women who 
are on tamoxifen treatment are now asked to delay childbearing for the duration of 
treatment which could be as long as 10 years. Adding the aging-related decline in 
ovarian reserve to chemotherapy-induced damage, most women with breast cancer 
are at risk of living childless or not having reached the size of family that they have 
desired [3]. As a result, fertility preservation gains utmost importance in these 
patients.

 Cancer Treatment and Ovary

The impact of the treatment on ovarian function depends on the age, ovarian reserve, 
and the type and dose of the chemotherapeutic agents. Alkylating agents are associ-
ated with highest risk of gonadotoxicity, which is widely used in combination with 
other chemotherapeutic agents for the treatment of breast cancer. While 
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anthracyclines have a moderate risk, antimetabolites such as 5-fluorouracil is asso-
ciated with low gonadal toxicity [4]. The rates of acute premature ovarian failure 
according to chemotherapy protocol used and women age in breast cancer were 
shown in Fig. 10.1. While acute premature ovarian failure rate was between 18% 
and 61% under the age of 40, more than 74% of the women over the age of 40 has 
been shown to be amenorrheic after the treatment [5–10].

Although most of the studies assessed the ovarian function based on the men-
strual pattern, the resumption of menstruation is not associated with intact ovarian 
reserve and these women will always have a high risk of developing premature 
menopause during their later reproductive life. Therefore, studies have been per-
formed to find out the best marker to show the long-term ovarian function following 
chemotherapy. Although serum anti-Müllerian hormone (AMH) levels are predic-
tive of ovarian function postchemotherapy and age at menopause, more research is 
required to find out their predictive value on pregnancy rates [11].

 Fertility Preservation Options

The options for fertility preservation in women vary depending on the patient’s 
age, ovarian reserve, window of time available before treatment starts, and mar-
riage status. Controlled ovarian stimulation followed by in vitro fertilization (IVF) 
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for embryo and oocyte cryopreservation are the established methods recom-
mended by American Society of Clinical Oncology (ASCO), although ovarian 
tissue cryopreservation is currently being removed from experimental category 
for fertility preservation around the world [12]. Fertility preservation strategies 
have been well covered in the recent update of ASCO Clinical Guidelines for 
Fertility Preservation and they will not be detailed here. We will only briefly touch 
upon ovarian cryopreservation before focusing on ovarian stimulation for oocyte/
embryo cryopreservation.

 Ovarian Tissue Cryopreservation

Since the performance of first successful ovarian transplantation procedure by 
Oktay and Karlikaya, more than 100 children have been born worldwide after this 
technique [13, 14]. Ovarian tissue cryopreservation is a strong alternative to oocyte/
embryo cryopreservation, given that it does not require a delay for ovarian stimula-
tion and can be performed as an outpatient laparoscopic procedure. Breast cancer 
metastasis to ovarian tissue is extremely unlikely in stage III or earlier breast can-
cer and hence this is not a real concern [15]. One concern is risk of ovarian cancer 
in cryopreserved and transplanted ovarian tissue in women carrying BRCA and 
other mutations of the genes from the same DNA repair pathway, especially if 
these mutations were also associated with increased ovarian cancer risk. However, 
it is probable that if the ovarian tissue was cryopreserved at a young age when the 
risk of cancer was low, the risk will be similarly low when the tissue transplanted 
back. In that case, the tissue can be removed as soon as the desired outcome is 
achieved in the transplant recipient, similar to performing an RRSO in women car-
rying high- risk mutations [16].

 Embryo and Oocyte Cryopreservation

Although embryo cryopreservation has been used worldwide at least for more than 
30 years, oocyte cryopreservation was removed from the experimental category in 
2013 by the American Society of Reproductive Medicine [17]. Controlled ovarian 
stimulation is typically required before the oocyte retrieval for both approaches, 
which lasts for about 2 weeks. Given that the women with breast cancer typically 
have an interval of 6–8 weeks between surgery and the initiation of adjuvant chemo-
therapy, and that random start ovarian stimulation methods enable initiation of the 
treatment at any time during the menstrual cycle, ovarian stimulation is practical in 
most women with breast cancer. Although historically embryo cryopreservation has 
been preferred for women with partners, because of the flexibility and autonomy 
that it offers to women and given its rising success rates, egg freezing is also consid-
ered as a nearly equivalent option even among those who are not single. Most stud-
ies have shown significantly high post-thaw survival rates (more than 90%) for 
embryos and oocytes with the development of cryopreservation techniques [18] 
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though blastocyst embryo development rates and pregnancy rates still remain lower 
for egg freezing than embryo freezing [19]. Hence, even women with partners 
should be counseled on both egg and embryo freezing.

 Ovarian Stimulation in Women with Breast Cancer

Conventional ovarian stimulation protocols lead to a significant increase in peak 
serum estradiol levels, which can induce breast cancer cell proliferation and dis-
semination [20]. Until about a decade ago, women with breast cancer were usu-
ally offered natural cycle IVF, which resulted on average 0.6 embryos per cycle 
[21]. As an improvement to natural cycle stimulation, Oktay et  al. first used 
tamoxifen, a selective estrogen receptor blocker, for ovarian stimulation which 
resulted in increased number of embryo recovery per patient [21]. Subsequently, 
Oktay et al. combined tamoxifen with gonadotropins and later introduced the aro-
matase inhibitor protocol with gonadotropins [22]. The latter protocol in general 
resulted in larger number of oocytes and embryos being cryopreserved and hence 
become the protocol of choice [22]. However, we still use tamoxifen protocol in 
patients who cannot tolerate aromatase inhibitors or who are already on tamoxifen 
for breast cancer treatment and wish to preserve oocytes and embryos without 
discontinuing them.

Later, the letrozole-gonadotropin stimulation protocol was further improved by 
the substitution of hCG trigger with GnRH analog trigger, further reducing the risk 
of estrogen exposure, ovarian hyperstimulation, and false positive pregnancy tests 
before chemotherapy. In this protocol, letrozole 5 mg/day is initiated on cycle day 2 
followed by gonadotropins, 150–450 IU/day on cycle day 4 (Fig. 10.2). The letro-
zole treatment is then continued throughout the stimulation. To prevent a premature 
luteinizing hormone (LH) surge, patients are given 0.25  mg/day of a GnRH 

Gonadotropins
Letrozole

GnRH ant

Tamoxifen

Cycle days

Cycle days

Trigger

*Trigger

Oocyte retrieval

Oocyte retrievala

b

Letrozole

GnRH ant
Gonadotropins

*

4 8 12

4 8 12

Fig. 10.2 Ovarian 
stimulation with 
tamoxifen-gonadotropin 
(a) and letrozole- 
gonadotropin (b) in women 
with breast cancer. ∗ If 
using a GnRHa trigger, 
there is no need to restart 
letrozole in the luteal phase

V. Turan and K. Oktay



109

antagonist when the lead follicle size reached ≥13 mm mean diameter; this dose is 
continued until the trigger day. When at least two follicles reached at least 20–21 mm 
in diameter, oocyte maturation is triggered with leuprolide acetate. Letrozole is dis-
continued on the day of trigger. Transvaginal ultrasound-guided oocyte retrieval is 
performed 35 h after the trigger. If an hCG trigger is used instead of the GnRHa, the 
estradiol (E2) measurement is repeated 3 days after oocyte retrieval in patients trig-
gered by hCG and if the E2 level is >250 pg/mL, letrozole is continued for approxi-
mately 3–6  days until the E2 levels decreased to <50  pg/mL.  Post retrieval E2 
monitoring and letrozole treatment are not necessary for women who are triggered 
with GnRHa as this results in a sharp decline in E2 levels within 48 h.

There are some differences in letrozole protocols compared to standard, as the 
follicle size for trigger needs to be about 2–3 mm larger as we have found to avoid 
retrieving high percentage of immature oocytes [22, 23]. This difference in trigger 
size is due to the fact that letrozole results in the earlier antral space formation and 
hence the length of stimulation is similar to standard protocols [24]. The cycle 
outcomes from letrozole protocols are in fact equal or better than standard proto-
cols in cancer patients. In a one-of-a-kind study assessing the impact of letrozole 
on cycle outcomes in cancer patients, we compared the cycle outcomes in 145 
patients stimulated with an antagonist protocol either using letrozole combined 
with gonadotropins (breast cancer, n = 118) or gonadotropin alone (other cancer 
types, n = 24). After adjusting for age, body mass index, baseline FSH level, and 
BRCA status, letrozole combined with gonadotropin protocol resulted in higher 
number of total oocytes (95% confidence interval [CI]: 1.9–3.6; p = 0.002), mature 
oocyte (95% CI: 0.3–1.4; p  =  0.028), and embryo yield (95% CI: 0.7–1.4; 
p = 0.015) [25].

hCG trigger carries the risk of ovarian hyperstimulation syndrome (OHSS) 
which may delay the initiation of chemotherapy in cancer patients. In addition, due 
to its longer half-life compared with endogenous LH, it can induce endogenous 
production of estrogen which is not desirable in breast cancer patients. Therefore in 
recent years, GnRH agonist was widely used by clinicians to achieve a greater and 
faster decline in estradiol levels without effecting cycle outcomes [26]. In a recent 
study [27], we analyzed the cycle outcomes and the incidence of ovarian hyper-
stimulation syndrome (OHSS) when oocyte maturation was triggered by GnRH 
agonist versus hCG in breast cancer patients undergoing fertility preservation and 
concluded that GnRH agonist trigger improved cycle outcomes via increasing num-
ber of mature oocytes, while significantly reducing the risk of OHSS in breast can-
cer patients undergoing fertility preservation.

Early counseling and referral for ovarian stimulation may further enhance suc-
cess rates. We analyzed cycle outcomes based on referral before or after breast 
surgery [28]. We found that women who were referred pre-breast surgery initiated 
chemotherapy on average 24 days earlier compared to those referred post-surgery. 
In addition, earlier counseling and initiation of cryopreservation cycles enabled us 
to perform two consecutive ovarian stimulation cycles without any delay in chemo-
therapy treatment in a larger number of women referred before surgery, resulting in 
higher yield of embryos/oocytes cryopreserved [28, 29].
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In setting of a late referral, to prevent delay in cancer treatment, we developed 
random start ovarian stimulation protocols, where the ovarian stimulation can be 
initiated regardless of the menstrual cycle day [30]. This approach is based on the 
fact that there is a cohort of follicles developing at any given day of the cycle, fol-
licular or luteal phase, for most women which can be stimulated [31]. Gonadotropins 
are started randomly with or without antagonists depending on the stage of the cycle 
and presence or absence of a large preovulatory follicle. In addition, luteal phase 
start ovarian stimulation can be performed after the retrieval of dominant follicle in 
patients whose initial visit is during late follicular phase. Cycle outcomes after ran-
dom start ovarian stimulation protocol was found as effective as conventional pro-
tocol in the studies [30, 32].

 Ovarian Response to Stimulation

Because cancer is associated with increased states of catabolism and malnutrition, 
it has been hypothesized that ovarian response to stimulation may be altered [33–
36]. Although some reports have suggested a lower response to ovarian stimulation 
in cancer patients compared to controls [33, 34], others could not confirm those 
finding [35, 36]. We have recently performed a meta-analysis of ten case-controlled 
studies and concluded that a cancer diagnosis is not associated with reduced 
response to ovarian stimulation. Subgroup analysis of women with breast cancer 
also yielded similar results. While, other than in women with BRCA mutations, a 
cancer diagnosis does not seem to result in poorer fertility preservation outcomes, 
further research may be required due to heterogeneity among the studies analyzed 
in our meta-analysis [37].

 Pregnancy and Perinatal Outcomes

The largest prospective study regarding clinical outcomes has been published by 
Oktay et al., suggesting that pregnancy rates of women with breast cancer were 
comparable to those expected in a noncancer population undergoing in  vitro 
fertilization [38]. In that study, of the 131 women undergoing embryo cryo-
preservation, 33 returned to have frozen embryo transfer at a median 5.25 years 
(range, 2–8.2 years) after oocyte retrieval. Seventeen of the 33 women attempt-
ing pregnancy had at least one child with embryos, translating into a fertility 
preservation rate of 51.5% per attempting woman. Although the sample size was 
limited, no minor or major fetal malformations or developmental abnormalities 
were detected after a mean follow-up of more than 3 years. In another study 
using letrozole as an ovulation induction agent, the authors found no evidence 
that the exposure of the oocytes to letrozole increases congenital birth defects 
[38, 39]. Teratogenicity is not plausible in the fertility preservation setting as 
oocytes are retrieved and fertilized in  vitro and cryopreserved. Embryos are 
never exposed to letrozole.
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 Safety of Ovarian Stimulation

We have performed several studies on the impact of letrozole-IVF protocols on 
relapse-free survival in women with breast cancer. In the first study, we investigated 
the safety of fertility preservation via controlled ovarian stimulation with letrozole 
in women with breast cancer after a median follow-up of 23.4 months (range, 7.5–
63.6 months) and found that the survival was not compromised compared with con-
trols [40]. In the second study [41], we investigated the long-term safety of fertility 
preservation via controlled ovarian stimulation with letrozole. In that study, 120 
women with non-metastatic breast cancer who elected to undergo ovarian stimula-
tion with letrozole for fertility preservation prior to chemotherapy were compared 
to 217 women with breast cancer who chose not to undergo any fertility preserva-
tion procedures and served as controls. No significant differences were found in the 
relapse-free survival and recurrence rates between the two groups after a mean fol-
low- up of 5.0 ± 2.1 years (range 1–13 years). Neither BRCA gene mutation status 
nor undergoing fertility preservation before or after breast surgery affected survival 
outcomes. Based on these studies, ovarian stimulation with concurrent use of letro-
zole seems to provide a safe fertility preservation option to women with breast can-
cer even though longer term follow-up may strengthen these conclusions.

 Special Case of Women with BRCA Mutations: Accelerated 
Ovarian Aging

BRCA genes play a key role in double-strand DNA break repair via homologous 
recombination [42]. In 2008, Oktay et al. made the first observation that women 
with BRCA mutations, especially those with BRCA1, may show lower response to 
ovarian stimulation compared to those who tested negative for those mutations [43]. 
Oktay laboratory also showed that women with BRCA1 mutations have lower AMH 
levels compared to controls [44]. The finding of diminished ovarian reserve in 
women with BRCA mutations was strengthened by multiple reports of earlier age at 
natural menopause in carriers as well as lower serum AMH levels [44–47]. 
Furthermore, we showed that women with BRCA mutations have lower primordial 
follicle counts in their ovarian tissue and their follicles accumulate significantly 
more DNA damage than those of controls [48]. In a recent study, we further con-
firmed that women with BRCA mutations and breast cancer yield fewer oocytes; 
those with BRCA mutations produced fewer oocytes (16.4 ± 7.7 vs. 11.0 ± 8.0; 
p = 0.01) and embryos (8.2 ± 4.7 vs. 5.1 ± 4.4, p = 0.01) compared to those who 
were BRCA negative [25].

Women with BRCA mutations may face a double whammy. First they have 
lower ovarian reserve to begin with, and after chemotherapy, they may be at higher 
risk of premature ovarian insufficiency compared to other women. Second, given 
both cyclophosphamide and doxorubicin damage primordial follicles by inducing 
double-strand DNA breaks (DSBs) in oocytes [49], a diminished DNA repair mech-
anism secondary to BRCA mutations may result in a higher extent of follicle reserve 
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loss after chemotherapy [50]. Hence, fertility preservation via embryo or oocyte 
cryopreservation should be further emphasized among those women. Further, if 
women with BRCA mutations undergo embryo cryopreservation, their embryos 
could be screened for those mutations to eliminate propagation of these mutations 
to next generations. Finally, there are more pathogenic mutations being identified in 
the double-strand DNA break repair pathway. Currently, we do not have any clinical 
data to determine if they too are associated with accelerated ovarian aging. However, 
our laboratory showed that essentially all genes in the same pathway play critical 
role in oocyte aging and future research may show that mutations in the genes such 
as CHK1, PALB2, BRIP1, and TP53 may also out women with breast cancer at 
reproductive disadvantage [51].

 Conclusion

In conclusion, women with breast cancer require special attention for fertility pres-
ervation due to potential hormone sensitive nature of their neoplasm and the fact 
that BRCA and other pathogenic mutations may put them at reproductive disadvan-
tage. Embryo and oocyte cryopreservation are the most common fertility preserva-
tion options but they both typically require controlled ovarian stimulation. The 
stimulation protocol using letrozole plus gonadotropins seems to be effective and 
safe in this population because it does not allow estrogen levels to rise to those seen 
with standard stimulation protocols. Random start ovarian stimulation protocols can 
be used for women who have time constraints before chemotherapy, with similar 
success to conventional ovarian stimulation protocols. Future areas of research 
should include further studies regarding pregnancy and perinatal outcomes follow-
ing the transfer of embryos generated with the aromatase inhibitor protocols and the 
association of BRCA mutations with ovarian aging.
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 Fertility Aspects in Young Women with Breast Cancer

Breast cancer in young women ≤40  years represents a significant proportion of 
breast cancer cases, ranging from 5% in countries such as the United States and 
Canada to 11% in Latin American countries and 26% in Sub-Saharan Africa [1]. 
These patients are often diagnosed with more advanced disease [2, 3] and, thus, 
frequently undergo aggressive and prolonged treatment regimens with considerable 
morbidity and psychosocial repercussions.

Premature ovarian failure (POF) represents a possible side effect of chemother-
apy administration in these patients [4] and is associated with significant adverse 
effects such as infertility [5]. This represents a major concern, as late or delayed 
pregnancy is increasingly encountered nowadays among working-class women 
around the world [6, 7]. This issue often leads to psychological distress and anxiety 
[8–10] and may impact patients’ choice and adherence to treatment, with 
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subsequent suboptimal disease outcomes [11]. Recent studies have shown that 
approximately half of the young women with newly diagnosed breast cancer are 
worried about the possible treatment-related loss of fertility and ovarian function, 
and similarly the same proportion desire to have a future pregnancy [8, 11–13]. 
However, only less than 10% manage to become pregnant later on [14].

Currently approved strategies for fertility preservation in young breast cancer 
patients include embryo, oocyte, and ovarian tissue cryopreservation [15, 16]. 
However, these options are not universally available [17] and do not prevent the 
development of chemotherapy-induced POF.  In recent years, temporary ovarian 
suppression with the administration of gonadotropin-releasing hormone agonists 
(GnRHa) concomitantly with chemotherapy emerged as a possible tool to preserve 
ovarian function in premenopausal patients and, thus, improve their chances of 
future pregnancies [18]. Although the mechanism of action for the protective effect 
of temporary ovarian suppression with GnRHa during chemotherapy is not com-
pletely understood, existing theories suggest a direct protective effect by prevent-
ing apoptosis [19] and an indirect effect by promoting a prepubertal hormonal state 
in which follicles remain quiescent and less vulnerable to chemotherapy-induced 
toxicity [20].

 Randomized Controlled-Trials that Evaluate the Role of GnRHa 
on Ovarian Protection/Fertility Preservation in Breast Cancer

To date, 14 randomized controlled-trials have addressed the protective role of tem-
porary ovarian suppression with GnRHa in young women with breast cancer. 
Table  11.1 summarizes these studies. Median patient age ranged from 29.9 to 
46 years, with most trials having a median close to 40 years. The most commonly 
used chemotherapy regimens were anthracyline- and cyclophosphamide-based. 
Goserelin was the administered GnRHa in eight trials, triptorelin in five, and leup-
rolide acetate in one.

Some of the main differences between studies that have evaluated the efficacy of 
GnRHa as an ovarian-protection strategy are the POF definition and time-point 
evaluation used in each trial. Most of the studies used amenorrhea as the definition 
of POF, with the timing of the evaluation ranging from 6 to 36 months [21–28]. 
Some others defined POF as the presence of amenorrhea and postmenopausal levels 
of FSH ± E2 at 12–24 months [29–33], while one study extended the timing of 
evaluation up to 72 months [34]. Lastly, one study defined POF as amenorrhea and 
no resumption of ovulation at 8 months [35].

 Impact of GnRHa on POF

Ten out of the 14 randomized controlled trials evaluating the impact of GnRHa on 
POF showed a protective effect of GnRHa on ovarian function when given along 
with chemotherapy in premenopausal patients. Notably, three out of four of the 
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largest studies (more than 200 patients included) showed a significant reduction of 
POF in patients given GnRHa. Specifically, the three largest trials [31–33] reported 
very similar results, with a significant 15% reduction of POF rates, thus reducing to 
less than 10% the incidence of chemotherapy-induced POF in patients treated with 
GnRHa concurrently with chemotherapy.

 Pregnancy Rates Following GnRHa Use

To date, few studies have addressed the impact of GnRHa as a fertility-preservation 
strategy. The scarcity of information regarding posttreatment pregnancies might be 
explained by the small sample sizes and short follow-up. Only six studies have 
reported posttreatment pregnancy rates [23, 25, 26, 31–33], with only one of them 
having established this outcome as a preplanned secondary endpoint [32]. Four of 
these studies reported more pregnancies in the GnRHa group. However, only one of 
them yielded statistically significant results.

In the POEMS/SWOG S0230 study, which included 218 patients, the 5-year 
cumulative incidence of pregnancy was 23.1% in the GnRHa group vs. 12.2% in the 
chemotherapy-alone group (OR 2.34; 95% CI, 1.07–5.11; p  =  0.03). Notably, 
patients who became pregnant were younger than those who did not (median age 
32.9 years vs. 39.6 years, p < 0.001). Additionally, more patients in the GnRHa 
group than in the chemotherapy-alone group successfully delivered one or more 
babies (18 vs. 12, p = 0.05) [32].

 Long-Term Breast Cancer Outcomes Following GnRHa Use

To date, three randomized controlled trials have reported disease-free survival 
(DFS) events in breast cancer patients treated with GnRHa along with chemother-
apy for ovarian protection. In the POEMS/SWOG S0230 trial, the 5-year DFS was 
88.1% in the GnRHa group vs. 78.6% in the chemotherapy-alone group (HR 0.55; 
95% CI, 0.27–1.10; p = 0.09). Furthermore, 5-year overall survival (OS) was 91.7% 
in the GnRHa group vs. 83.1% in the chemotherapy-alone group (HR, 0.45; 95% 
CI, 0.19–1.04; p  =  0.06) [32]. Similar 5-year outcomes were observed in the 
PROMISE study [31], and the most recently randomized trial reported by Zhang 
et al. [34].

 Critical Analysis of Current Evidence

Up to now, eight meta-analyses have been conducted to summarize the results 
from the existing randomized controlled trials performed to assess the clinical 
efficacy of temporary ovarian suppression with GnRHa during chemotherapy for 
ovarian protection and fertility preservation exclusively in breast cancer patients 
[36–43] (Table  11.2). Findings were rather consistent showing that the 
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coadministration of GnRHa with chemotherapy significantly reduces the risk of 
chemotherapy-induced POF.

In the most recent and robust meta-analysis, Lambertini et al. analyzed individ-
ual patient-level data, including five randomized controlled trials and 873 patients. 
They found that 51 (14.1%) of 363 patients in the GnRHa group developed POF, as 
compared with 111 (30.9%) of 359 in the control group (OR 0.38; 95% CI, 0.26–
0.57; p < 0.001). Notably, only treatment with GnRHa (OR 0.38; 95% CI, 0.26–
0.57; p  <  0.001) and younger age at diagnosis (OR 0.35; 95% CI, 0.24–0.52; 
p  <  .001) were significantly associated with a reduced risk of developing 
chemotherapy- induced POF [36]. Furthermore, 10.3% of patients had at least one 
posttreatment pregnancy in the GnRHa group and 5.5% in the control group (IRR, 
1.83; 95% CI, 1.06–3.15; p = 0.030) [39].

Table 11.2 Meta-analyses evaluating temporary ovarian suppression with GnRHa during chemo-
therapy in breast cancer patients

Authors
Number of 
included RCT

Number of 
patients Main results

Yang et al. 
(2013)

5 528 POF RR 0.40, 95% CI 0.21–0.75
Pregnancy RR 0.96, 95% CI 0.20–4.56

Wang et al. 
(2013)

7 677 POF OR 2.83, 95% CI 1.52–5.25

Shen et al. 
(2015)

11 1062 POF 30% vs. 45%; OR 2.57, 95% CI 
1.65–4.01, p < 0.0001
Pregnancies 26 (9%) vs. 16 (6%); OR 
1.77, 95% CI 0.92–3.40, p = 0.09

Lambertini 
et al. (2015)

12 1231 POF 19% vs. 34%; OR 0.36, 95% CI 
0.23–0.57, p < 0.001
Pregnancies 33 (9%) vs. 19 (6%); OR 
1.83, 95% CI 1.02–3.28, p = 0.041
DFS HR 1.00, 95% CI 0.49–2.04, 
p = 0.939

Munhoz et al. 
(2016)

7 856 POF at 6 months: 26% vs. 43%; OR 2.41, 
95% CI 1.40–4.15
POF at 12–24 months: 26% vs. 37%; OR 
1.85, 95% CI 1.33–2.59
Pregnancy OR 1.85, 95% CI 1.02–3.36

Silva et al. 
(2016)

7 1002 POF 26% vs. 39%; OR 2.03, 95% CI 
1.18–3.47

Bai et al. (2017) 15 1540 POF 23% vs. 43%; OR 1.36, 95% CI 
1.19–1.56
Pregnancies 34 (7%) vs. 19 (4%); OR 
1.90, 95% CI 1.06–3.41

Lambertini 
et al. (2018)

5 873 POF 14% vs. 31%; OR 0.38, 95% CI 
0.26–0.57
Pregnancies 37 (10%) vs. 20 (6%); IRR 
1.83, 95% CI 1.06–3.15

GnRHa gonadotropin-releasing hormone agonists, RCT randomized controlled trials, POF prema-
ture ovarian failure, RR relative risk, OR odds ratio, CI confidence interval, DFS disease-free 
survival
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On the other hand, GnRHa administration was associated with a significantly 
higher incidence of hot flashes and sweating, although the majority was of grade 1 
or 2 in intensity [30–32]. This should be taken into account when considering the 
use of these agents.

While available data support considering the use of GnRHa to reduce the risk of 
POF, current evidence has some limitations that should be contemplated when 
counseling young women on their fertility preservation methods. This includes the 
different definitions of POF that were used in different trials and the short length of 
follow-up, which hinders the reliable determination of the long-term impact of 
GnRHa on preservation of ovarian function and fertility. Furthermore, previous 
studies have shown that women who receive chemotherapy are destined to develop 
early menopause [44]. Whether the concomitant administration of GnRHa could 
avoid this phenomenon still remains unknown. Of note, in all randomized trials 
evaluating the role of GnRHa, the primary endpoint was based on resuming menses 
(i.e., one or two consecutive menstrual cycle), but no follow-up was adopted to 
evaluate the durability of menstruation afterwards. Finally, none of the randomized 
trials reported the impact of GnRHa on ovarian reserve and anti-Müllerian hormone 
(AMH) levels. Such data, if available, would help strengthen the role of GnRHa as 
a reliable method to preserve ovarian function and fertility.

 International Guidelines and Recommendations

Several international guidelines have addressed the use of GnRHa as a strategy to 
preserve fertility in young breast cancer patients receiving chemotherapy 
(Table 11.3). According to the ESO-ESMO 3rd International Consensus Guidelines 

Table 11.3 Current clinical guidelines and main recommendations

International 
guidelines Recommendation
ESO-ESMO 
(BCY3)
Paluch- Shimon 
et al. (2017)

The use of GnRHa concomitant with adjuvant chemotherapy should be 
discussed on a case by case basis to preserve ovarian function and possibly 
fertility

AIOM
Lambertini et al. 
(2017)

Temporary ovarian suppression with GnRHa during chemotherapy should 
be recommended to all premenopausal breast cancer patients undergoing 
chemotherapy who are interested in ovarian function and/or fertility 
preservation

ASCO 
guidelines
Oktay et al. 
(2018)

There is conflicting evidence to recommend GnRHa and other means of 
ovarian suppression for fertility preservation. GnRHa may be offered to 
young women with breast cancer in the hope of reducing the likelihood of 
chemotherapy-induced ovarian insufficiency, when proven fertility 
preservation methods such as oocyte, embryo, or ovarian tissue 
cryopreservation are not feasible

GnRHa gonadotropin-releasing hormone agonists
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for Breast Cancer in Young Women (BCY3) published in 2017, GnRHa, when used 
concomitantly with adjuvant chemotherapy, appear to preserve ovarian function, 
reducing the risk of early menopause and increasing the chances for future fertility, 
and should be discussed as an option with all patients interested in fertility preserva-
tion who are candidates for chemotherapy, irrespective of tumor subtype [15].

A second European organization, the Italian Association of Medical Oncology 
(AIOM), reached a similar conclusion after analyzing the current evidence. The 
AIOM stated that temporary ovarian suppression with GnRHa during chemother-
apy should be recommended to all premenopausal breast cancer patients undergo-
ing chemotherapy who are interested in ovarian function and/or fertility preservation, 
as this strategy reduced the risk of developing POF by approximately 50% and the 
possible harms of such treatment are known and clinically small in relation to the 
expected benefit [45].

On the other hand, the American Society of Clinical Oncology (ASCO) guide-
lines were rather more conservative indicating that when proven fertility preserva-
tion methods are not feasible, GnRHa may be offered to patients in the hope of 
reducing the likelihood of chemotherapy-induced ovarian insufficiency but should 
not be used in place of proven fertility preservation methods [16].

 Physicians’ Knowledge and Current Use

To date, limited information is available on physicians’ attitudes and knowledge 
towards fertility counseling of young breast cancer patients. A large survey includ-
ing around 250 breast cancer specialists mostly from Europe showed that the risk of 
treatment-induced POF and infertility is often discussed prior to starting therapy 
[46]. The same observation was reported by another survey performed in Latin 
America, in which nearly 80% of physicians reported taking into account patients’ 
interests in fertility preservation for treatment planning [47].

In two European surveys, at least 80% of physicians confirmed that ovarian 
suppression with GnRHa during chemotherapy is the most suggested strategy for 
fertility preservation [46, 48]. This was not the case in a survey performed in 
Mexico, in which only 41% of physicians considered GnRHa application during 
chemotherapy as a safe procedure [47]. This highlights the discrepancy in appre-
ciating the role of GnRHa as a reliable means to preserve fertility in different parts 
of the world. As for patients’ preference of fertility preservation strategies, results 
of the pilot phase of the Italian PREgnancy and FERtility (PREFER) study 
reported that, among 92 interviewed patients diagnosed at 40 years, 86 (93.5%) 
took active steps towards the offered strategies for ovarian function and/or fertility 
preservation by accepting the use of temporary ovarian suppression with GnRHa 
during chemotherapy (75 women, 81.5%), both temporary ovarian suppression 
with GnRHa and cryopreservation strategies (10, 10.9%), or cryopreservation 
strategies alone (1, 1.1%) [49].
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 Challenges in the Use of GnRH in Routine Practice

Despite the evidence stating that GnRHa administered concomitantly with chemo-
therapy is a viable option for fertility preservation in breast cancer patients, several 
barriers limit its use.

Studies have demonstrated that oncologists at times do not provide patients with 
the information they need before administering fertility-compromising therapies 
[50, 51]. Possible explanations for physicians’ inconsistent disclosure of infertility 
risks include the high proportion of advanced breast cancer cases in young women, 
the concern of delaying cancer treatment if fertility preservation is pursued, the lack 
of knowledge on the effects of systemic therapy on fertility, and the concern about 
the effect of pregnancy on breast cancer prognosis [17]. Another study has shown 
that the main factors preventing access to fertility preservation procedures were 
patient-related factors (including age, social status, education, relationship status, 
prior children, and cancer prognosis), lack of collaboration with a specialized fertil-
ity center, resistance of the medical team to potentially delay chemotherapy, poor 
knowledge about these techniques, and resistance of the medical team to allow 
pregnancy after breast cancer or to use controlled ovarian stimulation [46].

Furthermore, as the cost of administering GnRHa for 6 months during chemo-
therapy is approximately 1000 US dollars, this represents a significant out-of-pocket 
expense for patients, as fertility preservation procedures are very often not covered 
by healthcare insurance [17]. In a survey answered by members of the Oncofertility 
Consortium Global Partners Network, the most commonly identified barriers for 
fertility preservation were lack of insurance coverage and significant financial bur-
den for patients (both 62%) [52]. As a consequence, in countries where fertility 
preservation depends on the individual capacity to afford its coverage, the access to 
these procedures will likely remain low [17].

Currently, the Italian Ministry of Health and the Australian Pharmaceutical 
Benefits Scheme have endorsed the coverage of the 6-month treatment with GnRHa 
during chemotherapy to preserve ovarian function and fertility [45, 49]. Furthermore, 
we believe that the implementation of support programs dedicated to young breast 
cancer patients can help address important quality of life issues, such as future preg-
nancies desire, and promote fertility preservation strategies among patients and pro-
viders [53–55].

 Conclusion

Concomitant administration of GnRHa with chemotherapy reduced POF and could 
potentially increase the chance of future pregnancies. We believe that current data 
supports the use of GnRHa as a possible option for fertility preservation, especially 
when standard strategies are not readily available. However, while reported preg-
nancy rates in patients treated with GnRHa concomitantly with chemotherapy 
appear higher, absolute numbers remain low and more studies are needed to 
strengthen this observation.
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12Fertility and Pregnancy Counseling 
of Breast Cancer Patients with Germline 
BRCA Mutations

Margherita Condorelli and Matteo Lambertini

 Introduction

Irrespective of their family history, approximately 12% of breast cancer cases 
 diagnosed in women under the age of 40 are hereditary tumors secondary to the 
presence of germline deleterious mutations in the breast cancer susceptibility genes 
BRCA1 or BRCA2 [1, 2]. Due to the significant cumulative lifetime risk of develop-
ing not only breast tumors but also ovarian cancer and other malignancies [3], car-
rying a germline deleterious BRCA mutation has a major impact on patients’ 
management in terms of prevention, diagnosis, and treatment. Notably, among these 
clinical implications, the indication to undergo risk-reducing salpingo- oophorectomy 
at a young age (before the age of 40–45  years) has a direct negative impact on 
patients’ fertility and family planning [4].

According to current guidelines, all young women diagnosed with breast cancer 
under the age of 40 should be offered genetic counseling before starting treatment 
and tested at least for the BRCA1 and BRCA2 genes [5]. In addition, based on the 
recent widespread use of rapid multigene panel sequencing technologies in germ-
line risk assessment [6], it is expected that a growing number of breast cancer 
patients will be aware of their BRCA status or the potential presence of germline 
deleterious mutations in other susceptibility cancer genes at the time of oncofertility 
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counseling. Therefore, an increased awareness and attention should be paid to fertil-
ity and pregnancy-related issues in young women with BRCA-mutated breast cancer 
as well as in patients with other hereditary cancer syndromes.

Based on both the unique features and needs of these patients, as well as the 
limited evidence on the performance of fertility preservation strategies and on the 
safety of having a pregnancy following the end of anticancer treatments, oncofertil-
ity counseling is particularly complex in young women with newly diagnosed 
BRCA-mutated breast cancer [7]. This chapter aims to review the available evidence 
on the impact of carrying a germline deleterious BRCA mutation on the reproduc-
tive potential of these women as well as to discuss how to optimally manage the 
oncofertility counseling of young BRCA-mutated breast cancer patients facing fer-
tility and pregnancy-related issues.

 Impact of Carrying a BRCA Mutation on Ovarian Reserve 
and Fertility

In the last decade, there has been a growing concern about the potential nega-
tive consequences of carrying a BRCA mutation on female ovarian reserve and 
fertility [8].

Experimental studies have shown that the BRCA1 gene is expressed in human 
germ cells and blastocysts with a possible involvement in gametogenesis and 
embryogenesis [9, 10]. A lower ovarian reserve was observed in mice harboring a 
BRCA1 mutation [11]. Similarly, BRCA2-mutated mice were characterized by fewer 
oocytes that could complete meiosis and by a high frequency of nuclear abnormali-
ties [12, 13].

In addition, DNA double-strand breaks (DSBs) repair pathway appears to have 
also a crucial role in ovarian aging by defending the ovaries from genotoxic stress 
[11, 14–16]. When the DSBs repair pathway is impaired, for example, as a conse-
quence of mutations in the BRCA genes, an accelerated loss of ovarian reserve can 
occur due to the accumulation of DSBs in the oocytes [11].

However, despite the strong biological rationale supported by experimental 
data, translating this evidence into patients’ counseling remains difficult consid-
ering the conflicting clinical findings available on this regard. Several studies 
have investigated fertility clinical outcomes (parity, age at menopause, infertil-
ity) and biological parameters (anti-Mullerian hormone [AMH] levels, follicu-
lar density, and DNA damage) in healthy women carrying germline deleterious 
BRCA mutations [7, 17–20]. The majority of these studies did not show a sig-
nificant difference between BRCA carriers and non-carriers on reproductive out-
comes. However, some studies showed that menopause appeared to occur at an 
earlier age for women carrying a BRCA mutation; in addition, a tendency for 
presenting lower AMH, reduced follicular density, and increased DSBs was also 
observed in these women, mainly in those carrying a BRCA1 mutation. These 
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clinical findings are in line with preclinical evidence supporting the crucial role 
of DNA DSB in follicular depletion and ovarian aging as well as comprehensive 
genetic analyses showing the association between several genes involved in 
DNA repair (including BRCA) and age at natural menopause [21, 22]. However, 
these data derive from studies conducted in healthy women carrying germline 
deleterious BRCA mutations and cannot be directly applied to the breast cancer 
setting.

 Ovarian Reserve, Treatment-Induced Gonadotoxicity, 
and Fertility in BRCA-Mutated Breast Cancer Patients

To date, limited clinical data exist on the impact of carrying germline deleterious 
BRCA mutations on ovarian function and fertility in the breast cancer setting. 
Specifically, few studies investigated the potential impact of these mutations on 
baseline reproductive potential, treatment-induced gonadotoxicity, and performance 
of fertility preservation strategies.

 Ovarian Reserve in BRCA-Mutated Breast Cancer Patients

Limited data exist on the ovarian reserve of newly diagnosed BRCA-mutated breast 
cancer patients (Table 12.1) [11, 20, 23–25].

A case-control study investigated the age at menopause in treated breast cancer 
patients [23]. Mean age at menopause was 45.3 years for BRCA-mutated patients 
and 48.2 years for non-mutated patients (p = 0.0277) [23]. Four studies evaluated 
AMH levels in BRCA-mutated breast cancer patients before starting anticancer 
treatments [11, 20, 24, 25]. In the study by Titus et al. including 84 breast cancer 
patients, significantly lower mean AMH levels in those with a BRCA mutation were 
observed as compared to non-carriers (p < 0.001) [11]. At the subgroup analysis, 
this was mainly observed for BRCA1-mutated patients and not for those with a 
BRCA2 mutation [11]. In a retrospective analysis conducted within two prospective 
studies, AMH was measured before starting anticancer treatments in 85 breast can-
cer patients who had access to fertility preservation procedures [24]. A nonsignifi-
cant trend for reduced AMH levels was observed in BRCA-mutated breast cancer 
patients (p = 0.109) with no distinction between those carrying a BRCA1 or BRCA2 
mutation [24]. However, in two more recent and larger retrospective biomarker 
studies, AMH levels at diagnosis were comparable between BRCA-mutated and 
non-mutated breast cancer patients [20, 25].

Taken together, although results are conflicting, a potential negative impact of 
carrying a BRCA mutation on the ovarian reserve of newly diagnosed breast cancer 
patients even before starting anticancer treatments cannot be excluded. However, 
numbers remain too small to be conclusive.
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 Treatment-Induced Gonadotoxicity in BRCA-Mutated Breast 
Cancer Patients

DNA damage-induced follicle death is one of the main mechanisms of anticancer 
treatment-induced premature ovarian insufficiency (POI). Therefore, BRCA- 
mutated breast cancer patients may be particularly sensitive to the gonadotoxicity of 
anticancer therapies. However, counseling patients in this specific setting is particu-
larly challenging due to the limited data available (Table 12.2) [26].

A large retrospective study investigated this issue by surveying 1954 young pre-
menopausal BRCA-mutated breast cancer patients of whom 1426 received chemo-
therapy [27]. Treatment-induced POI was defined as ≥2  years of amenorrhea 
following chemotherapy without subsequent resumption of menstrual function. 
Main risk factors for the development of treatment-induced POI were increased age 
at diagnosis (7.2% in women ≤30 years, 33% in those between 31 and 44 years and 
79% for patients ≥45 years; p < 0.001) and tamoxifen use (52% vs. 19%; p < 0.001). 

Table 12.1 Ovarian reserve and age at menopause in BRCA-mutated breast cancer patients

Author Type of study
BRCA+/ 
BRCA−

Ovarian 
reserve/age at 
menopause

Results 
(carriers vs. 
non- carriers) Overall result

Rzepka- 
Górska 
et al. 2006 
[23]

Case-control 
study

39/80 Age at 
menopause 
(mean) years

45.3 vs. 
48.2; 
p = 0.0277

Difference favoring 
non-carriers over 
BRCA1 carriers (no 
BRCA2 included)

Titus et al. 
2013 [11]

Cross-
sectional 
study

24/60 AMH level 
(mean) ng/
mL
BRCA1 vs. 
controls
BRCA2 vs. 
controls

1.22 vs. 
2.23; 
p < 0.001
1.12 vs. 
2.23; 
p < 0.001
1.39 vs. 
2.23; 
p < 0.127

AMH levels 
favoring non- 
carriers over 
BRCA1 carriers (no 
difference in 
BRCA2)

Lambertini 
et al. 2018 
[24]

Retrospective 
analysis of 
two 
prospective 
studies

25/60 AMH levels 
(median) 
μg/L

1.8 vs. 2.6; 
p = 0.109

Nonsignificant 
trend in AMH 
levels favoring 
non-carriers over 
BRCA carriers

Gunnala 
et al. 2019 
[20]

Retrospective 
cohort study

38/53 AMH level 
(mean) ng/ml
AFC (mean)

2.6 vs. 2.4 
adjusted 
p = 1.0
15.2 vs. 13.9 
adjusted 
p = 1.0

No difference

Lambertini 
et al. 2019 
[25]

Retrospective 
biomarker 
analysis

35/113 AMH level 
(median), 
μg/L

1.94 vs. 
1.66; 
p = 0.53

No difference

AMH anti-Mullerian hormone, AFC antral follicle count
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Of note, BRCA2-mutated breast cancer patients had a higher risk of POI than those 
carrying a BRCA1 mutation (46.8% vs. 32.7%; p < 0.001); this finding was con-
firmed also when the analysis was restricted to the patients who did not undergo 
tamoxifen (36.6% vs. 27.8%; p = 0.04). By comparing the 1426 BRCA-mutated 
breast cancer patients exposed to chemotherapy to 100 treated non-carriers, no sig-
nificant difference in treatment-induced POI rates was observed between the two 
groups (35.6% and 49%, respectively; p  =  0.18). Similarly, no difference was 
described in the BRCA1 and BRCA2 subgroups (respectively p = 0.10 and p = 0.50) 
[27]. Among study limitations, it should be considered that POI was assessed retro-
spectively with a questionnaire based on menstrual function; in addition, type and 
dose of chemotherapy administered in the different groups of patients was not 
reported, number of controls was limited, and their baseline characteristics were not 
detailed.

Considering that amenorrhea is not the best indicator to define the gonadotoxic-
ity of anticancer therapies [28], AMH has been proposed as better marker of 
treatment- induced gonadal damage [29]. A monocentric retrospective biomarker 
study investigated treatment-induced gonadal damage in this setting by assessing 
AMH in 148 early breast cancer patients diagnosed at ≤40 years of whom 35 had a 
deleterious germline BRCA mutation. All patients received anthracycline- and 
cyclophosphamide-based (neo)adjuvant chemotherapy followed by a taxane in the 
majority of the cases. When comparing between patients with or without BRCA 
mutations, AMH values after one year dropped significantly in all women without 
difference between the two groups (0.09 and 0.06 μg/L, respectively; p = 0.39). 
Recovery at 3  years was also similar between the BRCA-mutated and negative 
cohorts (0.25 and 0.16 μg/L; p = 0.43) [25].

Taken together, both studies that investigated treatment-induced POI in BRCA- 
mutated breast cancer patients showed similar conclusions: the presence of a del-
eterious germline BRCA mutation did not appear to worsen the gonadotoxicity of 
chemotherapy. Nevertheless, it should be highlighted that new treatment strate-
gies including platinum agents [5, 30] and PARP-inhibitors [31] are being imple-
mented in the management of BRCA-mutated breast cancer patients. Considering 

Table 12.2 Gonadotoxicity of chemotherapy in BRCA-mutated breast cancer patients

Author Type of study BRCA+/BRCA−

Chemotherapy- 
induced 
gonadotoxicity

Results 
(carriers vs. 
non- carriers)

Overall 
result

Valentini 
et al. 2013 
[27]

Observational 
study 
(survey)

1426/100 Chemotherapy- 
induced 
amenorrhea, %

25.6 vs. 49; 
p = 0.18

No 
difference

Lambertini 
et al. 
(2019) [25]

Retrospective 
biomarker 
analysis

35/113 Posttreatment 
AMH
– 1 year after 
treatment, μg/L
– 3 years after 
treatment, μg/L

0.09 vs. 0.06; 
p = 0.39
0.25 vs. 0.16
p = 0.43

No 
difference

AMH anti-Mullerian hormone
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that these agents act mainly by damaging the DNA, they may be particularly 
gonadotoxic in BRCA-mutated breast cancer patients considering their deficient 
DNA repair system. Therefore, the gonadotoxicity of these treatments needs to be 
urgently investigated in order to improve the oncofertility counseling of these 
patients.

 Performance of Fertility Preservation Strategies in BRCA-Mutated 
Breast Cancer Patients

Carrying a germline deleterious BRCA mutation represents one of the important 
parameters (together with age of the patients, availability of a partner, and time 
available before starting chemotherapy) to be considered in counseling breast can-
cer patients on the three available fertility preservation strategies (Table 12.3).

Table 12.3 Available strategies for fertility preservation in young women with breast cancer and 
recommendations in BRCA-mutated patients (modified from Lambertini et al. [7])

Strategy
Indication in breast 
cancer patients

Specificities to be 
considered in BRCA- mutated 
breast cancer patients

Indication in 
BRCA-mutated 
breast cancer 
patients

Oocyte/embryo 
cryopreservation 
after COS

Yes (standard 
strategy if enough 
time available)

Potential access to 
preimplantation genetic 
diagnosis
Possible poorer response to 
COS
– No data on post-treatment 
pregnancies

Yes (standard 
strategy if enough 
time available)

Ovarian tissue 
cryopreservation

Yes (experimental, 
but to be used if
– Prepubertal
–  Already 

treated with 
chemotherapy

–  Not enough time 
for COS)

High risk of ovarian cancer 
→ risk-reducing salpingo-
oophorectomy before the 
age of 40–45 years
Limited data on the efficacy/
safety of the procedure (only 
two pregnancies reported in 
BRCA2-mutated breast 
cancer patients after 
transplantation)
Exclusively transplantation 
in the ovaries

Only in very young 
patients who cannot 
perform oocyte/
embryo 
cryopreservation

Ovarian 
suppression with 
GnRHa during 
chemotherapy

Yes (standard and 
complementary to 
cryopreservation 
strategies for 
fertility 
preservation)

High risk of ovarian cancer 
→ risk-reducing salpingo-
oophorectomy before the 
age of 40-45 years
Lack of data from 
randomized trials on the 
efficacy and safety of the 
procedure

Only in very young 
patients

GnRHa gonadotropin-releasing hormone agonists, COS controlled ovarian stimulation
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 Oocyte/Embryo Cryopreservation
Oocyte/embryo cryopreservation is the standard fertility preservation method in 
postpubertal patients including young women with breast cancer, provided that 
there is sufficient time for controlled ovarian stimulation (COS) [5, 32–34]. 
Although the available evidence in this setting is still limited, this procedure is con-
sidered effective and safe, including among patients with hormone receptor-positive 
breast cancer (for whom the addition of tamoxifen or letrozole as part of COS pro-
tocol can be considered) [33, 34].

Few data are available on the efficacy and safety of this technique for counseling 
BRCA-mutated breast cancer patients (Table 12.4) [7]. In these patients, four studies 
investigated the response to COS, with two of them showing reduced performance 
in women carrying a BRCA mutation [20, 24, 35, 36]. In 2015, Shapira et al. evalu-
ated the performance of COS (with a protocol that included tamoxifen in 19% of the 
cases) in 20 BRCA-mutated and 36 BRCA-negative breast cancer patients [35]. The 
number of collected oocytes (11.50 vs. 11.69; p = 0.92) and of zygotes (8.4 vs. 7.19; 
p  =  0.57) was similar between the two groups; similarly, no difference in 

Table 12.4 Oocyte/embryo cryopreservation in BRCA-mutated breast cancer patients

Author Type of study
BRCA+/ 
BRCA−

ART 
performance

Results 
(carriers vs. 
non- carriers) Overall result

Shapira 
et al. 2015 
[35]

Retrospective 
cohort study

62a/62a Oocytes yield 
(mean) No.
Poor response 
rateb, %

13.75 vs. 
14.75; 
p = 0.49
8.06 vs. 6.45; 
p = 1.00

No difference

Turan et al. 
2018 [36]

Secondary 
analysis of a 
prospective 
database

21/97c Oocytes yield 
(mean)
Embryos 
obtained (mean)

16.4 vs. 11.0; 
p = 0.015
8.2 vs. 5.1; 
p = 0.013

Difference 
favoring 
non-carriers/
unknown status 
over BRCA 
carriers

Lambertini 
et al. 2018 
[24]

Retrospective 
analysis of 
two 
prospective 
studies

10/19 Oocytes yield 
(median)
Cryopreserved 
oocytes 
(median)
Poor response 
rate, %b

6.5 vs. 9; 
p = 0.145
3.5 vs. 6; 
p = 0.121
40.0 vs. 11.1; 
p = 0.147

Non-significant 
difference 
favoring 
non-carriers over 
BRCA carriers

Gunnala 
et al. 2019 
[20]

Retrospective 
cohort study

38/53 Oocytes yield 
(mean)
Mature/
cryopreserved 
oocytes (mean)

17.0 vs. 16.3
adjusted p = 1
14.4 vs. 13.1 
adjusted p = 1

No difference

aIncluded also women without prior history of breast cancer
bDefined as retrieval of ≤ 4 oocytes in women younger than 38 years
c12 unknown status and 85 negative patients
COS controlled ovarian stimulation, ARTassisted reproductive technology
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fertilization rates was observed (70.6% vs. 59.66%; p = 0.11) [35, 37]. In line with 
biological and preclinical evidence, other two studies conducted in 2018 in which 
all women received COS that included letrozole as part of the protocol showed 
lower performance in BRCA-mutated breast cancer patients [24, 36]. The first study 
compared the outcomes between 10 BRCA-mutated and 19 non-mutated breast can-
cer patients. BRCA-mutated patients tended to retrieve less oocytes (6.5 vs. 9; 
p = 0.145) and to have a higher poor response rate (40.0% vs. 11.1%; p = 0.147) 
[24]. In the second study, the 21 BRCA-mutated breast cancer patients produced 
fewer oocytes (16.4 vs. 11.0, p = 0.015) and embryos (8.2 vs. 5.1, p = 0.013) as 
compared to the other 97 who were BRCA negative or untested [36]. Nevertheless, 
a more recent retrospective study included 91 breast cancer patients (of whom 38 
carried a BRCA mutation) undergoing oocyte cryopreservation for fertility preserva-
tion with an antagonist plus letrozole COS protocol. The mean number of oocytes 
yield (17.0 and 16.3, for BRCA-mutated and non-mutated patients, respectively) 
and the mean number of mature/cryopreserved oocytes (14.4 and 13.1, respectively) 
were comparable (adjusted p = 1.0) [20].

There are a few important differences among these four studies that should be 
considered to interpret their results: (1) patient population (American and European 
women in three studies [20, 24, 36], and Israeli patients in the other [35]); (2) use of 
different protocols for COS (homogenous antagonist protocol including letrozole in 
three studies [20, 24, 36], and different protocols [long agonist protocol in 53% and 
antagonist protocol in 47% of the cases] with the use of tamoxifen in 19% of patients 
in the other study [35]). Notably, data remain limited with only 91 BRCA-mutated 
breast cancer patients included in all studies combined.

In terms of safety, only one prospective study conducted in a single center has 
provided evidence so far on the feasibility of using COS in breast cancer patients 
before starting chemotherapy [38]. In this study, the outcomes of 120 breast cancer 
patients who received COS (with a protocol that included letrozole) were compared 
with those of 217 that did not receive any fertility preservation strategies and served 
as controls. COS patients tended to have smaller tumor as compared to those in the 
control group (p = 0.02). After approximately 5 years of mean follow-up, no differ-
ence in relapse-free survival between the two groups was found (hazard ratio [HR], 
0.77; 95% confidence intervals [CI], 0.28–2.13; p  =  0.61). Among patients who 
underwent a genetic test, 47 were mutated in the BRCA1 and/or BRCA2 genes of 
whom 26 underwent COS while 21 did not. Also among BRCA-mutated patients, no 
significant difference in relapse-free survival was observed (p = 0.57) [38].

Considering the limited and conflicting available data, larger multicenter research 
efforts are needed to better assess the efficacy and safety of performing COS for 
oocyte/embryo cryopreservation before starting chemotherapy in BRCA-mutated 
breast cancer patients. Importantly, in these women, oocyte/embryo cryopreserva-
tion allows the access to pre-implantation genetic diagnosis.

 Ovarian Tissue Cryopreservation
Ovarian tissue cryopreservation is still considered an experimental technique; how-
ever, it may be proposed to selected patients including prepubertal girls, adult 
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women who are scheduled for urgent gonadotoxic treatments, patients who were 
previously exposed to chemotherapy or when COS is contraindicated [39].

In BRCA-mutated breast cancer patients, limited data are available on the effi-
cacy and safety of ovarian tissue cryopreservation. Two live births have been 
reported so far in BRCA2-mutated breast cancer patients who underwent ovarian 
tissue transplantation after treatment [24, 40]. The first patient was diagnosed at the 
age of 36 years; prior to chemotherapy, one ovary was cryopreserved and fragments 
transplanted to the contralateral one after the end of treatment. She had a spontane-
ous pregnancy and, after delivery, the remaining ovary was removed [40]. The sec-
ond patient was diagnosed at the age of 33 years; she cryopreserved fragments from 
both ovaries before treatment initiation. Fifty-five months following chemotherapy 
completion, these fragments were grafted to the remaining ovaries and 8 months 
later she had a spontaneous pregnancy and delivered a healthy baby [24].

In terms of safety, it should be highlighted that ovarian tissue cryopreservation 
is not an optimal strategy in BRCA-mutated breast cancer patients considering their 
significant cumulative lifetime risk of developing ovarian cancer and the subse-
quent indication to undergo risk-reducing salpingo-oophorectomy before the age 
of 40–45 years. Therefore, in this setting, ovarian tissue cryopreservation should be 
considered only in patients who cannot perform oocyte/embryo cryopreservation 
and are younger than 35 years at the time of diagnosis. However, in most of the 
cases, no information is available on BRCA status at the time of oncofertility coun-
seling at breast cancer diagnosis. However, considering the important clinical 
implications, BRCA mutational status should be investigated before performing 
any transplantation procedure. In BRCA-mutated patients, the tissue should be 
transplanted exclusively to the remaining ovaries so that it can be safely removed 
at the time of risk-reducing salpingo-oophorectomy. However, it should be high-
lighted that it is an ethical question whether to transplant frozen ovarian tissue in 
BRCA carriers. In the Norwegian experience, a breast cancer patient that was sub-
sequently diagnosed with BRCA1 and BRCA2 mutations was advised against ovar-
ian tissue transplantation despite her pregnancy wish [41]. A promising approach 
to avoid transplantation is in vitro maturation of ovarian follicles [42]. Nevertheless, 
while research in animal models is improving, results in human setting are still 
disappointing [43].

 Ovarian Suppression with Gonadotropin-Releasing Hormone 
Agonists (GnRHa)
The use of ovarian suppression with GnRHa during chemotherapy has recently 
become an available option for ovarian function preservation in breast cancer 
patients [5, 34, 44]. The most recent findings coming from the largest randomized 
trials (i.e., the PROMISE-GIM6, POEMS-SWOG S0230, and OPTION trials) 
 [45–47] and meta-analyses [48–50] have supported the efficacy and safety of this 
strategy in reducing the risk of treatment-induced POI. Despite significantly more 
posttreatment pregnancies were observed in patients treated with GnRHa during 
chemotherapy [48–50], numbers remain overall small. Therefore, ovarian suppres-
sion with GnRHa during chemotherapy should not be considered an alternative to 

12 Fertility and Pregnancy Counseling of Breast Cancer Patients with Germline…



140

cryopreservation strategies for fertility preservation [5, 34, 44]. Nevertheless, dif-
ferently from prior strategies, ovarian suppression with GnRHa during chemother-
apy is a widely accessible option at a relatively low cost. Therefore, it can be 
considered also when cryopreservation techniques are not available for logistic or 
cost-related reasons.

So far, none of the available randomized trials has reported efficacy or safety data 
with the use of this strategy in BRCA-mutated breast cancer patients. There is only a 
case series by Wong and colleagues in which 3 out of 4 BRCA-mutated breast cancer 
patients receiving GnRHa during chemotherapy resumed menstrual function follow-
ing chemotherapy, before receiving risk-reducing salpingo-oophorectomy [51].

Despite the limited data in this patient population, it is reasonable to propose this 
strategy in BRCA-mutated breast cancer patients diagnosed before the recom-
mended age of risk-reducing salpingo-oophorectomy.

 Post-treatment Pregnancies in BRCA-Mutated Breast  
Cancer Survivors

 Prognostic Effect of Having a Pregnancy

Despite a high proportion of young women with newly diagnosed breast cancer 
desire to have a pregnancy following anticancer treatments, only a minority of them 
succeed to conceive [45–47]. Besides the risk of treatment-induced POI, another 
important explanation for the low pregnancy rates in these patients is represented by 
the concerns of patients and providers related to the possible detrimental prognostic 
effect of having a pregnancy in breast cancer survivors [52, 53]. Indeed, these con-
cerns appear to be particularly important when counseling BRCA-mutated breast 
cancer survivors. In a recent survey conducted among physicians who attended two 
dedicated breast cancer congresses, 30% of the respondents agreed or were neutral 
on the statement that a pregnancy in breast cancer survivors may increase the risk of 
recurrence; however, this percentage significantly increased to 46% (p  <  0.001) 
when the same question was referred to the population of BRCA-mutated breast 
cancer patients [54].

Over the past years, although a growing amount of evidence has shown that preg-
nancy after breast cancer can be considered safe [55–57], very limited data exists to 
counsel BRCA-mutated survivors. A multicenter, retrospective cohort study included 
128 BRCA-mutated breast cancer patients with a pregnancy (at the time of diagnosis 
in 75, and following prior history of breast cancer in 53) and 269 matched nonpreg-
nant controls to investigate the prognostic effect of pregnancy in this setting [58]. 
No difference in breast cancer specific mortality was observed between pregnant 
cases and matched nonpregnant controls (adjusted HR, 0.76; 95% CI, 0.31–1.91; 
p = 0.56). Similar findings were also shown for the subgroup of patients with preg-
nancy following prior history of breast cancer (adjusted HR, 0.73; 95% CI, 0.21–
2.68; p = 0.64) [58]. A more recent and larger study addressed specifically the safety 
of having a pregnancy in young BRCA-mutated patients with prior history of breast 

M. Condorelli and M. Lambertini



141

cancer [59]. This international multicenter cohort study included 1252 BRCA- 
mutated patients, of whom 195 (16%) had at least one pregnancy after prior breast 
cancer. Pregnancy complications and congenital anomalies were described in 11.6% 
and 1.8% of the cases, respectively (i.e., lower than expected in the general popula-
tion). After a median follow-up time of 8.3 years, pregnant patients showed a better 
disease-free survival than those without a subsequent pregnancy (HR 0.71; 95% CI 
0.51–0.99; p  =  0.045) with no difference in OS (HR 0.86; 95% CI 0.44–1.67; 
p = 0.65). At the subgroup analysis, the superior outcome was shown to be restricted 
to pregnant patients with a BRCA1 mutation (p-interaction < 0.01) [59].

The POSITIVE trial is an ongoing international prospective study that aims to 
investigate the safety of a temporary interruption of endocrine therapy for allowing 
pregnancy in breast cancer survivors with hormone receptor-positive disease [60]. 
Results from this study could give important information also for BRCA-mutated 
breast cancer patients, particularly for those with BRCA2 mutations who are more 
likely to develop hormone receptor-positive tumors and, therefore, receive adjuvant 
endocrine therapy.

 Prenatal Diagnosis (PND) and Pre-implantation Genetic  
Diagnosis (PGD)

For BRCA-mutated breast cancer patients interested in avoiding the 50% risk of trans-
mitting the mutated gene to their children, two different techniques are available: 
PND in the case of spontaneous conception or PGD after in vitro fertilization [61].

In PND, a chorionic villi sampling is performed during the first trimester of preg-
nancy. Patients can choose to terminate the pregnancy if the fetus carries the muta-
tion or has other identified pathologic conditions (e.g., trisomy 21). However, for 
most of the couples, pregnancy termination for hereditary breast and ovarian cancer 
risk appears to be unacceptable [62]. In a qualitative interview study, only one breast 
cancer survivors out of 25 participants decided to undergo PND [63]. However, 
once she underwent fetal ultrasound, it became inconceivable for her to terminate 
the pregnancy, regardless of genetic test result [63]. The choice to require PND is 
more often undertaken by older women, with higher level of education, with a prior 
breast or ovarian cancer history and when there is desire to conceive more rapidly 
and naturally [64].

In PGD, the mutation has to be characterized by a DNA analysis of the carrier 
and a first-degree relative who is also a carrier. The DNA of the partner is also being 
analyzed. Polymerase chain reaction (PCR) is used to perform the genetic diagnosis 
[65, 66]. After this first assessment, patients undergo COS and intracytoplasmic 
sperm injection (ICSI). On the third day of embryo development, one or two blasto-
meres are biopsied and analyzed with PCR. Unaffected embryos are left to develop 
to blastocyst stage for subsequent in utero transfer. In 2003, the European Society 
of Human Reproduction and Embryology has deemed PGD acceptable for late 
onset diseases such as hereditary breast and ovarian cancer [67]. The number of 
couples demanding PGD for BRCA mutations has been growing steadily over the 
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past years [19]. In the last decade, several authors have investigated through indi-
vidual or group interviews as well as questionnaires the awareness and acceptability 
of PGD for couples carrying BRCA mutations [61, 62, 64, 65, 68]. A better knowl-
edge of PGD was correlated with higher education level, younger age, being child-
less, and wishing to conceive rapidly; acceptability of the procedure was higher 
(79.5%) in couples with personal history of breast or ovarian cancer [64]. However, 
less than 40% of respondents would consider to undergo PGD for hereditary breast 
and ovarian cancer as compared to almost 60% who would choose it for other severe 
genetic disorders [64]. Main reasons for not considering to undergo PGD were 
physical and psychological burden, the relatively low pregnancy rate, a delay in 
childbearing, and the discarding of affected embryos that might not develop cancer 
[61–63, 69]. Overall, pregnancy clinical rates among BRCA-mutated patients are 
comparable to the outcome of PGD for autosomal dominant disorders (39.1% vs. 
26.5% per embryo transfer, respectively) [70]. In a recent observational cohort 
study that evaluated the efficiency of the procedure, 145 PGD cycles were per-
formed in 720 embryos [65]. The pregnancy rate was 23.9% per cycle started, and 
26.5% in frozen cycles. Overall, 28 out of 31 singletons and 8 babies out of 10 twin 
pregnancies were born alive following the procedure. Two out of 3 patients who had 
PGD on embryos collected for fertility preservation before breast cancer therapy 
could deliver a healthy baby. In this study, two healthy BRCA carriers developed 
breast cancer shortly after treatment, although screening before COS was negative. 
The authors raised concerns about maternal safety of COS followed by IVF for 
PGD in healthy BRCA carriers [65]. Nevertheless, a large population-based study 
including 2,514 BRCA1/2 mutation healthy carriers of whom 76 (3%) were exposed 
to COS found no increased risk of developing breast cancer for stimulated women 
(HR 0.79; 95% CI, 0.46–1.36) [71]. Although further evidence is needed, results 
from this study are reassuring for BRCA-mutated healthy carriers considering to 
undergo COS.

 Conclusions and Future Perspective

Fertility and pregnancy-related issues are important concerns for young breast can-
cer patients. Carrying a germline deleterious BRCA mutation adds additional bur-
den in this setting considering the limited data available to properly counsel these 
patients, the high risk of ovarian cancer with subsequent indication for risk-reducing 
salpingo-oophorectomy at a young age and the 50% risk of transmitting the muta-
tion to their children. The growing number of young breast cancer patients currently 
tested for the BRCA genes and the increased use of multigene panel sequencing 
technologies will likely make more common the possibility to counsel patients car-
rying a germline deleterious BRCA mutation or affected by other hereditary breast 
cancer syndromes.

To date, while a growing body of knowledge has become available on the effi-
cacy and safety of the different fertility preservation strategies as well as on the 
safety of having a pregnancy following breast cancer diagnosis and treatment, data 
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are scarce to properly and specifically counsel patients carrying a BRCA mutation. 
If available and allowed by national laws and regulations, oocyte donation and sur-
rogacy represent other possible options for young women with breast cancer 
patients, including BRCA-mutated patients [72]. Nevertheless, in some circum-
stances, adoption remains the only possibility to enable cancer survivors to have a 
family; however, they may encounter barriers due to their medical history and these 
issues might be even greater for BRCA-mutated patients [73].

With the final goal to improve the oncofertility counseling of BRCA-mutated 
breast cancer patients, research efforts aiming to address the impact of carrying a 
BRCA mutation on their ovarian reserve, the gonadotoxicity of anticancer therapies 
including the more recently adopted agents, the performance of fertility preserva-
tion strategies as well as the safety of having a pregnancy following anticancer treat-
ments should be considered research priorities. Large collaborative studies are 
needed to accrue adequate numbers that would allow deriving more solid evidence 
on the still existing gray zones in this field.
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